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N O T I C E  

All quest tons  or o the r  c o m m u n i c a t i o n s  re la t ing  to this d o c u m e n t  should  be sent only 
to NFPA H e a d q u a r t e r s ,  addressed  to the a t t en t ion  of the C o m m i t t e e  responsible  for 
the d o c u m e n t ,  

For in format ion  on ob ta in ing  Formal  In terpre ta t ions  of the documen t ,  proposing 
Tenta t ive  Inter im Amendmen t s ,  proposing a m e n d m e n t s  for Commi t t ee  considerat ion,  
and  appeals  on mat ters  re la t ing to the content  of the documen t ,  write to the Vice Presi 
dent  and  Chief  Engineer ,  Nat iona l  Fire Protect ion Association, Ba t t e rvmarch  Park,  
Quincy,  MA 02269. 

A s t a t emen t ,  wr i t ten  or oral ,  t ha t  is not processed in a c c o r d a n c e  with Sectnm 16 of 
the Regu la t ions  Govern ing  C o m m i t t e e  Projects  shall  not  be cons idered  the official 
p o s m o n  of NFPA or any  of its Commi t t e e s  a n d  shall  not  be cons ld : ' red  to be, nor  be 
relied u p o n  as, a Fo rma l  In t e rp re t a t ion .  

Users of this d o c u m e n t  should  consul t  a p p h c a b l e  Federa l ,  State  a n d  local laws a n d  
r egu la tmns .  NFPA does not,  by the pub l i ca t i on  of this d o c u m e n t ,  in tend  to urge  ac- 
t inn which is not m c o m p l i a n c e  wLth app l i c ab l e  laws a n d  this d o c u m e n t  m a y  not  be 
cons t rued  as do ing  so 

Licensing Provision 

l h~s  & w u m e n t  is c o p y r i g h t e d  by the Na t iona l  Fire P r o t e c t m n  Associat ion I NFPA) ,  
P u b h c  au thor i tms  a n d  others  are  u r g e d  to re fe rence  this d o c u m e n t  m laws, or 
d inances ,  regula t ions  a n d  a d m m l s t r a t w e  orders  or s imilar  i n s t rumen t s  Any de leuons ,  
addi t ions ,  a n d  changes  desired by the a d o p t i n g  au tho r i ty  must  be no ted  separa te ly  
lhose  us ing this m e t h o d  ( " a d o p t i o n  by re fe rence")  a re  reques ted  to not i fy the N F P A  

( A t t e n t m n  Vice President  a n d  Chiet  Engineer  ) in wr i t ing  of such  use. 

T h e  te rm "ad¢~pt~on by re fe rence"  m e a n s  the c i t ing  of the title a n d  pub l i sh ing  mfor  
m a t i o n  only,  

~For f u r t he r  e x p l a n a t m n ,  see the Policy C o n c e r n i n g  the A d o p u o n ,  P r in t ing  a n d  
P u b l i c a t m n  of NFPA Documen t s  which  is avai lable  u p o n  request  f rom the NFPA ) 
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NFPA ?0B-1983 

1983 Edition of NFPA 70B 

This 1980 edition of NFPA 70B, Recommended Practice for Elec- 
trical Equipment Mahttenance, was prepared by the Technical Com- 
mittee on Electrical Equipment Maintenance, and acted on by the 
National Fire Protection Association, Inc. on November 16, 1982, at 
its Fall Meeting in Philadelphia, Pennsylvania. It was issued by the 
Standards Council on December 7, 1982 with an effective date of 
December 27, 1982, and supersedes all previous editions. 

The 1983 edition of this document has been approved by the 
American National Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the 
margin of the pages on which they appear. These lines are included 
as an aid to the user in identifying changes from the previous edition. 

Origin and Development of NFPA 70B 

The Board of Directors of the National Fire Protection Association 
in the fall of  1967 authorized the formation of an Ad Hoc Committee 
on Electrical Equipment Maintenance to determine the need for the 
development of a suitable document on this subject. The purpose of 
the document would be to give recommendauons on the mainte- 
nance of various types of electrical installations, apparatus, and 
equipment usually found in industrial and large commercial type in. 
stallations. Various highly diversified interests and organizations 
were invited to participate. 

(contin~d on page Y) 
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Assn. 
Charles $. Helldoed~, National Electrical 
Testing Assn., Inc. 
Allan Kilak, Department of the Army 
C. C. ~ ,  ECOS Fdectronicz Corp. 
Carl g. Kunkel Jr., National Electrical 
Mfgr's. Assn. 
Russell E. Maroon, Factory Mutual Research 
Corp. 
g. Palko, Plant Ensincering Magazine 
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(Alternate to J. Wells) 
Robert I. Tudor, National Electrical Testing 

Assn., Inc. 
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This list repreaents the memberslu'p at the ti.me the Committee wo~ balloted on the 
text o f  tMs edition. Since that time, changes m the membership may have occurred. 

NOTE: Membership on a Committee shall not in and of itself constitute an en- 
dorsement of the Association or any document developed by the Commtttee on 
which the member serves. 
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At a meet ingof  the Ad Hoc Committee held January 10, 1968, in 
New York, with 31 representatives attending, it was pomted out that 
several rec~uests had been made to the National Electrical Code Com- 
mittee to mclude maintenance recommendations in the NEC e .  The 
subject had been discussed by the Correlating Committee of the Na- 
tional Electrical Code Committee and the decision was made that the 
Code was not the proi)er document in which to cover the mainte- 
nance of electrical eqmpment. However, the high frequency of elec- 
trical accidents attributed to lack of maintenance, which result an- 
nually in numerous fatalities and serious injuries as well as high 
monetary losses of property, caused the committee to recognize that 
it was a subject requmng attention. 

It was noted that electrical safety information breaks down logical- 
ly into four main subdivisions: (1) design or product standards; (2.) 
installation standards (as covered by the National Electrical Code ® 
and the National Electrical Safety Code); (3) maintenance recom- 
mendations; and (4) use instructions. The problem was to explore 
whether somethi .ng more should be done in the interest of electrical 
safety on the mmntenance of electrical equipment and what form 
activity in this field should take. 

It was recognized that much has been done to enunciate mainte- 
nance needs for specific types of equipment by the equipment manu- 
facturers, and that guidance is available on the general subject from 
a number of sources. However, it was also felt desirable to bring 
together some of the general guidelines in a single document under 
the NFPA procedure. The  stature of the document would also be 
enhanced i f  it could in some way become associated with the Na. 
tional Electrical Code. To this end, a tentative scope was drafted for 
p.resentation to the Board of Directors of the Nauonal Fire Protec- 
uon Association with a recommendation that an NFPA Committee 
on Electrical Equipment Maintenance be authorized. 

On June 27, 1968 the NFPA Board of Directors authorized the 
establishment of an NFPA Committee on Electrical Equipment 
Maintenance with the scope statement indicated below (which was 
subsequently amended to include the last sentence): "To develop 
suitable texts relating to preventive maintenance of electrical systems 
and equipment used in industrial-type applications with the view of 
reducing loss of life and property. The purpose is to correlate gener- 
ally applicable procedures for preventive maintenance that have 
broad application to the more common classes of industrial electrical 
systems and equipment without duplicating or superseding instruc- 
tions which manufacturers normally provide. Reports to the Associa- 
tion through Correlating Committee of the National Electrical Code 
Committee." 
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The committee was formed and an organizational meeting was 
held December 12, 1968 in Boston. Twenty-nine members or 
representatives attended. This Recommended Practice on Electrical 
Equipment Maintenance represents the cumulative effort of the en- 
tire committee. 

In 1973 the committee developed Part II which is Chapter 5 
through Chapter 15, and a new addition in the Appendix, "How to 
Instruct." 

In 1976 the committee developed Chapter 10, Electronic Equip- 
ment; Chapter 12, Ground-Fault Protection; Chapter 16, Wir ing 
Devices; Chapter 19, Maintenance of Electrical Equipment Subject 
to Long Intervals Between Shutdowns; and new addiuons in the Ap- 
pendix, "NEMA Configurations" and "Long-Term Maintenance 
Guidelines." 

For this 1983 edition, the committee developed Chapter 20, De- 
energizing and Grounding of Equipment to Provide Protection for 
Electrical Maintenance Personnel; Cha~pter 21, Cable Tray System; 
and a new addition, Appendix I, Eqmpment Storage and Mainte- 
nance During Construction, has been added. 
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Recommended Practice for 

Electrical-Equipment Maintenance 

NFPA 70B-1983 

Chapter I General 

1-1 Purpose. The purpose of this recommended practice is to 
reduce hazard to life and property that can result from failure or 
malfunction of industrial-type electrical systems and equipment. 
The first three chapters of these recommendations for an effective 
Electrical Preventive Maintenance (EPM) program have been 
prepa_red with the intent of providing a better understanding of 
benefits, both direct and intangible, that can be derived from a well- 
administered EPM program. This ~ractice explains the function, re- 
quirements, and economic considerations that can be used to 
establish such a program. 

1-2 Scope. This recommended practice is confined to preventive 
maintenance for industrial-type electrical systems and equipment, 
and is not intended to duplicate or supersede instructions that elec- 
trical manufacturers normally provide. Systems and equipment 
covered are typical of those installed in industrial plants, institu- 
tional and commercial buildings, and large multifamily residential 
complexes. Consumer appliances and equipment intended primarily 
for use in the home are not included. 

I-S Definitions. 
14.1 Electrical Preventive Maintenance (EPM) is the practice of 
conducting routine inspections, tests, and the servicing of electrical 
equipment so that impending troubles can be detected and reduced, 
or elnninated. 

1-$.2 Electrical equipment is a general term applied to material, 
fittings, devices, fixtures, and apparatus that are part of, or are used 
in connection with, an electrical installation. This includes the elec- 
trical i)ower generating system, substations, distribution systems, 
utilizatmn equipment, and associated control, protective, and 
monitoring devices. 
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Chapter  2 Why An EPM Program Pays Dividends 

2-1 Why  EPM? 
2-1.1 Electrical equipment deterioration is normal, but equipment 
failure is not inevitable. As soon as new equipment is installed, a pro- 
cess of normal deterioration begins. Unchecked, the deterioration 
process can cause malfunction or an electrical failure. Deterioration 
can be accelerated by factors such as a hostile environment, 
overload, or severe duty cycle. An effective EPM program identifies 
and recognizes these factors and provides measures for coping with 
them. 

2-1.2 In addition to normal deterioration, there are other potential 
causes of equipment failure that may be detected and corrected 
through EPM. Among these are load changes or additions, circuit 
alterations, improperly set or improperly selected protective devices, 
and changing voltage conditions. 

2-1.$ Without an EPM program, management assumes a much 
greater risk of a serious electrical failure and its consequences. 

2-2 Value and Benefits of a Properly Administered EPM Pro-  
gram. 
2-2.1 A well-administered program will reduce accidents, save 
lives, and minimize costly breakdowns and unplanned shutdowns of 
production equipment. Impending troubles can be identified -- and 
solutions applied -- before they become major problems requiring 
more expenmve, time-consuming solutions. 

2-2.2 Benefits of an effective EPM program fall in two general 
categories. Direct, measurable, economic benefits are derived by re- 
duced cost of repairs and reduced equipment downtime. Less 
measurable but very real benefits result from improved safety. To 
understand fully how personnel and equipment safety are served by 
an EPM program, the mechanics of the program -- inspection, 
testing and  repair procedures -- should be understood. Such an un- 
derstanding explatns other intangible benefits such as improved 
employee morale, better workmanship and increased productivity, 
less absenteeism, reduced interruption of production, and improved 
insurance considerations. Improved morale will come with employee 
awareness of  a conscious management effort to promote safety by 
reducing likelihood of electrical injuries or fatalities, electrical explo- 
sions, and fires. Reduced personal injuries and property loss claims 
can help keep insurance premiums at favorable rates. 



Table 2-2.2 

Losses Auaciated with Fdectr/cal Failura 
Includes EIectrlcal and Fire Damage* 

1967 & 1968 

a ~ o /  

Genet-ators 
Motora 
Transformers 
( ~ ' u i t  Breakers 
Cables 
Controllen 

. S w l t c h s ~  
Switch Bds. 
Switches Air & Oil 

T O T A L  

.4//Causes 
Inol. Unknown 

51 
420 

87 
27 
73 
37 
44 
23 

4 

766 

Dol/ar Loss 
A/l Causes 

Ind. Unknown 

$ 367,690 
1,627,530 
1,814,900 

199,700 
580,010 
321,770 
578,100 

1,041,640 
17,250 

$6,548,590 

Number 
Cause 

Unknown 

20 
109 

38 
11 
21 
14 
17 

9 
1 

24O 

Dollar 
Loss 

Due Cause 
Unknown 

$ 117,300 
560,000 
445,000 
117,000 
140,000 
152,500 
254,000 
181,500 

11,000 

$1,978,300 

Numb# o~ 
Losses o/ 

Known Cmues 
due to Defectioe 
Maintenance 

25 
256 

38 
14 
45 
18 
23 
11 
3 

433 

Dollar Loss of 
Known Cau.s 
due to Dsf~t i~ 

M aintenancs 

8 233,000 
924,000 
721,000 

74,600 
406,000 
132,000 
308,000 
791,000 

6,250 

$3,595,850 

.*Statistics compiled by only one of the major insurance groups (Factory Mutual) which specialize in industrial fire and machinery 
Insurance. 
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2-2.$ While benefits resulting from improved safety are difficult to 
measure, direct, measurable, economic benefits can be documented 
by equipment repair cost and equipment downtime records after an 
EPM program has been p laced in  operation. 

2-2.4 Dependability can be engineered and built into equipment, 
but effective maintenance is required to keep it that way. Experience 
shows that equipment lasts longer and performs better when covered 
by an EPM program. In many cases, the investment in EPM is small 
compared to the cost of equipment repair and production losses 
associated with an unexpected equipment shutdown. 

2-2.5 Careful planning is the key to economic success of an EPM 
program. With proper planning, maintenance costs will be held to a 
practical minimum, while production is maintained at a practical 
maximum. 

2-2.6 Electrical preventive maintenance requires the support of top 
management, because it is top management who must provide funds 
to initiate and maintain the program. Maintenance of industrial 
electrical equipment is essentially a matter  of business economics. 
Maintenance costs can be placed in either of two basic categories: (1) 
preventive maintenance; or (2) breakdown repairs. Money spent for 

~ reventive maintenance will be reflected as less money required for 
reakdown repairs. An effective EPM program holds the sum of 

these two expenditures to a minimum. Figure 2-3.1 is a typical curve 
illustrating this principle. 

2-2.7 Electrical preventive maintenance is a form of protection 
against acddents, lost production and loss of profit. EPM enables 
management to place a dollar value on the cost of such protection. 
An effective EPM program satisfies an important part  of manage- 
ment's responsibility for keeping costs down and production up. 

2-2.8 Insurance statistics document the high cost of inadequate 
electrical maintenance (see Table 2.2.2). This table represents 
results of a study performed by only one of  the major insurance 
groups (Factory Mutual) which specializes in industrial fire and 
machinery insurance. The table indicates that in a two-year period 
(1967-68), one-half of the losses associated with electrical equipment 
failures might have been prevented by an effective EPM program. 

2-$ EPM and Energy Conservation. A worthwhile fringe benefit 
of a good electrical equipment maintenance program is energy con- 
servation -- and saving in dollars as well as a vital resource. Equip- 
ment which is well maintained operates more efficiently and utdizes 
less energy. 



WHY AN EPM PROGRAM PAYS DIVIDENDS 7 0 B  ~ 13 

2-4 Case Histories: T h e y  Gambled  and  Lost. 
2-4.1 A total plant shutdown resulted from the failure of a 
transformer in an industrial plant. Cause of the failure was con- 
tamination of the transformer insulating oil. The  contamination 
went undetected because the oil had not been tested for several years. 
Fire damamge and equipment replacement costs amounted to 
$50,000, exclusive of the cost of plant downtime. This amount would 
th.ave ~)aid for the cost of  operating an EPM program covering the en- 
ire plant electrical distribution system for several years. 

1 
I- 
V) 
O 
U 

.J 
< 

Z 
Z 
< 

I 

MINIMUM 
TOTiL  COST- 

N.-L. 

J 

! 
COST OF £PM P L U S , ~  
EQUIPMENT R E P A I R \  
AND RE.PLACEMENT - ~  

COST OF EQUIPMENT ,A/ 
REPAIRS AND 
REPLACEMENT 

. • [PM COST 

I I 
O ~ I N T E R V A L  OF TIME BETWEEN EPM INSPECTION$------- ' I~ 

Figure 2-4.1 Effect of  EPM Inspect ion Frequency on  Overall  Costs 

NOTE: As the interval of t ime between EPM inspections is increased, cost of  
EPM will diminish and  cost of  breakdown repairs and  replacement of failed 
e~ui.pment will increase. The  lowest total annual  expense Is realized by main- 
taming an inspection frequency that will keep the sum of repair/replacement 
and EPM costs at a m l m m u m .  

2-4.2 Damage amounting to $100,000 was attributed to the failure 
of the main switchgear in an industrial plant, The failure was caused 
from fouling by dirt, gummy deposits, and iron filings. The cost of 
this failure would have supported a comprehensive EPM program 
covering all of the plant's electrical distnbution system for several 
years. 



70B-14 ELECTRICAL E~UIPMENT MAINTENANCE 

2-4.3 McCormick Place, a large exhibition hall in Chicago, was de- 
stroyed by a fire believed to have been started because of a defective 
extension cord serving a display booth. Direct property loss was $60 
million, and loss of the facility cost an additional $100 million to the 
economy in the Chicago area. This fire might have been prevented if 
a program had been in effect to ensure: that worn cords were re- 
placed;  that only heavy-duty cords were used; and that cords and 
their supply circuits were not overloaded. 

2-4.4 Failure of a large motor shut down an entire industrial plant 
for 12 days. Cause'of the failure was overheating resulting from dnst- 
plugged cooling ducts. An EPM inspection would have detected the 
clogged ducts and averted the failure and accompanying plant 
outage. 
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Chapter $ What  Is An Effective EPM Program? 

S-I General. An effective electrical preventive maintenance pro- 
gram is one which enhances safety and also reduces equipment 
failure to a minimum consistent with good economic judgment. 
Basic ingredients of such a program are personnel ¢lualified to carry 
out the program, and regularly scheduled inspecuon, testing, and 
servicing of equipment. Equally important to the success of thepro- 
gram are (1) the application of sound judgment in evaluating andin- 
terpreting results of inspections and tests, and (2) the keeping of con- 
cise, but complete records. 

$-2 Planning an  EPM Program. The following basic factors 
should be considered when planning an EPM program: 

(a) Personnel Safety. Will an equipment failure endanger or 
threaten the safety of any personnel? What  can be done to ensure 
personnel safety? 

(b) Equipment Loss. Is installed equipment -- both electrical 
and mechanical -- complex or so unique that required repairs would 
be unusually expensive? 

(c) Production Economics. Will breakdown repairs or replace- 
ment of failed equipment require extensive downtime? How many 
production dollars will be lost in event of an equipment failure? 
Which equipment is most vital to production? 

$-$ Main Parts o f  a n  EPM Program. 
$-$.1 Essential ingredients of an EPM program are: 

(a) Responsible and qualified personnel. 
(b) Survey and analysis of electrical equi~m.ent and systems to 

determine maintenance requirements and priorities. 
(c) Programmed routine inspections and suitable tests. 
(d) Accurate analysis of inspection and test reports so that proper 

corrective measures can be prescribed. 
(e) Performance of necessary work. 
(f) Complete, but Concise records. 

3-$.2 A well-qualified individual should be in charge of the pro- 
gram. Personnel assigned to inspection and testing duties should be 
selected from the best maintenance personnel in the plant. Where in- 

personnel are not qualified, a maintenance contractor should 
engaged. 
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5-$.$ Survey and analysis should cover equi~pment and systems that 
have been previously determined to be essenttal in accordance with a 
priority plan. Regardless of the size of the program being con- 
templated, the EPM supervisor must determine the extent of the 
work to be done and where to begin. Therefore, all electrical equip- 
ment -- motors, transformers, circuit breakers, controls and the like 
-- should receive a thorough inspection and evaluation. Evaluating 
equipment condition and the operating environment will permit the 
EPM supervisor to make a qualified judgment as to how, where, and 
when each piece of equipment should be fitted into the program. 

5-$.4 In addition to determining physical condition, the survey 
should determine if the equipment is operating within its rating. In 
the course of the survey, it is imperative that the condition of elec- 
trical protective devices be checked. Such devices include fuses, cir- 
cuit breakers, protective relays, and motor overload relays. These 
devices are the safety valves of an electrical system. They should be in 
proper operating condition to ensure safety of personnel, protection 
of equipment, and reduction of economic loss. 

$-$.5 After the survey has been completed, data should be 
evaluated to determine equipment condition. Equipment condition 
will reveal repair work to be done, as well as the nature and fre- 
quency of required inspections and tests. 

$-$.6 Inspection and testing procedures should be carefully 
tailored to requirements. In some plants, regularly scheduled tests 
will call for scheduled outages of production or process equipment. 
In such cases, close coordination ss required between maintenance 
and production personnel. 

$-$.7 Analysis of inspection and test reports should be followed by 
implementation of appropriate corrective measures. Follow-throu~h 
with necessary repairs, replacement, and adjustment is in fact the 
end purpose of an effective EPM program. 

~-5.8 Records should be accurate, and contain all vital informa- 
tion. Care should be taken to ensure that extraneous information 
does not become part of the record because excessive recordkeeping 
may hamper the program. 

5-4 EPM Support Procedures. 
S-I.I  Design for Ease of Maintenance. Effective electrical 
preventive maintenance begins with good design. In design of new 
facilities, conscious effort is required to ensure optimum main- 
tainability. Dual circuits, tie circuits, auxiliary power sources, and 
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drawout protective devices make it easier to schedule maintenance 
and to perform maintenance work with minimum interruption of 
produetmn. Other effective design techniques include equipment 
rooms to provide environmental protection, grouping of equipment 
for more convenience and accessibility and standardization of equip- 
ment and components. 

5-4.2 Tra in ing  for Technical Skills and Safety. Training pro- 
grams will help ensure continuing availability of qualified man- 
power. Instruction, both in and out of the plant, will provide a solid 
foundation in technical fundamentals and safe work procedures that 
are necessary to work on today's sohpisticated equipment. 

S-4.S Outside Service Agencies. Some maintenance and testing 
operations, such as relay and circuit breaker inspection and testing, 
require specialized skills and special equipment. In small organiza- 
tions, it may be impractical to develop the skills and acqutre the 
equipment needed for this type of work. In such cases, it might be 
advisable to contract the work to firms that specialize in providing 
such services. 

S-4.4 Tools and Instruments. Proper tools and instruments are an 
important part of an EPM program, and safety protective gear is an 
essential part of the necessary equipment. Proper tools, instruments, 
and other equipment will ensure maximum safety and productivity 
from the mmntenance crew. Where specialized instruments and test 
equi.'pment are needed only occasionally, they can be rented from a 
variety of sources. 
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Chapter  4 P lann ing  and  Developing 

An Electrical Preventive Maintenance Program 

4-1 Int roduct ion.  
4-1.1 The purpose of an EPM program is to reduce hazard to life 
and property that can result from failure or malfunction of industrial 
type electrical systems and equipment. The first part of these recom- 
mendations for an effective electrical preventive maintenance (EPM) 
program has been prepared with the intent of providing a better un- 
derstanding of benefits -- both direct and intangible -- that can be 
derived from a well-administered EPM program. This chapter ex- 
plains the function, requirements, and economic considerations that 
can be used to establish such a program. 

4-1.2 There are four basic steps to be taken in the planning and 
development of an electrical preventive maintenance program. In 
their simplest form, they are: 

(a) Compile a listing of all plant equipment and systems. 
(b) Determine what equipment and/or  systems are most critical 

and most important. 
(c) Develop a system for keeping up with what needs to be done. 
(d) Train people for the work that needs to be done, or contract 

for the special services that are needed. 

4-1.5 Success of an EPM program is dependent on the caliber of 
personnel responsible for its implementation. Primary responsibility 
for program implementation and its success should lie with a single 
individual. This individual should be given the authority to do the 
job and should have the cooperation of management, production, 
and other departments whose operations might affect the EPM pro- 
gram. Ideally, the person designated to head the EPM program 
should have the following qualifications: 

(a) Technical Competence. Personnel should, by education, 
training and experience, be well-rounded in all aspects of electrical 
maintenance. 

(b) Administrative and Super~sory Skills. Personnel should be 
skilled in planning, development of long-range objectives to achieve 
specific results, and shouldbe  able to command respect and solicit 
the cooperation of all persons involved in the program. 
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4-1.4 The maintenance supervisor should have open lines of com- 
munication with design supervision. Frequently an unsafe installa- 
tion or one requiring excessive maintenance can be traced to im- 
proper design or construction methods or misapplication of hard- 
ware. 

4-1.5 The work center of each maintenance work group, whether it 
be a zone or total plant, should be conveniently located. This work 
center should contain all of  the inspection and testing procedures for 
that zone, copies of previous reports, single-line diagrams, schematic 
diagrams, record of complete nameplate data, vendors' catalogs, 
plant stores catalogs, and supplies of report forms. There should be 
adequate storage facilities for tools and test equipment that are com- 
mon to the group. 

4-1.6 In a continuously operating plant, running inspections (in- 
spections made with equipment operating) play a very vital role in 
the continuity of service. The development of running inspection 
procedures varies with the type of operation. However, they should 
be as thorough as practicable within the limits of safety and the skill 
of the craftsman. These procedures should be reviewed regularly in 
order to keep them current. Each failure of electrical equipment, be 
it an electrical or mechanical failure, should be reviewed against the 
running inspection procedure to determine if some other inspection 
technique would have indicated the impending failure. If so, the 
procedure should be modified to reflect the findings. 

4-1.7 Handling the results of running inspections is the area that 
gives supervisors their best motivational opportunities. When the 
electrical maintenance supervisor initiates corrective action the crafts- 
man should be so informed; the craftsman who found the condition 
will then feel that his job was worthwhile and will be motivated to try 
even harder. However, if nothing is done, individual motivation may 
be adversely affected. 

4-1.8 Trends in failure rates are hard to change and take a long 
time to reverse. For this reason, the inspection should continue and 
resulting work orders written, even though the work force may have 
been reduced. Using the backlog of work orders as an indicator, the 
electrical maintenance supervisor can predict trends before they 
develop. With the accumulation of a sizable backlog of  work orders, 
an increase of electrical failures and production downtime may be 
expected. 
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4-2 Survey of Electrical Installation. 
4-2.1 Definit ion.  The survey may be defined as the collection of 
accurate data on the plant electrical system and the evaluation of this 
data to obtain the necessary information for developing the EPM 
program. The systems and equipment covered in specific parts of the 
survey should be based on logical divisions of the overall plant, either 
on an electrical system or plant process basis. In some cases a com- 
bination of the two is the most suitable. 

4-2.2 Data Collection. 
4-2.2.1 The first step in organizing a survey is to take a look at the 
total "package." Will the available manpower permit the survey of 
an enttre system, process or building, or must it be divided mto 
segments? 

4-2.2.2 Next, apr ior i ty  should be assigned to each segment. Some 
segments may be found to be sequential, so they should be identified 
before the actual work commences. 

4-2.2.$ The third step is the assembling of all documentation. This 
may necessitate a search of desks, cabinets, etc., in the ]plant area, 
and  may also require that manufacturers be contacted m order to 
replace lost documents. All of these documents should be brought to 
a central location and marked immediately with some form of effec- 
tive identification. 

4.2.$ Diagrams and Data. 
4.2.$.1 The availability of up-to-date, accurate, and complete 
diagrams is the foundation of a successful EPM program. No EPM 
program can operate without them, and their importance cannot be 
overemphasized. The following diagrams are some of those in com- 
m o n  use" 

4-2.3.2 Single-line diagrams show the electrical circuitry down to, 
and often including, the major items of utilization equipment. They 
should show all electrical equipment in the power system and ~ive all 
pertinent ratings. In making this type of diagram it is basic that 
voltage, frequency, phase, and normal operaung position should be 
included. No less important, but perhaps less obvious, are items such 
as transformer impedance, available short-circuit current, and 
equipment continuous and interrupting ratings. Other items include 
current and potential transformers and their ratios, surge capacitors, 
and protective relays. Where one diagram cannot cover all of the 
equipment involved, additional diagrams, appropriately noted on 
the main diagram, may be drawn. 
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4-2.$.$ Short-circuit and coordination study is very important. 
Many have the misconception that this engineering study is part  of 
the initial plant design, after which the subject can be forgotten. 
However, a number of factors can affect the available short-circuit 
current in an electrical system. Among these are changes in the sup- 
ply capacity of the utility company, changes in size or percent im- 
pedance o f  transformers, changes in conductor size, addition of 
motors, and system operating conditions. 

(a) In the course of periodic maintenance testing of protective 
equipment such as relays and series or shunt-trip devices, their set- 
tings should be evaluated. Along with the proper sizing of fuses this is 
part of the coordination study. 

(b) In a small plant -- one receiving electrical energy at utiliza- 
tion voltage, or from a single step-down transformer -- the short- 
circuit study is very simple. The available incoming short-circuit cur- 
rent can be obtained from the utility company sales engineer. 

(c) In a larger system, it may be desirable to develop a com- 
puterized short-circuit study, to improve accuracy and reduce 
engineering time. Should facdities not be available within the plant 
organization, the short-circuit study can be performed on a contract 
basis. The  short-circuit data are used to determine the required 
momentary and interrupting ratings of circuit breakers, fuses and 
other equipment. 

(d) Fuses are rated on the basis of their current-carrying and in- 
terrupting capacities. These ratings should be determined and 
recorded. Other protective devices are usually adjustable as to 
pickup poin t  and time-current characteristics. Settings of such pro- 
tective devices should be determined, verified by electrical tests, and 
recorded for future reference. 

(e) Personnel performing the tests should be trained in proper test 
procedures. Several manufacturers of switchgear or test eqmpment 
have set up regularly scheduled seminars where participants are 
taught the principles of maintenance and testing of electrical protec- 
tive devices. 

4-2.$.4 Circuit routing diagrams, cable maps, or raceway layouts 
show the physical location of conductor runs. In addition to voltage, 
such diagrams should also indicate the type of raceway, the number 
and size of conductors, and type of insulation. Where control con- 
ductors or conductors of different systems are contained within the 
same raceway, the coding appropriate to each conductor should be 
noted. Vertical and horizontal runs, with the location of taps, 
headers and pull boxes, should be shown. Access points should be 
noted where raceways pass through tunnels or shafts with limited ac- 
c e M .  
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4-2.$.5 Layout diagrams, plot plans, equipment location plans, or 
plant maps show the physical layout (and in some cases, the eleva- 
tions) of the plant with all equipment in place. Switching equipment, 
transformers, control panels, mains, and feeders should be iden- 
tiffed. Voltage and current ratings should be shown for each piece of 
equipment. 

4-2.3.6 Schematic diagrams are arranged for simplicity and ease of 
understanding circuits without regard for the actual physical loca- 
tion of any components. The schematic is always drawn with switches 
and contacts shown in  a de-energized position. 

4-2.$.7 Wiring diagrams, like schematic, should show all com- 
ponents in the circuit, but they are arranged in their actual physical 
location. Electro-mechanical components and strictly mechanical 
com]~onents interacting with electrical components are shown. Of 
particular value is the designation of terminals and terminal strips 
with their appropriate numbers, letters, and/or colors. 

4-2.$.8 Diagrams should identify all equipment parts and devices 
by standard methods, symbols, and markings. 

4-2.4 System Diagrams. 
4-2.4.1 System diagrams generally are needed to complete the data 
being assembled. The importance of the system determines the ex- 
tent of information shown, or for a small plant, whether it is even 
needed. The information may be shown on the most appropriate 
type of diagram, but should include the same basic information, 
source and type of power, conductor and raceway information, and 
switching and protective devices with their physical locations. It is 
vital to show where the system may interface with another, such as 
with emergency power; hydraulic, pneumatic, or mechanical 
systems; security and fire alarm systems; and monitoring and control 
systems. Some of the more common of these are described in 4-2.4.1 
through 4-2.4.5. 

4-2.4.2 Lighting system diagrams (normal and emergency) may 
terminate at the branch-circuit panelboard, listing the number of 
fixtures, type and lamp size for each area, and the design lighting 
level. It should show watchman lights and probably an automatic 
transfer switch to the emergency power system. 

4-2.4.$ Ventilation systems normally comprise the heating, cool- 
ing, and air-filtering system. Exceptions include furnace, dryer, 
oven, casting, and similar areas' where process heat is excessive and 
air conditioning is not practical. Numerous fans are used to exhaust 
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the heated and possibly foul air. In some industries, such as chemical 
plants and those using large amounts of flammable solvents, large 
volumes of air are needed to remove the hazardous vapors. Basic in- 
formation, including motor and fan sizes, motor or pneumatically 
operated dampers, etc., should be shown. Additionally, many safety 
features may be involved to ensure starting of fans before the process 

- -  airflow switches to shut down an operation on loss of ventilation 
- -  and other interlocks of similar nature. Each of these should be 
identified with respect to type, function, physical location, and its 
operating limits. 

4-2.4.4 Heating and air conditioning systems are usually manufac- 
tured and installed as a unit -- furnished with diagrams, operating 
and maintenance manuals. This information should be updated as 
the system may be changed or modified. Because these systems are 
often critical to plant operation, additional equipment may have 
been incorporated -- humidity, lint, and dust control for textile, 
electronic, and similar processes; corrosive and flammable vapor 
control for chemical and related industries, etc. Invariably these in- 
terface with other electrical or nonelectrical systems: pneumatic, or 
electro-mechanical operation of dampers, valves, etc.; electric 
operation for normal and abnormal temperature control; manual 
control stations for emergency smoke removal, are just a few. There 
may be others, but all should be shown and complete information 
given for each. 

4-2.4.5 Control and monitoring system diagrams are necessary to 
understand how these complicated systems function. They usually 
are in the form of a schematic diagram and may refer to specific wir- 
ing diagrams. Maximum benefit can only be obtained when every 
switching device is shown, its function indicated, and identified for 
ease in finding a replacement. These often involve interfaces with 
other systems, whether electro-mechanical (heating or cooling 
medium) pumps and valves; electro-pneumatic temperature and 
damper control; safety and emergency operations. A sequence-of- 
operation chart and list of safety precautions should be included to 
promote safety of personnel and equipment. Understanding these 
complex circuits is best accomplished by breaking down the circuits 
into their natural functions, such as heating, cooling, process, or hu- 
midity controls. The knowledge of how each function relates to 
another enables the craftsman to have a better concept of the entire 
system and thus perform the assignment more efficiently. 
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4-2.5 Emergency Procedures. Emergency procedures should list, 
step by step, the action to be taken in case of emergency, or for the 
safe shutdown or start-up of equipment or systems. Optimum use of 
these procedures is made when they are bound for quick reference 
and posted in the area of the equipment or systems. Some possible 
items to consider for inclusion in the emergency procedures are in- 
terlock types and locations, interconnectious with other systems, and 
tagging procedures of the equipment or systems. Accurate single-line 
diagrams posted in strategic places are particularly helpful in emer- 
gency situations. The production of such diagrams in anticipation of 
an emergency is essential to a complete EPM program. Diagrams are 
a particularly important training tool in developing a state of pre- 
paredness. Complete and up-to-date diagrams provide quick review 
of the emergency plan. During an actual emergency they provide a 
simple, quick-reference guide when time is at a premmm. 

4-2.6 Test and Maintenance Equipment.  

4-2.6.1 All maintenance work requires the use of proper tools and 
equipment to properly perform the task to be done. In addition to 
their ordinary tools, each craftsman (such as carpenters, pipe fitters, 
and machinists) uses some special tools or equipment based on the 
nature of the work to be performed. The electrician is no exception, 
but for EPM, additional ec[uipment not found in the toolbox should 
be readily available. The size of the plant; nature of its operations; 
extent of its maintenance, repair, and test facilities; are all factors 
which determine the use-frequency of the equipment. Economics 
seldom justify purchasing an infrequently used expensive tool when it 
can be rented. However, a corporation having a number of plants in 
the area may well justify common ownership of the same device for 
joint use, making it quickly available at any time to any plant. 
Typical examples might be high-current or dc high-potential test 
equipment, or a ground-fault locator. 

4-2.6.2 A certain amount of mechanical maintenance is often a 
part of the EPM program being conducted on associated equipment. 
The electrical craftsman should have ready access to such items as 
assorted lubrication tools and equipment; various types and sizes of 
wrenches; nonmetallic hammers and blocks to protect against injury 
to machined surfaces; wheel pullers; feeler gages; inmde- and 
outside-diameter measuring gages; instruments for measuring 
tor ue, tension, compression, vibration, and speed; standard and 

q .  • • • • • • 

spectal rmrrors wsth light sources for VLsual mspecuon; portable 
blowers and vacuums o f  industrial type having insulated nozzles for 
removal of dust and foreign matter; nontoxic, nonflammable clean- 
ing solvents; and clean lint-free wiping cloths. 
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4-2.6.$ The  use of well-maintained safety equipment is essential 
and should be mandatory when working on or near live electrical 
equipment. Some of the more important articles needed are heavy 
leather gloves; insulating gloves, mats, blankets, baskets, boots, 
jackets and coats; insulated hand tools such as screwdrivers and 
pliers; nonmetallic hard hats with clear insulating face shields for 
protection against arcs; poles with hooks and hot sticks to safely open 
isolating switches. A statiscope is desirable to indicate the presence of 
high voltage on certain types of equipment. 

4-2.6.4 Portable electric lighting is often necessary, particularly in 
emergencies involving the plant power supply. Portable electric 
lighting used for maintenance areas which are normally wet or where 
personnel will be working within grounded metal structures such as 
drums, tanks and vessels should be operated at an appropriate low 
voltage from an isolating transformer or other isolated source. This 
voltage level is a function of the ambient condition in which the por- 
table lighting is used. The aim is to limit the exposure of personnel to 
hazardous current levels by limiting the voltage. Ample supply of 
battery lanterns should be available with extra batteries. Suitable ex- 
tension cords are usually necessary. 

4-2.6.5 Portable meters and instruments are necessary for testing 
and troubleshooting, especially on circuits of 600 volts or less. These 
include general-purpose volt meters, volt-ohmmeters, and clip-on- 
type ammeters with muitiscale ranges. In addition to these conven- 
tional instruments, recording meters are useful for measuring 
magnitudes and fluctuations of current, voltage, power factor, watts 
and volt-amperes versus time values. These are a definite aid in 
defining specific electrical problems and to determine if equipment 
malfunction is due to abnormal electrical conditions. Other valuable 
test equipment indudes devices to measure insulation resistance of 
motors and similar equipment in the megohm range and similar in- 
struments in the low range for determining ground resistance, light- 
ning protection systems, and grounding systems. Continuity testers 
are particularly valuable for checking control circuits and for circuit 
identification. 

4-2.6.6 Special instruments can be used to test the impedance of 
the grounding circuit, or conductor, or path on energized low 
voltage distribution systems. These instruments may be plugged into 
energized receptacles and can also be used to test the equipment 
grounding circuit of portable electric equipment. 
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4-2.6.7 Insulation-resistance measuring eq.uipment should be used 
to indicate insulation values at the time eqmpment  is put in service. 
Later measurements may indicate any deterioration trend of the in- 
sulation values of the equipment. High-potential AC and DC testers 
are used effectively to indicate dielectric strength and insulation 
resistance of the insulation respectively. It should be recognized that 
the possibility of breakdown under test due to concealed weakness is 
always present. High-potential testing should be performed with cau- 
tion and only by qualified operators. 

4-2.6.8 Portable ground-fault locators can be used to test 
ungrounded power systems. Such devices will indicate ground loca- 
tion while the power system is energized. They are thus a valuable aid 
for safe operation by indicating where to take corrective steps before 
an insulation breakdown occurs on another phase. 

4-2.6.9 Receptacle circuit testers are devices which, by a pattern of 
lights, indicate some types of incorrect wiring of 15- and 20-ampere, 
125 volt grounding-type receptacles. 

Although test devices can provide some useful and easily acquired 
information, they must be used with caution. For example, a high 
resistance ~r.ound can give a correct wiring display as will some 
multiple wiring errors. A non-correct display can be considered a 
valid indication that there is a non-correct situation, but a correct 
wiring display should not be accepted without further investigation. 

4-3 Identif icat ion of Crit ical Equipment .  

4-3.1 Equipment (electrical or otherwise) is considered critical if its 
failure to operate normally and under complete control will cause a 
serious threat to people, property, or the product. Electric power, 
like pmcess"steam, water, etc., may be essential to the operation of a 
machine, but unless loss of one or more of these supplies causes the 
machine to become hazardous to people, property or production, 
that machine may not be critical. The  combined knowledge and ex- 
perience of several people may be needed to make this determina- 
tion. In a small plant this can probably be done by the plant engineer 
or master mechanic working with the operating .superintendent. A 
large operation may need a "team" compnsmg the following 
qualified people: (1) the electrical foreman or superintendent; (2) a 
production personnel thoroughly familiar with the operation 
capabilities of the equipment and the effect its loss will have on final 
production; (3) the senior maintenance person who is generally 
familiar with the maintenance and repair history of the equipment 
or process; (4) a technical person knowledgeable in the theoretical 
fundamentals of the process and its hazards (in a chemical plant he 
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should be a chemist, in a mine a geologist, etc); and (5) a safety 
engineer or one responsible for the overall security of the plant and 
its people against fire and accidents of all kinds. They should go over 
the entire plant or each of its operating segments in detail, consider- 
ing each unit of equipment as related to the entire operation, and the 
effect of its loss on safety and production. 

4-$.2 There are entire systems that may be critical by their very 
nature. Depending on the size of  the plant  and the complexity of the 
operation, it may contain any or a l l o f  the examples listed: emer- 
gency power, emergency lighting, fire alarm systems, fire pumps, 
and certain communication systems. There should be no problem in 
establishing whether or not any of these systems is critical, and in 
having the proper amount of emphasis placed on its maintenance. 

4-$.3 More difficult to identify are the parts of a system which are 
critical because of the function of the utilization equipment and its 
associated hardware. Some examples are: 

(a) The  agitator drive motor for a kettle-type reactor may be ex- 
tremely critical in that, if it fails to run for some period of time, when 
the charge materials are added to the reactor the catalyst stratifies. I f  
the motor  is then started, rather than a slow, controlled reaction, a 
rapid reaction could result that may run away, over-pressurize, and 
destroy the reactor. 

(b) The  cooling water source of an exothermic reactor may have 
associated with it some electrical equipment such as a drive motor,  
solenoid valves, controls or the like. The  failure of this cooling water 
may allow the exothermic reaction to go beyond the stable point and 
overpressurize and destroy the vessel. 

(c) A process furnace recirculating fan drive motor of fan may 
fail, nullifying the effects of  temperature sensing points allowing hot 
spots to develop with serious side reaction. 

(d) The failure of gas analysis equipment and interlocks in a dry- 
!ng oven or annealing furnace may allow the atmosphere in the dry- 
mg oven or furnace to become f lammable with the possibility of an 
explosion. 

(e) The  failure of any of the safety combustion controls on a large 
fire box, such as a boiler or incinerator, may cause a serious explo- 
sion. 

(i) Two paralleled pump motors may be needed toprov ide  the 
total requirements of  a continuous process. Failure of  either of  these 
motors may cause a complete shutdown, rather than simply reduce 
production. 
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4-$.4 There are parts of the system that  are critical because they 
reduce the widespread effect of  a fault in electrical equipment.  The  
determination of these is primarily the responsibility of the electrical 
person on the team. Among the things that  fall in this category are: 

(a) Source overcurrent protective devices, such as circuit breakers 
or fuses. This includes the relays and control circuits. It  also includes 
the coordination of trip characteristics of the devices. 

(b) Automatic bus transfer switches or other transfer switches that 
would supply critical loads with power from the emergency power 
source if the primary source failed. This includes instrument power 
supplies as well as load power supplies. 

4-3.5 Parts of the control system are critical because they monitor 
the process and automatically shut down equipment  or take other ac- 
tion to prevent catastrophe. These items are the interlocks, cutout .  
devices, or shutdown devices installed throughout the plant or opera- 
tion. Each of these interlocks or shutdown devices should be carefully 
considered by the entire team to establish whether or not they are 
critical shutdowns or whether they are "convenience" shutdowns. It 
should be thoroughly understood by the maintenance group which 
shutdowns are critical and which are convenience. The  critical shut- 
down devices are normally characterized by having a sensing device 
separate from the normal control device. It  probably has a separate, 
final, or end device that causes action to take place. Once the critical 
shutdown systems are recognized, they should be distinctly identified 
on drawings, on records, and on the hardware itself. Some examples 
of critical shutdown devices are: overspeed trips, high or low 
temperature,  pressure, flow or level trips, low lube oil pressure trips, 
pressure relief valves, overcurrent trips, and low-voltage trips. 

4-3.6 There are parts of the system that  are critical because they 
alert operating personnel to dangerous or out-of-control conditions. 
These are normally referred to as alarms. Like shutdown devices, 
alarms fall into at least three categories: (1) those that signify a true 
pending catastrophe; (2) those that  indicate out-of-control condi- 
tions; and (3) those that indicate the end of an operation or similar 
condition. The entire team should consider each alarm in the system 
with the same thoroughness with which they have considered the 
shutdown circuits. The truly critical a larm should be characterized 
by having a separate sensing device, a separate readout device, and 
preferably separate circuitry and power source. The  maintenance 
department  should thoroughly understand the critical level of  each 
of the alarms. The  critical alarms and the significance should be 
distinctly marked on drawings, in records, and on the operating unit. 
For an alarm to be critical does not necessarily mean that it is com- 
plex or related to complex action. A simple valve position indicator 
may be one of the most critical alarms in an operating unit. 



PLANNING AND DEVELOPING AN EPM PROGRAM 7 0 B - 2 9  

4-4 Establishment of a Systematic Program. 
4-4.1 The purpose of any inspection and testing program is to 
establish the condition of equipment to determine what work should 
be done and to verify that it will continue to function until the next 
scheduled servicing occurs. Inspection and testing is best done in 
conjunction with routine maintenance. In this way, many minor 
items that require no special tools, training, or equipment can be 
corrected as they are found. The inspection and test ingprogram is 
]probably the most important function of a maintenance department 
m that it establishes what needs to be done to keep the system in ser- 
vice to perform the function for which it is required. 

4-4.2 Atmosphere or Environment. 
4-4.2.1 The atmosphere or environment in which electrical equip- 
ment is located has a definite effect on its operating capabilities and 
the degree of maintenance required. An ideal environment is one in 
which the air is: (1) clean or filtered to remove dust, harmful vapor, 
excess moisture, etc.; (2) the temperature is maintained in the range 
of 60°F (15°C) to 85°F (29°C); and (3) the humidity in the range of 
40-70 percent. Under such conditions the need for maintenance will 
be minimized. Where these conditions are not maintained, the per- 
formance of electrical equipment will be adversely affected. Good 
housekeeping contributes to a good environment and reduced main- 
tenance. 

4-4.2.2 Dust can foul cooling passages and thus reduce the 
capabilities of motors, transformers, switchgear, etc., by raising their 
cOlPenerating temperatures above rated limits, decreasing operating effi- 

cies, and increasing fire hazard. Similarly, chemicals and vapors 
can coat and reduce the heat transfer capabilities of heating and 
cooling equipment. Chemicals, dusts, and vapors can be highly flam- 
mable, explosive, or conductive, increasing the hazard of  fire, explo- 
sion, ground faults, and short circuits. Chemicals and corrosive 
vapors can cause high contact resistance, which will decrease contact 
life and increase contact power losses with possible fire hazard or 
false overload conditions due to excess heat. Large temperature 
changes combined with high humidity can cause condensation prob- 
lems, malfunction of operating and safety devices, and lubrication 
problems. High ambient temperatures in areas where thermally sen- 
sitive protecuve equipment is located can cause such protective 
equipment to operate below its intended operating point. Ideally, 
both the electrical apparatus and its protective equipment should be 
located within the same ambient. Where the ambient temperature 
difference between equipment and its protective device is extreme, 
compensation in the protective equipment should be made. 
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4-4.$ Load Conditions. 

4-4.$.1 Equipment is designed and rated to perform satisfactorily 
when subjected to specific operating and load conditions. A motor 
designed for safe continuous operation at rated load may not be 
satisfactory for frequent intermittent operation, which can produce 
excessive winding temperatures or mechanical trouble. The 
resistance grid or transformer of a reduced-voltage starter will 
overheat if left in the starting position. So-called "jogging" or 
"inching" service imposes severe demands on equipment such as 
motors, starters, and controls. Each type of duty influences the type 
of equipment used and the extent of maintenance required. The five 
most common types of duty are defined in the N a t i o n a l  E l e c t r i c a l  
C o d e  ® , and they are repeated in 4-4.3.2 below. 

4-4.3.2 Duty is defined as: 

(a) Continuous: Operation at a substantially constant load for an 
indefinitely long time. 

(b) Intermittent: Operation for alternate intervals of (1) load and 
no load; (2) load and rest; (3) load, no load, and rest. 

(c) Periodic: Intermittent operation in which the load conditions 
are regularly recurrent. 

(d) Short-time: Operation at a substantially constant load for a 
short and definitely specified time. 

(e) Varying: Operation at loads, and for intervals of time, both of 
which may be subject to wide variation. 

4-4.5.3 Some devices that may be of use in establishing a proper 
maintenance period are: running time meters (to measure total "on" 
or "use" time); counters to measure number of starts, stops or load 
on, load off and rest periods; and recording ammeters to record 
graphically load and no-load conditions. These devices can be ap- 
plied to any system or equipment and will help classify the duty. This 
will help establish a proper frequency of preventive maintenance. 

4-4.3.4 Safety and limit controls are devices whose sole function is 
to assure that values remain within the safe design level of the system. 
Each device should be periodically and carefully inspected, checked, 
and tested to be certain that it is in reliable operating condition 
because it functions only during an abnormal situation when an 
undesirable or unsafe condition is reached. 
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4-4.4 Wherever practical, a history of each electrical system should 
be developed for all equipment or parts of a system vital to a plant's 
operation, production or process. The record should include all per- 
tinent information for proper operation and maintenance. This in- 
formation is useful in developing repair cost trends, items replaced, 
design changes or modiflcauons, significant trouble or failure pat- 
terns, and replacement parts or devices that should be stocked. 
System and equipment information should include: 

(a) Types of electrical equipment -- motors, starters, contactors, 
heaters, relays. 

(b) Types of mechanical equipment -- valves, controls, etc., and 
driven equipment such as pumps, compressors, fans -- and whether 
they are direct, geared, or belt driven. 

(c) Nameplate data. 
(d) Equipment use. 
(e) Installation date. 
(f) Available replacement parts. 
(g) Maintenance test and inspection date -- type and frequency of 

lubrication; electrical inspections, test, and repair; mechanical in- 
spection, test, and repair; replacement ]paRs list with manufacturer's 
identification; electrical and mechamcal drawings for assembly, 
repair and operation. 

4-4.5 Inspection Frequency. 
4-4.5.1 Those pieces of equipment found to be critical should re- 
quire the most frequent inspections and tests. Depending on the 
degree of reliability required, other items may be inspected and 
tested much less frequently. 

4-4.5.2 Manufacturers' service manuals should have a recommend- 
ed frequency of inspection. The frequency given is based on "stan- 
dard" or "usual" operating conditions and environments. It would be 
impossible for the manufacturer to list all combinations of environ- 
ment and operating conditions. However, this is a good basis from 
which to begin considering the frequency for inspection and testing. 

4-4.5.$ There are several points to consider in establishing the in- 
itial frequency of inspections and tests. Electrical equipment located 
in a separate air-conditioned control room or switch room certainly 
would not be considered normal, so the inspection interval might be 
extended 30 percent. However, if the equipment is located near 
another unit or operating plant that discharges dust or corrosive 
vapors, it might reduce this time as much as 50 percent. 
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4-4.5.4 Continuously operating units with steady loads or with less 
than the rated full load would tend to operate much longer, and 
more reliably, than intermittently operated or standby units. For this 
reason, the interval between inspections might be extended 10 to 20 

c ercent for continuously operating equipment and possibly reduced 
y 20 to 40 percent for standby or infrequently operated equipment. 

4-4.5.5 Once the initial frequency for inspection and tests has been 
established, this frequency should be adhered to for at least four 
maintenance cycles unless undue failures occur. For equipment that 
has unexpected failures, the interval between inspections should be 
reduced by 50 percent as soon as the trouble occurs. On the other 
hand, after four cycles of inspections have been completed, a pattern 
should have developed. If equipment consistently goes through more 
than two inspections without requiring service, the inspection period 
may be extended by 50 percent. Loss of production due to an emer- 
gency shutdown is almost always more expensive than loss of produc- 
tion due to a planned shutdown. Accordingly, the interval between 
inspections should be planned to avoid the diminishing returns of 
either too long or too short an interval. 

4-4.5.6 This adjustment in the interval between inspections will 
continue until the optimum interval is reached. This adjustment 
time can be minimized and the optimum interval approximated 
more closely initially by providing the person responsible for 
establishing the first interval with as much pertinent history and 
technology as possible. + 

4-4.5.7 The frequency of i.nspection for similar equipment 
operating under different conditions may need to be w~dely dif- 
ferent. 

Typical examples illustrating this are: 

(a) In a continuously operating plant having a good load factor 
and located in a favorable environment, the high-voltage oll circuit 
breakers may only need an inspection every two years. On the other 
hand, an electrolytic process plant using similar oil circuit breakers 
for controlling furnaces may find it necessary to inspect and service 
them as frequently as every 7 to 10 days. 

(b) An emergency generator to provide power for noncritical 
loads may be tested on a monthly basis. Yet the same generator in 
another plant having processes sensitive to explosion on loss of power 
may need to be tested each shift. 
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4-5 Methods and Procedures. 

4-5.1 General. 

4-5.1.1 If a system is to operate without failure, not only should the 
discrete components of the system be maintained, but the connec- 
tions between these components should also be covered by a 
thorough set of methods and procedures. Overlooking this important 
link in the system causes many companies to suffer high losses every 
year. 

4-5.1.2 Other areas where the maintenance department should 
develop their own procedures are shutdown safeguards, interlocks, 
and alarms. Although the individual pieces of equipment may have 
testing and calibrating procedures furnished by the manufacturer, 
the application is probably unique, so that the system, per se, should 
have an inspection and testing procedure developed for it. 

4-5.2 Forms. 
4-5.2.1 A variety of forms may go along with the Iusl~>ec,,tion, 
Testing, and Repair (IT&R) procedure. They should be detailed and 
direct, yet simple and durable enough to be used in the field. Field 
notes taken should be legibly transcribed. One copy of reports should 
go in the working file of the piece of equipment and one in the 
master file maintained by first line superv~ion. These forms should 
be used by the electrical maintenance people. They are not for 
general distribution. If reports to production or engineering are 
needed, they should be separate, and inspection reports should not 
be used. 

4-5.2.2 The IT&R procedure folder for a piece of equipment 
should have listed in it: 

(a) All the special tools, materials, and equipment necessary to do 
the job. 

(b) The estimated or actual average time to do the job. 
(c) Apropriate references to technical manuals. 
(d) Previous work done on the equipment. 

(e) Points for special attention indicated by previous IT&R. If 
major work was predicted at the last IT&R, the procedure folder 
should contain a copy of the purchase order and receiving reports for 
the parts to do the work. It should contain references to unusual in- 
cidents reported by production that may be associated with the 
equipment. 
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4-5.2.3 Special precautions relative to operation should be part of 
the IT&R document. What other equipment is affected and in what 
way? Who has to be informed that the IT&R is going to be done? 
How long will the equipment be out of service if all goes well and also 
if major problems are uncovered? 

4-5.$ Planning. 
4-5.$.1 Having developed the IT&R procedures and having the 
frequency established (even though ~preliminary) now comes the task 
of scheduling. Scheduling in a continuous process plant (as .o!~ .j>osed 
to a batch-process plant) is most critically affected by availability of 
equipment in blocks consistent with maintenance manpower 
capabilities. In general, plants will be shut down on some regular 
basis for overall maintenance and repair. Some of the electrical 
maintenance items should be done at this time. IT&R that could be 
done while equipment is in service should be done prior to shutdown. 
Only work that need be done during shutdown should be scheduled 
at that time -- to level out manpower requirements and to limit 
downtime. 

4-5.$.2 The very exercise of scheduling IT&R will point out design 
weaknesses that require excessive manpower during critical shut- 
down periods or require excessive downtime to do the job with the 
personnel available. Once these weaknesses have been uncovered, 
consideration can be given to rectifying them. For example, the ad- 
dition of one circuit breaker and a little cable may change a shut- 
down from three days to one day. 

4-5.$.$ Availability of spare equipment affects scheduling in many 
ways. Older plants may have installed spares for a ma jo rpa r t  of  the 
equipment, or the plant may be made up of many parallel lines so 
that they may be shut down, one at a time, without seriously curtail- 
ing production. This concept is particularly adaptable to electrical 
distribution. Use of a circuit breaker and a transfer bus may extend 
the interval between total shutdown on a main transformer station 
from once a year to once in 5 years or more. 

4-5.3.4 In many continuous process plants, particularly the newer 
ones, the trend is toward a large single-process line with no installed 
spares. This method of operation will require running inspections 
and running tests since there will be a natural desire to extend the 
time between maintenance shutdowns. Downtime in such plants will 
be particularly costly, so it is desirable to build as much monitoring 
into the electrical systems as possible. 
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4-5.3.5 Planning running inspections can vary from a simple desk 
calendar to a computer program. Any program for scheduling 
should have four facets: (1) a reminder to order parts and equipment 
with sufficient lead time to have them on the job when needed; (2) 
the date and manhours to do the job; (3) a check to see that the job 
has been completed; and (4) noticing if parts are needed for the next 
IT&R and when they should be ordered. 

4-5.$.6 Planning shutdown IT&R is governed by the time between 
shutdowns established by the limitations of the process or production 
units involved. Reliability of electrical equipment can and should be 
built in to correspond to almost any length of time. 

4-5.5.7 Small plants will want to utilize, in a much abbreviated 
form, the following shutdown recommendations of a large plant 
IT&R: 

(a) Know how many personnel-shifts the work will take. 
(b) Know how many persons will be available. 
(c) Inform production how many shifts the electrical maintenance 

will require. 
(d) Have all the tools, materials, and spare parts that will be re- 

quired assembled on the job site. Overage is better than shortage. 
(e) Plan the work so that each person is used to best suit his skills. 
(f) Plan what each person will be doing each hour of the shut- 

down. Allow sufficient off time so that if a job is not finished as 
scheduled, the person working on that job can be held over without 
overtiring them for the  next shift. This will allow the schedule to be 
kept. 

(g) Additional clerical people during shutdown IT&R will make 
the job go smoother, help prevent missing some important function, 
and allow an easier transition back to normal. 

(h) Supply copies of the electrical group plan to the overall shut- 
down coordinator so that is can be incorporated into the overall 
plan. The overall plan should be presented in a form that is easy to 
use by all levels of supervision. In a large complex operation, a 
critical path program, or some similar program, should be used. 

4-5.5.8 Automatic shutdown systems and alarm systems that have 
been determined as critical should be so designed and maintained 
that nuisance tripping does not destroy operator confidence. Loss of 
operator confidence can and will cause these systems to be bypassed 
and the intended safety lost. Maintenance should prove that each 
operation was valid and caused by an unsafe condition. 
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4-5.S.9 A good electrical preventive maintenance program should 
identify the less critical jobs, so it will be clear to first-line supervision 
which EPM can be delayed to make personnel available for emer- 
gency breakdown repair. 

4-5.4 Analysis of Safety Procedures. 
4-5.4.1 It is beyond the scope of this recommended practice to 
cover details of safety procedures for each of the IT&R activities. 
Manufacturers' instructions contain safety procedures required in 
using their test equipment. 

4-5.4.2 The test equipment (high voltage, high current, or other 
uses) should be inspected in accordance with vendor recommenda- 
tions before the job is started. Any unsafe condition should be cor- 
rected before proceeding. 

4-5,4.S The people doing the IT&R should be briefed to be sure 
that all facets of safety before, during, and after the IT&R are 
understood. It is important that all protective equipment is in good 
condition and is on the job. 

4-5.4.4 Screens, ropes, guards, and signs needed to protect people 
other than the IT&R team should be provided and used. 

4-5.4.5 A procedure should be developed, understood, and used 
for leaving the test site in a safe condition when unattended. These 
times may include a smoke break, a lunch break, or even overnight. 

4-5.4.6 A procedure should be developed, understood, and used to 
ensure safety to and from the process before, during, and after the 
IT&R. The process or other operation should be put in a safe condi- 
tion for the IT&R by the operatingpeople before the work is started. 
The procedure should include such checks as are necessary to ensure 
that the unit is ready for operation after the IT&R is completed and 
before the operation is restarted. 

4-5.5 Records. 
4-5.5.1 Sufficient records should be kept by maintenance manage- 
ment to evaluate results. Analysis of the records should guide the 
spending level for EPM and breakdown repair. 

4-5.5.2 Figures should be kept to show the total cost of each 
breakdown. This should be the actual cost plus an estimated cost of 
the business interru~3tion. This figure is a powerful indicator for the 
guidance of expenditures for EPM. 
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4-5.5.$ Records Kept by First Line Supervisor of EPM. Of the 
many approaches to this phase of the program, the following is a 
typical set that fulfills the minimum requirements: 

(a) Inspech'on Schedule. The first line Sul~ervisor should main- 
rain, in some easy-to-use form, a schedule of mspections so that he 
can plan manpower requirements. 

(b) Work Order Log. An active log should be kept of unfinished 
work orders. A greater susceptibility to imminent breakdown is in- 
dicated by a large number of outstanding work orders resulting from 
the inspection function. 

(c) Unusual Event Log. As the name implies, this lists unusual 
events that affect the electrical system in any way. This record is de- 
rived from reports of operating and other personnel. This is a good 
tool for finding likely problems after the supervisor has learned to in- 
terpret and evaluate the reports he gets. This is the place where near 
misses can be recorded and credit given for averting trouble. 
4-5.6 Emergency Procedures. It should be recognized that prop- 
erly trained electrical maintenance personnel have the potentml to 
make a very important contribution m emergency situations that are 
most likely to occur. However, most such situations will also involve 
other crafts and disciplines, such as operating personnel, pipe-fitters, 
and mechanics. An overall emergency procedure for each an- 
ticipated emergency situation should be cooperatively developed by 
qualified personnel of each discipline involved, detailing steps to be 
followed, sequence of steps, and assignment of responsibility. The 
total procedure should then be run periodically as an emergency drill 
to assure that all involved personnel are kept thoroughly familiar 
with the part they must perform. 

4-6 Maintenance of Foreign-made Electrical Equipment.  
4-6.1 Equipment of foreign manufacture poses some additional 
maintenance problems not usually associatedwith American-made 
equipment. 
4-6.2 Quick delivery of replacement parts cannot be taken for 
granted. Suppliers should be identified, and the replacement parts 
problem should be reflected in the inplant spare parts inventory. In 
addition to considering possible slow delivery of replacement parts, 
knowledgeable outside sources of foreign maintenance engineering 
services should be established. 
4-6.$ English-written parts catalogs, maintenance manuals, and 
drawings should be available. In contrast with literature and draw- 
ings developed by American manufacturers, these should not be 
automatically presumed to be understandable. Problems in transla- 
tion should be identified as soon as literature is received, to ensure 
that material will be fully understood later when actual maintenance 
must be performed. 
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Chapter 5 Fundamentals  of Electrical Equipment  Maintenance 

5-1 Design to Accommodate Maintenance.  
5-1.1 Except for limited visual inspection, such as observing 
operating temperatures, examination for contamination, recording 
load readings, etc., the apparatus must be taken out of service to per- 
form efficient and effective maintenance. Unless flexibility is built 
into the electrical sys. tem in the way of duplication or alternate 
transfer schemes, maintenance of vital electrical apparatus must be 
scheduled with planned production outages. 

5-1.2 An example of flexibility is a selective radial distribution 
system incorporating double-ended low voltage substations. This 
permits maintenance and testing to be performed on equipment such 
as the primary feeders, transformers, main and tie circuit breakers 
during periods of light loads. 

5-1.$ Larger production equipment, such as air compressors, air- 
conditioning umts, pumps, etc., which can be difficult to repair or 
replace quickly are often installed in multiples to provide reserve 
capacity. Duplication. of. equipment enables maintenance to be per- 
formed economically without costly premium time and ensures con- 
tinuons production in the event of an accidental breakdown. 

5-1.4 Selection of quality equipment, adequate for the present and 
projected load growth, is a prime factor in reducing maintenance 
cost. Overloaded equipment or equipment not suited for the applica- 
tion will have a short service life and will be costly to maintain. Ab- 
normal conditions, such as corrosive atmosphere, excessive 
temperature, high humidity, abrasive or conducting particles, and 
frequent starting and stopping require special consideration in the 
selection of the equipment in order to minimize maintenance cost. 

5-1.5 Too often, installed cost without sufficient regard for per- 
forming efficient and economic maintenance influences system 
des!gn. Too often, within a few years, the added cost of performing 
maintenance plus production loss from forced outages due to lack of 
maintenance will more than offset the saving in initial cost. 

5-1.6 As equipment grows older, and is possibly worked harder, 
scheduling outages to perform accelerated maintenance could 
become a major problem. 
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5-2 Scheduling Maintenance.  
5-2.1 In the larger plants, routine maintenance scheduling is often 
done on a computer. The  computer is programmed to print out the 
work orders for the projects to be accomplished on a weekly or 
monthly basis. To  the opposite extreme, in smaller plants, the main- 
tenance schedule is often carried in the maintenance supervisor's 
head. It goes without saying, an effective maintenance program re- 
quires a positive mechanism for scheduling and recording of the 
work accomplished. 

5-2.2 A most thankless task is that of working with production 
management  in at tempting to obtain production outages necessary 
to accommodate maintenance. As yet, most production managers 
look on maintenance as a necessary evil. Maintenance outages, par- 
ticularly in plants which operate 24 hours per day, seven days a week, 
are difficult to come by; however, there are some areas which can be 
relieved with a nominal investment. 

For example, low voltage power circuit breakers should be in- 
spected on an annnal basis and tested under simulated overload and 
fault conditions every three to five years. An investment in a few 
spare circuit breakers, one or two of each make and size in use, would 
allow them to be inspected, overhauled and tested at almost any con- 
venient time. The  inservice breakers could then be exchanged with a 
spare at an opportune time, with negligible production downtime. 

5-2.3 Many plants schedule vacation shutdowns of from one to 
three weeks duration to perform needed periodic maintenance on 
vital production apparatus which cannot be taken out of  service at  
any other time. A total plant shutdown resolves the problem of 
scheduling partial outages around limited production operations. 
Even so, some difficulty may be encountered in providing power re- 
quirements for maintenance operations and still perform the needed 
maintenance on the electrical system. 

5-2.4 Performing preventive maintenance with overtime labor, 
such as Saturdays, Sundays, holidays and after regular hours is costly 
-- an expense not kindly accepted by management .  The scope of the 
work must be confined to the limited time and available personnel. 
Contracting out preventive maintentance to qualified electrical con- 
tractors can relieve these and other problems associated with preven- 
tive maintenance. Electrical contractors who specialize in this type of 
work have trained mechanics and the proper tools and equipment.  
Many of them carry inventories of spare electrical equipment.  
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5-3 Personnel and Equipment Safety. 
5-$.1 Consideration of personnel safety, in addition to equipment 
safety, must be given prime consideration in system design and in 
establishing adequate maintenance practice. The principal person- 
nel danger from electricity is that of shock, electrocution and/or  
severe burn from the electrical arc or its effects, which may be similar 
to that of an explosion. It should be of interest to know that the small 
current drawn by a 7.5 watt, 120-voh lamp, if passed from hand to 
hand, or hand to foot, could be fatal. 

5-$.2 Destructive energy, capable of disintegrating an entire 
switchgear assembly in a matter  of a few minutes can be released in a 
low voltage phase-to-phase, or phase-to-enclosure, sustained arcing 
fault. The  fault current, in the order of thousands of amperes, 
multiplied by the arc voltage drop (approximately 100 volts on a 
480Y/277 system) multiplied by the duration of the arc in seconds is 
a measure of the energy released (watt-seconds). 

5-$.$ Personnel safety must be an integral part of maintenance 
practices. As a general rule, no electrical apparatus should be 
worked on while it is energized. When it is necessa.ry to work in the vi- 
cinity of energized equipment all safety precauuons should be fol- 
lowed, such as roping off the dangerous area, use of rubber blankets 
for isolation, use of rubber gloves and use of tools and equipment 
properly insulated. All insulating tools such as rubber gloves and 
blankets should be periodically tested. 

5-$.4 Switches and/or  circuit breakers should be locked in an open 
position and tagged to provide information as to why the circuit is 
open and the name of the person having the key for the lock. ANSI 
Standard Z244.1-1974 is suggested as a guide in developing an effec- 
tive lockout/tagout for electrical and other energy sources. Where 
the practice of utilizing aprotective ground is followed, the ground- 
ing device should be of adequate capacity and securely attached to 
cause the circuit protective device to function before the grounding 
device burns off, should the circuit be accidentally energized. 

5-S.5 Equipment safety demands sensitive and effective protection. 
The prntecuve device must be capable of immediately sensing the 
abnormality and cause it to be isolated with the least destruction and 
minimum disturbance to the system. The degree of sensitivity and 
speed of response is most vital to the effectiveness of the protection. 

5-$.6 The protective device, fuse, relay and series or static trip on 
low voltage breakers generally sense overcurrent. Ideally, the device 
should not be applied or set to respond tonormal  load excursions yet 
it should function on a low level fault. This is an impossible situatmn 
unless ground-fault protection is utilized, since the magnitude of a 
phase to ground fault could be less than normal load current. 
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5-4 The  Protective Scheme. 
5-4.1 While the application of circuit protection, as developed in a 
short circuit and coordination study, is an engineering functmn and 
hence recognized as a facet of system design, assurance that this de- 
signed protection remains in operation is a maintenance responsi- 
bifity. Applying the settings and periodic testing of the protective 
devices, relays and series and static trip elements is definitely a main- 
tenance function. Similarly, the checking of the proper type and 
ampere rating of the fuses used in the system is part of the mainte- 
nance function. 

5-4.2 In the larger plants, the interpretation of the short circuit 
and coordination study is generally made by plant engineering, and 
the settings and test points for the adjustable protective devices are 
furnished the maintenance department, as are the type and ampere 
rating of the fuses. While the maintenance personnel need not be 
able to make the engineering study, they should be able to interpret 
the time-current curves in understanding the performance of the 
protective device under test. 

5.4.$ An up-to-date short circuit and coordination study is essen- 
tial for safety of personnel and equipment. It is necessary to analyze 
the momentary and interrupting rating requirements of the protec- 
tive devices. That  is, will the circuit breaker or fuse safely interrupt 
the fault or explode in attempting to perform this function? 

Another phase of the study Is that of developing the application of 
the protective device to realize minimum equipment damage and the 
least disturbance to the system, in the event of a fault. 

5-5 Acceptance Testing. 
5-5,1 The initial acceptance testing of the electrical system is part 
of design and plant construction and hence not part of maintenance. 
However, the acceptance test data do provide the benchmarks for the 
subsequent maintenance testing. The acceptance testing should be 
witnessed by the owner's representative, and a copy of the test reports 
forwarded to the plant engineer for his maintenance records. 
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Chapter  6 Substations and Switchgear Assemblies 

6-1 Substations. 
6-1.1 General .  
6-1.1.1 Substations in an electrical system perform the functions of 
voltage transformation, metering and circuit switching and system 
protection. They are comprised of electrical power products, such as 
transformers, regulators, air switches, circuit breakers, and lightning 
arrestors. 

6-1.1.2 Maintenance of the substation is of a general nature. Main- 
tenance of the individual power products will be discussed under the 
appropriate heading. 

6-1.1.$ The recommended frequency of maintenance will depend 
upon the environment in which the substation is operating. In many 
cases it is an outdoor installation and exposed to the atmospheric 
contaminations in the neighborhood. In areas of industrial con- 
tamination or in coastal areas where ocean vapors are prevalent, in- 
spections may be required at intervals of from six weeks to two 
months. Less frequent inspections may be required in areas of 
relatively clean atmosphere. 

6-1.2 Insulators. 
6-1.2.1 Insulators should be inspected for evidence of con- 
taminated surfaces or physical damage, such as cracked or broken 
segments. Contaminated insulator surfaces should be cleaned and 
damaged insulators replaced. 

6-1.2.2 Evidence of violent corona when the substation is energized 
should be reported. Corona is an electrical discharge phenomenon 
occurring in gaseous substances, such as air. High electrical gra- 
dients exceeding the breakdown level of air lead to corona 
discharges. Mild corona will have a low sizzling sound and may not 
be audible above ambient noise in the substation. As the corona in- 
creases in level the sizzling sound becomes louder and will be accom- 
panied by popping, spitting or crackling as flashover level nears. 
Corona ionizes the air converting the oxygen to ozone which has a 
distinctive penetrating odor. 

6-1.2.3 Mild corona may be normal and will be more pronounced 
when humidity is high. 
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6-1.$ Conductors. l.uspect all exposed conductors for evidence of 
overheating at bolted joints. Extreme overheatingwill discolor cop- 
per conductors. If the substation is deenergized, bolted connections 
should be checked for tightness. Bolts should be tightened where re- 

~ uired, being careful not to overstress the bolts. There are infrared 
etectors that can be used on energized systems to check for 

overheating by scanning from a distance. Where aluminum-to- 
copper joints, exist, inspect carefully for evidence of corrosion, 
overheaung or looseness. 

6-1.4 Air Disconnecting Switches. 
6-1.4.1 Air disconnecting switches are normally operated infre- 
quenty in service and will usually be energized during routine substa- 
tmn maintenance. In this case, maintenance of the switch will be 
limited to those areas that can be safely approached. The insulators 
and conducting parts should be examined as described earlier under 
these subjects. Interphase linkages and operating rods should be in- 
spected to make sure that the linkage has not been bent or distorted 
and that all fastenings are secure. The position of the toggle latch of 
the switch operating linkage should be observed on all closed switches 
to verify that the switch is mechanically locked in a closed position. 

6-1.4.2 Power-operated switches should be operated periodically to 
ensure that the switches and their mechanism and control features 
are functioning properly. When the circuit condition will not permit 
operating the switch energized and the circuit cannot be deenergized 
for routine maintenance, the operating mechanism should be 
disengaged from the linkage to allow the control circuits and 
mechanism to be checked, provided that this method does not 
adversely affect the overall adjustment. 

The maintenance instructions of the particular manufacturer of 
each mechanism should be followed. In addition, the following fea- 
tures should be checked: (1) limit switch adjustment; (2) associated 
relays for poor contacts, burned out coils, inadequate supply voltage; 
(3) any other condition that might prevent proper functioning of the 
switch assembly. 

6-1.4.3 If  the switches cannot be deenergized during routine main- 
tenance a scheduled outage should be planned periodically and 
thorough maintenance performed as follows: 

(a) Operate the switch several times manually and check for ap- 
proximate simultaneous closing of all blades and for complete con- 
tact closing. Check blade lock or latch in the fully dosed position. 

(b) If so equipped, the switch should be power operated and 
checked in accordance with the previously described procedure. 
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(C) Inspect contacts for alignment, pressure, burns, or corrosion. 
Replace pitted or badly burned contacts. If  pitting is of a minor 
nature, . . . .  smooth down the surface with clean, fine sandpa .~e.r Inspect 
arcing horns for slgns of exces,~ve burning and replace, ff necessary. 

(d) Inspect insulation for breaks, cracks or bums. Clean insula- 
tion where abnormal conditions, such as salt deposits, cement dust, 
or acid fumes prevail. 

(e) Check gear boxes for moisture which could cause corrosion or 
difficulty in the switch due to ice formation. 

(f) Inspect flexible braids or slip-ring contacts commonly used for 
grounding operating handle. Replace braids showing signs of corro- 
sion, wear, or broken strands. 

(g) Inspect and check all safety interlocks and test for proper 
operation. 

6-1.4.4 If it is known that a switch has carried heavy short circuit 
current, special effort should be made to inspect it at the earliest 
possible time, since the ability of the switch to carry rated load cur- 
rent or fault current may be seriously impaired if the contacts are not 
properly maintained. 

6-1.5 Grounding  Equipment .  Inspect and test (where possible) 
all of the station grounds, enclosure grounds and apparatus grounds. 
l.nspect all grounding connections for tightness andabsence of corro- 
sion. 

6-1.6 Enclosures. Check the security of fences or other enclosures 
to assure against entry of animals or unauthorized personnel. Check 
the gates or doors, especially when equipped with panic hardware, 
for security and proper operation. The  enclosed area should not be 
used for storage of anything other than the most frequently used 
spare parts directly associated with the enclosed equipment. 

6-1.7 Miscellaneous Equipment .  Check the availability and con- 
dition of rack-out devices, hoisting or handling apparatus, ground- 
ing equipment, hot sticks, rubber gloves, statiscopes and other test 
equipment. 

Check for proper operation of floodlights, and other auxiliary ap- 
paratus, such as cooling fans on transformers. Report any indication 
of warning lights or warning flags on temperature gauges, pressure 
gauges or liquid level gauges. 
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6-2 Switchgear Assemblies. 
6-2.1 General .  
6-2.1.1 A switchgear assembly is an assembled equipment (indoor 
or outdoor) including but not limited to one or more of  the follow- 
ing: switching, interrupting, control, metering, protective and 
regulating devices, together with their supporting structure, 
enclosure, conductors, electric interconnections and accessories. 

6-2.1.2 A switch~ar  assembly may be open type as part  of a 
substation assembly or enclosed type. The open type was covered 
under the section on substations. This section will cover enclosed- 
t.ype assemblies and more specifically metal-enclosed assemblies, 
since other types of enclosures are rarely found. 

6-2.1.$ Metal-enclosed switchgear assemblies are enclosed on all 
sides and top With sheet metal. Access into the enclosure is provided 
by doors or removable cover. The bus and bus connections are bare 
in all except metal-clad-type switchgear assemblies. Although the 
bus and connections are insulated in metal-clad switchgear 
assemblies, THE INSULATION IS NOT DESIGNED TO  PRO- 
TECT AGAINST ELECTRICAL SHOCK. CONTACT WITH 
THIS BUS OR ITS CONNECTIONS SHOULD BE AVOIDED 
WHEN THE SWITCHGEAR IS ENERGIZED. 

6-2.1.4 Low voltage metal-enclosed switchgear assemblies have a 
maximum nominal voltage rating of 600 volts. Medium and high 
voltage metal-enclosed switchgear assemblies have nominal voltage 
ratings from 5,000 to 69,000 volts inclusive. 

6-2.1,5 These switchgear assemblies are normally constructed in 
modules or cubicles each of which contains either one or more inter- 
rupting devices (low voltage cubicles nsuall]r contain two or more in- 
terrupting devices whereas medium and hzgh voltage cubicles con- 
tain only one device) or auxiliary equipment, such as metering 
transformers, auxiliary power transformer, control relaying, battery 
chargers, etc. Power is fed throughout the assembly by main power 
bus. 

6-2.1.6 Metal-enclosed switchgear assemblies are normally con- 
nected to one or more supply transformers, either closely connected 
to the transformer throat or remotely connected by cable or metal- 
enclosed bus. They may be found outdoors as a part of a substation 
or indoors as a power distribution center. 
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6-2.2" Frequency of Maintenance.  
6-2.2.1 Recommended frequency of maintenance will depend 
upon environmental and operating conditions, so that no fixed rules 
can govern all applications. 

An annual inspection of the entire switchgear assembly including 
withdrawable elements during the first three years of service is usu- 
ally suggested as a minimum when no other criteria can be iden- 
tiffed. Inspection frequency can be increased or decreased depending 
on observatio,ns and experience. It is good practice to follow specific 
manufacturer s recommendations regarding inspection and mainte- 
nance until sufficient knowledge is accumulated which permits 
modifying these practices based on experience. It is recommended 
that frequent inspections be made initially; the interval may then be 
gradually extended as conditions warrant. 

6-2.2.2 The following factors will affect the decision on when to in- 
spect: 

(a) Scheduled shutdowns. 
(b) Emergency shutdowns. 
(c) Periods of sustained unusual or abnormal operating condi- 

tions; e.g., switching or lightning surges, sustained over-loads. 
(d) Feeder, bus, or system fault occurrence. 
(e) Extremes in atmospheric conditions: such as heat, cold, heavy 

dust, high winds, rain, snow, fog, smog, fumes of many kinds, fly 
ash, salt spray, high humidity, unusual temperature changes, light- 
ning, etc. 

(0 Maintenance requirements and schedules for related e.quip- 
ment -- either component parts of the switchgear assembly or ~tems 
apart from but connected to the switchgear circuits. Time is the most 
universal criterion, but other indicators such as number of opera- 
tions may be used as a guide. 

6-2.2.3 Partial inspections may be made even when the entire 
switchgear assembly cannot be deenergized. 

6-2.2.4 Specific circuits may be taken out of service even though 
the main bus is not deenergized. This permits an insulation inspec- 
tion of bus risers and supports in the load side or "off '  side of the 
switchgear unit. 

6-2.2.5 When operating conditions are such that a full shutdown of 
an entire switchgear assembly for inspection of insulation is imprac- 
tical, partial inspections may dictate a decision on whether or not a 
full shutdown is mandatory to avoid a potential developing failure. 
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Conditions in those areas accessible for partial inspection, however, 
cannot be guaranteed to be indicative of conditions in areas not ac- 
cessible for inspection under energized conditions. 

6-2.$ E n d m u r e .  The function of the enclosure is two-fold: (1) 
prevent exposure of  live par ts  and operating mechanisms, and (2) 
protect the ec~uipment from exposure to moisture and air con. 
taminants outrode the enclosure. A good maintenance program will 
assure the continuation of these two functions. 

6-2.4 Security. Inspect all doors and access panels to ensure that 
all hardware is in place and in good condition. Lubricate hinges, 
locks, and latches. Check for removal of screens from ventilation 
openings that may permit entry of rodents or small animals. 

~2 .5  Leakage. On outdoor assemblies, check roof or wall seams 
for evidence of leakage and caulk any leaking seams. Although 
leakage may not be prevalent at time of inspection, prior leakage can 
be identified by rust or water marks on surfaces adjacent to and 
below leaky seams. Check around the base for openings which could 
perm.it water draining into the interior. Caulk or grout any such 
opemngs. 

6-2.6 Moisture. 
6-2.6.1 Moisture accumulation may occur on internal surfaces of 
enclosures even though they are weathertight. The  source of this 
moisture is condensation. When the temperature of  any surface 
drops below the dew point of the air with which it is in contact, con- 
densation will occur. Humidity of outside atmosphere is not con- 
trollable as it enters the enclosure. However, water vapor can be 
added to the internal atmosphere if there are pools of water at the 
base of the enclosure in the vicinity of floor openings or bottom wall 
ventilation openings. All floor openings, other than those specifically 
provided for drainage p.urposes, should be effectively sealed. All 
unused conduits or opemngs around cables at entrance ducts should 
be sealed with an electrical grade of caulking compound. Water 
pools should be eliminated permanently. 

6-2.6.2 Conditions causing condensation are intermittent and may 
not be prevalent at the time of  ins~pection. All internal surfaces 
should be examined for signs of prevmus moisture such as: 

(a) Droplet depressions or craters on heavily dust-laden surfaces. 
(b) Dust patterns, such as occur if an auto is subjected to a light 

rain shower shortly after it has been driven on a dusty road. 
(c) Deposit patterns, such as might occur if a film of dirty water 

were left to evaporate on a flat surface. 
(d) Excessive rust anywhere on the metal housing. 
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6-2.6.$ Moisture accumulation is prevented by heat and air cir- 
culation. It is very important, therefore, to make sure the heating 
and ventilating systems are functioning properly. 

6-2.7 Heating. Heat losses in switchgear assemblies carrying not 
less than 75 percent full load will probably prevent condensation ex- 
cept in those cubicles containing auxiliary equipment. Where space 
heaters are provided in each cubicle and in outdoor metal-enclosed 
bus runs to supply supplementa~ heat, they should be checked to en- 
sure that they are in good condition and are operating properly. If 
they are thermostatically controlled, the thermostat should be 
checked for proper operation and setting. A thermostat set too low 
will not properly control the heaters under all climatic conditions. 

6-Z.8 Ventilation. Where ventilators are supplied on enclosures 
including metal-enclosed bus enclosures, check them to ensure that 
they are clear of obstructions and the air/'dters are clean and in good 
condition. Examine base foundations to ensure that structural 
members have not blocked floor ventilation. 

6-2.9 Lighting and Housekeeping. Check all interior and ex- 
terior lighting for proper operation. Check availability of spare 
equipment and handling devices. They should be stored in such a 
manner as to be readily available yet not hamper normal manual 
operation or block ventilation passages. 

6-2.10 Insulation. 
6-2.10.1 With proper maintenance the insulation of metal- 
enclosed switchgear assemblies is designed and expected to withstand 
operating volta~ges for periods of the order of 20 to 30 years. During 
this time the insulation will be subject to an accumulation of 
deteriorating conditions which detract from its voltage withstanding 
capability. 

6-2.10.2 Moisture combined with dirt is the greatest deteriorating 
factor for insulation. Perfectly dry dirt is mostly harmless, but even 
small amounts of moisture, such as condensation, will result in elec- 
trical leakage which leads to tracking and eventual flashover if al- 
lowed to continue to accumulate. It is important in the maintenance 
of switchgear to know the condition of the insulation. This is espe- 
ciaily true in the older installations in unfavorable locations where 
deteriorating effects may be reaching significance. 
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6-2.10.$ The surface of all insulating members should be inspected 
before any deaning or dust removal and repeated after cleaning. 
Moisture droplets often leave little craters or depressions in a heavy 
dust layer without staining the member under the dust. Conversely, a 
carbon track starting to form on a bus support sometime prior to in- 
spection may be completely masked by later deposits of dust. 

6-2.11 Electrical Distress. The following are specific areas in 
which electrical distress is more likely to occur and should be given 
special at tention: 

(a) Boundaries between two adjoining insulators. 
(b) Boundaries between an insulating member and the grounded 

metal structure. 
(c) Taped or compounded splices or junctions. 
(d) Bridging paths across insulating surfaces, either phase-to- 

phase or phase-to-ground. 
(e) Hidden surfaces such as the adjacent edges between the upper 

and lower member of split-type bus supports or the edges of a slot 
through which a busbar protrudes. 

(f) Edges of insulation surrounding mounting hardware either 
grounded to the metal structure or floating within the insulating 
member. 

Damage caused by electrical distress will normally be evident on 
the surface of insulating members in the form of corona erosion or 
markings or tracking paths. 

6-2.12 Corona. 
6-2.12.1 If corona occurs in switchgear assemblies, it is usually 
localized in thin air gaps that exist between high voltage bushar and 
its adjacent insulation, or between two adjacent insulating[ members. 
It may form around bolt heads or other sharp projections If not prop- 
erly insulated or shielded. Corona in low voltage switchgear is prac- 
tically nonexistent. 

6-2.12.2 Organic insulating materials when exposed to corona 
discharge will initially develop white powdery deposits on the sur- 
face. These deposits can be wiped off with solvent. If the surface has 
not eroded, further maintenance is not required. Prolonged ex- 
posure to corona discharge will result in erosion of the surface of the 
Insulating material. In some materials, corona deterioration has the 
appearance of worm-eaten wood. If  the corrosion paths have not 
progressed to significant depths, surface repair can probably he ac- 
complished. Manufacturer's recommendations should be followed in 
this repair. 
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6-2.15 Tracking.  
6-2.15.1 Tracking is an electrical discharge phenomenon caused by 
electrical stress on insulation. This stress can occur phase-to-phase or 
phase-to-ground. Although tracking can occur internally in certain 
insulating materials, these materials as a rule are not used in medium 
or high voltage switchgear insulation. Tracking when it occurs in 
switchgear assemblies will normally be found on insulation surfaces. 

6-2.15.2 Trackin~ develops in the forn, of streamers or sputter arcs 
on the surface of msulation usually adjacent to high voltage elec- 
trodes. One or more irregular carbon lines in the shape of tree 
branches is the most common sign of tracking. 

6-2.15.$ Surface tracking can occur on the surfaces of organic in- 
sulation or on contaminated surfaces of inorganic insulatmn. The 
signs of tracking on or[ganic materials are eroded surfaces with car- 
bon lines. On track-remstant organic materials these erosion patterns 
will be essentially free of carbon. 

Tracking can propagate from either the high voltage or ground 
terminal. It will not necessarily progress in a regular pattern or by 
the shortest possible path. 

6-2.15.4 Tracking conditions on surfaces of inorganic material can 
be completely removed by cleaning its surfaces since no actual 
damage to the material occurs. In the case of organic material the 
surface is damaged in varying degrees depending upon the intensity 
of the electric discharge and the duration of exposure. If the damage 
is not too severe it can be repaired by sanding and application of 
track-resistant varnish in accordance with the manufacturers in- 
structions. 

6-2.14 The rma l  Damage. 
6-2.14.1 Temperatures, even slightly over design levels for pro- 
longed periods, can significantly shorten the electrical life of organic 
insulating materials. Prolonged exposure to higher than rated 
temperatures can cause physical deterioration of these materials 
resulting in lower mechanical strength. 

6-2.14.2 Localized heating (hot spots) can sometimes occur but be 
masked because the overall temperature of the surroundings is not 
raised appreciably. Loosely bolted connections in a busbar splice or 
void spaces (dead air) in a taped assembly are examples of this. 

6-2.14.3 Since power should be removed prior to inspection, it is 
relatively unlikely that temperature itself can be relied upon to signal 
potentially damaging heat. Other external conditions therefore form 
the basis for detecting heat damage: 
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(a) Discoloration -- usually a darkening -- of materials or 
fmishes. 

(b) Crazing, cracking, flaking of varnish coatings. 
(c) Embrittlement of tapes and cable insulation. 
(d) Delamination. 
(e) Generalized carbonization of materials or finishes. 
(f) Melting, oozing, or exuding of substances from within an in- 

sedating assembly. 
Insulating materials that have been physically damaged should be 

replaced. Mild discoloration ispermissible if the cause of overheating 
is corrected. In summary, there are two important things to remem- 
ber in maintenance of insulation. KEEP IT CLEAN AND KEEP IT 
DRY. 

6-S Circuit  Interrupters .  Circuit interrupters in switchgear 
assemblies are either circuit breakers or interrupter switches. Fuses 
are technically interrupters but  they will be covered as an item of 
auxiliary equipment. 

6-4 Air Circuit  Breakers. 
6-4.1 General .  
6-4.1.1 Before  any m a i n t e n a n c e  work is p e r f o r m e d ,  
manufacturer's instruction manuals should be obtained and read 
carefully. If it is a drawout-type breaker, it should be removed from 
its cubicle and placed in a secure convenient location for mainte- 
nance. A stored energy-type circuit breaker or its mechanism should 
never be worked on while its closing spring is charged. 

6-4.1.2 Maintenance on fixed- or bolted-type circuit breakers is 
normally performed with the breaker in place inside its cubicle. 
Spec.ial precaution must therefore be exercised to assure that the 
eqmpment is deenergized and the circuit in which it is connected is 

l roperly secured from a safety standpoint. All control circuits should 
e deenergized. Stored energy closing mechanisms should be dis- 

charged. 
Maintenance operations on air circuit breakers can be broken 

down into five categories as follows: 

6-4.2 Insulation.  Remove interphase barriers and clean them and 
all other insulating surfaces with dry compressed air -- a vacuum 
cleaner, or clean lint-free rags and solvents as recommended by the 
manufacturer if needed to remove hardened or encrusted con- 
tamination. Inspect for signs of corona, tracking or thermal damage 
as described in 6-2.10. The maintenance theme here again is KEEP 
IT CLEAN AND KEEP IT DRY. 
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e-4.S Contacts. 
6-4.$.1 General. The major function of the air circuit breaker 
depends among other things upon correct operation of its contacts. 
These circuit breakers normally have at least two distinct sets of con- 
tacts on eachpole, main and arcing. Some have an intermediate pair 
of contacts which open after the main current carryingcontacts and 
before the arcing contacts. When closed, practically the entire load 
current passes through the main contacts. Also, high overload or 
short circuit current must pass through them during opening or clos- 
ing faulted lines. If the resmtance of these contacts becomes high they 
will overheat. Increased contact resistance can be caused by pitted 
contact surfaces, foreign material embedded on contact surfaces, or 
weakened contact sprmgpressure. This will cause excessive current 
to be diverted through the arcing contacts, with consequent 
overheating and burning. 

Keep the pressure "normal" which is usually described in the man- 
ufacturer's instructions. 

6-4.$.2 Arcing contacts are the last to open; any arcing normally 
originates on them. In circuit interruption, they carry current only 
momentarily, but that current may be equal to the interrupting 
rating of the breaker. In closing against a short circuit, they may 
momentarily carry considerably more than the short circuit interrup- 
ting ratin~. Therefore, they must make positive contact when they 
are touching. If not, the main contacts can be badly burned inter- 
rupting heavy faults; failure to interrupt may also result. 

On magnetic blow-out air breakers, the arc is, quickly removed 
from the arcing contacts by a magnetic "blow-out f ield and travels 
to arcing horns, or "runners," in the arc interrupter. The arcing con- 
tacts are expendable and will eventually burn enough to require 
replacement. 

6-4.$.$ The general rules for maintaining contacts on all types of 
breakers are: 

(a) Keep them clean, smooth and in good alignment. 
(b) Keep the pressure normal as prescribed in manufacturer's 

literature. 

6-4.5.4 The main contact surfaces should be clean and bright. 
However, discoloration of the silvered surfaces is not usually harmful 
unless caused by insulating deposits. These should be removed with 
alcohol or a silver cleaner. Slight impressions on the stationary con- 
tacts will be caused by the pressure and wiping action of the movable 
contacts. Minor burrs or pitting can be allowed and projecting burrs 
may be removed by dressing. Nothing more abrasive than crocus 
cloth should be used on the silvered contact surfaces. Where serious 
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overheating is indicated by discoloration of metal and surrounding 
insulation, the contacts and spring assemblies should be replaced in 
line with manufacturer's instructions. 

6-4.$.5 Manually close the circuit breaker to check for proper 
wipe, pressure, contact alignment and to assure that all contacts 
make at approximately the same time. Check the spacing between 
stationary and movable contacts in the fully open position. Make ad- 
justments in accordance with manufacturer's recommendations. 

6-4.8.6 Laminated copper or brush style contacts found on older 
circuit breakers should be replaced when badly burned. Repairs are 
not practical because the laminations tend to weld together when 
burning occurs, and contact pressure and wipe are greatly reduced. 
They may be dressed with a file to remove burrs or to restore their 
original shape. They should be replaced when they are burned suffi- 
ciently to prevent adequate circuit breaker operation or when half of 
the contact surface i sburned away. Carbon contacts, used on older 
circuit breakers, require very little maintenance. However, inade- 
quate contact pressure caused by erosion or repeated dressing may 
cause overheating or interfere with their function as arcing contacts. 

6-4.5.7 The drawout contacts on the circuit breaker and the sta- 
tionary contacts in the cubicle should be cleaned and inspected for 
overheating, proper alignment and broken or weak springs. The con- 
tact surfaces should be lightly coated with a contact lubricant to 
facilitate ease of the mating operation. 

6-4.4 Arc Interrupters .  
6-4.4.1 General .  Modern arc interrupters of medium voha~re 
magnetic blow-out air circuit breakers are built with only inorgamc 
materials exposed to the arc. Such materials line the throats of the 
interrupter and constitute the interrupter plates or fms which act to 
cool and disperse the arc. The insulauon parts of the interrupter re- 
main in the circuit across contacts at all tunes. During the time that 
the contacts are open, these insulating parts are subject to full poten- 
tial across the breaker. Ability to withstand this potential depends 
upon the care given the insulation. 

6-4.4.2 Particular care should be made at all times to keep the in- 
terrnpter assembly dry. The  materials are not much affected by hu- 
midity but the ceranuc material especially will absorb water. 

6-4.4.$ On general inspections, blow out the interrupters with dry 
compressed air by directing the air upward from the contact area 
and out through each of the slots between the arc splitter plates. Also 
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direct the dry air stream thoroughly over the arc shields. These are 
the ceramic liners in the lower end of the interrupter where the arc is 
drawn. 

6-4.4.4 The interrupters should be inspected each time the con- 
tacts are inspected. Remove any residue, dirt, or arc products with a 
cloth or by a light sanding. Do not use a wire brush or emery cloth for 
this purpose because of the ~ss ibi l i ty  of  embedding conducting par- 
ticles in the ceramic material.  

6-4.4.5 When inspecting an interrupter, look for the following: 

(a) Broken or Cracked Ceramic Parts. Small pieces broken from 
the ceramics, or small cracks are not important.  But large breaks or 
expansive cracks may interfere with top performance of the inter- 
rupter. Hence if more than one or two broken or badly cracked 
plates are apparent,  renewal of the ceramic stack is indicated. 

(b) Erosion o f  Ceramics. When an arc strikes a ceramic pa r t  in 
the interrupter, the surface of the ceramic will be melted slightly. 
When solidified again, the surface will have a glazed whitish ap- 
pearance. At low and medium currents, this effect is very dight. 
However, large current arcs repeated many times may boil away al3- 
preciable amounts of  the ceramic. When this happens, the ceramic 
stack assembly should be replaced. 

(c) Dirt in Interrupter. In service the arc chute assembly will 
become dirty from three causes. First, dust deposited from the air 
which can readily be blown out of the chute with a dry compressed 
air stream. Second, loose soot deposited on the inside surfaces of  the 
arc chute in the lower portions near the contacts which may be re- 
moved by wiping with cloths free of  grease or metallic particles. 
Third,  very tightly adhering deposits from the arc gases on the 
ceramic arc shields near  the contacts. These deposits from the metal  
vapors boiled out of the contacts and arc horns, may accumulate to a 
harmful  amount  in breakers which receive many  operations at low or 
medium interrupting currents. Particular attention should be paid 
to any dirt on the plastic surfaces below the ceramic arc shield. Wipe 
clean if possible. I f  wiping will not remove the dirt, clean with sand- 
paper  to remove all traces of  carbon or metallic deposit. On breakers 
which operate thousands of times at low and medium currents, tight- 
ly adhering dirt may accumulate on the ceramic arc shields suffi- 
ciently to impair  proper interrupting performance.  These arc shields 
are of a very hard material  and a hard nonconducting abrasive is 
necessary for cleaning. The  best and easiest way to clean them is by 
nonconductive sand blasting, N O T  SHOT BLASTING. Next best is 
a flexible abrasive disc on an electric drill with medium grain 
aluminum oxide discs. 
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The ceramic arc shields may appear dirty and yet have sufficient 
dielectric strength. The following insulation test may be used as a 
guide in determining when this complete or major cleaning opera- 
tion is required. The arc chutes of medium voltage circuit breakers 
should withstand the 60 Hz rated maximum voltage for one minute 
between the front and rear arc horns. In some applications circuit 
breakers may be exposed to over voltages, in which case such circuit 
breakers should have an appropriate over potential test applied 
across the open contacts. 

(d) Some manufacturers also recommend a surface dielectric test 
of the ceramic surfaces near the contacts to verify adequate dielectric 
strength of these surfaces. 

6-4.4.6 Ai rpuf fer  devices used to blow the arc up into the inter- 
rup t e r  should be checked for proper operation. One accepted 
method is with the interrupter mounted on the breaker in its normal 
position, place a piece of tissue paper over the discharge area of the 
mterrupter and observe for movement when the breaker is opened. 
Any perceptible movement of the paper indicates that the puffer is 
functioning properly. 

6-4.4.7 Low voltage air circuit breaker arc chutes are of relatively 
simple construction, consisting primarily of a wedge shape vertical 
stack of "SPLITTER" plates enclosed in an insulating jacket. An arc 
chute is mounted on each pole unit directly above the main contacts. 
Arc interruptions produce erosion of the "splitter" plates. The lower 
inside surfaces of the insulating jackets will also experience some ero- 
sion and sooty discoloration. 

The arc chutes should be removed and examined as part of routine 
maintenance. If the "splitter" plates are seriously eroded, they should 
be replaced. If the interior surfaces of the enclosing jackets are 
discolored or contaminated with arc products, they should be sanded 
with sandpaper or replaced. Occasionally the whole arc chute may 
need replacing depending upon the severity of the duty. 

6-4.5 Operat ing Mechanism. 
6-4.5.1 General .  The purpose of the operating mechanism is to 
open and close the contacts. This usually is done by linkages con- 
nected, for most power breakers, to a power operating device such as 
a solenoid or closing spring for closing, and which contains one or 
more small solenoids or other types of electromagnets for tripping. 
Tripping is accomplished mechanically independently from the clos- 
ing device, so that the breaker contacts will open even through the 
closing device still may be in the closed position. This combination is 
called a mechanically trip-free mechanism. After closing, the 
primary function of the operating mechanism is to open the breaker 
when it is desired, which m whenever the tripping coil is energized at 
above its rated minimum operating voltage. 
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6-4.5.2 The o .per.ating mechanism should be inspected for loose or 
broken parts; musing cotter pins or retaining keepers; missing nuts 
and bolts and for binding or excessive wear. All moving parts are 
subject to wear. Long-wearing and corrosion-resistant materials are 
used by manufacturers and some wear can be tolerated before im- 
proper operation occurs. 

Excesssve wear usually results in loss of travel of the breaker con- 
tacts. It can affect operation of latches; they may stick or slip off and 
prematurely trip the breaker. Adjustments for wear are provided in 
certain pans.  In others replacement is required. 

The closing and tripping action should be quick and positive. Any 
binding, slow action, delay in operation, or failure to trip or latch 
must be corrected prior to returning to service. 

6-4.5.5 ' The  two keepers to apply in maintenance of the operating 
mechanism are KEEP IT SNUG and KEEP IT FRICTION FREE. 

6-4.6 Breaker  Auxi l iary  Devices. 
6-4.6.1 Inspect the closing motor or solenoid, shunt trip, auxiliary 
switches and bell alarm switch for correct operation, insulation con- 
dition and tightness of connections. 

6-4.6.2 Check on-off  indicators, spring-charge indicators, 
mechanical and electrical interlocks, key interlocks and padlocking 
fixtures for proper oj>eration and lubricate where required. In par- 
ticular, test the positive interlock feature which prevents the insertion 
and withdrawal of the circuit breaker while it is in the closed posi- 
tion. 

6-4.6.3 The protective relay circuits should be checked by closing 
the breaker in the test position and manually closing the contacts of 
each protective relay to trip the circuit breaker. Test procedures are 
8qven in 18-10.3. 

6-4.6,4 Trip devices on low voltage breakers may be the electro- 
mechanical series overcurrent type with an air or fluid dash pot for 
time delay. These devices should be periodically tested for proper 
calibration and operation with low voltage -- high current test 
devices. Calibration tests should be made to verify that the perfor- 
mance of the breaker is within the manufacturer 's published curves. 
It is very important that manufacturer 's calibration curves fo reach  
specific breaker rating be used and to take into account that current- 
rune curves are plotted as a band of values rather than a single line 
curve. It shou ldbe  realized that short-time calibration cannot be 
checked accurately because factory calibration equipment has syn- 
chronized timing devices to ensure symmetrical currents whereas 
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field test equipment features random dosing and may produce asym- 
metrical currents resulting in faulty readings. If  the trip devices do 
not operate properly, the calibration and timing components should 
be repaired or replaced in line with the manufacturer's recommen- 
datious. 

6-4.6.5 If  the breakers are equipped with static tripping devices, 
they should be checked for proper operation and timing in line with 
the manufacturer s recommendations. Some manufacturers recom- 
mend replacement of electro-magnetic devices with static devices in 
the interest of realizing more precision and a higher degree of 
reliability with the latter devices. 

6-5 Vacuum Circuit  Breakers. 
6-5.1 The principal difference between vacuum circuit breakers 
and air circmt breakers is in the main contact and interrupter equip- 
ment. In the vacuum circuit breaker these components are in the 
vacuum bottle and are not available for cleaning, repair or adjust- 
ment. Contact wear indicators are available for measuring contact 
wear. 

6-5.2 Vacuum integrity is checked by application of  test voltage 
across the open contacts of the bottle. This test must be performed 
strictly in accordance with the manufacturers  instructions. AP- 
PLICATION OF HIGH VOLTAGE ACROSS AN OPEN GAP IN 
VACUUM MAY PRODUCE X-RAY EMISSION. 

The  level of X-ray emission from a vacuum breaker with proper 
contact spacing and subjected to standard test voltages is extremely 
small and well below maximum level permitted by standards. In view 
of the possibility that the contacts are out of adjustment or that the 
applied voltage is greater than prescribed, it is advisable that during 
over voltage test, all personnel stand behind the front steel barrier 
and remain further from the breaker than would otherwise be neces- 
sary for reasons of electrical safety. During this high voltage test the 
vapor shield inside the interrupter can acquire an electrostatic 
charge. This charge should be bled off immediately after the test. 

6-5.3 All other maintenance on vacuum circuit breakers should be 
in accordance with that recommended on air circuit 

e r s .  

6-6 Oil Circuit Breakers. 
6-6.1 General .  
6-6.1.1 Oil circuit breakers are seldom found in modern metal- 
enclosed switchgear assemblies. They are prevalent in older metal- 
enclosed switchgear assemblies and in open-type outdoor substations. 
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6-6.1.2 Although oil circuit breakers perform the same function in 
switchgear assemblies as air circuit breakers they are quite different 
in appearance and mechanical construction. The  principal  in- 
snlaung medium is oil rather than air. 

6-6.2 Insulation.  
6-6.2.1 External insulation is provided by insulating bushings. 
Outdoor oil circuit breakers have ]porcelain bushings, whereas indoor 
breakers may have either porcelain bushings or organic tubing. The 
bushings should be examined for evidence of damage or surface con- 
tamination. If they are damaged to the extent that the electrical 
creepage path has been reduced or the glazed surface on porcelain 
bushings damaged, they should be replaced. Otherwise they should 
be cleaned thoroughly as required to remove all surface contamina- 
tion. 

6-6.2.2 The oil, in addition to providing insulation, also acts as an 
arc-extinguishing medium in current interrupters. In this process is 
absorbs arc products and experiences some decomposition in the pro- 
cess. Thus, maintenance of the oil is of great importance. It involves 
detection and correction of any condition of the oil that would lower 
its quality. The  principal contaminants are moisture, carbon, and 
sludge. Moisture will appear as droplets on horizontal members, 
while free water will accumulate in the bottom of the tank. Sludge 
caused by oxidation will appear as a milky translucent substance. 
Carbon initially app.ears as a black trace. It eventually will disperse 
and go into suspermon causing the oil to darken. 

6-6.2.$ Dielectric breakdown test is a positive method of determin- 
ing the insulating value of the oil. Samples may be taken and tested 
as covered in ASTM D877 and as outlined in 7-2.8.2 and 7-2.8.6. Oil 
that tests too low should be immediately reconditioned and retested 
or replaced with new oil. Oil should be tested periodically or follow- 
ing a fault interruption. 

6-6.2.4 In replacing the oil use only the oil recommended by the 
manufacturer,  and which has been stored in sealed containers. In 
addition, the oil should be given a dielectric breakdown test immedi- 
ately prior to use. Avoid air entrapment when adding oil by using an 
oil pump or other means to avoid aeration. In the event entrapment 
of air cannot be avoided, the entrapped air should be removed by  ap- 
plication of vacuum or the equipment should be allowed to stand for 
8 to 12 hours prior to being energized. 

6-6.$ Contacts. The main contacts of an oil circuit breaker are not 
readily accessible for routine inspection. Contact resistance should be 
measured. Contact engagement can be measured by measuring 
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travel of lift rod from start of contact opening to the point where con- 
tacts separate as indicated by an ohmmeter.  

More extensive maintenance on main contacts will require 
removal of the oil and lowering the tank, and will therefore be per- 
formed less frequently than routine maintenance. The frequency will 
be determined by severity of the breaker duty such as number of 
operations and operating current levels. Any time the breaker has in- 
terupted a fault current at or near its maximum rating, this type of 
maintenance should be performed. The  contacts should be inspected 
for erosion or pitting. Contact pressures and a l i~ ,nen t  should be 
checked. All bolted connections and contact sprmgs should be in- 
spected for looseness. 

6-6.4 Arc-Quenching Assemblies. Arc-quenching assemblies 
should be inspected for carbon deposits or other surface contamina- 
tion in the areas of arc interruption. If cleaning of these surfaces is 
necessary, manufacturer's instructions should be followed. 

6-6.5 Operat ing Mechanism. Maintenance of the operating 
mechanism should follow the same procedure as recommended for 
air circuit breakers (see 6-4.5). 

6-6.6 Breaker  Auxil iary Devices. Breaker auxiliary devices main- 
tenance should follow the same procedure as recommended for air 
circuit breakers (see 6-4.6) when applicable. Inspect other accessories 
such as oil level gauges, sight glasses, valves, gaskets, breathers, oil 
lines and tank lifters. The breaker should be taken out of service im- 
mediately if the oil level is below the level gauge or sight glass. 

6-7 In te r rup te r  Switches. 
6-7.1 A medium voltage interrupter switch is an air switch 
equipped with an interrupter for making or breaking specified cur- 
rents or both. It may be either the fixed mounted or drawout type 
and may be either manually or electrically operated. If fixed 
mounted they will be interlocked with access doors or panels to pre- 
vent access to closed switches. 

6-7.2 Maintenance procedures should correspond to those recom- 
mended for air circuit breakers except as regards the interrupter 
device. This device on most interrupter switches is of very simple 
open-type construction, and can be easily inspected and cleaned 
without removal from the switch. Enclosed interrupters must be re- 
moved from the switch and disassembled for maintenance in accord- 
ance with the manufacturer's recommendation. Dielectric tests are 
not required as a part of maintenance. Air puffers are not employed 
in this type of interrupter. 
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6-8 Auxi l iary  Equipment .  
6-8.1 Fuses. Fuse maintenance is covered as a separate category of 
electrical equipment in Chapter 13. 

6-8,2 Surge Arrestors. 
6-8.2.1 Surge arrestors should be inspected periodically for 
evidence of damage to the porcelain housing or surface contamina- 
tion. If the porcelain is damaged to the extent that the creepage path 
over its surface is reduced or the porcelain glazed surface is seriously 
damaged, the arrestor should be replaced. Otherwise, the porcelain 
surface should be cleaned thoroughly as required to remove all sur- 
face contamination. 

6-8.2.2 There are no simple practical field tests that will determine 
the complete protective characteristics of lightning arrestors. There 
are, however, certain tests that can be made with apparatus usually 
available which will give sufficient information to determine whether 
the arrestor can be relied upon to be an insulator under normal con- 
ditions. These tests are: 60 cycle spark over and hold tests, watts loss 
and leakage current tests, insulation resistance, and grounding elec- 
trode circuit resistance tests. These tests must be made  strictly in ac- 
cordance with manufacturer's recommendations and the results in- 
terpreted in line with manufacturer's criteria. 

6-8,3 Capacitors. 
6-8.$.1 Always discharge capacitors before handling or making 
connections by closing the ground devices which are usually installed 
with large capacitor banks. An insulated short circuit jumper may be 
used for dissipating the charge; however, it should only be applied 
with full know.ledge of the circuit, and with the use of appropriate 
protecuve eqmpment. 

6-8.$.2 Caution: Capacitors, even though havin~ discharge 
resistors, may possess a stored charge capable of injuring a person 
coming into contact with the terminals. 

6-8.~.3 Clean the case of the capacitor, the insulating bushings, 
and any connections that are dirty or corroded. Inspect the case of 
each capacitor for leaks, bulges, or discoloration. Replace any 
liquid-filled capacitor found to be bulging or leaking. (Refer to sec- 
tion on liquid filled transformers, Section 7-2.) 

6-8.$.4 Power capacitors are generally provided with individual 
fuses to protect the system in case of a short circuit within the 
capacitor. In addition to a faulty capacitor, a fuse can also be blown 
by an abnormal voltage surge. Check for blown fuses and replace 
with the type recommended by the manufacturer.  Do not remove 
fuses by hand until the capacitor has been completely discharged. 
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6-8.3.5 Adequate ventilation is necessary to remove the heat 
generated by continuous full load duty. Remove any obstructions at 
ventilation openin|gs in capacitor housings, and ensure that adequate 
ventilation is provtded and maintained. 

6-8.4 Lead Acid Storage Batteries and  Battery Chargen.  
6-8.4.1 General. The control battery is such an important item in 
switch&ear operation that it must be given strict attention in the 
maintenance program. The battery charger plays a critical role since 
it supplies normal DC requirements to the station and maintains the 
batteries at a high level of charge. The batteries, in addition to sup- 
plying temporary heavy demands in excess of the charger capacity, 
~ea~ereo~ standby source to trip breakers upon loss of AC power. 

the charger or its AC supply transfers all DC load to the 
batteries. 

6-8.4.2 Batteries should be inspected for proper level and proper 
specific gravity of the electrolyte. Low specific gravity readings in- 
dicate a low state of charge. If the readings between cells vary more 
than fifty points on the hydrometer scale, the battery probably has a 
bad cell and should be replaced. If all cells read consistently low 
(within 50 points), the battery should be fully charged and the bat- 
tery charger checked for proper operation. Low electrolyte level may 
indicate too high a chargmg rate. In this case the "float-voltage" set- 
ting of the charger should be checked against the battery manufac- 
turer's recommendations for the specific battery. 

6-8.4.$ The battery top surface should be clean. Surface con- 
tamination can produce leakage currents that present a drain on the 
charger and the battery. Battery terminal connectors should be tight 
and free of corrosion, i f  the terminal connectors are corroded they 
should be removed and cleaned thoroughly with bicarbonate of soda. 
Battery studs and cable ends should be cleaned thoroughly. If 
stranded cable is used it is advisable to cut off the corroded end. If 
this is not possible the strands should be separated and cleaned inter- 
nally. 

6-8.4.4 Any dust accumulation on the battery charger should be 
blown off or wiped clean. Ventilation openings should be clear of 
obstruction. Terminal connections should be checked for tightness. 
All relays, lights, or horns for indicating such abnormal conditions as 
grounds, loss of AC power supply, and high or low voltage should be 
checked to ensure that they are operating properly. 
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6-8.4.5 Durin~ maintenance outages of the AC supply, there may 
be times when n is necessary to provide a temporary supply to the 
charger. 

6-8.4.5 Safety. While being charged, a battery produces and emits 
a mixture of hydrogen and oxygen gases which is very explosive. 
Open flames or sparks must not be permitted in close proximity to 
the batteries. The  room or compar tment  in which operating bat- 
teries are located should be well ventilated. Smoking should be pro- 
hibited in these rooms or compartments.  

6-8.5 Ins t rumen t  Trans fo rmers  and  Auxi l ia ry  Transformers. 
6-8.5.1 Instrument transformers and auxiliary transformers may 
be the outdoor type, although in some cases they may be mounted in- 
side metal-enclosed switchgear assemblies. These transformers are 
similar to other outdoor transformers in that they are liquid filled 
and equipped with outdoor bushings. All recommendations for 
maintenance of outdoor transformers, therefore, apply. 

6-8.5.2 Indoor-type instrument and auxiliary transformers are nor- 
mally dry type, except that potential transformers may be enclosed in 
compound-filled metal  cases. Common construction for all of these 
transformers have the complete transformer except its terminals 
molded into one solid mass with only the terminals exposed. Mainte- 
nance recommendations for these indoor transformer types are the 
same as those for metal-enclosed switchgear assemblies insulation 
(see 6-2.10). The  same conditions of  environment and electrical and 
thermal distress prevail. In other words KEEP THEM CLEAN and 
KEEP THEM DRY. 

6-8.6 Alarm and Indicators.  
6 -8 .6 .1  A l a r m s .  A l a r m s  a s s o c i a t e d  wi th  t r a n s f o r m e r  
overtemperature, high or low pressure, circuit breaker trip, acciden- 
tal ground on an ungrounded system, cooling water flow or 
overtemperature, or other system conditions should be tested period- 
ically to assure proper operation. 

6-8.6.2 Indicators.  Circuit breaker "open-close" indicators can be 
checked during their regular maintenance. Ground indicator lamps 
for ungrounded electric systems should be checked daily or weekly 
for proper operation. Other miscellaneous indicators such as flow, 
overtemperature, excess pressure and etc. should be checked or 
operated periodically to assure proper operation. 
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6-8.7 Protective Relays, Meters and Instruments.  
6-8.7.1 Caution. The current elements of these devices are usuany 
connected in the secondary circuit of current transformers. Opening 
the secondary circuit of an energized current transformer will pro- 
duce a very high voltage which can be fatal. Therefore, the second- 
ary terminals of an energized current transformer must be short- 
circuited before opening the secondary circuit. Some relays and in- 
struments have special test terminals or test switches that make a 
closed circuit in the C.T. secondaries during test. Upon completion 
of tests, it is necessary to remove the short circuit jumper to permit 
the C.T. to function. 

6-8.7.2 Since protective relays and instruments play such an impor- 
tant role in the prevention of hazard to personnel and plant equip- 
ment, they should be given first line maintenance attention. Further- 
more, since the only time they operate is during an abnormal electric 
power system condition, the only way to assure correct operation is by 
a comprehensive inspection, maintenance and testing program. 

6-8.7.$ Examine meters, instruments and relays to ensure that all 
moving parts are free of friction or binding. Check wiring for loose 
connections. Inspect contacts for p i t t i ng  or erosion. Look for 
evidence of overheating in solenoid coils or armatures. Replace 
cracked glass or damaged covers or cases. See 18-10.3 for testing 
recommendations. 

6-8.8 Interlocks and  Safety Devices. Interlocks and safety devices 
are employed for the protection of personnel and equipment and 
should, therefore, never be made inoperative or bypassed. Proper 
functions of these devices should be ensured by the following pro- 
cedures: 

(a) These devices are designed for protection of personnel and 
equipment. They should never be disconnected or bypassed. 

(b) Check the adjustments and operation of the devices as follows: 
1. Mechanical interlocks on drawout mechanisms must prevent 

withdrawal or insertion of circuit breakers in the closed position. 
2. Safety shutters, where provided, should automatically cover 

the "stab-in" ports. 
3. Limit switches should prevent overtravel of motorized lifting 

devices. 
(c) Operate key interlock systems in proper sequence, and check 

for suitable operation. Make adjustments and/or lubr ica te  as neces- 
Saar ~. Instructions should be posted on complicated systems; esl~ " - 
ci y where the interlocks may be only operated annually or m 
emergencies. 
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(d) Spare keys should be identified and stored in the custody of the 
supervisor. 

(e) Grounding switches used in medium voltage switchgear should 
be maintained to the same degree as the circuit breaker itself. If they 
are stored indoors, they should be covered m prevent dust accumula- 
tion. If stored outdoors they should be stored in a weatherproof 
covering. 

6-8.9 Equipment Grounding. 
6-8.9.1 Equipment grounding circuits are not inherently self- 
monitoring as are circuits which normally carry current. To ensure 
that the equipment grounding circuit continues to be effective when 
called upon to carry ground fault current, it should be checked peri- 
odically. 

6-8.9.2 Checking a system to determine the adequacy of the equip- 
ment ground involves inspection of connections which can be sup- 
plemented by an impedance test to enable an evaluation of those 
parts of the system not amendable for inspection. Refer to Section 
18-13. 

6-8.9.3 Terminal connections of all grounding conductors and 
bonding jumpers should be checked to see that they are tight and 
free of corrosion. Bonding "~n~.pers should also be examined for 
physical abuse, and those with broken strands should be replaced. 
Where metal raceway is used as the equipment grounding path, cou- 
plings, bushing, setscrews and locknuts should be checked to see 
that the~ are oght and properly seated. Any metal raceway used as 
the eqmpment grounding path should be examined carefully for 
rigid mounting and secure joints; screws and bolts should be 
retightened. 

6-8.10 Ground Iktecmrs. 
6-8.10.1 Ground detectors may be installed on all ungrounded or 
resistance-grounded low voltage systems. The detector may consist of 
a simple set of lamps wired phase-m-ground. A ground on one phase 
will cause the lamp on that phase to be dark, while the other two 
lamps will have increased brilliancy. 

6-8.10.2 A more elaborate system provides audible as well as visual 
indication so the ground is more readily detected. 

6-8.10.5 Once a ground has been detected, prompt location and 
correction are important since the system is now high]It vulnerable in 
the event of a ground on another phase. The isolauon method of 
searching for the ground requires circuit or system outages until the 
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ground is located and eliminated. The use of an instrument which 
permits location of such grounds without power outages is recom- 
mended. 

6-8.10.4 Maintenance of ground detectors should include a com- 
plete impection of the signal elements such as lamps, horns, or 
buzzers. Audible devices should be operated to ensure that they are 
in operable condition. Wiring should be checked for loose connec- 
tions or damaged wiring. 

Summary: A complete effective maintenance program for substa- 
tions and assembled switchgear will result if the four KEEPERS are 
observed: 

If  it's insulation: KEEP IT  CLEAN and KEEP IT  DRY. 
If it's mechanical: KEEP IT  SNUG and KEEP IT FRICTION 

FREE. 

6-8.11 Network Protectors. 
6-8.11.1 A network protector is an air circuit breaker equipped 
with specialized relays that sense network circuit conditions and com- 
mands the circuit breaker to either open or close. There is no 
separate power source for control. All control power is taken from 
the system. 

A routine maintenance schedule for network protectors should be 
observed. Frequency of inspection will vary to a great extent on loca- 
tion and environment in which protector is installed. 

Maintenance should include cleaning any accumulation of dust 
from unit, a thorough visual inspection and overall o1~, rational test. 
Should any part look suspicious refer to manufacturer s instructions 
describing operation, adjustment and replacement of these parts. If 
relays are out of cafibration, they should be recalibrated by compe- 
tent personnel. 

6-8.11.2 Safety. Network p ro tec to r s  are used where a large 
amount of power is distributed to high load density areas. As a result 
any short a rcni t  at any point in the system involves very high fault 
currents. Due to the nature of a secondary, network some mainte- 
nance must be performed while the system m energized. In this work 
ALWAYS USE INSULATED TOOLS AND WEAR SAFETY 
GLOVES. RIGID CLEARANCE PROCEDURES MUST BE OB- 
SERVED. Extensive use of barriers has been a salient feature in the 
design of this equipment. Keep these barriers in place and immedi- 
ately replace any that have been broken. Only skilled maintenance 
personnel thoroughly familiar with the construction and operation of 
network protectors should be permitted to perform any maintenance 
on an energized unit. The  first procedure inper fo rming  mainte- 
nance is TRIP  THE PROTECTOR TO THE OPEN POSITION. 
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64.11.$ Maintenance. The circuit breaker mechanism and relay 
panel assembly are usually constructed as an integral drawout unit 
which should be withdrawn from the housing for maintenance. 
Removal of the fuses at the top and the disconnecting links at the 
bottom (some modern protectors have boh-actuated disconnecting 
fingers at the bottom) isolates the unit electrically from the system. 
Although this provides comparative safety, work should be done 
cautiously since it may be assumed that normally there is voltage on 
the transformer and the network leads. With the drawout unit out- 
side the enclosure on the extension rails, perform the following in- 
spection and maintenance operations on the drawout unit: [Item (k) 
applies only to the containing structure -- not the drawout unit.] 

(a) Clean complete unit. Use of a vacuum-type cleaner is pre- 
ferred. Use cloth rags free of oil or greases for removing clinging dirt. 

(b) Remove arc chutes. Replace any broken splitter plates. 

(c) Inspect main contacts. Smooth any heavily frosted area with a 
fine file, stone, crocus cloth or other suitable abrasive which does not 
shed abrasive particles. Protect hinge joint from falling particles dur- 
ing dressing. 

(d) During normal operation, arcing contacts become rough due 
to arcing. Any specially high projections of metal should be filed 
smooth. 

(e) See that all electrical connections are tight. 

(f) Look for any abrasion of wire insulation. 

(g) Check for overheating of control wire and current carrying 
parts. 

(h) See that all springs are in place and not broken. 

(i) See that all nuts, pins, snap rings, and screws are in place and 
tight. 

(j) Replace any broken barriers. 

(k) With the roUout unit removed, perform the following mainte- 
nance operations inside the enclosure: 

AS MENTIONED ABOVE, BOTH NETWORK AND 
TRANSFORMER CONNECTIONS SHOULD BE TREATED AS 
THOUGH THEY ARE ENERGIZED. WHEN WORKING IN 
HOUSING OR ON FRAME USE ONLY INSULATED TOOLS 
AND WEAR SAFETY PROTECTIVE EQUIPMENT. DO NOT 
REMOVE ANY BARRIERS FROM ENCLOSURE. 

1. Look for loose hardware on floor or beneath frame. If any is 
found, trace to source. 
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2. Clean stand-off bus insulators. 
3. Remove oxide film from terminal contacts if necessary. 

(1) Manually close protector in accordance with manufacturer's 
instructions. It should close with a definite snap action. S I ~  clos- 
ing indicates excessive friction. Move trip leveho "tripped position. 
Breaker should snap open. 

(m) An operational test is best performed using a network protec- 
tor test kit. 

(n) Make insulation resistance test, dielectric test and electrical 
operating tests strictly in accordance with the manufacturer's recom- 
mendations. 
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Chapter 7 Power Transformers 

7-1 General .  
7-1.1 A transformer is a device for transforming energy in an AC 
system from one voltage to another. It is usually two or more in- 
sulated coils on a common iron core. 

7-1.2 In industrial-type installations, transformers are usually used 
to transform or step down a higher distribution level voltage to a 
lower utilization level. They are vital links in industrial-type electric 
power systems and are among the most reliable components in the 
system. I f  they are not overloaded or otherwise abused, they will pro- 
vide long, trouble-free service. Established records of  reliability 
coupled with the lack of movement,  noise, or other sign of action 
often results in general disregard and neglect. However, because a 
transformer failure is usually of a very serious nature, requiring ex- 
tensive repair and long downtime, r e ~ l a r  maintenance procectures 
are the best assurance of continued high reliability. 

7-1.$ For maintenance purposes, transformers may be divided into 
two general categories in accordance with their insulating medium 
and construction. The  categories are the liquid-filled type and the 
dry type. Each has several variations that will be listed and covered 
under the specific maintenance recommendations. Each also re- 
quires slightly different maintenance techniques but, in general, 
measurement of the dielectric value and /o r  resistance of the insula- 
tion are the major  maintenance tests for all transformers. 

7-2 Liquid-Fi l led Transformers .  
7-2.1 General .  
7-2.1.1 In a liquid-filled transformer, the core and coils are im- 
mersed in the liquid. The  liquid serves two purposes: first, it is an im- 
portant  pa r t  o f  the insulating medium; and second, it serves to 
transfer heat away from the windings out to where it is dissipated to 
the air by the cooling fins, tank surface, or radiator. 

7-2.1.2 The two types of insulating liquid in common use are 
mineral insulating oil and askarel. The  latter is a nonflammable syn- 
thetic insulating liquid. Each has definite characteristics, and they 
should not be mixed or interchanged. Ask arel is subject to strict en- 
vironmental controls, and manufac turers  instructions should be 
carefully followed. 
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7-2.1.5 There are several types of transformer construction re[~ard- 
ing the preservation of the liquid. By preservation is meant minimiz- 
ing exposure of the insulating liquid to the atmosphere. The types 
a r e "  

(a) Free breathing (open to the atmosphere). 
(b) Restricted breathing (open to the atmosphere through 

dehydrating compounds). 
(c) Conservator or expansion tank (exposure to air limited to the 

liquid in the conservator tank). 
(d) Sealed tanks (a gas space above the liquid serves as a cushion 

for internal pressure). 
(e) Gas-oil seal (ekposure to air limited to the oil in the auxiliary 

tank). 
(f) Inert gas (gas space above liquid maintained under positive 

pressure by gas supplied from a nitrogen cylinder). 

7-2.1.4 In addition to oil preservation, the various cooling methods 
are."  

(a)  Self-cooled (heat is dissipated by the tank surface and cooling 
fins or tubes). 

(b)  Forced-air-cooled (fans are employed to force air over the 
cooling surfaces to supplement the self-cooled rating). 

(c) Forced-air-cooled/forced-oil-cooled (an oil pump circulates oil 
through a fan blown oil-to-air-heat exchanger). 

(d)  Water-cooled (heat exchange by means of water pumped 
thyough a pipe coil installed inside or outside the transformer tank). 

7-2.2 Routine Inspections. , 
7-2.2.1 Routine inspections of power transformers should include 
observations of the operating conditions on a periodic basis. The 
period may be once a shift, once a day, once a week, or less frequent, 
as may be judged necessary by the importance of the transformer, 
the severity of the operating environment and/or  the severity of the 
loading conditions. Typical routine inspection intervals are as 
follows: 

Load Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Daily 
Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weekly 
Liquid Level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weekly 
Liquid Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Daily 

7-2.2.2 The current, voltage and temperature readings should be 
taken at the time of peak load and the level reading at the end of a 
low load period. Permanent records should be kept of the observa- 
tiorm. Keeping such records assures that the observations will be 
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made, and provides a means of ready comparison with previous con- 
ditions. Further explanations of the observations are covered in the 
following sections. 

7-2.3 Current  and Voltage Readings. 
7-2.$.1 Load currents and voltage observations are a very impor- 
tant part of the recommended routine inspections. If the observed 
current exceeds the rated full load current of the transformer, steps 
should be taken to reduce the load. 

7-2.$.2 Over voltages can be detrimental to the transformer and 
the load it serves. Under voltage can be detrimental to the. load 
served. The cause should be investigated immediately and corrective 
action taken to bring them within nominal nameplate values. 

7-2.4 Tempera tu re  Readings. 
7-2.4.1 Transformers are rated to carry their nameplate load in 
kVa with a given heat rise when the ambient temperature is at a stan- 
dard level. Exact values are stated on the nameplate. For instance, a 
liquid-filled transformer with Class A insulation may be rated to 
deliver nameplate capacity with a 55°C (131°F) temperature rise 
above a 30°C (86°F) ambient temperature (24-hour average). 

7-2.4.2 Temperature readings should be regularly taken and 
recorded. They provide an indication of transformer performance 
and load. Excesmve temperatures indicate an overload, or perhaps 
that there is some interference with the normal means of cooling. 
Prolonged operation at over-temperatures will accelerate the 
deterioration of the liquid and result in reduced life expectancy of 
the solid insulation. Either will greatly increase the risk o f  failure. In 
some installations, constant monitoring against over-temperature is 
provided by special alarm contacts on the thermometer. 

7-2.5 Liquid  Level Indicator  and  Pressure/Vacuum Gauges. 
7-2.5.1 The liquid level should be checked regularly, especially 
after a long period of low load at low ambient temperature when the 
level should be at its lowest point. It is more important that liquid be 
added before the level falls below the sight glass or bottom readin.~ of 
the indicator. See 7-2.7 for the recommended procedures for adding 
liquid. 

7-2.5.2 Pressure/vacuum gauges as are commonly found on sealed- 
type transformers are valuable indicators of the integrity of the 
sealed construction. The readings should be compared to the recom- 
mendations of the manufacturer as to the normaloperat ing pressure 
range. If the pressure does rtot change with changes in liquid 
temperatures, leaks above the liquid are indicated. 
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7-2.5.$ High pressures indicate an overload or internal trouble and 
should be investigated immediately. An excessive pressure can result 
in distortion or rupture of the tank relief device. 

7-2.6 Miscellaneous. The features of special types of transforn~.er 
construction that should be included m me routine maintenance in- 
clude the following: 

(a) The water-in and the water-out temperatures of water-cooled 
transformers. 

(b) The oil-in and the oil-out temperatures of forced-oil-cooled 
transformers with oil-to-air or oil-to-water heat exchangers. 

(c) The pressure in the nitrogen cylinder for an automatic gas- 
type transformer. If the pressure drops below the manufacturer's 
recommended value (usually about 150 psi), the cylinder should be 
replaced. 

(d) Dehydrating breathers should be checked to assure that they 
are free from restriction and have not absorbed excessive moisture. 

(e) The ambient or room temperature for vault-enclosed 
transformers. 

7-2.7 Special Inspections and Repairs. 
7-2.7.1 Because of the wide variety of liquid-filled transformer 
types, sizes, and uses, as previously listed, the special inspection and 
repair recommendations will be general in nature. For specific direc- 
tton, the manufacturer's recommendations should be followed. 

7-2.7.2 The first precaution that should always be observed is to 
deenergize the transformer prior to any work more extensive than an 
external visual examination. Deener~ization should be accompanied 
by approved positive lock-out provisions to assure agamst an un- 
planned reenergization and the resulting hazard to personnel and 
equipment. Deenergization should also be immediately followed by 
test to assure that the equipment is deenergized. The test should be 
made prior to the start of any work on the equipment. 

7-2.7.$ When the transformer has been safely deenergized and 
locked out, both primary and secondary connections should be in- 
spected (in those installations where they are accessible) for signs of 
overheating and corrosion. The  insulating surfaces of bushings 
should be Inspected for cracks or chipped skirts and the gasketed 
bases for leaks. The  insulating surfaces should be cleaned of any sur- 
face contamination, and any leaks should be corrected. Pressure 
relief devices should be inspected to ensure that there are no leaks or 
corrosion and that the diaphragm or other pressure relief device is in- 
tact and ready to function. A cracked or leaking diaphragm should 
be replaced at once. 
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7-2.7.4 The  tap changer, tank, cooling fms, tubes, radiators, and 
all gasketed or other openings should be inspected for leaks, deposits 
of dirt, or corrosion. Leak repair, cleaning, and painting should be 
done as required. 

7-2.7.5 The tank ground connection should be inspected for corro- 
sion or looseness and a grounding electrode resistance test made, as 
covered in Section 18-14. 

7-2.7.6 The conservator tank, inert ~as atmosphere, and 
dehydrating breather equipment should be mspected and tested, as 
covered in the manufacturers  instructions. Since most modern 
liquid-filled transformers have features to minimize exposure of the 
liquid to air, open ingof  the transformer for internal inspection is 
recommended only when the need is positively indicated, and then 
the manufacturer's instructions should be carefully followed or tech- 
nical assistance employed. Contamination or impairment of the in- 
sulating licluid should be carefully avoided. In particular, because of 
their affimty for water and moisture, askarels should not be exposed 
to air for any longer period than necessary. If  the humidity is high, 
exposure should be avoided entirely unless the work is absolutely nec- 
essary and cannot be postponed, in which case special humidity con- 
trol steps should be taken. 

7-2.7.7 If  liquid is to be added, it should be at least as warm as the 
surrounding air. To  prevent aeration, it should be added at the bot- 
tom of the tank, preferably by means of a filter press pump. 
However, it may be added at the top by passing the liquid through 
two or more thicknesses of clean, unshed muslin. If a large amount 
of oll is added, the transformer should remain deenergized for up to 
twelve hours or more to permit the escape of entrained air bubbles. A 
desirable method is to add the liquid with the transformer tank 
under a vacuum. (Check the manufacturer's instructions and ANSI 
C57.93 for further information.) 

7-2.7.8 Prior to adding liquid, a dielectric test should be done on 
the new liquid to assure that it is safe to use. Minimum acceptable 
test values are 26kV for oil and 30kV for askarel. Do not use liquids 
testing below these values. 

7-2.8 Liquid Maintenance and  Analysis. 
7-2.8.1 General .  

(a) The dielectric strength of the liquid is of primary concern. 
Thus, a major part of the maintenance effort is directed at detecting 
any variance from established levels or any indication of deteriora- 
tion that would result in a reduction of the dielectric strength. 
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(b) The two types of insulating liquid in general use are mineral 
oil and askarel (a nonflammable synthetic fluid). (See `4ppendix ,4, 
,4NSI C107.I-1974.) Both are subject to deterioration and con- 
tamination that can effectively reduce their insulating qualities. Air 
and moisture are the major enemies of insulating liquids. Conse- 

q uently, the transformer tanks, as well as all of the accessories, are 
esigned to preserve the insulating qualities of the liquid by minimiz- 

ing exposure to air and moisture. 

(c)  The oxy]gen in air, combined with the heat developed during 
normal operauon, will result in the formation of acids and sludge in 
oil. The sludge settles on the horizontal parts of the windings and at 
the bottom of the tank and interferes with the normal circulation of 
the liquid -- and thus itsability to dissipate heat. The  sludge can 
also reduce the "flashover value of the insulating surfaces. 

(d) Moisture is a most dangerous contaminant of insulating liq- 
uids. As small an amount as ten parts per million by volume can 
reduce the dielectric strength of insulatingoil below its minimum ac- 
ceptable value. It may also he absorbedby the solid insulation and 
reduce its dielectric value. 

(e) Of the many tests that have been developed to determine the 
condition of insulating liq.ulds, the following three are considered 
sufficient for average maintenance requirements. They are: the 
dielectric breakdown voltage test, the acidity test, and the color test. 
With the proper equipment, all may be performed in the field. Semi- 
annual or annual test intervals are recommended. See Chapter 18 for 
a complete coverage of testing methods. 

7-2.8.2 Dielectric Breakdown Test. 
(a) The dielectric breakdown voltage test measures the ability of 

an insulating liquid to withstand electrical stress up to the point of 
failure. It reveals the voltage at which the breakdown occurs. The 
presence of contaminants such as water, dirt, or conducting particles 
may cause breakdown at a voltage below acceptable levels. 

(b) The dielectric breakdown voltage test, as covered in ASTM 
D-877 and Section 18-18, ~quires  that a sample of the liquid be 
placed in a clean standard cup so that it covers the two vertical 
disc-shal~, electrodes that are one inch (2.54 cm) in diameter and 
have their faces one tenth of an inch apart. A 60-Hertz voltage is ap- 
plied across the electrodes and increased gradually until a flashover 
through the liquid occurs. This is repeated on at least three samples, 
and the average breakdown is the dielectric strength of the liquid. 
The minimum acceptable breakdown values are 22kV for 
transformer oil and 25kV for askarel. If any sample tests below these 
values, the transformer should be deener~qzed. 
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7"2.8.$ Acid Test. 
(a) The acidity of oil is a measure of how much it has oxidized and 

thus deteriorated and how great is the propensity to form sludge. 
Acidity is measured by a neutralization number as covered in ASTM 
D1534. This number represents the milligrams of potassium hydrox- 
ide (KOH) required to neutralize the acid in one ~ a m  of oil. A max- 
imum permissible neutralization number for oil is 0.4. 

(b) Acidity in askarel does not indicate deterioration but does in- 
dicate a possible chemical reaction with organic insulation. A max- 
imum permissible neutralization number for askarel is 0.10. 

7-2.8.4 Color Test.  The  color test is performed by visually com- 
paring the light transmitted through a sample of insulating liquid 
with a standard color scale. The scale ranges from 0.5 to 8.0, with 
new oil having a "color number" of 1.0 or less. New oil is dear ,  while 
a dark oil indicates sludge or other contamination. The maximum 
acceptable "color number" for oil is 4, and the maximum for askarel 
is 2. The color test is covered in ASTM 1524. 

7-2.8.5 Other  Tests. If the results of any of the three recommend- 
ed field tests are close to the established acceptable limits, other more 
complicated laboratory tests may be performed. Among these other 
tests are the pour point, flash point, viscosity, specific gravity, inter- 
facial tension, free ions, power factor, water content sulphur com- 
pound test, and others as listed in ASTM Dl17. For the most part, 
they are all laboratory tests and are usually employed when pa~ar- 
ticular characteristics of the oil are desired or when the simpler field 
tests indicate that further investigation is necessary. 

7-2.8.6 Sampling. 
(a) The methods of obtaining liquid samples for the tests are 

covered in ASTM D9,23, "Sampling Insulating Liquids" and D1809, 
"Sampling Askarels. In general, the following are typical pro- 
cedures. Oil samples should be taken from the bottom of the 
transformer, while askarel samples should be taken from the top. 
The  samples should be taken in dean,  dry bottles, tightly sealed -- 
and either of amber glass, or kept shielded from the fight. The  stop- 
pers may be of glass, cork, metal screw type with paper board liner, 
or oil-resistant plastic. Rubber stoppers should not be used. Because 
insulating liquids are susceptible to contamination of even a minute 
nature, the cleanliness of the containers is very important. They 
should be rinsed with a Stoddard-type solvent, washed with soap and 
water, rinsed with distilled water, and then thoroughly dried, 
preferably in an oven at l l 0 °C  (2300F) for one hour or more. If the 
containers are to be stored, they should be tightly stoppered and 
stored in a warm, dry location in such a manner that the possibility 
of contamination is eliminated. 



POWER TRANSFORMERS 70B- 75 

(b) The  samples should be taken on a dry day and at a time when 
the liquid is at a higher temperature than that  of the surrounding 
air. The  samples should be allowed to stand in tightly sealed con- 
tainers for 24 hours prior to test. 

(c) If  any of the tests indicate that an insulating liquid is not in 
satisfactory condition it may be restored by reconditioning, reclaimixlg 
or it can be completely replaced. Reconditioning is the removal of mois- 
ture and solid materials by mechanical means such as filter presses, 
centrifuges, or vacuum dehydrators. Reclaiming is the removal of 
acidic and colloidal contaminants and products of oxidation by chemi- 
cal and absorbent means such as processes involving Fuller's earth 
alone or in combination with other chemicals. (See IFF.F. No. 64.) 

7-2.9 Insula t ion Tests. In addition to the tests of the insulating 
liquid, tests should also be made of the dielectric properties of the 
solid insulation. Several commonly used tests are the insulation 
resistance test, the dielectric-absorption test, and the power factor 
test. These are nondestructive tests, which means that they may be 
performed without the risk of  damage to the insulation. The  high 
potential, or as it is often called the over-potential test, and the in- 
duced potential test can cause damage to the insulation. However, it 
should be explained that incipient insulation failures are one of the 
results that these tests are intended to discover. Further, the damage 
caused by test voltage should be considerably less than that  which 
would be caused by an in-service failure. 

7-2.9.1 Insula t ion Resistance Test.  (See 18-9.2.1.) 
(a) The insulation resistance test is probably the best known and 

most often used electrical test for insulation. While it will not indicate 
the quality or condition of the insulation, it is of value in detecting low 
resistance paths, to ground or between windings, that result from car- 
bonization or deterioration of the insulation from moisture or dirt. 

(b) Insulation resistance values for oil-filled transformers will vary 
with temperature in accordance with the following table: (Factory 
Mutual -- BM Elec. 14-8). 

°C Correct ion Factor 
0 0.06 
5 0.09 

10 0.13 
15 0.18 
20 0.25 
30 0.5 
40 1 
50 2 
60 4 
7O 8 
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To obtain the equivalent insulation resistance at 40 °(2, multiply the 
insulation resistance reading in megohms by the correction factor. 

(c) The readings will also depend on other variables such as the 
humidity, the size and type of transformers, and the value of the test 
voltage and how long it Is applied. Thus, it is important to record the 
temperature, humidity, and other variables at the time of test so that 
a comparison may be made with past and/or  future test results and 
to reveal any trends. 

(d) An old rule of thumb for minimum acceptable values of in- 
sulation resistance is simply "one megohm per thousand volts,' with 
one megohm minimum. Tests should be made from each winding to 
ground and between windings. 

7-2.9.2 Die lec t r ic -Absorp t ion  T e s u .  (See 18-9.2.2.) Th e  
dielectric-absorption test is a continuation of the standard insulation 
resistance test for a longer fixed period of time, usually ten minutes. 
Readings are taken at one-minute intervals during the test. The 
readings should be plotted on the log-log graph paper with time as 
the abscissa and the insulation resistance as the ordinate. Good in- 
sulation will have a straight line characteristic with the insulation 
resistance increasin~ with time. Insulation that is contaminated, 
deteriorated, or moisture-soaked will exhibit a line that flattens out 
with time. 

7-2.9.$ Polarization Index.  (See 18-9.2.3.) The.polarization in- 
dex is the ratio of the ten-minute to the one-mmute insulation 
resistance readings. An index of 2.0 or higher indicates that the in- 
sulation is in good condition, while a reading between 1 and 2 in- 
dicates that the insulation is in questionable condition, and below 1 
that it is in very poor condition. 

7-2.9.4 Over-Potential  Test. (See 18-9.2.4.) 
(a) The use of direct voltage in place of alternating voltage for 

over-potential testing has gained wide acceptance. DC test sets have 
been developed that are capable of providing test voltages to 300kV. 
Many of these sets have portable features, require much less pc~wer, 
and are much more convenient to use than AC over-potenual test 
sets. Another advantage DC has over AC testing is that if an insula- 
tion failure does occur during the test, the very low kVa capacity of 
the DC test set limits the damage at the point of failure. 

(b) A transformer insulation failure during an over-potential test 
is very difficult to explain to management. Consequently, many 
engineers appropach the problem of establishing the maximum test 
voltage with justifiable caution. This is true despite the knowledge 
that less damage will occur during a test failure than an in-service 
failure. 
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(c) The maximum DC test voltage for periodic testing between 
windings and from winding to ground should not exceed the original 
factory RMS AC test voltage. For instance, if the factory test voltage 
of a J5,000-volt transformer was 26kV rms, then theperiodic DC test 
voltage should not exceed 26kV. Refer to ANSI Standard C57.12.90. 

(d) A test at this magnitude is not considered to be hazardous to 
good transformer insulation. The test voltage is applied between one 
winding and ground with all other windings grounded. Thus the 
ground insulation, as well as the phase-to-phase insulation, is 
stressed. 

(e) The voltage may be applied in steps or gradually, in accord- 
ance with the type of control of the test set. At preselected voltage 
levels, the leakage current (in milliamperes) is noted and may be 
plotted later on graph paper. Good insulation will exhibit a gradual- 
ly rising leakage current with an increase in test voltage. If the 
leakage current increases rapidly, the test should be halted because a 
breakdown of the insulation is indicated. 

7-2.9.5 Induced Potential  Test. 
(a) The induced potential test is covered in ANSI Standard 

C57.12.92. It is a proof test, which means it stresses the insulation at 
voltage levels above those which will be experienced at normal opera- 
tion. The phase-to-phase and turn-to-turn insulation will be stressed. 

(b) The test set is used to apply a high frequency (200 to 300 
Hertz) at 65 percent of the factory test voltage on one winding. This 
will then induce a test voltage (in accordance with the transformer 
ratio) in the other windings. 

7-$ Dry-type Transformers.  
7-$.1 General .  
7-$.1.1 Dry-type transformers operate in air or gas rather than 
being liquid-filled. The two general types of construction are the 
open- or ventilated dry-type transformer and the sealed or closed 
tank t ) ~ .  The sealed transformer is cooled and insulated by an 
inert-high-dielectric gas such as nitrogen, sulphur hexafluoride, or 
perfluoropropane. 

7-$.1.2 The air or gas serves as an insulating medium and also to 
dissipate heat from the windings. The standard insulation classes are 
Class B (80°C rise) and Class H (150°C rise). 

7-$.2 Routine Inspections. The comments in 7-2.2 regarding 
routine inspections of liquid-filled transformers also apply to dr~- 
type transformers, with the exception of those that obviously pertam 
strictly to liquid-filled construcuon. 



70B- 78 ELECl~CA'- EQUIPMENT MAINTENANCE 

7-$.$ Cur ren t  and  Voltage Readings.  The  comments in 7-2.3 re- 
garding current and voltage readings also apply to dry-type 
transformers. 

7-$.4 T e m p e r a t u r e  Readings.  The  comments in 7-2.4 regarding 
temperature readings also apply to dry-type transformers. However, 
dry-type transformers usuallyhave either Class B (80°C rise) or Class 
H (150 °C rise) insulation. Thus, the observed temperature readings 
will be correspondingly higher. 

7-$.5 Pressure/Vacuum Gauge. 
7-3.5.1 Sealed-type dry transformers are usually equipped with 
pressure/vacuum gauges. The  gauge should be read periodically and 
the readings recorded. The  readings should be compared to the 
manufacturer 's  recommendations as to the normal operating range. 
Lower than normal or zero readings are an indication of a leak in the 
tank. If  the leak is not severe, it may be desirable to periodically 
replace the gas or recharge the transformer instead of locating and 
sealing the leak. The  replacement gas must be the same as the 
original, or an approved substitute. See 7-3.7 for the recommenda- 
tions covering severe leaks. 

7-5.5.2 High pressures are an indication of electrical overload or 
internal trouble. They should be immediately investitgated and cor- 
rective action taken. An excessive pressure can result m distortion or 
even rupture of the tank. 

7-3.6 Miscellaneous. The  louvers in the enclosures of ventilated 
dry-type transformers should be inspected to see that they are not 
clogged with dirt or otherwise obstructed. Also, the operation of in- 
ternal ventilating fans should be checked. Dry-type transformers are 
usually installed mdoors and often in a vault. The  temperature of the 
vault or room should be measured regularly and recorded. In any 
event, adequate ventilation is essentla" 1 to the operation of the 
transformer at its full rating. Any material  or obstruction that might 
prevent the free circulation of air around the transformer should be 
relocated. I f  the room or vault has power-driven ventilating fans, 
their correct operation should be determined and over temperature 
alarms (where provided) should be tested. Corrosion of the 
transformer enclosure, the intrusion of dirt, as well as evidence of 
water leaks into the room or vault, should also be carefully checked 
and corrective measures taken as required. 
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74 .7  Special Inspections and Repairs. 
7-$.7.1 The first precaution that should always be observed is to 
deenergize the transformer prior to any work more extensive than a 
remote visual examination. Deenergization should be accompanied 
by approved positive "lock-out" provisions to ensure against an un- 
planned reenergization and the associated hazard to personnel 
and/or  equipment. Deenergization should also be immediately fol- 
lowed by a test to assure that the equipment is deenergized. The test 
should be made prior to the s t a r  of any work on the equipment. 

7-8.7.2 Following the above steps, covers over openings of the 
enclosure of ventilated dry-type transformers should be removed. An 
inspection should be made for accumulations of dirt on the windings, 
insulators, and other insulating surfaces or where cooling air flow 
might be restricted. A close inspection should be made for signs of 
overheating and of voltage creepage over insulating surfaces as 
evidenced b y  tracking or carbomzation. An inspection should be 
made for loose or cracked insulators or coil spacers and to determine 
if the coil clamps require tightening. The turn insulation, as well as 
the barrier cylinders separating the primary and secondary windings 
and the windings from the iron core, should be inspected for 
deterioration. The primary and secondary connections, as well as the 
tap connections, should be inspected for corrosion, overheating, and 
tightness. The surfaces of porcelain insulators and bushings should 
be inspected for chips and cracks. Both the system and equipment 
ground connections should be inspected for corrosion and tightness, 
and a grounding electrode resistance test made as covered in Section 
18-14. 

7-$.7.S The windings may be cleaned of dirt and dust with a 
vacuum cleaner, blower, or compressed air. If compressed air is 
used, it should be clean and dry and applied at a pressure not over 30 
psi. In particular, ventilating ducts and the top and bottom of the 
windings should be cleaned. The use of liquid cleaners should be 
employed only when it is known that they will not have a 
deteriorating effect on the insulation. 

7-8.7.4 As lon~ as a ventilated dry-type transformer is energized, 
humidity conditions are unimportant. However, if the transformer is 
to be deenergized for a period of 24 hours or more, or long enough 
for it to cool to the ambient temperature level, special drying pro- 
cedures may be requ!red before the transformer is reenergized. Refer 
to the manufacturer s recommendations for drying procedures to be 
followed. 
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7-3.7.5 Sealing severe leaks or opening and resealing the tank of a 
sealed dry-ty]~e transformer requires procedures and equipment not 
normally available in even fairly large industrial plants. The manu- 
facturer of the transformer or an experienced local repair shop 
should be contacted for the work. In addition, special procedures 
covering drying out the windings, plus purging and refdling the 
tank, may be required. 

7-$.7.6 If a minor leak is to be re~aired by welding, the tank should 
be vented to prevent a buildup ot excesstve pressure. 

7-$.8 Insulation Tests. The insulation tests covered in 7-2.9 and 
7-2.9.1 through 7-2.9.4 may also be applied to dry-type transformers 
with the precaution that the voltage impulse level values for dry-type 
transformers are usually lower than for liquid-filled transformers. 
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Chapter 8 Power Cables 

8-1 General .  Preventive maintenance is the best way to assure con- 
tinued reliable service from electrical cable installations. Visual in- 
spection and electrical test of the insulation are the major mainte- 
nance procedures. However, it must be stressed that no amount of 
maintenance can correct improper application or physical damage 
done during installation. 

8-2 Visual Inspection. 
8-2.1 If in addition to the visual inspection, cables are to be 
touched or moved they should be deenergized. 

8-2.2 Cables in manholes should be inspected for sharp bends, 
physical damage, excessive tension, oil leaks, pits, cable movement, 
msulation swelling, soft spots, cracked jackets in nonlead cables, 
damaged fi=re~r~fing, poor ground connections, deterioration of 
metallic sheath bondin~ as well as corroded and weakened cable sup- 
ports, and the continmty of any main grounding system. Termina- 
tions and splices of nonlead cables should be squeezed in search of 
soft spots and inspected for tracking of signs of corona. The  ground 
braid should be Inspected for corrosion and tight connections. In- 
spect the bottom surface of the cable for wear or scraping, due to 
movement, at the point of entrance into the manhole and also where 
it rests on the cable supports. 

8-2.$ Inspect the manhole itself for spallinf~ concrete or deteriora- 
tion of the above ground portion. In some mstances, the manhole 
may be equipped with drains, and these may require cleaning; in 
some instances, it may be necessary to pump water from the manhole 
prior to entrance. Do not enter a manhole unless a test for dangerous 
gas has been made and adequate ventilation is provided. The  inspec- 
tion crew should always consist of two or more persons with at least 
one remaining outside of the manhole. 

8-2.4 Potheads should be inspected for oil or compound leaks and 
cracked or chipped porcelains. The  porcelain surfaces should be 
cleaned and if the COnnections are exposed, their tightness should be 
checked. 
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8-2.5 Cable identif ication tags or mark ing  should be checked. 

8-2.6 Since inspection intervals are normally one year or more, 
comprehensive records are an important part of any maintenance 
program. They should be arranged so as to facilitate comparison 
trom year to year. 

8-$ Aerial  Installations. Aerial cable installations should be in- 
spected for mechanical damage due to vibration, deteriorating sup- 
ports, or suspension systems. Special attention should be given to the 
dead-end supports to assure that the cable insulation is not abraded, 
pinched, or bent too sharply. Terminations should be inspected as 
covered in 8-2.2. 

8-4 Raceway Installations. Since the raceway is the primary 
mechanical support for the cable, it should be inspected for signs of 
deterioration or mechanical damage -- or if the cable jacket is being 
abraded or mechanically damaged. In many installations the 
raceway serves as a part of the ground fault current circuit. Joints 
should be inspected for signs of looseness or corrosion which could 
result in a high resistance. The other recommendations for splices 
and terminations covered in 8-2.2 should also apply in this section. 

8-5 Testing. (See Chapter 18.) The two most commonly used tests 
for cable insulation are insulation resistance testing, and DC over- 
potential testing. Other tests are listed in IEEE No. 62, "Making 
Dielectric Measurements in the Field." The  cable must be deener- 
gized prior to the application of any test. 



MOTOa CONTROL C ! m T ~ S  7 0 B - 8 3  

Chapter  9 Motor Control  Centers 

9-1 General .  There are many varieties of motor control centers 
and molded case circuit breaker power panels. These maintenance 
recommendations are general in nature and can be adapted to a 
wide variety of product types. 

9-2 Enclosures. Enclosures do not normally require any mainte- 
nance in a clean, dry and noncorrosive atmosphere. Enclosures in a 
marginal atmosphere should be inspected periodically for excessive 
dust and dirt accumulation as wen as corromve conditions. The  more 
contaminated the atmosphere, the more frequently the inspections 
should be conducted. Any accumulation should be removed with a 
vacuum cleaner or manually cleaned during maintenance shutdown 
periods for the equipment. Badly corroded enclosures should be 
properly cleaned and refinished as required for extended service. 

9-$ Bmba r  and Te rmina l  Connections. 
9-3.1 Warning.  Any loose bnsbar or terminal connection will 
cause overheating that will lead to equipment malfunction or failure. 
Overheating in a bus or terminal connection will cause a discolora- 
tion in the bnsbar which can easily be spotted where connections are 
visible -- oftentimes too late to avoid replacement. An overheating 
bnsbar condition will feed on itself and eventually lead to deteriora- 
tion of  the bus system as well as to the equipment connected to the 
bus such as: protective devices, bus stabs, insulated leads, etc. 
Aluminum lug connectors /tre usually plated and should not be 
cleaned with abrasives. 

9-$.2 Loose Connections. Bnsbar and terminal connections 
should be inspected periodically to ensure that all joints are properly 
tightened. Proper torque tightness is a factor of bolt size, bolt type, 
and type bnsbar and/or  terminal material. Proper bolt tightness 
torque values for all types of joints involved should be available in 
manufacturer's maintenance and/or  instruction literature. Do not 
assume that bttsbar and~or terminal hardware once tightened to 
proper torque values remains tight indefinitely. 

9-$.$ Special Operat ing Environments.  Special attention should 
be given to bnsbars and terminal connections in equipment rooms 
where excessive vibration and /or  heating/cooling cycles may cause 
more than normal loosening of bolted bus and terminal connections. 
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9-$.4 B m b a r  Support  Insulators.  Busbar support insulators 
and/or  barriers should be inspected to ensure that they are free of 
contamination. Insulators should be periodically checked for cracks 
and/or  signs of arc tracking. Defective units should be replaced. 
Loose mounting hardware should be tightened. 

9-4 Disconnects. 
9-4.1 Warning.  Disconnects should be examined on both the line 
and load side for proper maintenance evaluation. Prior to initiating 
such an evaluation, the source side disconnect device should be 
opened and padlocked and /or  tagged to avoid accidental energiza- 
tion by other personnel during maintenance operations. Switches 
used in drawout units normally supplied in motor control centers can 
be opened and safely withdrawn and examined on a workbench thus 
avoiding this potential hazard. 

9-4.2 Safety. Never assume that a disconnect is in the open posi- 
tion because the handle mechanism is in the open position. Always 
double check for safety. 

9-4.$ Inspection and Cleaning. Disconnect switches generally 
have visible blade contacts and open-type mechanisms which can be 
susceptible to contamination when not enclosed in a proper 
enclosure. Therefore, routine maintenance should include a pro- 
cedure for inspecting and removing excessive dust accumulations. 
Nonautomatic molded case circuit interrupters are often used in 
motor control circuits in lieu of an open-type disconnect. For this 
type of application, the internal mechanism will be better protected 
against contamination. The exterior should be exanuned and 
cleaned as outlined in Section 11-7. 

9-4.4 Loose Connections. Excessive heat in a disconnect switch 
can lead to deterioration of the insulation and eventual failure of the 
device. Loose connections are the major source of excessive heat. 
Terminal and busbar connections as well as cable connections should 
be examined and tightened as required using the manufacturer's 
torque recommendations. Any device having evidence of overheated 
conductors and carbonized insulation which could also be caused by 
arcing should be replaced. Contacts should be examined for evidence 
of welding and/or  excessive pitting. Damaged disconnects with any 
evidence of these failure signs should be replaced. 

9-4.5 Mechanical  Operat ion.  Mechanisms should be manually 
operated to ensure proper working condition. Factory lubricated 
mechanisms will sometimes dry out after a period of time in dry, 
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heated atmospheres as in motor  control center enclosures. Manufac- 
turers' maintenance literature should be followed for proper lubrica- 
tion instructions. 

9-5 Fuses m Warning .  Fuses are normally used in conjunction 
with disconnect switches. In  no case should a dummy fuse, copper 
slug, or length of wire ever be used as a proper fuse substitute even on 
a temporary basis. Proper fuse and fuse holder maintenance is 
covered in Chapter 13. 

9-6 Contactors. 
9-6.1 General .  Since contactors are the working portion of a 
motor  controller, normal wear can be expected. 

9-6.2 Inspection and  Replacement .  Periodic inspection should be 
made  to ensure that all moving parts are functioning properly. Badly 
worn or pitted contacts should be replaced in sets to avoid possible 
misalignment. Dressing contacts should not be performed simply as a 
cleaning operation; rather, it should be done only to the degree nec- 
essary to restore proper contour. Silver alloy or other noble metal  
contacts should be dressed with a fine file, stone, crocus cloth or 
other suitable abrasive which does not shed abrasive particles. 
Routine inspection should always include checks for tightness of ter- 
minal and cable connections as well as for signs of overheating. 
Replacements should be made as conditions dictate. Contactors in- 
stalled in corrosive and /o r  lint idled atmospheres require more fre- 
quent inspection even when enclosed in special gasketed enclosures. 
Manufacturers'  recommendations should be followed closely for 
maintenance and replacement of parts. 

9-7 Motor Overload Relays - -  T h e r m a l  Types.  
9-7.1 General .  Motor overload relays perform the vital supervisory 
function of monitoring the overload current conditions of  the 
associated motor. Heater  elements are usually replaceable; however, 
if a trip or burnout of the element occurs, the cause of this trip or 
burnout should be identified and corrected. Replacement of the 
heater element with one of  a higher rating should not be done 
without full consideration of the ambient temperature in which the 
motor  operates, as well as all of the factors in 9-7.3. Such overload 
relays employ a thermal element designed to interpret the 
overheating condition in the motor windings by converting the cur- 
rent in the motor leads to heat in the overload relay element. As the 
heat in the thermal element reaches a predetermined amount,  the 
control circuit to the magnetic contactor holding coil is interrupted 
and the motor branch circuit is opened. The  two most common types 
of  thermal elements in overload relays employ either a bimetal or a 
melting alloy joint to initiate the opening action of the contactor. 
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9-7.2 Other Types. Refer to manufacturer's literature for mainte- 
nance of other types of overload devices. 

9-7.$ Motor Data. Overload thermal elements are applied on the 
basis of motor full load current and locked rotor data found on the 
motor rating nameplate. Complete records on all motors including 
motor full load amps together with proper manufacturer's heater 
selection and application charts should be included as a part of any 
maintenance file on motor starers. General heater application 
charts for the size of contactor involved are usually secured inside the 
starter enclosure. 

9-7.4 Inspection and Replacement. Routine maintenance should 
include a check for loose terminal and/or  heater connections and 
signs of overheating. Overheating can cause carbonization of the 
molding material creating potential dielectric breakdowns as well as 
possibly altering the calibration of the overload relay. Relays showing 
signs of excessive heating should be replaced. 

9-8 Pilot and Miscellaneous Control Devices. 
9-8.1 General. Pilot and other control devices consist of the con- 
trol accessories normally employed in motor starters and include: 
pushbuttons, selector switches, indicating lights, timers, auxiliary 
relays, etc. 

9-8.2 Inspection. Routine maintenance checks on these types of 
devices generally include the following: 

(a) Check for loose wiring. 
(b) Check for proper mechanical operation of pushbuttons and 

contact blocks. 
(c) Inspection of contacts (when exposed). 
(d) Check for signs of overheating. 
(e) Replacement of pilot lamps. 

9-9 Interlocks. 
9-9.1 Electrical Interlocks. A contactor or starter may be pro- 
vided with auxiliary contacts which permit interlocking with other 
devices as well as serve other position indicating functions. 

9-9.2 Inspection. Proper maintenance of these electrical auxiliary 
contacts includes the following: 

(a) Check for loose wiring. 
(b) Check for proper mechanical operation and alignment with 

the contactor. 
(c) Inspection of contacts (when exposed). 
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9-9,$ Mechanical  Interlocks. Mechanical interlocks can be 
classified in two categories according to their application: Safety and 
Functional Performance. Safety interlocks are designed to protect 
operating personnel by preventing accidental contact with energized 
conductors and the hazards of electrical shock. Functional in- 
terlocks, such as found on reversing contactors, are designed to pre- 
vent the inadvertent closing of parallel contactors wired to provide 
alternate motor operating conditions. Motor control centers are pro- 
vided with plug-in starters for ease of inspection and inter- 
changeability. Mechanical interlocks should be examined to ensure 
that the interlock is free to operate and that bearing surfaces are free 
to perform their intended function. Interlocks showing signs of ex- 
cessive wear and deformation should be replaced. Several types of 
locking and/or  interlocking features are used including the follow- 
ing. 

9-9.4 Pr imary  Disconnect Mechanism. This device is usually 
mounted directly on the disconnect device in the plug-in unit. It is 
mechanically interlocked with the door to ensure that the door is 
held closed with the primary disconnect in the "ON" position. A 
maintenance check should be made to ensure that the adjustment is 
correct and that the interlock is providing proper safety. 

9-9.5 Padlock Mechanism. Disconnect operating mechanisms are 
usually provided with padlocking means whereby the mechanism can 
bepadlocked "OFF' with multiple padlocks while the door is closed 
and/or  after it is opened. During maintenance checks in the unit as 
well as downstream at the motor, these mechanisms should be 
padlocked in the "OFF" position for personnel safety. 

9-9.6 Defeat Mechanisms. Most starters are equipped with 
defeater mechanisms that can be operated to relea~,,, door interlock 
mechanisms with the disconnect device in the "ON posi t ion.  The 
use of this release mechanism should be limited to qualified mainte- 
nance and operating personnel. 

9-9.7 Uni t  Lock. Plug-in motor starter units are normally held 
locked in their connected cell positions by a unit latch assembly. 
Maintenance on this assembly is not normally required but  should be . 
understood by maintenance personnel. 
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Chapter 10 Electronic Equipment 

10-1 General.  The purpose of this section is to describe the main- 
tenance of electronic eqmpment in general terms. Specific mainte- 
nance procedures normally are available from the e~uipment manu- 
facturer or contained in the instruction book supplied with the ap- 
paratus. In some cases these procedures reqmre the services of 
trained specialists. 

10-2 Reasons for Maintenance. 
10-2.1 Maintenance procedures are designed to: 

(a) Protect the equipment from adverse effects of heat, dust, 
moisture, and other contaminants. 

(b) Maintain top reliability and minimize costly downtime. 
(c) Prolong the useful life of the equipment. 
(d) Recognize incipient problems and take corrective action. 

10-2.2 The importance of maintenance cannot be overemphasized. 
Equipment must be kept operating efficiently to contribute to the 
success of the process or ol~erauon in which the equipment is 
employed. Apparatus that ts improperly maintained will soon 
become unreliable. 

10-2.$ Persons charged with maintenance responsibility should 
have a keen appreciation as to why the work is required and the imo 

Ortance of even routine aspects of maintenance to the overall per- 
rmance of the equipment. 

10-3 Special Safety Precautions. 
10-$.1 Special safety precautions should be observed before and 
during the preventive maintenance operation. Extreme care should 
be taken to assure that all power is removed from the  apparatus 
before servicing. To prevent accidental shock from the stored energy 
in capacitors, discharge them to ground or short circuit the leads 
before touching with bare hands. High voltage capacitors should be 
discharged by short circuiting the leads for at least one full minute. 
Parts such as tubes, resistors, heat sinks, etc. remain extremely hot 
for some time after power has been removed. Some coml~nent 
temperatures are veryhigh and can cause very painful burns tf con- 
tacted by bare skin. 
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10-3.2 An accidental shock or a bad burn may cause an involun- 
tary movement by a person's arm or body which can damage the 
equipment and injure personnel. 

10-S.$ Occasionally, some equipment employing high voltages re- 
quires troubleshooting while the circuits are energized. Ensure that 
the insulation on test equipment leads is fully rated for the operating 
voltage under test and in good mechanical condition. Special care 
should be observed when using or servicing equipment which 
employs the chassis as one side of the drcuit.  Such equipment may be 
hazardous in the presence of grounded or some ungrounded three- 
phase circuits. 

10-4 Preventive Maintenance Operations. Actual work per- 
formed during maintenance consists of the following operations: 

(a) Cleaning. 
(b) Inspection. 
(c) Adjustments. 
(d) Lubrication. 

10-4.1 Cleaning. Cleaning the apparatus, both inside and out, is 
essential for good operation. Dust, etc. will increase chances of cur- 
rent leakage or flashover with resultant malfunction or damage to 
critical parts. Any accmnulation of dust should be removed with a 
vacuum cleaner, if possible, or manually cleaned during mainte- 
nance shut-down periods. Enclosure filters should be cleaned at 
regular intervals and replaced when damaged or clogged. 

10-4.2 Inspection. Inspection is most important in the mainte- 
nance program. Slight abnormalities may not immediately interfere 
with the equipment performances, but deviations from normal 
should be discovered early. Time and effort can be saved if defects 
are corrected before they lead to major breakdowns. Inspections con- 
sist of carefully observing all parts o f  equipment, noticing their color, 
placement, state of cleanliness, etc. Inspect for conditions such as: 

(a) Overheating; indicated by discoloration or other visual 
characteristics. 

(b) Placement; by observing leads and cable clearances, rub 
points, etc. 

(c) Cleanliness; examine recesses for accumulation of dust, espe- 
cially between connecting terminals. Parts, connections, and joints 
should be free of dust, corrosion, and other foreign material. 

(d) Tightness; test soldered or screw terminal connections and 
mountings by slightly pulling on the wire or feeling the lug or ter- 
minal screw. 
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10-4.3 Adjustments. Adjustments should be made only when per- 
formance indicates that it is required in order to maintain normal 
operating conditions. Specific adjustments vary with each type of 
eqmpment and will be contained in the instruction booklets supplied 
with the apparatus. Equipment calibrations should be scheduled on 
a routine basis with the frequency depen~ng  on individual operating 
conditions peculiar to the process or eqmpment.  

10-4.4 Lubricat ion.  Lubrication refers to application of grease or 
oil to bearings of motors, rotating shafts, gears, etc. This can also in- 
clude light lubrication to door hinges or other sliding surfaces on the 
equipment. Some special parts are identified as being pre-lubricated 
for life and should require no further lubrication. 

10-4.5 Careful handling of electronic equipment should become a 
regular habit. Space for working on components partially covered by 
other components should not be made by pushing or moving other 
components out of the way. Avoid unnecessary strains on wires, 
cables, and connections, and maintain equipment in a neat, orderly, 
workmanlike manner. 
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Chapter  11 Molded Case Circuit  Breaker  Power Panels 

11-1 General .  Molded case circuit breakers undergo extensive 
production testing and calibration at the manufacturers' plants. 
These tests are based on Underwriters Laboratories Inc. "Safety 
Standard for Branch Circuit and Service Circuit Breakers," No. 489. 
Circuit breakers carrying the UL label have factory sealed calibrated 
elements; an unbroken seal assures that the mechanism has not been 
subjected to alteration or tampering, and that the breaker may be 
expected to perform according to the UL specifications. A broken 
seal voids the UL label and jeopardizes the manufacturer's warranty. 

11-2 Application Considerations. Molded case circuit breakers 
will trip from exposure to continuous currents beyond their ratings, 
and may trip from unduly high ambient temperatures, from poor or 
improper connections, from damaged plug-in members, and from 
other conditions which transfer undue heat to the breaker 
mechanism. Some of these conditions violate application specifica- 
tions. A molded case circuit breaker a~pjplied in a panelboard should 
not be loaded in excess of 80 percent of its continuous current rating, 
where in normal operation the load will continue for three hours or 
more. 

11-$ Phase Fault  Cur ren t  Conditions. A typical molded case cir- 
cuit breaker is equipped with both time-delay and instantaneous 
tripping devices. Time-delay tripping has inverse time characteristics 
that provide a shorter tripping time for higher overloads. Under 
moderate, short-duration overloads, the circuit breaker allows suffi- 
cient time for such applications as motor starting. Under severe 
overloads the circuit breaker will trip quickly, providing adequate 
protection for conductors and insulation. For high fault currents, the 
magnetic tripping device responds to open the circuit breaker im- 
mediately. 

11-4 Ground-Fauh  Tr ipping.  It should be recognized that stan- 
dard molded case circuit breakers are not generally equipped with 
ground-fault sensing and protection devices and, therefore, will not 
normally trip and clear low level ground faults which can do im- 
mense damage. Special ground-fauh sensing and protective devices 
should be specified to achieve this type of equipment protection 
where required. (See Section 12-3.) 
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11-5 Types of Molded Case Circui t  Breakers. Molded case circuit 
breakers can generally be divided into three major categories de- 
pending upon the type of trip unit employed: 

(a) Factory sealed, noninterchangeable trip. 
(b) Interchangeable trip. 
(c) Solid state. 
The most common type of trip unit under (a) and (b) is the stan- 

dard time-limit or thermal magnetic trip. This type trip unit employs 
a thermal element to provide inverse characteristics giving overload 
protection and a magnetic circuit to provide short circuit protection. 
Another common type of trip under type (a) is the hydraulic 
magnetic trip where a dash pot is usecl to achieve the inverse time 
delay. These functions are accomplished with the use of solid-state 
circuitry in type (c), as well as other functions including ground-fault 
protection not normally available as an integral part of breakers 
under types (a) and (b). 

11-6 Special Purpose Breakers. A special design of an Instan- 
taneons Only circuit breaker having an adjustable instantaneous 
pickup is utilized in motor circuit protection schemes. 

11-7 Types of Maintenance.  Maintenance of molded case circuit 
breakers can generally be divided into two categories: mechanical 
and electrical. Mechanical maintenance consists of inspection involv- 
ing good housekeeping, maintenance of proper mechanical mount- 
ing and electrical connections, and manual operation as outlined in 
the following paragraphs. Electrical testing under field test condi- 
tions is covered in 18-10.2.4. 

11-8 Inspection and Cleaning. Molded case circuit breakers 
should be kept clean of external contamination so that internal heat 
can be dissipated normally. Further, a clean case will reduce poten- 
tial arcing conditions between live conductors and between live con- 
ductors and ground. The structural strength of the case is important 
in withstanding the stresses imposed during fault current interrup- 
tions. Therefore, an inspection should be made for cracks in the case 
and replacements made where required. 

11-9 Loose Connections. Excessive heat in a circuit breaker can 
cause a malfunction in the form of nuisance tripping and possibly an 
eventual failure. The most common cause of excessive heat is loose 
connections. Periodic maintenance checks should involve checking 
for loose connections or evidence of overheating. Loose connections 
should be tightened as required using manufacturers'  recommended 
torque values. Molded case circuit breakers having noninter- 
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changeable trip units are properly adjusted, tightened and sealed at 
the factory. Those having interchangeable trip units installed away 
from the factory could overheat if not tightened properly during in- 
stallation. All connections should be maintained m accordance with 
manufacturers' recommendations. 

11-10 Components of a Circuit  Breaker. A molded case circuit 
breaker consists of two basic parts. One part consists of the current- 
carrying conductors, contacts and appropriate operating mechanism 
necessary to perform the circuit switchinj~ functions. The second part 
consists of the protective element including the tripping mechanism 
associated therewith. 

11-11 Mechanical Mechanism Exercise. There is adequate ex- 
perience to indicate that where electrical testing is not practical, or 
cannot be justified, the manual mechanical exercising of the circuit 
breaker is usually effective in assuring the probable electrical opera- 
tion. All devices with moving pans require periodic check-ups. A 
molded case circuit breaker is no exception. It is not unusual for a 
molded case circuit breaker to be in service for extended periods and 
never be called upon to perform its overload or short circuit tripping 
functions. Therefore, a few manual operations of the handle per- 
formed periodically will keep the mechanism free while wiping ac- 
tion by the contacts tends to avoid resistance build-up and also 
minimizes heating. Circuit breakers used for frec.luent switchinl~ need 
no further exercising. Although manual operauons will exercLse the 
breaker mechanism, none of the mechanical linkages in the tripping 
mechanisms will be moved with this manual exercise. Some circuit 
breakers have push-to-trip buttons which should be operated at the 
time of manual  exercising in order to move the tripping mechanism 
linkages. 
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Chapter 12 Ground-Fault Protection 

12-1 General .  
12-1.1 Ground-fault  protective devices intended to protect person- 
nel or systems from ground faults are of two distinct types and IT  IS 
EXTREMELY I M P O R T A N T  T O  UNDERSTAND T H E  DIF- 
FERENCE BETWEEN THEM. 

(a) GFCI -- Ground-Fault Circuit-Interrupter. A GFCI is de- 
signed to protect a person from electrocution when contact between 
a live part  of  the protected circuit and ground causes current to flow 
through a person's body. 

A GFCI will disconnect the circuit when a current equal to or 
higher than the calibration point (4 to 6 mA) flows from the pro- 
tected circuit to g round .  It  will not eliminate the shock sensation 
since normal perception level is approximately 0.5 mA. It  will not 
protect from electrocution on line-to-line contact since the nature of 
line-to-line loads cannot be distinguished. 

(b) GFP -- Ground-Fault Protector. A GFP is desi~ned to limit 
damage to electrical equipment in the event of a fault (either solid or 
arcing) between a live part  of the protected circuit and ground. A 
GFP will cause the circuit to be disconnected when a current equal to 
or higher than its setting flows to ground. GFPs are available with 
settings typically ranging from 5 to 1200 amperes. It will not protect 
personnel from electrocution. 

12-2 G r o u n d - F a u h  Ci rcu i t - In te r rupters  (GFCI).  
12-2.1 GFCIs are equipped with an integral test means for check- 
ing the tripping operation. 

12-2.2 Maintenance.  
12-2.2.1 The  devices are sealed at  the factory, and maintenance 
should be limited to that recommended as follows or by the manufac- 
turer. 

12-2.2.2 Separate test apparatus is available which may be used for 
acceptance testing and troubleshooting of GFCIs. 

12-2.2.3 In addition to the maintenance specified for the in- 
dividual types of GFCI, tripping tests should be performed with the 
test button on the unit in accordance with the frequency recom- 
mended by the manufacturer.  Results and date of tests should be 
recorded on the test record label or card supplied with each per- 
manently installed GFCI unit. 
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12-2.$ The four types of GFCIs are: 
(a) Circuit breaker type. 
(b) Receptacle type. 
(c) Portable type. 
(d) Permanently mounted type. 

12-2.4 A circuit breaker type GFCI is designed in the form of a 
small circuit breaker and is completely self-contained within the unit 
housing. The circuit breaker t y ~  GFCI provides overload and short- 
circuit protection for the circmt conductors in addition to ground- 
fault protection for personnel. It is intended to be mounted in a 
panelboard or other enclosure. 

12-2.4.1 Maintenance required is the same as specified in Chapter 
10 for Molded Case Circuit Breakers. 

12-2.5 A receptacle type GFCI is designed in the form of a standard 
receptacle and is completely self-contained within the unit housing, 
and does not provide overload or short-circuit protection. It is in- 
tended for permanent installation in convenuonai device outlet 
boxes or other suitable enclosures. 

12-2.5.1 Maintenance required will be the same as specified in Sec- 
tion 16-3 for standard receptacle outlets. 

12-2.6 A portable type GFCI is a unit intended to be easily 
transported and plugged into a receptacle outlet. Cords, tools, or 
other devices to be provided with ground-fauit protection for person- 
nel are then plugged into receptacles mounted in the unit. 

12-2.6.1 Maintenance required will be that specified in Section 
16-3 for receptacles and in Section 17-4 for the connecting cords. 

12-2.7 A permanently mounted type GFCI is a self-contained, en- 
closed unit desi~,ned to be wall or pole mounted and permanently 
wired into the arcui t  to be protected. 

12-2.7.1 Maintenance beyond tightness of connections and 
cleanliness should not be attempted. Any repairs needed should be 
referred to the manufacturer. 

12-$ Ground-Fault Protectors (GFP). 
12-$.1 A GFP system is designed to be installed in a grounded 
distribution system. A GFP system consists of three main com- 
ponents: (1) sensors, (2) relay or control unit, and (S) a tripping 
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means for the disconnect device controlling .the protected circuit. Ac- 
ceptance testing of the complete system m recommended before 
utilization of the equipment. 

124.2  Detection of ground-fault current is done by either of two 
basic methods. With one method, ground current flow is detected by 
sensing current in the groundin~ conductor. With the other method, 
all conductor currents are momtored by either a single large sensor, 
or several smaller ones. 

12-$.$ Sensors are l~enerally a type of current transformer and are 
installed on the circmt conductors. The  relay or control unit may be 
remotely mounted from the sensors or may be integral with the sen- 
sor assembly. 

124.4  Circuit breakers with electronic trip units may have a GFP 
system integral with the circuit breaker. Any maintenance work per,- 
formed on the electronic circuitry should adhere to manufacturer s 
instructions. Maintenance on the mechanical operating mechanism 
components should be done as indicated in Chapter 11. 

12-$.5 Maintenance.  
12-$.5.1 Maintenance requirements for the sensors are as specified 
in Chapter 6, 6-8.5.2 for Indoor-type Instrument Transformers. 
Make careful inspection for tight terminal connections and 
cleanliness. Any repairs needed should be performed by the manu- 
facturer. 

12-8.5.2 If  interconnections between components are discon- 
nected, they must be marked and replaced to maintain the proper 
phasing and circuitry. 

12-5.5.5 If the system is equipped with a test panel, a formal pro- 
gram of periodic testing should be established. When the system is 
not equipped with a test panel, refer to manufacturer for test instruc- 
tions. 
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Chapter IS Fuses 

lS-I Low Voltage Fuses. 
13-1.1 Install ing and Removing Fuses. Whenever 
deenergize fuseholders before installing or removing fuses. 

possible, 

15-1.2 Inspection and Cleaning. Be sure that the fuse is discon- 
nected from all power sources before servicing. Examine fuse ter- 
minals and fnseholder clips for discoloration caused by heat from 
poor contact and/or  corrosion. Tighten all fuseholder connections. 
Fuse clips should exert sufficient pressure to maintain good contact, 
which is essential for proper fuse performance. Clips which make 
poor contact should be replaced. Clip clamps are recommended 
when unsatisfactory clips cannot be replaced. Contact surfaces of 
clips and fuse terminals which are oxidized or corroded should be 
cleaned and polished. Silver-plated surfaces should not be abraded. 
Wiping contact surfaces with a noncorrosive cleaning agent is recom- 
mended. Replace fuses showing signs of deterioration such as 
discolored or damaged casings and loose terminals caused by heat 
from poor contact. Causes of overheating should be determined and 
corrected. 

15-1.$ Replacement.  There are many types of fuses with various 
characteristics, some of which are physically interchangeable. Make 
certain that fuses whether new or replacements are of the proper type 
and rating. Never replace one type of fuse arbitrarily with another 
type fuse of the same physical size simply because it fits the 
fuseholder. Fuses should have correct current and voltage ratings, 
proper time-delay and current-limiting characteristics and an ade- 
quate interrupting rating to protect the circuit and its components. 
UL presently lists fuses for AC applications only. Fuses for DC ap- 
plicatiorm are available in different types and ratings. Contact fuse 
manufacturers for application date. Voltage ratings of fuses must 
equal or exceed their circuit voltage. Time-delay fuses are advan- 
tageons for motor and transformer circuits having inrush current re- 
quirements. They allow these circuits to be fused at or near full load 
current. All fuses should have interrupting ratings at least equal to 
the available fault current at the fuseholder as required by the 1981 
National Electrical Code, Section 110-9. UL listed fuses without 
marked interrupting ratings are satisfactory on circuits where fault 
currents do not exceed 10,000 amperes. UL listed fuses are marked 
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with their interrupting rating if it is above 10,000 amperes. Non- 
current-limiting fuses should not replace current-limiting fuses. 
Fuses which are listed by UL as current-limiting fuses are marked 
"Current Limiting." The dimensions of these fuses, in ratings up to 
and including 600 amperes, are different than non-current-limiting 
fuses. UL listed Class L fuses having ratings of 601 through 6000 
amperes are marked current limiting. Fuseholders for UL listed cur- 
rent limiting fuses are designed to reject fuses which are not current 
limiting. Fuseholders and rejection clips should never be altered or 
forced to accept fuses which do not readily fit. An adequate supply of 
fuses with proper ratings, especially those which are uncommon, will 
minimize improper replacement. (See 6-8.3.4 for capacitor fusing.) 

15-2 High Voltage Power Fuses. 
13-2.1 General .  High voltage power fuses consist of many parts, 
some current carrying and some non-current caTrying, all subject to 
atmospheric conditions. These fuses may be current limiting or non- 
current limiting, sand or liquid filled or vented expulsion type. The 
frequency of inspection will necessarily be a function of the condi- 
tions at a given fuse location and must be determined by the user. 

13-2.2 Install ing and Removing Fuses. Whenever possible, 
deenergize fnseholders before installing or removing fuses. 

15-2.$ Inspection and Cleaning. 
15-2.$.1 Be sure that the fuse is disconnected from all power 
sources before servicing. Inspect insulators for breaks, cracks or 
burns. Clean the insulators, particularly where abnormal conditions 
such as salt deposits, cement dust or acid fumes prevail, to avoid 
flashover as a result of the accumulation of foreign substances on 
their surfaces. 

13-2.3.2 Inspect contact surfaces for pitting, burning, alignment 
and pressure. Badly pitted or burned contacts should be replaced. 

Examine the fuse unit or fuse tube and renewable element for cor- 
rosion of the fuse element or connecting conductors, excessive ero- 
sion of the inside of the fuse tubes, discharge (tracking) and dirt on 
the outside of the fuse tube, and improper assembly that may prevent 
proper operation. Replace fuse tubes or units showing signs of 
deterioration. 

13-2.3.3 See that bolts, nuts, washers, pins and terminal connec- 
tors are in place and in good condition. Check lock or latch. 

Refinish fuse tubes made of organic (Class A) material as required 
and specified by the manufacturer.  
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15-2.$.4 Vented expulsion fuses may be equipped with condensers 
or mufflers to restrict expulsion of gases during operation. They may 
have a dropout feature that automatically disengages the fuse when 
it operates. The lower or discharge end of the expulsion fuse may 
have a sealing disc over the expulsion chamber to prevent entrance of 
moisture if the fuse is left in an inverted disconnected position in ser- 
vice. These seals should be inspected to assure that moisture has not 
entered the interrupting chamber. If  the seals are damaged or show 
evidence of leakage, the fuses should be replaced. 
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Chapter 14 Rotating Equipment 

14-1 General. 
14-I.I The various classes of rotating equipment have many com- 
mon features in routine maintenance, both electrical and 
mechanical. The recommendations that follow are of a general 
nature, and are not intended to cover in detail large or special ap- 
plicadous, such as gear pump motors, or those designed for hazard- 
ous (dassified) locations. 

14-1.2 A complete list of the machines in operation, the functions 
theypefform, and the past history of operation form the basis for a 
schedule of routine maintenance. Frequency of inspection depends 
on the nature of the service, the hours of operation, and the environ- 
ment under which the equipment operates. Periodic inspection and 
appropriate maintenance will assist m making continuous operation 
o f  the equipment possible. In some instances disassembly is required 
for a complete inspection and necessary repairs. 

14-2 Safety. The following safety precautions should be observed: 
(a) Make sure a machine is dead mechanically and electrically 

before starting work and properly protected against unintentional 
reenergization. 

(b) Personal protective equipment such as goggles, gloves, aprons, 
and respirators should be worn when working with solvents. 

(c) Great care should be exercised in selecting solvents for any par- 
ticular task. 

(d) Adequate ventilation must be provided to avoid fire, explo- 
sion, and health hazards where cleaning solvents are used. 

(e) A metal nozzle used for spraying flammable solvents should be 
bonded to the supply drum, and to the equipment being sprayed. 

(f) Rubber insulating gloves should be used in connecting and 
operating high voltage test instruments. 

(g) After tests have been made, discharge stored energy from win- 
dings before handling test leads. 

14-$ Stator and Rotor Windings. The life of a winding depends 
upon keeping it as near to its ori .(~.,inal condition as long as possible. 
Insulation failure causes nnmedtate outage time. The following 
]points should be carefully examined and corrective action taken dur- 
ing scheduled inspections to prevent operation failures. 



ROTATING E~UIPMENT 70B - 101 

14-$.1 Dust and dirt are almost always present in windings that 
have been in operation under average conditions. Some forms of dust 
are highly conductive and contribute materially to insulation 
breakdown as well as restricting ventilation. (See 14-6.2 on 
Cleaning. ) 

14-S.2 Note evidence of moisture, oil, or grease on the winding 
and, if necessary, clean the winding thoroughly with a solvent solu- 
tion. (See 14-6.2.4for Solvent Cleaning.) Generally, after a major 
cleaning, a drying process is required to restore the insulation to a 
safe level for operation. (See 14-6.3 on Drying.) 

14-$.$ Check winding tightness in the slots or on the pole pieces. 
One condition which hastens winding failure is movement of the coils 
due to vibration during operation. The effects of varnish and oven 
treatments so as to fill all air spaces caused by drying and shrinkage 
of the insulation will maintain a solid winding. 

14-$.4 Check insulation surfaces for cracks, crazing, flak~g, 
powdering, or other evidence of need to renew insulation. Usually 
under these conditions, when the winding is still tight in the slots, a 
coat or two of air-drying varnish may restore the insulation to a safe 
value. 

14-$.5 Check the winding mechanical supports for insulation 
quality and tightness, the ring binding on stator windings, and the 
glass or wire wound bands on rotating windings. 

14-$.6 Examine squirrel cage rotors for excessive heat ing or 
discolored rotor bars which may indicate open circuits or h igh  
resistance points between the end rings and rotor bars. The symp- 
toms of such conditions are slowing down under load and reduced 
starting torque. Brazing broken bars or replacing bars should be 
done only by a competent person or repair shop. 

14-4 Brushes, Collector Rings, and Commutators. In general, 
observe the machine in operation if possible and note any evidence of 
malo~, ration such as sparking, chatter of brushes in the holder, 
cleanliness, etc., as an aid to inspection repairs later. 

14-4.1 Successful brush operation depends upon the proper selec- 
tion of the brush most suitable for the service requirements. 

14-4.1.1 Check brushes in holders for fit and free play and replace 
those that are worn down almost to the brush rivet. 

14-4.1.2 Tighten brush studs that may have become loose from the 
drying and shrinking o f  insulating washers. 
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14-4.1.8 Examine brush faces for chipped toes or heels, and for 
heat cracks. Replace any that are damaged. 

14-4.1.4 Make a check of brush spring pressure using the spring 
balance method. Readjust the spring pressure in accordance with the 
manufacturer's instructions. 

14-4.1.5 Make sure the brush shunts are properly secured to the 
brushes and holders. 

14-4.1.6 In some instances, if changes have occurred in the opera- 
tion of equipment since installation, it may be necessary to check the 
following points which would not ordinarily be disturbed. 

(a) Reset brushes at the correct angle. 
(b) Reset brushes in the neutral plane. 
(c) Properly space brushes on the commutator. 
(d) Correctly stagger the brush holders. 
(e) Properly space brush holders from the commutator. 
(f) Check to ensure that the correct grade of brush as recommend- 

ed by the manufacturer is being used. 

14-4.2 Collector Rings. The surest means of securing satisfactory 
operation is maintaining the slip ring surface in a smooth and con- 
centric condition. 

14-4.2.1 Check insulation resistance between ring and shaft to 
detect cracked or defective bushings and collars. 

14-4.2.2 A thorough cleaning is usually required, using a solvent 
cleaner and stiff brush. 

14-4.2.3 Check brush holder end play and staggering to prevent 
grooving the rings during operation. 

14-4.2.4 When the rings have worn eccentric with the shaft, the 
ring face should be machined. 

14-4.5 Commutators.  In general, sources of unsatisfactory com- 
mutation are due to either improper assembly of current collecting 
parts or faulty operating conditions. 

14-4.5.1 Check commutator concentricity with a dial gauge, if suf- 
ficient evidence indicates that the commutator is out of round. A dial 
indicator reading of .001 inch on high speed machines to several 
thousandths on low speed machines can be considered normal. 
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14-4.$.2 Examine commutator surface for high bars, grooving, 
evidence of scratches or roughness. In light cases, the commutator 
may be hand stoned, but  for extreme roughness, turning of the com- 
mutator in the lathe is recommended. 

14-4.$.$ Check for high or pitted mica and undercut where deemed 
advisable. 

14-4.$.4 After conditions a commutator, make sure that it is com- 
pletely clean with every trace of copper, carbon, or other dust re- 
moved. 

See bibliography references, "Inspection and Test of Electrical 
Equipment and  "Maintenance Hints." 

14-5 Bearings and Lubrication. 
14-5.1 General .  The  bear in~  of all electrical equipment should 
be subjected to careful inspecuon at scheduled periodic intervals to 
assure maximum life. The frequency of inspection is best determined 
by a study of the particular operating conditions. 

14-5.2 Sleeve Bearings. 
14-5.2.1 In the older types, the oil should be drained, the bearing 
flushed, and new oil added at least every year. 

14-5.2.2 The new type of sealed sleeve bearings require very little 
attention since oil level is frequently the only check needed for years 
of service. 

14-5.2.3 Waste packed bearings should be re-oiled every 1000 
hours of operation. 

14-5.2.4 Check the air gap with a feeler gauge to ensure against a 
worn bearing that might permit the rotor to rub the laminations. 

14-5.2.5 On larger machines keep a record of these checks. Take 
four measurements 90 degrees apart with one of these points being 
the load side and a comparison with readings previously recorded to 
permit early detection of bearing wear. 

14-5.2.6 Beating currents on larger machines are usually 
eliminated by installing insulation under the pedestals or brackets. 
Efimination of this circulating current prevents pitting the bearing 
and shaft. From a maintenance stan¢tpoint, make sure that the 
pedestal insulation is not short circuited by metal thermostat or ther- 
mometer leads, or by piping. 
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14-5.$ Bal l  and Rol ler  Bearings. 

14-5.$. 1 External inspection at the time of greasing will determine 
whether the bearings are operating quietly and without undue 
heating. 

14-5.$.2 The bearing housings may be opened to check the condi- 
tion of the bearings and grease. The bearing and housing parts 
should be thoroughly cleaned and new grease added. 

14-5.$.$ Where special instructions regarding the type or  quantity 
of lubricant are recommended by the manufacturer,  they should be 
followed. In all cases standard greasing practices should be strictly 
adhered to. 

14-5.4 Kingsbury T h r u s t  Bearings. Established lubrication prac- 
tice for sleeve bearings applies in general for thrust bearings. 

14-6 Cleaning and Drying Insulat ion Structures. 

14-6.1 General .  Various methods for cleaning are available and 
the method used will depend on the kind of dirt to be removed and 
on whether the apparatus is to be returned to use immediately. Dry- 
ing after a solvent or water cleaning is necessary. Insulating testing is 
also necessary to determine whether the insulation has been properly 
reconditioned. 

14-6.2 Cleaning. The methods of cleaning electrical insulation 
include: 

14-6.2,1 Wiping off the dirt with a clean, dry cloth is usually 
satisfactory if the apparatus is small, the surfaces to be cleaned ac- 
cessible and dry dirt only is to be removed. Waste should not be used 
as lint will adhere to the insulation and act as a further dirt collecting 
agency. 

14-6.2.2 For removal of loose dust, dirt, and particles, the use of 
suction is preferable to blowing out with compressed air since there is 
less possibility of damage to the insulation and less chance of getting 
conoucting or other harmful particles into areas that may later result 
m damage during operation. 

14-6.2.3 Compressed air blowing may be required where dirt can- 
not be vacuumed. Care should be taken that the dirt is not blown out 
of one machine into another. Air pressure should not be greater than 
30 lb. It should be dry, and directed in such a manner as to avoid 
further closing ventilation ducts and recesses in insulation. 
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14-6.2.4 Accumulated dirt containing oil or grease requires a sol- 
vent to remove it. A rag barely moistened (not wet) with a nonflam- 
mable solvent may be used for wiping. Avoid liquid solvent spraying 
which can carry conducting contaminants into critical areas to pro- 
duce shorts and grounds. 

14-6.2.5 Apparatus which has been clogged with mud, from dust 
storms, floods or other unusual conditions, will require a thorough 
water washing usually with a hose with pressure not exceeding 25 psi. 
After cleaning, the surface moisture should be removed promptly to 
keep the amount of water soaked up by the insulation to a minimum. 

14-6.2.6 Silicone-treated windings require special treatment and 
the manufacturer should be contacted for advice. 

14-6.$ After cleaning, storing, or shipping, apparatus should be 
dried before being placed in operation i f  tests indicate that the in- 
sulation resistance is below a safe minimum level. Two general 
methods are commonly used (external or internal heat); external 
heat is preferred since it is the safer application. 

14-6.$. 1 Where available, low pressure steam may be used through 
radiators or steam pipes placed below the end windings with a tem- 
porary built-in enclosure to hold the heat. 

14-6.$.2 Forced hot air may be heated electrically, by steam, or by 
open fire. This method is usually inefficient and costly unless built 
into the original installation. 

14-6.$.$ Electrical space heaters or infrared lamps may be used. 
They should be distributed so as not to overheat the insulation. 

14-6.$.4 Coil insulation may be dried by circulating current 
through the winding. There is some hazard since the heat generated 
in the inner parts is not readily dissipated. This method should be 
followed only under competent supervision. 

14-6.$.5 For synchronous motors, the short circuit method is 
sometimes used by shorting the armature windings and driving the 
rotor, applying sufficient field excitation to give somewhat less than 
full load  armature current. 
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14-7 General Overhaul. When indicated by visual inspection 
and/or tests, the equipment should be disassembled, have the win- 
ding cleaned, dried and reinsulated or dipped and baked and the 
bearings checked and relubricated. Rewinding or other repair deci- 
sions should be made at this time. 

14-8 Testing. (See Chapter 18for Recommended Tests.) 

14-9 Records. Sample record forms are shown in Appendix F. 
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Chapter 15 Lighting 

I.~-1 General. A planned maintenance program is an essential 
part of any initial lighting design and recommendation. The mainte- 
nance of lighting systems is aimed at preserving the light producing 
capability at the original design level. Dirt and lamp aging are the 
two major factors which reduce the light output. 

15-2 Cleaning. 
15-2.1 Lightin~ eguipment -- lamps, reflectors and lens -- should 
be cleaned periodically. The cleaning interval depends on the 
amount and type of dirt in the air, although the design of the 
luminaire will affect the rate at which dust collects. Periodic light 
meter readings may be taken and cleaning intervals established when 
the lighting level falls 15 to 20 percent. 

15-2.2 Washing is better than wiping and the washin~ solution 
should be in accordance with the instructions of the luminatre manu- 
facturer. Strong alkaline or abrasive cleaners should be avoided. 

15-$ Relamping. 
15-$.1 The longer a lamp remains in service the less light it pro- 
duces. The different types of lamps -- f'dament, fluorescent or high 
intensity discharge -- depreciate at different rates. Since their life 
expectancy is also.different, replacement intervals will vary. 

15-$.2 The two general relamping procedures are spot relamping 
and group relamping. S.~t relamping is the replacement o f  in- 
dividual lamps as they fail. Group relamping is the replacement of 
all the lamps at a time interval varying from 50 to 80 percent of rated 
average life, or when the light output falls below the desired level. It 
is economical to wash the fixtures at the time of replacement. It is 
also advantageous to inspect the sockets, hangers, reflectors and lens 
at the time of lamp replacement. General replacement recommenda- 
tions and study results are available from the major lamp manufac- 
turers. 

15-$.$ Replacement lamps should be of the same type, color, wat- 
tage and voltage as those being replaced. 
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15-4 Voltage. 
15-4.1 Lamps are designed to provide rated average life expectancy 
and light output at the rated operating voltage and wattage. 

15-4.2 A filament lamp operating at 5 percent overvoltage will 
have its life expectancy reduced almost 50 percent, while the light 
output will be increased by about 18 percent. Five percent under- 
voltage operation will increase lamp life to about 195 percent and 
light output will be reduced to about 84 percent. 

15-4.5 Fluorescent lamp ballasts are designed for operation at 118, 
208, 236, 277 or 460 volts. The range of permissible variations are 
110-125, 199-216, 220-250, 260-290 and 440-480 volts. Higher 
voltages will shorten lamp and ballast life; while lower voltage will 
also shorten lamp life and may cause uncertain starting. Frequent 
s~arting will shorten lamp life. 

15-4.4 With the commonly encountered lamps and circuits, con- 
tinuous flashing or blinking will destroy the starter, shorten lamp life 
and may damage the ballast. Whenever possible replacement 
ballasts should be of the "P' rated type that have internal 
temperature sensitive overload protection. This is not always possible 
as "P" ballasts may not operate satisfactorily in equipment which is 
otherwise satisfactory. Original type ballasts should be used if 
available. Replacement starters should be of the type having an 
overload circuit opening device. 

15-4.5 Some high intensity discharge lamp ballasts are provided 
with taps to accommodate variations from rated voltage. Line 
voltage higher than the rated voltage will shorten ballast and lamp 
life, while lower voltages will reduce light output and may cause 
uncertain starting. 
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Chapter 16 Wir ing  Devices 

16-1 Attachment Plugs, Cord Connectors and Receptacles. 
16-1.1 General .  This section covers the maintenance of attach- 
ment plugs, cord connectors and receptacles rated not more than 200 
amperes nor more than 600 volts. 

16-1.2 The connection of equipment to supplies of different elec- 
trical ratings of current, voltage, phase or frequency can be hazard- 
ous or can cause damage to equipment. Therefore, attachment 
plugs, cord connectors and equipment are pmvided  with different 
ratings and configurations to prevent hazardous interconnection. 

NOTE: See Appendices G-I and G-2 for ANSI C73 Configuration Chart. 

16-1.$ The use of these devices for the connection of equipment 
tp.rovides for rapid removal and replacement and facilitates reloca- 
Ion. 

16-1.4 Up to 60 amperes, all devices are tested for the capability of 
being connected or disconnected under full load. Devices rated 
above 60 amperes are marked as to whether they are listed for this 
mode of operation. 

16-1.5 Use of these devices to disconnect some equipment under 
some load conditions such as welders and running or stalled motors 
may be hazardous. Other load interrupting means intended for this 
purpose should be used. 

16-2 Attachment Plugs and Connector Bodies. 
16-2.1 Assure that cord clamps and other strain-relief fittings are 
tight and that the outer cord jacket is completely within the clamp- 
ing area. 

16-2.2 Wire terminations on attachment plugs should be covered 
by insulating discs or the device should be replaced with a dead-front 
type. Abnormal heatin~ on the plug surface may be caused by loose 
terminations, overloading, high ambients or equipment malfunc- 
tion. The assembly of individual conductors to terminals should be 
checked periodically. Individual conductor strands must be properly 
confined and terminations made tight. Conductor strands should not 
be solder-dipped since this may cause overheating. 
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16.2.$ If the attachment plug or connector body is cracked or 
distorted or pieces are missing or damaged, or if the blades, prongs 
or contacts are bent or missing, the device should be replaced. If this 
is a recurring problem the device should be replaced with a type 
suitable for the environment in which it is used. For special applica- 
tions and environments such as wet locations, highly corrnszve en- 
vironments, and high temperature locations, special service devices 
specifically intended for the purpose should be used. 

16-2.4 Attachment plugs should fit firmly when inserted into the 
mating connector or receptacle. If accident~l disengagement of the 
plug is a recurring problem, the connector or receptacle should be 
tested to assure that adequate contact pressure is present. When con- 
tinuity of service is essential, consideration may be given to the in- 
stallation of a locking-type device. 

16-2.5 Assure proper polarity of all connections. 

16-2.6 The green equipment grounding conductor of the cord 
must be attached to the grounding terminal of the device. 

16.$ Receptacles. 
16.$.1 If the receptacle is badly worn, cracked, or broken, or ff 
contacts are exposed, the receptacle should be replaced. 

16.$.2 Receptacle contacts must hold and retain inserted p lu~  
firmly. If accidental disengagement of theplug from the receptacle is 
a recurring problem the receptacle should be replaced. When con- 
tinuity of service is essential, consideration shouldbe given to the in- 
stallation of a locking-type device. 

16-$.$ Check to assure for proper wire connections on receptacles 
and proper polarity of power connections including the integrity of 
the equipment ground. 

16.$.4 When replacing 15- and 20-ampere nongrounding-type 
receptacles, grounding-type receptacles shoulct be installed and, 
where used, must be grounded. 

16.$.5 If there is abnormal heating on the receptacle face, check 
for loose terminations and correct or replace. If there is arc-tracking 
or evidence of burning of the device or other damage, it should be re- 
placed. 

16-4 Adapters. 
16-4.1 Adapters between locking and nonlocking configurations 
provide flexibility in obtaining power for maintenance functions. 
However, adapters should not be used to by-pass the equipment 
ground, nor should adapters with pigtails be used. 
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16-5 General-Use Snap Switches. 
16-5.1 AC-DC (T-Rated) switches should not be used to control in- 
ductive loads such as fluorescent lighting or motors exceeding 50 per- 
cent of the switch rating. AC only switches may control up to 100 
percent of their rating for inductive loads or 80 percent of their 
rating for motor loads. 

16-5.2 If the switch is broken or the mechanism does not function 
in a normal manner, the switch should be replaced. Where repeated 
abuse is incurred, consideration should be given to relocating the 
switch or replacement with a switch having a guarded operating 
means or a switch with a low profile. 

16-5.~ The switch must be firmly fastened to the box to assure elec- 
trical and mechanical integrity. 

16-5.4 If there is evidence of abnormal heating, the switch should 
be checked for loose terminals or switch malfunction and corrected 
or replaced. 

16-6 Cover Plates. 
16-6.1 All switches and receptacles should be installed with wall 
plates or covers suitable for the environment and location. 

16-6.2 Cracked, bent, or broken wall plates or spring doors or 
covers should be replaced. 

16-6.5 Boxes. Boxes used for the containment of receptacles and 
switches should be rigidly secured inplace. Locknuts and conduit fit- 
tings should be made up tight a n d  proper box-fill of conductors 
should he observed. Closures should he placed in unused knock-out 
holes. Where boxes, particularly the surface-mounted type, sustain 
repeated abuse, consideration should be given to flush-mounting 
and/or  additional guarding means. 

16-7 Pin  and Sleeve Devices. 
16-7.1 Heavy-Duty Industrial-type Plugs, Cord Connectors and 
Receptacles. 

16-7.1.1 Scope. This section covers the maintenance of heavy-duty 
industrial-type plugs, cord connectors and receptacles rated not 
more than 400 amperes nor more than 600 volts. 

16-7.1.2 General .  P lu~,  cord connectors and receptacles of this 
type are provided with different ratings and polarizations to prevent 
hazardous interconnection of different current ratings, voltages or 
frequency. Devices connected to circuits having different voltages, 
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frequency or type of current on the same premises should not be in- 
terchangeable. 

Noninterchangeability is accomplished in these products by at 
least two methods. The first is the size and location of the contacts. 
The second is accomplished by keying arrangements of the plug 
sleeve and receptacle housing. By varying these parameters sufficient 
variations can be obtained to accomplish noninterchangeability. 

A detailed plan should be prepared specifying the devices based 
first on performance requirements and then defining the specific 
configuration for each voltage, amperage, and frequency in use on 
the premises. 

The use of these devices for the connection of equipment provides 
for rapid removal and replacement and facilitates relocation of elec- 
trical equipment. 

Most of these assemblies are designed and listed to disconnect the 
equipment under full load or locked rotor currents. If they are not 
suitable, other load interrupting means such as interlocked recep- 
tacles should be used. 

16-7.1.$ Plugs. Assure that cord clamps and strain relief fittings 
are tight and that the outer cord jacket is completely within the 
clamping area. 

16-7.1.4 Abnormal heating on the plug surface may be caused by 
loose terminations, overloading, high ambients or equipment 
malfunction. Insulators and contacts should be visually inspected for 
discoloration of the insulator or pitting of contacts. Inspection of 
otherparts should be initiated if discoloration or pitting is observed. 
Periodically check the assembly of individual conductors to ter- 
minals. Individual conductor strands should be properly confined 
and terminations made tight. Conductor strands should not be 
soldered when used with binding head screws since this may cause 
overheating. 

16-7.1.5 If the plug or connector housing or interior is cracked, 
distorted or pieces are missing or damaged, or if the pins or contacts 
are bent, m~sing or discolored, the complete interior should be re- 
placed. For particularly adverse environments such as highly cor- 
rosive environments, high temperature locations, or hazardous 
(classified) locations, devices specifically intended for the purpose 
should be used. 

If the receptacle or plug insulation is cracked, broken, or 
discolored, the defective parts should be replaced. 

Receptacle contacts must retain inserted plugs firmly. Corroded, 
deformed or mechanically damaged contacts should be replaced. 
Check for proper wire connections on receptacles and proper polarity 
of power connections including the integrity of the equipment 
ground. 
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If there is abnormal heating of the receptacle, plug or connector 
insulation, check for loose terminations or insufficient pressure be- 
tween contacts and correct or replace. If there is arc tracking or 
evidence of burning of the insulation or other damage, it should be 
replaced. 

16-8 Connector  and Receptacle. 
16-8.1 Plugs should fit firmly when inserted into the mating con- 
nector or receptacle. Insufficient mating force can result in contact 
erosion caused by arcing of the contacts and/or  accidental 
disengagement. The connector or receptacle should be checked to 
assure that adequate contact pressure ts present. The complete in- 
terior should be replaced if there is discoloration of the housing or 
severe erosion of the contact. 

When continuity of service is essential, consideration may be given 
to the installation of a mechanically held or interlocked assembly. 

16-8.2 The equipment grounding conductor (green) of the cord 
must be attached to the grounding terminal of the device thereby 
assuring grounding continuity. 

16-8.5 T h e  face of the receptacle, plug or connector *should oc- 
casionany be thoroughly cleaned. 

16-8.4 Cracked, bent, or broken spring doors or covers should be 
replaced. 

16-8.5 All mounting and assembly screws should be present and 
checked to assure that they are tight since they may provide ground- 
ing, prevent the entrance of adverse environmental products and 
provide cable retention. 

16-8.6 All gaskets, if used, should be inspected to determine if they 
are present and maintain the integrity of the enclosure. 

16-8.7 To assure proper selection of replacement parts, the 
nameplates should be kept clean and legible, instructions supplied 
with the product maintained on file, together with a list of the manu- 
facturer replacement pans. 

16-8.8 Since the grounding circuit may include the external shell, 
pin and sleeve devices should not be painted. 

16-8.9 Control contacts are occasionally used in conjunction with 
power pins. These control contacts should be inspected to assure that 
they make last and break first. 
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16-8.10 Devices used in hazardous (classified) locations require 
some additional inspections. All mechanically and electrically inter- 
locked plugs and receptacles should be inspected for proper opera- 
tion and for excessively worn or broken parts. Replace as required. 
All parts and surfaces of these devices should be clean and free of 
foreign material or corrosion. Flame paths should be inspected to 
assure safe gaps are not exceeded and no scratches are on the ground 
joints. All screws holding the receptacle to the body should be in- 
stalled and tight. Covers and threaded openings should be properly 
tightened. These devices should be checked to make sure that the 
plug and receptacle marking agree with the present classification of 
the area in regard to the Class, Group and Division. 
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Chapter  17 Portable Electrical Tools and Equipment  

17-1 General. 
17-1.1 Dependable performance and long service life of power tools 
is becoming more important as the need for mechanization and the 
use of these tools increases. A plant's entire inventory of portable 
tools can be kept in top operatin~ condition for maximum produc- 
tion quality and cost efficiency with a planned routine and periodic 
inspection. 

17-1.2 There are many and varied types of portable power tools 
and many and varied causes of power tool failure. Because of this, 
the procedures can be general recommendations only. Variations 
will exist and will de~end upon the type of tool and the particular 
conditions of use. It m strongly recommended that the information 
onproper  use and maintenance given in the tool manufacturer's use 
andca re  manual, supplied with each tool, be carefully followed. 

17-1.5 Periodic electrical testing will uncover many operating 
defects and their immediate correction will ensure safe operation and 
prevent breakdown and more costly repairs. This testing and the 
related maintenance should be systematic. A visual inspecuon before 
and after each use when issued and when returned to the tool crib 
should be required. 

17-2 Employee Tra in ing .  
17-2.1 An important part of preventive maintenance is employee 
training in the proper care and use of portable power tools. 
Employees should be given instructions in selecting the proper tool 
for the job and the limitations of the tool. Overloading may be 
caused by using an under-powered tool for the work load. 

17-2.2 Employees should be trained to recognize obvious defects 
such as cut, frayed, spliced or broken cords, cracked or broken at- 
tachment plugs and missing or deformed grounding prongs. Such 
defects should be reported immediately. 

17-2.$ Employees should be instructed to report all shocks no mat- 
ter how minor immediately and to cease using the tool. Tools causing 
shocks should be examined and repaired before further use. 

17-5 Maintenance.  The following are general recommendations. 
The best source for maintenance information is the original manu- 
facturer. 
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17-$.1 Periodic Inspect ion of Crucia l  Wear  Points. Brushes and 
commutators should be inspected periodically. This is easily accom- 
plished by removal of  brush holder plugs or inspection plates de- 
pending on the construction of the tool. Brushes worn down to 50 
percent of  their original size should be replaced. When making brush 
replacement, always be sure to use manufacturer 's  original equip- 
ment.  

17-$.2 Excessive Dir t  Accumulat ion.  All universal motors are fan 
ventilated to prevent excessive heat. Even though many  tools have 
filters and deflectors to prevent destructive material  from damaging 
the motor, a small amount  of  it will pass through. Excessive build-up 
affects the brush operation and reduces air volume necessary to cool 
the motor. When required, the tool should be blown out with low 
pressure, dry compressed air when used in a normal environment. 
More frequent specialized maintenance may be required if the at- 
mosphere is heavy in abrasives or conducting dusts. 

17-$.$ Insuff ic ient  or  I m p r o p e r  Lubr ica t ion .  Lubricant inspec- 
tion is needed at frequent intervals to ensure sufficient lubricant to 
prevent wear to mechanical parts. Dirty lubricants should be re- 
moved and replaced. Since lubricant varies from tool to tool, it is 
recommended that proper lubricant be obtained from the manufac-  
turer or his distribution outlet. 

Manufacturers carefully match lubricants to be compatible with 
speeds, heat, seals, bearings and pressure to ensure long gear and 
mechanism life. Substitutions may damage the tool and invalidate 
the warranty. 

The wrong amount of lubricant can cause serious problems. Too 
little, of  course, means that surfaces are not adequately covered and 
excess wear will result. Too much lubricant can cause excess pressure 
in the gear case and eventually ruin seals. 

17-4 Cord and Attachment Plug Core. 
17-4,1 The cord of an electric power tool is the life line. It  should 
be kept free of oil, grease and other material  that may ruin the rub- 
ber cover. Avoid tangling knots or dragging across sharp surfaces. Do 
not use it as a tow line to carry or drag the tool. 

17-4.2 All power tools, unless they are double insulated and so 
marked, are required to be grounded through an additional ground- 
ing conductor in  the cord and the grounding prong of the attach- 
ment  plug. The  integrity of  this grounding circmt is necessary for the 
protection of life and should be visually inspected before each use. 
Experience has shown that the grounding prongs of at tachment  caps 
are frequently cut off for use in ungrounded receptacles. This prac- 
tice should not be permitted. 
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17-4.$ If a cord is cut, broken, spliced or frayed, or the attachment 
plug is damaged or the grounding prong removed, it should be im- 
mediately withdrawn from service until it can be repaired. Cords 
may be replaced in their entirety, or a damaged cord can be repaired 
by cutting out the damaged portion and applying a plug and connec- 
tor to rejoin the two sections. Replacement cords should be of the 
same type and conductor size and suitable for the use. 

17-4.4 To avoid accidents the green conductor must always, and 
only, be used to connect the frame of the tool to the grounding prong 
of the attachment plug. It should not be used for any other purpose. 

17-5 Extension Cords. Before placing extension cords in service, 
the plug and connector should be checked for proper polarity. Ex- 
tension cords of the proper conductor size should be used to avoid ex- 
cessive voltage drop which may result in poor operation and possible 
damage to the tool. (See Table 17-5for recommended sizes.) 

17-6 Major Overhauls.  Major overhauls and repairs should be 
performed by the manufacturer; however, large power tool users who 
prefer to do their own repairs and overhaul should obtain necessary 
parts, schematics, connection diagrams, lubricant charts and other 
technical information from the manufacturer.  

17-7 Leakage Current  Testing. Portable and cord connected [ 
equipment should be periodically tested for the amount of leakage I current present to help ensure against shock hazards. 



Table 17-5 Size of Extension Cords for Portable Electric Tools 

B a s e d  o n  c u r r e n t  e q u i v a l e n t  to  150 p e r c e n t  o f  ful l  
l o a d  o f  too l  a n d  a loss in  v o l t a g e  of  n o t  o v e r  5 vo l t s  

Es tens ion Namepla te  Ampere  Rat ing 

Card  L e n g t h  0-2.0 2.1-3.4 3.5-5.0 5.1-7.0 7.1-12.0 12.1-16.0 
(IFt.) 115V 230V 115V 230V 115V 230V 115V 230V 115V 230V 115V 230V 

25 18 18 18 18 18 18 18 18 16 18 14 16 

50 18 18 18 18 18 18 16 18 14 16 12 14 

75 18 18 18 18 16 18 14 16 12 14 10 12 

100 18 18 16 18 14 16 12 14 10 12 $ 10 

200 16 18 14 16 12 14 10 12 $ 10 6 8 

300 14 16 12 14 10 14 8 12 6 10 4 6 

400 12 16 10 14 8 12 6 10 4 8 4 6 

500 12 14 10 12 8 12 6 10 4 6 2 4 

600 10 14 8 12 6 10 4 8 2 6 2 4 

800 10 12 8 10 6 8 4 6 2 4 1 2 

1000 8 12 6 10 4 8 2 6 1 4 0 2 

NOTS ~ If voltage is already low at the source (outlet), have voltage increased to standard, or use a larger cord than listed in 
order to w the total voltage drop. 
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Chapter  18 Test ing and  Test  Methods 

18-1 General .  This chapter covers the tests ordinarily used in the 
field to determine the condition of various elements of an electrical 

Wer distribution system. The  data obtained in these tests provide 
rmation which is used to: 

(a) Determine whether any corrective maintenance or replace- 
ment  is necessary or desirable. 

(b) Ascertain the ability of the element to continue to perform its 
design function adequately. 

(c) Chart  the gradual deterioration of the equipment over its ser- 
vice life. 

18-2 Acceptance Tests and  Maintenance  Tests. 
18-2.1 Acceptance Tests. Acceptance tests are tests which are per- 
formed on new equipment,  usually after installation, prior to 
energization. These tests are performed to determine whether a piece 
of  equipment is in compliance with the purchase specification and 
design intent and also to establish test benchmarks which can be used 
as reference during future tests. Acceptance tests are also valuable in 
assuring that the equipment has not been subjected to damage dur- 
ing shipment or installation. In addition to the tests that are per- 
formed, an acceptance program should include a comprehensive 
visual inspection and an operational check of all circuitry and ac- 
cessory devices. 

18-2.2 Rout ine  Maintenance  Tests. Routine maintenance tests 
are tests which are performed at regular intervals over the service life 
of equip.ment. These tests are normally performed concurrently with 
prevenuve maintenance on the equipment.  

18-2.$ Special Maintenance  Tests. Special maintenance tests are 
tests performed on equipment which is thought or known to be defec- 
tive, or equipment which has been subjected to conditions which 
could possibly adversely affect its condition or operat ing 
characteristics. Examples of this would be cable fault locating tests or 
tests performed on a circuit breaker which has interrupted a high 
level of fault current. 

18-2.4 Pre-Test  Circui t  Analysis. An analysis of the circuit to be 
tested should be made prior to the testing to assess the potential 
meaning of the test results. 
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18-S As-Found and As-Left Tests. 
18-5.1 As-Found Tests. As-Found tests are tests performed on 
equipment on receipt or after it has been taken out of service for 
maintenance, but  before any maintenance work is performed. 

18-$.2 As-Left Tests. As-Left tests are tests performed on eqm~p- 
ment after preventive or corrective maintenance, immediately prior 
to placing the equipment back in service. 

18-$.$ Correlat ion of As-Found and As-Le[t Tests. When equip- 
ment is taken out of service for maintenance, it is often useful to per- 
form both As-Found and As-Left Tests. The As-Found tests will show 
any deterioration or defects in the equipment since the last mainte- 
nance period and, in addition, will indicate whether corrective main- 
tenance or special procedures should be taken during the mainte- 
nance process. The As-Left tests will indicate the degree of improve- 
ment in the equipment during the maintenance process and will also 
serve as a benchmark for comparison with the As-Found tests during 
the next maintenance cycle. 

18-4 Frequency of Tests. Most routine testing can best be per- 
formed concurrently with routine preventive maintenance, since a 
single outage will serve to allow both procedures. For this reason, the 
frecluency of testing will generally coincide with the frequency of 
mamtenance. The optimum cycle depends on the use to which the 
equipment is put a nd the  operating and environmental conditions of 
the equipment. In general, this cycle can range from six months to 
three years, depending on the above criteria. The difficulty of ob- 
taining an outage should never be a factor in determining the fre- 
iquency of testing and maintenance. Equipment for which an outage 
s difficult to obtain is usually the equipment which is most vital in  

the operation of the electrical system. Consequently, a failure on this 
equipment would most likely create the most problems relative to the 
continued successful operation of the system. In addition to routine 
testing, tests should be performed any time equipment has been sub- 
jected to conditions which could possibly have caused it to be unable 
to continue to perform its design function properly. 

18-5 Special Precautions and Safety. 
18-5.1 Many tests on electrical equipment involve the use of high 
voltages and currents which are dangerous, both from the standpoint 
of being life-hazards to personnel and also because they are capable 
of damaging or destroying the equipment under test. Adequate 
safety rules must be instituted and practiced to prevent injury to per- 
sonnel, both test personnel and others who might be exposed to the 
hazard. Also, the test procedures used should be designed to assure 
that no intentional damage to equipment will result from the testing 
process. 
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18-5.2 It  must be recognized, as the name implies, "over-potential" 
or "high-potential" testing is intended to stress the insulation struc- 
ture above that of normal system voltage. The  purpose of the test is 
to establish the integrity of the insulation to withstand voltage tran- 
sients associated with switching and lightning surges, and hence 
reduce the probability of in-service equipment failures. Direct 
voltage over-potential testing is generally considered a controlled 

. nondestructive test in that an experienced operator, utilizing a 
suitable test set, can often detect marginal insulation from the 
behavior of measured current. It  is therefore possible, in many cases, 
to detect questionable insulation and plan for replacement without 
actually breaking it down under test. 

Unfortunately, some insulations may break down with no warning. [ 
Plans for coping with this possibility should be included in the test I schedule. 

18-5.3 Low-voltage insulation testing may generally be done at the 
beginning of the planned maintenance shutdown. In the event of an 
insulation failure under test, maximum time would be available for 
repair prior to the scheduled plant start-up. Equipment found in wet 
and/or  dirty condition should be cleaned and dried before high poten- 
tial testing is done or a breakdown may damage the equipment. 

18-5.4 Low-voltage circuit breakers, which require very high inter- 
rupting ratings, are available with integral current-limiting fuses. 
Although the fuse size is selected to override without damage the 
time-current operating characteristic of the series trip device, it is 
desirable to bypass or remove the fuse prior to applying simulated 
overload and fault current. 

18-6 Qual i f icat ions of Test  Operators.  If  a testing program is to 
provide meaningful information relative to the condition of the 
equipment under test, then the person evaluating the test data must 
be assured that the test was conducted in a proper manner,  and that 
all of the conditions which could affect the evaluation of the tests 
were considered and any pertinent factors reported. The  test 
operator therefore must be thoroughly familiar with the test equip- 
ment  used in the type of test to be performed, and also sufficiently 
experienced to be able to detect any equipment abnormalities or 
questionable data during the performance of the tests. 

18-7 Test  Equipment .  It  is important  in any test program to have 
the prop.er equipment to perform the required tests. In general, any 
test equipment used for the calibration of other equipment should 
have an accuracy at least twice the accuracy of the equipment under 
test. The test equipment should be maintained in good condition 
and should be used only by qualified test operators. All test equip- 
ment  should be calibrated at regular intervals to assure the validity of 
the data obtained. 
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I In order to get valid test results it may be necessary to regulate the 
power input to the test equipment for proper wave form and fre- 
quency and to eliminate voltage surges. 

18-8 Use of Forms. If a testing and maintenance program is to 
provide optimum benefits, it will be found to be useful to record all 
testing data and maintenance actions on test circuit diagrams and 
forms which are complete and comprehensive. It is often useful to 
record both test data and maintenance information on the same 
form. A storage and filing system should be set up for these forms 
which will provide efficient and rapid retrieval of information re- 
garding previous testing and maintenance on a piece of equipment. 
A well-designed form will also serve as a guide or a checklist of in- 
spection requirements. Samples of typical forms which can be used 
are included in Appendix F. 

18-9 Insulation Testing. 
18-9.1 General .  
18-9.1.1 Insulation is the material between points of different 
potential in an electrical system which prevents the flow of electricity 
between those points. Insulation materials can be in the gaseous, liq- 
uid or solid form. A vacuum is also a commonly used insulation 
medium. The failure of the insulation system is the most common 
cause of problems in electrical equipment. This is true on both high 
voltage and low voltage systems. Insulation tests are tests which are 
used to determine the quality or condition of the insulation systems 
of electrical equipment. Both alternating current and direct current 
are used in insulation testing. 

18-9.1.2 Reasons for Insulat ion Failure.  Liquid and solid in- 
sulating materials with organic content are subject to natural 
deterioration due to aging. This natural deterioration is accelerated 
by excessive heat and moisture. Heat, moisture, and dirt are the 
principal causes of all insulation failures. Insulation can also fail due 
to chemical attack, mechanical damage, sunlight, and excessive 
voltage stresses. 

18-9.2 DC Testing: Components of Test  Current .  When a DC 
potential is applied across an insulation, the resultant current flow is 
composed of several components as follows: 

(a) Capacitance Charging Current. 
(b) Dielectric Absorption Current. 
(c) Surface Leakage Current. 
(d) Partial Discharge (Corona Current). 
(e) Volumetric Leakage Current. 
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The capacitance charging current and the dielectric absorption cur- 
rent decrease as the time of application of the voltage increases. The 
test readings of resistance or current should not be taken until these 
two currents have decreased to a low value and will not significantly af- 
fect the reading. The time lapse between the application of voltage 
and the taking of the reading should be reported as part of the test 
data. The surface leakage current is caused by conduction on the sur- 
face of the insulation between the points where the conductor merges  
from the insulation and points of ground potential. This current is not 
desired in the test results (except for As-Found tests) and can be 
eliminated by carefully cleaning the leakage paths described. Corona 
current occurs only at high values of test voltage. This current is 
caused by the overstressing of air at sharp comers or points on the con- 
dffctor. This current is not desired in the test results and can be 
eliminated by installing stress control shielding at such points during 
the test. Volumetric leakage current is the current which flows through 
the volume insulation itself. It is the current which is of primary m- 
terest in the evaluation of the condition of the insulation. 

18-9.2.1 Insulation Resistance Testing. 
(a) In an insulation resistance test an applied voltage, from 100 to 

5,000 volts, supplied from a source of constant potential, is applied 
across the insulation. The usual potential source is a megohmmeter, 
either hand or power operated, which indicates the insulation 
resistance directly on a scale calibrated in megohms. The quality of 
the insulation is evaluated based on the level of the insulation 
resistance. 

(b) The insulation resistance of many types of insulation is quite 
variable with temperature, so the data obtained should be corrected 
to the standard temperature for the class of equipment under test. 
Some published charts are available for this purpose. 

(c) The megohm value of insulation resistance obtained will be in- 
versely proportional to the volume of insulation being tested. As an 
example, a cable 1,000 ft (304.8 m) long would be expected to have 
one-tenth the insulation resistance of a cable 100 ft (30.48 m) long if 
all other conditions were identical. 

(d) The insulation resistance test is relatively easy to perform and 
is a useful test which is used on all types and classes of electrical 
equipment. Its main value lies in the charting of data from periodic 
tests, corrected for temperature, over the life of the equipment so 
that deteriorative trends might be detected. 

18-9.2.2 Dielectric Absorption. 
(a) In a dielectric absorption test a voltage supplied from a source 

of constant potential is applied across the insulation. The range of 
voltages used is much higher than the insulation resistance test and 
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can exceed 100,000 volts. The  potential source can be either a 
megohmmeter  as described in 18-9.2.1(a), or a high voltage power 
supply with an ammeter  indicating the current being drawn by the 
specimen under test. The  voltage is applied for an extended period of 
time, from 5 to 15 minutes, and periodic readings are taken of the in- 
sulation resistance or leakage current. 

(b) The  test data  is evaluated on the basis that  if an insulation is in 
good condition, its apparent  insulation resistance will increase as the 
test progresses. Unlike the insulation resistance test, the dielectric ad- 
sorption test results are independent of the volume and the 
temperature of the insulation under test. 

18-9.2.5 Polar izat ion Index.  The  Polarization Index is a special- 
ized application of the dielectric absorption test. The  index is the 
ratio of insulation resistance at two different times after voltage ap- 
plication, usually the insulation resistance at ten minutes to the in- 
sulation resistance at one minute. The  use of Polarization Index 
testing is usually confined to rotating machines, cables and 
transformers. A Polarization Index less than 1.0 indicates that the 
equipment needs maintenance before being placed in service. 
References are available for polarization indexes for various types of 
equipment.  

18-9.2.4 High Potential Testing. 
(a) A High Potential Test consists of applying voltage across an in- 

sulation at or above the DC e.c[uivalent of the 60 Hertz operating crest 
voltage. This test can be apphed either as a dielectric absorption test 
or a step-voltage test. 

1. When applied as a dielectric absorption test, the max imum 
voltage is applied gradually over a period of from sixty to ninety 
seconds. The  max imum voltage is then held for five minutes with 
leakage current readings being taken each minute. 

2. When applied as a step-voltage test, the max imum voltage is 
ap.plied in a number  of  ec[ual increments, usually not less than eight, 
with each voltage step being held for an equal interval of time. The  
time interval between steps should be long enough to allow the 
leakage current to reach stability, approximately one or two minutes. 
A leakage current reading is taken at the end of each interval before 
the voltage is raised to the next level. A linear increase in leakage 
current is expected and it should stabilize or decrease from the initial 
value at each step. A plot of test voltage versus leakage current or in- 
sulation resistance is drawn as the test progresses, A nonlinear in- 
crease in leakage current may indicate imminent failure and the test 
should be discontinued. After the max imum test voltage is reached, 
a dielectric absorption test may be performed at that voltage, usually 
for a five-minute period. 
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3. At the end of each test, turn the test equipment control to 
zero voltage and monitor the voltage. When the voltage is reduced to 
20 percent, or lower, of the maximum test voltage, ground the 
metallic components in accordance with test procedures or for at 
least 30 minutes. 

(b) Before equipment insulation is tested, it should be cleaned, in- 
spected, and repaired as found necessary to minimize leakage cur- 
rents. The same action should be taken for cable terminations. Surge 
arresters must be disconnected. 

When testing cables, all transformers, switches, fuse cutouts, 
switchgear, etc. should be disconnected wherever practicable. Thus, 
if significant leakage currents are encountered, it will be known that 
these currents are in the cable insulation and not in equipment con- 
nected thereto. Further, if such disconnection is impracucal, it may 
be necessary to limit the maximum test voltage to the level that such 
equ!pment can withstand without damage. 

High leakage currents in cables may be due to improper prepara- 
tion of their ends before the cable terminations were installed, 
thereby allowing high surface leakage across same. 

(c) The maximum permissible test voltages for acceptance tests 
performed on cables are listed in the Insulated Power Cable 
Engineers' Association (IPCEA) standards for rubber, thermoplastic, 
and varnished cloth insulations, and in the Association of Edison Il- 
luminating Companies (AEIC) standards for solid-type impregnated 
dPaper insulation. Ordinarily, routine maintenance tests are con- 

ucted with a maximum test voltage at or below 75 percent of the 
maximum test voltage permitted for acceptance testing. (See IEF-~ | 
Guide for Making H~gh-Direct-Voltage Tests on Power-Cable I Systems in the Field [P400].) 

(d) Care should be taken in choosing the appropriate test voltage 
for routine maintenance tests on cables which have been in service 
for longer periods. If the level selected is too low, marginal weak 
spots may not be revealed; if the level is too high, damage to the in- 
sulation may result. 

The  test voltage should be applied from phase-to-ground on each 
conductor with the other conductors, the shields, and metallic 
jackets also connected to ground. The DC to AC (RMS) test voltage 
ratios ordinarily used are as follows: 

CABLE INSULATION 
Rubber or Rubber-like, Ozone Resisting 
Rubber or Rubber-like, Other than Ozone Resisting 
Impregnated Paper, Solid Type 
Varnished Cloth 
Polyethylene 

RATIO 
5.0 to 1 
2.2 to 1 
2.4 to l 
2.0 to 1 
3.0 to I 
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(e) When the step-voltage type of test is used, the condition of the 
cable is evaluated on the basis of (1) the absolute values of insulation 
resistance, (2) the slope of the curve of voltage versus insulation 
resistance, and (3) whether or not a significant downward "knee" ap- 
pears in the curve at the higher levels of test voltage. 

18-9.$ AC Test ing.  
18-9.3.1 High Potent ia l  Test ing.  AC High Potential Tests are 
made at voltages above the normal system voltage for a short time, 
such as one minute. The  test  voltages to be used vary depending 
upon whether the device or circuit is low or high voltage, a primary 
or control circuit, and whether tested at the factory or in the field. 
Manufacturer 's instructions and the applicable standards should be 
consulted for the proper values. 

18-9.$.2 Insulation Power Factor Testing.  

(a) The  power factor of an insulation is the cosine of the angle be- 
tween the charging current vector and the impressed voltage vector 
when the insulation system is energized with an AC voltage. In other 
words, it is a measure of the energy component  of the charging cur- 
rent. The  term "Power Factor Testing" means any testing performed 
in order to determine the power factor of an insulation system. For 
low values of power factor, the dissipation factor can be assumed to 
be the same as power factor. Power factor testing is a useful tool in 
evaluating the quality of insulation in power, distribution and instru- 
ment  transformers, circuit breakers, rotating machines, cables, 
regulators, and insulating liquids. The  equipment to be tested 
should be isolated from the rest of the system, if practical, and all 
bushings or terminations should be cleaned and dried. The  test 
should be conducted when the relative humidity is below 70 percent 
and when the insulation system is at a temperature above 32°F 
(0°C). Data obtained at relative humidity above 70 percent must be 
interpreted to recognize the higher humidity. 

(b) The  test equipment used should be such that the power factor 
or dissipation factor may be read directly or such that the charging 
volt-amperes and the dielectric loses may be read separately so that 
a ratio might be computed. The  test equipment should also have suf- 
ficient electro-magnetic interference cancellation devices and /o r  
shielding to give meaningful test results even when used in an area of  
strong interference, such as an energized substation. The  test equip- 
ment  should be able to produce and maintain a sinusoidal wave 
shape while performing the test at 60 Hertz, and of sufficient capac- 
ity and voltage range to perform the test at a minimum voltage of 
2,500 volts or the operating voltage of the equipment under test, 
whichever is lower, but in no case less than 500 volts. 
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(c) On transformer tests, the power factor of (1) each winding 
with respect to ground and (2) each winding with respect to each 
other winding should be obtained. In addition, tests should be made 
of each bushing with a rated voltage above 600 volts, either using the 
power factor or capacitance tap if the bushing is so equipped or by 
use of a "Hot-Collar" test using a test electrode around the outside 
shell of the bushing. 

(d) On circuit breakers, the power factor of (1) each line-side and 
load-side bushing assembly complete with stationary contacts and in- 
terrupters, with the circuit breaker open, and (2) each pole of the cir- 
cuit breaker with the breaker closed should be obtained. In addition, 
tests should be made of each bushing as described above. Air 
magnetic circuit breakers should be tested both with and without arc 
chutes. 

(e) On AC rotating machines, the neutral connection on the stator 
should be removed and a test of each winding with respect to the 
other two windings and ground should be obtained. 

(f) For cables, the power factor of each conductor with respect to 
ground should be obtained and a hot-collar test should be made of 
each pothead or termination. Power factor testing of insulating oil 
should be performed in accordance with ASTM D924. 

(g) Evaluation of the data obtained should be based on (1) in- 
dustry standards for the particular type of equipment tested, (2) cor- 
relation of data obtained with test data from other similar units 
tested, and (3) comparison of data with previous test data on the 
same equipment (if available). 

18-10 Protective Device Testing. 

18-10.1 Fuses. There is no way to test the operation of fuses on a 
system since this type of device destroys itself while performing its 
protective function. The  only test that can be performed on a fuse in 
the field is a continuity test to determine whether or not the fuse has 
"blown." A partial operational test may be performed if desired by 
passing a current through the fuse equal to or slightly less than its 
rated current to assure that the fuse wdl carry rated current without 
operating. If t,hi,'s is done, care should be taken not to exceed the 
"damage curve of the fuse as published by the manufacturer. 

18-10.2 Low Voltage Circui t  Breakers, General .  Low voltage 
circuit breakers can generally be divided into two categories depend- 
ing upon the applicable industry design standards: 
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1. Molded Case Circuit Breakers. Designed, tested and 
evaluated in accordance with NEMA AB-1 and Underwriters 
Laboratories Inc. Standards for Safety, No. UL 489. 

2. Low Voltage Power Circuit Breakers. Designed, tested 
and evaluated in accordance with NEMA SG-3 and ANSI C37.13. 

18-10.2.1 Field Test ing in General .  The  procedures outlined in 
the above NEMA publication in Sections 2 and $ are intended for 
checking the condition and basic electrical operation of circuit" 
breakers, but they cannot be considered as calibration tests'or com- 
parisons to laboratory tests. Section 3 outlines factors to be con- 
sidered if laboratory accuracy is to be approached. If checking in- 
dicates maloperation, the circuit breaker should be removed and 
sent to the manufacturer for investigation and test. It is not advisable 
to attempt repairs in the field. If field testing under categories (2) 
and /or  (3) above is required, then it is recommended that a compe- 
tent field service team (either in-house or outside contractor) be 
employed and that instructions be followed as recommended by the 
above NEMA publication. 

18-10.2.2 Assistance. Where needed, manufacturers, electrical 
contractors and other competent service organizations will generally 
provide field-test services; some are equipped to perform field tests 
on any make unit. Such service will be found more practicable where 
accurate tests are required, and for all tests on circuit breakers of 
600-ampere capacity and above. This is in part due to the need for 
special heavy loading equipment, and also due to the difficulty of 
making suitable testing connections. 

18-10.2.3 FieM Test ing of Circui t  Breakers Employing Solid- 
State Trips .  Breakers employing solid-state trip units offer testing 
opportunities not readily available in other molded case or low 
voltage power breakers. Since solid-state trip units are designed to 
operate on low level currents obtained via the secondaries of current 
transformers mounted on the phase conductors, small compact test 
kits can be utilized in performing field tests with a high degree of ac- 
curacy. Since these breakers have unique design characteristics, the 
manufacturers should be consulted for available test kits and testing 
instructions. Attempted field repair of the soh'd-state trip units 
should be avoided. Any suspected malfunction should be referred to 
a competent service group. 
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18-10.2.4 Molded Case Circuit  Breaker  Testing. 

(a) Molded Case Circuit Breakers, General. Molded case circuit 
breakers are available in a wide variety of sizes, shapes and ratings. 
Voltage ratings -- by standard definitions -- are limited to 600 volts 
although special applications have been made to 1,000 volts. Current 
ratings are available from 10 through 4,000 amps. Molded case cir- 
cuit breakers can be categorized generally by the types of trip units 
employed as described in Section 10-5. Electrical testing should be 
performed in a manner and with the type of equipment required by 
the type of trip unit employed. 

(b) Testing Thermal Magnetic Circuit Breakers. The electrical 
testing of thermal magnetic circuit breakers can be divided into three 
steps: 

1. Overload of individual poles at 300 percent of trip rating. 

2. Verification Test Procedures. 

3. Verification of Manufacturer's Published Data. 

Complete and detailed instructions for testing molded case circuit 
breakers in accordance with the above steps are outlined in detail in 
the NEMA publication entitled: Procedures for Verifying Perfor- 
mance of Molded Case Circuit Breakers. Individual manufacturers 
also publish recommended testing procedures as well as time-current 
characteristic tripping curves. 

(c) Overload Testing Considerations. When testing circuit 
breaker tripping characteristics, it is recommended that the overcur- 
rent tests be performed on individual poles at 300 percent of rated 
current. The reaction of the circuit breaker to this overload is in- 
dicative of its reaction throughout its entire overcurrent tripping 
range. This load is chosen as the test point because it is relatively easy 
to generate the required current in the field and the wattage per pole 
from line to load is large enough, so the dissipation of heat in the 
nonactive pole spaces is minor and does not affect the test results ap- 
preciably. 

(d) Overcurrent Trip Data. Table 18-10.2.4(d) outlines the cur- 
rent and trip time values as recommended by NEMA. The 
minimum/maximum range of values in Table 18-10.2.4(d) was 
developed to encompass most brands. For more specific values, refer 
to the manufacturer's data for the circuit breaker being tested. 



Table 18-10.2.4(d) Values for Molded Case Circuit Breaker Overcurrent Trip Test 

(at 300 Percent of Rated Continuous Current of Breaker) 

Tr ipp ing  Time~ Seconds 

~fl~lnulm 
Continuous Mazimum 

V v ~ e ,  Current ,  Thermal  Masnet lc  Tr ipping Times for 
Amperes  B r a k e r s  Breakers Mszimum Cs-b-le Protectlon* 

(1) (2) (3) (4) (5) (6) 
240 15-45 3 . .  50 100 

240 50-100 5 . . 70 200 

600 15-45 5 5 80 100 

600 50-1 O0 5 5 150 200 

240 110-225 10 5 200 300 

600 110-225 10 ..  200 300 

600 250--450 25 . .  250 300 

600 500-600 25 10 250 350 

600 700-1200 25 10 450 600 

600 1400-2500 25 10 600 750 

~Phae  values axe based on heat ~ c o a d u c ~  by e n t  breaker ~ u ~  o~ conductors in cmlduit. 
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(e) Evaluation of Results. 
1. Minimum Trip Times (Col. 3 and 4). Values shown in Table 

18-10.2.4(d) should not be considered significant in field testing 
unless nuisance tripping has been experienced. The  values shown are 
provided as a guideline only. If minimum tripping times are lower 
than those shown in Table 18-10.2.4(d), the breaker should be 
retested after being deenergized and cooled for the required time. 

2. Maximum Trip Times (Col. 5). Under normal test condi- 
tions, the circuit breaker will trip in less than the maximum values 
shown in Table 18-10.2.4(d), Column 5. Under improper test condi- 
tions the maximum values may exceed those given in Table 
18-10.2.4(d). 

3. Maximum Tripping Times for Cable Protection (Col. 6). If 
the test value exceeds the maximum tripping time shown in Col. 5 
but falls below the maximum tripping umes for cable damage, the 
circuit breaker is providing an acceptable level of protection. Coor- 
dination with other protective devices should be considered before 
replacing a circuit breaker which trips beyond the time-current 
curve. 

(f) Testing Instantaneous-Only Circuit Breakers. The testing of 
instantaneous-only circuit breakers requires the use of elaborate con- 
stant rate of rise test equipment coupled with accurate current 
monitoring instrumentation -- preferably digital read-out -- for ac- 
curate confirmation of manufacturers' test results. Unless this type of 
equipment is available, it is recommended that these breakers be re- 
ferred to the manufacturer, electrical contractor or other competent 
service organization when calibration is required. 

18-I0.2.5 Molded Case Circuit  Breaker  Testing. 

(a) Overcurrent Trip Device Testing. Most low voltage power 
circuit breakers are equipped with overcurrent trip devices which 
sense overload of fault currents and trip the breaker. These devices 
can be either electromechanical or solid-state and will usually have 
two or more of the following types of elements: 

1. Long Time Delay Element. This element is designed to 
operate on overloads between its pickup setting and the pickup of a 
short time delay or an instantaneous element. The electromechanical 
long time delay pickup adjustment is generally within the range of 80 
to 160 percent of the trip device rating. Settings higher than an elec- 
tromechanical trip device aml~ere rating do not increase the con- 
tinuous current rating of the trip device and in no event is the rating 
increased beyond the breaker frame size. The operating time of this 
element ranges from seconds to minutes. 



70B- 132 WL.~'TmCAL V..~.un'MF.~'T M,,m~V..N,,mcz 

2. Short Time Delay Element. This element has a time delay 
measured in cycles and is used to protect agaimt moderate fault cur- 
rents and short circuits. This element usually may be adjusted to pick 
up within the range of 250 percent to 1,000 percent of the trip device 
rating. 

$. Instantaneous Element. This element has no intentional time 
delay and is used to protect against heavy fault currents and short 
circuits. The  pickup settings for this type of  element usually range 
from 500 percent to 1,500 percent of the trip device rating. 

4. Ground-Fault Element. This element is available only on 
soild-state devices and is used to protect against ground fault cur- 
rents at levels below those which would be sensed otherwise. 

(b) The  testin[g of electromechanical trip devices or solid-state 
devices by the primary injection method requires the use of a high 
current test set capable of producing sufficient current at low voltage 
to operate each of the elements of the trip device. This test must have 
means of adjusting the amount of current applied to the trip device 
and a cycle and second timer to measure the amount of time to trip 
the breaker at each current setting. At least one test should be made 
in the range of each element of the trip device. The long time delay 
element should ordinarily be tested at approximately 300 percent of 
its setting. The short time delay element should be tested at 150 per- 
cent to 200 percent of its setting. The  instantaneous element should 
be tested at 90 percent and 110 percent of its setting, to assure that it 
does not operate at too low a current level, yet will operate at the 
proper level. For the test of the instantaneous element the applied 
current must be symmetrical without an asymmetrical offset, or ran- 
dom errors will be introduced. As-Found and As-Left tests should 
always be performed if any need of adjustments is found. 

18-I0.$ Protective Relays. 

18-I0.$.1 General .  

(a) (See caution, 6-8. 7.1.) Protective relays are used in conjunc- 
tion with medium voltage circuit breakers (above 600 volts) to sense 
an abnormality and cause the trouble to be isolated with minimum 
disturbance to the electrical system and with the least damage to the 
equipment at fault. They have the accuracy and sophistication 
demanded by the protective requirements of the primary feeder cir- 
cuits and larger electrical equipment. Protective relays designed to 
be responsive to an abnormal excursion in current, voltage, fre- 
quency, phase-angle, direction of current or power flow, etc., and 
with varying operation characteristics are commercially available. 
Each relay application requires custom engineering to satisfy the 
parameters of t t s  particular intended function in the system. 
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(b) The more common protective relay is of the electromechanical 
type. That  is, some mechanical element such as an induction-disk, 
an induction cylinder or magnetic plunger is caused to move in 
response to an abnormal change in a parameter of the electrical 
system. The  movement can cause a contact in the control circuit to 
operate, tripping the related circuit breaker. Protective relays should 
be acceptance tested prior to being placed in service, and periodi- 
cally thereafter to ensure reliable performance. In a normal in- 
dustrial application, periodic testing should be done at least every 
two years. 

(c) the various facets involved in testing protective relays can be 
listed as follows: 

1. The  technician must understand the construction, operation 
and testing of the particular relay. 

2. The  manufacturer's instruction bulletin, as identified on the 
nameplate of the relay, should he available. 

3. The technician should be given the settings to be applied to 
each par t icular  relay, and the test points. This data is often fur- 
n ishedon a time-current curve of the coordination study displaying 
the characteristic of the relay. 

4. A test instrument, suitable to accurately accommodate the 
various acceptance and periodic maintenance tests described in the 
manufacturer's instruction manual, should be available. 

5. Most protective relays can be isolated for testing while the 
electrical system is in normal operation. However, an operation of 
the breaker is required to ascertain that the operation of the relay 
contacts will trigger the intended reaction, such as to trip the 
associated circuit breaker. 

18-10.$.2 Testing Procedure.  

(a) Inspection. If  required or desirable, each relay should be re- 
moved from its case for a thorough inspection and cleaning. If the 
circuit is in service, remove one relay at a time so as not to totally 
disable the protection. The areas of inspection are detailed in the 
manufacturer's instruction manual. These generally, consist of in- 
spection for loose screws, friction in moving parts, iron filings be- 
tween the induction disk and permanent magnet and any evidence of 
distress with the relay. The fine silver contacts should be cleaned only 
with a burnishing tool. 

(b) Settings. Apply prescribed settings or ascertain that they 
have been applied to the relay. 
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(C) t~'ckup Test. In the case of a time-overcurrent relay, its con- 
tacts should eventually creep to a closed position with a magnitude of 
current introduced in its induction coil equal to the tap setting. The  
pickup is adjusted by means of the restraining spiral spring adjusting 
ring. A pickup test on a voltage relay is made in much the same man- 
ner. 

(d) Timing Test. In the case of a time-overcurrent relay, one or 
more timing tests are made at anywhere from two to ten times tap 
setting to verify the time-current characteristic of the relay. One tim- 
ing point should be specified in the prescribed settings. Tests should 
be made with the relay in its panel and case, and the time test run at 
the calibration setting. 

For example, in the case of one particular overcurrent relay having 
a 5 ampere tap setting, the timing test could be specified as "25 
amperes at 0.4 seconds." It  could be seen from the family of curves in 
the manufacturer 's  instruction manual  for that relay that the test 
should result in a t ime dial setting of approximately 1.6. 

A timing test should be made on most types of relays. 
(e) Instantaneous Test. Some protective relays are instantaneous 

in operation, or may have a separate instantaneous element. In this 
context, the term instantaneous means "having no intentional time 
delay." I f  used, the specified pickup on the instantaneous element 
should be set by test. Again referring to the relay used in the example 
above, at two times pickup its instantaneous element should have an 
operating time of between 0.016 and 0.030 seconds. 

(f) Test of Target and Seal-In Unit. Most types of protective 
relays have a combination target and seal-in unit. The target in- 
dicates that the relay has operated. The seal-in unit is adjustable to 
pickup at either 0.2 or 2.0 amperes. The setting for the seal-in unit 
must be specified with the relay settings. 

It should be verified by test that the contacts will seal in (hold in 
closed position) with the minimum specified DC current applied in 
the seal-in unit. 

(g) Test of Tripping Circuit. A test should be made, preferably 
at time of testing the relays, to verify that operation of the relay con- 
tacts will cause the breaker to trip. 

18-11 T r a n s f o r m e r  T u r n s  Rat io  and  Polar i ty  Tests. 

18-11.1 The turns ratio test is used to determine the number  of 
turns in one winding of a transformer in relation to the number  of 
turns in the other windings of the same phase of the transformer. 
The  polarity test determines the vectoral relationships of the various 
transformer windings. The turns ratio test is used as both an accep- 
tance and a maintenance test, while the polarity test is primarily an 
acceptance test. 
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18-11.2 The tests are applicable to all power, distribution, and in- 
strument transformers. The  test equipment used will ordinarily be a 
turns ratio test set, designed for the purpose, although if not 
available two voltmeters or two ammeters (for current transformers 
only) may be used. If  the two meter  method is used, the instruments 
should be at least of  the 0.25 percent full-scale accuracy type. 

18-11.3 When a turns ratio test is performed, the ratio should be 
determined for all no-load taps. I f  the transformer is equipped with a 
load tap changer, the ratio should be determined for each LTC posi- 
tion. I f  the transformer has both an LTC and a no-load tap changer, 
then the ratio should be determined for each position of the LTC to 
one position of the no-load tap changer and vice-versa. 

This test is useful in determining whether a transformer has any 
shorted turns or improper connections and, on acceptance testing, to 
verify nameplate information. 

18-12 Contact  Resistance Testing.  This test is used to test the 
uality of the contacts on switches and circuit breakers. A test set de- 
gned for this purpose is available with direct scale calibration in 

microhms, capable of reading contact resistances of 10 microhms or 
less. An alternate method is to pass a known level of DC current 
through the contact structure a n d  to measure the DC millivolt drop 
across the contacts. The  data obtained may then be converted to 
resistance by applying Ohm's  Law. When millivolt drop data is used 
directly to describe contact resistance, it is normally stated in terms 
of the continuous current rating of the device. Milliv01t drop data 
obtained at currents lower than rated continuous current rating may 
be converted to the continuous current rating basis by multiplying 
the actual millivolt readings by the ratio of the continuous rated cur- 
rent to the actual test current. The  alternate method requires a 
source of at least 100 amperes with a millivolt meter  of approxi- 
mately 0-20 millivolt range. 

The  contact resistance should be kept as low as possible to reduce 
power losses at the contacts with the resultant localized heating, 
which will shorten the life of both the contacts and nearby insulation. 

18-13 Equipment  Ground  Impedance  Testing.  
18-15.1 Instruments are available which can help to determine if 
the grounding path is continuous and has sufficiently low im- 
pedance. One type of instrument is designed to indicate the total im- 
pedance of the ground current loop, including the phase conductor, 
windings of the supply transformer or source generator, and the path 
to ground. Another type of instrument is designed to indicate the im- 
pedance of the grounding path  only, up to the point where the 
grounding conductor and the grounded conductor are joined. 



70B- 136 ELECTRICAL EQUIPMENT MAINTENANCE 

18-13.2 When using these instruments, one should remember that 
although a high impedance value is an indication of a problem, for 
example a loose connection or excessive conductor length, a low im- 
pedance readout does not necessarily indicate the adequacy of the 
grounding path. A grounding path that is found to have a low im- 
pedance by the use of relatively low test currents may not have suffi- 
cient capacity to handle large ground faults. Visual examinations 
and actual checking for tightness of connections are still needed to 
determine the adequacy of the grounding path. 

18-13.3 Impedance tests can be performed reliably on circuits of 
nonmetallic-sheathed cables and flexible cords used in wood-frame 
buildings. However, the instruments do not reveal accidental shorts 
between the grounded and the grounding conductor, or the existence 
of other parallel paths for ground currents. 

18-13.4 Ground loop or grounding conductor impedance cannot 
be measured reliably in situations where metallic conduits are used 
or where metallic boxes or equipment are attached to metal building 
frames or interconnected structures. Such situations create parallel 
paths for test currents which make it impossible to measure the im- 
pedance of the grounding conductor, or even to detect an open or 
missing grounding conductor. Also, the impedance of steel raceway 
varies somewhat unpredictably with the amount of current flowing 
through it. The  relatively small test currents used during testing usu- 
ally produce a higher impedance than actually encountered by fault 
currents. However, this tends to render the tests conservative and the 
impedance values may still be acceptable. 

18-13.5 As in the use of all test instruments, these devices should be 
used in strict compliance with the manufacturer's instructions and 
recommendations. Failure to do so can result in injury to personnel 
making the tests as well as producing meaningless data. 

18-14 Grounding  Electrode Resistance Testing. Grounding elec- 
trode resistance testing is used to determine the effectiveness and in- 
tegrity of the grounding system. An adequate grounding system is 
necessary to (1) provide a discharge path for lightning, (2) prevent 
induced voltages caused by surges on power lines from damaging 
equipment connected to the power line, and (3) maintain a reference 
point of potential for instrumentation safety. Periodic testing is nec- 
essary because variations in soil resistivity are caused by changes of 
soil temperature, soil moisture, conductive salts in the soil, and cor- 
rosion of the ground connectors. The  test set used will ordinarily be a 
ground resistance test set, designed for the purpose, using the princi- 
ple of the fall of potential of AC circulated current from a test spot to 
the ground connection under test. This instrument is direct reading 
and calibrated in ohms of ground resistance. 
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18-15 Circui t  Breaker  T i m e - T r a v e l  Analysis 
18-15.1 This test, used on medium and high voltage circuit 
breakers, provides information as to whether the operating 
mechanism of the circuit breaker is operating properly. It  presents in 
graphical form the position of the breaker contacts versus time. From 
this test can be determined the opening and closing speeds of the 
breaker, the interval time for closing and tripping and the contact 
bounce. The test provides information which can be used to detect 
problems such as weak accelerating springs, defective shock ab- 
sorbers, dashpots, buffers, and closing mechanisms. 

18-15.2 The test is performed by a mechanical device which is at- 
tached to the breaker. There are several types of devices available to 
perform this function. With one device, a rotating drum, with chart 
attached, is temporarily connected to the chassis or tank of the 
breaker. A movable rod with marking device attached is installed on 
the lift rod portion of the breaker. As the breaker is opened or closed, 
the marking device indicates the amount of contact travel on the 
chart as the drum rotates at a known speed. With another available 
device, a transducer is attached to the movable rod and the breaker 
operation is recorded on an oscillograph. 

18-16 In f r a r ed  Inspection.  
18-16.1 General .  The term "Infrared Inspection" as used in this 
recommended practice refers to a procedure of deriving approximate 
temperature measurements of electrical equipment or materials 
while they are in service and energized, by remote sensors of infrared 
radiation. 

Infrared inspections of electrical systems are beneficial to reduce 
the number  of costly and catastrophic equipment failures and 
unscheduled plant shutdowns. Such infrared inspections performed 
by qualified and trained personnel have uncovered a multitude of 
potentially dangerous situations. Proper diagnosis and remedial ac- 
tion of these situations have also helped to prevent numerous major 
losses. 

The instruments most suitable for infrared inspections are of the 
type that use a scanning technique to produce an image of the equip- 
ment  being inspected. These devices display a picture where the "hot 
spots" appear  as bright or brighter spots. 

Infrared surveys can be accomplished by either in-house teams or 
by the services of a qualified outside contractor. The economics and 
effectiveness of the two alternatives should be carefully weighed. 
Many organizations are finding it preferable to obtain these surveys 
from qualified outside contractors. Because of more extensive ex- 
perience, their findings and recommendations are likely to be more 
accurate, practical and economical than those of a part-t ime in- 
house team. 
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Infrared surveys of electrical systems should not be viewed as a 
replacement for visual inspections. Visual inspections or checks are 
still required on lightly loaded circuits or on circuits not energized or 
carrying no current at the time of the infrared survey (e.g., neutral 
connections). 

18-16.2 Advantages of In f ra red  Inspections. Infrared inspections 
are advantageous to use in situations where electrical equipment can- 
not be deenergized and taken out of service or where plant produc- 
tion is affected. They can reduce typical visual examinations and 
tedious manual inspections and are especially effective in long-range 
detection situations. 

Infrared detection may be accurate, reliable, and expedient to use 
in a variety of electrical installations. More importantly, it may be 
relatively inexpensive to use considering the savings often realized by 
preventing equipment damage and business interruptions. 

Infrared inspections are considered a useful tool to evaluate 
previous repair work and proof test new electrical installations and 
new equipment still under warranty. 

Regularly scheduled infrared inspections will often require the 
readjustment of electrical maintenance priorities as well as detect 
trends in equipment performance that require periodic observation. 

18-16.5 Disadvantages. There are some disadvantages to in- 
dividual ownership of certain types of equipment. Scanning-type 
thermal imaging devices can be costly to purchase outright. Training 
is necessary for persons who operate scanning-type thermal imaging 
instruments. 

Infrared inspections require special measures and analysis. Equip- 
ment enclosed for safety or reliability may be difficult to scan or to 
detect radiation from within. Special precautions including the 
removal of access panels may be necessary for satisfactory 
measurements. Weather may be a factor in the conduct of a survey of 
electrical systems located outdoors, e.g., overhead electric open lines 
and substations. Rain may produce abnormal cooling of defective 
conductors and components, and the reflection of sun rays from 
bright surfaces may be misread as hot spots. For this reason, infrared 
work on outdoor equipment may have to be performed at night. 
This, in turn, presents a problem because electrical loads are usually 
lower at night and, consequently, the faulty connections and equip- 
ment may not overheat enough to enable detection. 

The handling of liquid nitrogen, argon and other liquified gases 
with their inherent hazards is a disadvantage of some infrared testing 
equipment. 
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18-16,4 Desirable Operat ional  Features. The equipment display 
should be large and provide good resolution of hot spots. The equip- 
ment should provide color or black and white photographs to iden- 
tify the exact location of the "hot spot." The unit should be portable, 
easy to adjust, and approved for use in the atmosphere in which it is 
to be used. It should also have a cone of vision that will give enough 
detail to accurately identify the "hot spot." 

The unit should be so designed that the operator knows the degree 
of accuracy in the display. There should be easily operated checks to 
verify the accuracy of the display. 

18-16.5 Inspection Frequency and Procedures.  Routine infrared 
inspections of electrical systems should be performed annually. 
Where warranted by loss experience, installation of new electrical 
equipment, environmental, operational, or load change conditions, 
more frequent infrared inspections, e.g., quarterly or semiannually, 
should be performed. 

All critical electrical equipment as determined by Section 4-3, 
Identification of Critical Equipment, should be included in the in- 
frared inspection. 

Infrared surveys should be performed during periods of maximum 
possible loading but not less than 40 percent of rated load of the elec- 
trical equipment being inspected. 

Infrared surveys should be documented as outlined in 4-5.2, 
Forms, and Section 18-8, Use of Forms. The electrical supervisor 
should be immediately notified of critical, impending faults so that 
corrective action can be taken before a failure occurs. Priorities 
should be established to correct other deficiencies. 

18-17 Fault-Gas Analysis, The analysis of the percentage of com- 
bustible gases present in the nitrogen cap of sealed, pressurized oil- 
filled transformers can provide information as to the likelihood of in- 
cipient faults in the transformer. When arcing or excessive heating 
occurs below the top surface of the oil, some oil decomposes. Some of 
the products of the decomposition are combustible gases which rise 
to the top of the oil and mix with the nitrogen above the oil. 

The test set for this test is designed for the purpose. A small sample 
of nitrogen is removed from the transformer and analyzed. The set 
has a direct reading scale calibrated in percent of combustible gas. 
Ordinarily, the nitrogen cap in a transformer will have less than one- 
half percent combustible content. As a problem develops over a 
period of time the combustible content can rise to ten or fifteen per- 
cent. 
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A suggested evaluation of the t e s t  resu]ts is as follows: 

PERCENTAGE OF 
COMBUSTIBLE GAS EVALUATION 
0.0 to 1.0 No reason for concern. Make tests 

at regularly scheduled intervals. 
1.0 to 2.0 Indication of contamination or 

slight incipient fault. Make more 
frequent readinp and watch trend. 

2.0 to 5.0 Begin more fl~quent readings im- 
medlatel T. Prepare to inv~tlgate 
cause by internal inspection. 

Over 5.0 Remove transformer from service 
and make internal inspection. 

18-18 I m u l a ~ a g  Liquid  Analysis. Regular tests, on asemiannual 
basis, should be made on insulating oils and askarels. Samples should 
be taken from the equipment in accordance with ASTM Method 
D928-70. The  maintenance tests mint commonly performed on used 
insulating liquids, together with the appropriate ASTM test 
methods, are shown in Table 18-18. Also included in this table are 
suggested limits to be used to determine whether the li~Inid is in need 
of reconditioning or reclamation. For comparison, typlcal test values 
for new oil are also included in the table. 

18-19 Rotat ing Machine Testing. 
18-19.1 Insulat ion Resistance Testing. 
18-19.1.1 This testingprocedure applies to armature and rotating 
or stationary field windings. A hand crank, rectifier or battery- 
operated instrument is suitable for testing equipment rated to 600 
volts. For equipment rated over 600 volts, a 1000-volt or 2500-volt 
motor driven or rectifier-operated instrument is recommended for 
optimum test results. Operating machines should be tested immedi- 
ately following shutdown when the windings are hot and dry. On 
large machines the temperature should be recorded and convened to 
a base temperature in accordance with IEEE 43 to provide continuity 
for comparative purposes. Always disconnect all voltage sources, 
lightning arrestors, and capacitors or other potential low insulation 
sources before making insulation measurements. Lead-in cables or 
busses and line side of circuit breakers or starters can be tested as a 
part of the circuit provided a satisfactory reading is obtained. If the 
insulation resistance is below the established minimum, the circuit 
components should be tested separately until the low insulation 
reading is located. Insulation resistance history based on tests con- 
duct ed on new motors or after rewind, cleaning or from recorded 
data  made under uniform conditions form a very useful basis for in- 
terpretation of a machine winding condition. When comparing 
records of periodic tests any persistent downward trend is an indica- 
tion of  insulation trouble even though the values may be higher than 
the recommended minimum safe values listed below. 



Table 18-18 Summary of Maintenance Tests for Insulating Liquids 

Test For: ASTM Method of Test Test Limits for Mslnteaaace Typical New Liquid Valve 

Acidity, Approximate 

Color, ASTM 

Dielectric Breakdown 
Voltage 

Examination, Visual, 
Field 

Inter facial Tension 
(Oil Only) 

Neutralization Numbe~ D974-54 (1968) or 
D664--58 

Power Factor D924--65 (1969) 

D1534-64 or D1902-64 

D1500-64 (1968) 
(Petroleum Oils) 
(Use also for maintenance testing 

of Askar~) 

D877-67 (Disk Electrodes) or 
D1816-67 (VDE Electrodes) 

D1524-69 (Petroleum Oils) 
or D1702--65 (Askarels) 

Same as Neutralizatim~ Number 

4.0 Max. (Oil) 
2.0 Max. (Askarel) 

22 kV Min. (Oil) 
25 kV Min. (As~rel) 

Cloudy, dirty, or visible water 

D971-50 (1968) (R~ Method) 18 ~/a~o,. ~. 
or D2285-68 (Drop Weight) 

0.4o Max. (Oil) 
*(Aslmrel) 

1.8% Max. (Oil) 
.5-2.0% (A~,rea) 

]~..]ow 

1.0 Max. (oam and .4admrel) 

30kV ) 

Clear 

35 DyneslC~. Min. 

0.04 Ma~ (O~) 
0.014 Ma~ (A.kard) 

0.1% Ma~ (25°0) (Oe) 
.2-.S% Max. (2Soc) A d u ~  

*Replace for any value greater than 0.014 
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18-19.1.2 Insulation resistance readings taken for purposes of cor- 
relation should be made at the end of a definite interval following the 
application of a definite test voltage. For purposes of standardiza- 
tion, 60 seconds application is recommended where short time sin~!e 
readings are to be made on windings and where comparisons wath 
earlier and later data are to be made.  Recommended minimum ac- 
ceptable insulation values without further investigation are as 
follows: 

AC and DC motors 
250 volts and less 
AC and DC motors 
1000 volts or less 
AC and DC motors 
over 1000 volts 

500,000 ohms 

1 megohm 

1 megohm per 
1000 volts 

18-19.2 Dielectric Absorption Testing.  A more complete and 
preferred test applies the voltage for ten minutes or more to develop 
the dielectric absorption characteristic. The curve obtained by plot- 
ting insulation resistance against time gives a good indication of 
moist or dirty windings. A steady rising curve is indicative of a clean, 
dry winding. A quick flattening curve is the result of leakage current 
through or over the surface of the winding, and is indicative of a moist 
or dirty winding. If  facilities are not available for a ten-minute test, 
readings may be taken at 30 and 60 seconds. The  ratio of the 60 to 30 
second or the 10 to 1 minute ratio will serve as an indication of the 
windin.g condition. The following table should serve as a guide in in- 
terpreting these ratios. 

C O N D I T I O N  60:30 SECOND R A T I O  10:1 MINUTE RATIO 
Dangerous -- Less t han  1 
Poor Less than  1.1 Less than  1.5 
Questionable 1.1 to 1.25 1.5 to 2 
Fair  1.25 to 1.4 2 to 3 
Good 1.4 to 1.6 3 to 4 
Excellent Above 1.6 Above 4 

18-19.3 Over-potential Testing. 
18-19.$.1 Overvohage tests are performed during normal mainte- 
nance operations or after servicing or repair of important  machines. 
Such tests, made  on all or parts of the circuit to ground ensure that 
the insulation level is sufficiently high for continued safe operation. 
Both AC and DC test equipment are available. There  is no con- 
clusive evidence that one method is preferred over the other. 
However, where equipment using several insulating materials is 
tested, AC stresses the insulation more nearly to actual operating 
conditions than DC. Also, more comparable data have been ac- 
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cumulated since AC testing has had a head start. However, the use of 
DC has several advantages and is rapidly gaining favor with in- 
creased usage. The  test equipment is much smaller, lighter in weight 
and lower in price. There is far less possibility of damage to equip- 
ment  under test and DC tests will give more information than is ob- 
tainable with AC testing. 

18-19.$.2 The test overvohages which should be applied will de- 
pend on the type of machine involved and level of reliability required 
from the machines. However, it should be of sufficient magnitude to 
search out weaknesses in the insulation which might cause failure. 
Standard over-potential test voltage when new is twice rated voltage 
plus 1000 volts AC. On older or repaired apparatus, tests are reduced 
to approximately 50 to 60 percent of the factory (new) test voltage. 
(See I ~  No. 4.) For DC tests the AC test voltage is multiplied by a 
factor (1.7) to represent the ratio between the direct test voltage and 
alternating rms voltage. (See IEEE No. 95.) 

18-19.$.$ A high-potential test made to determine the condition of 
the insulation up to a predetermined voltage level is difficult to inter- 
pret. It is common practice to compare known good results against 
test specimens to determine what is acceptable or fails the test. For a 
DC. high-I~otential test the shape of the leakage current plotted 
against voltage rise is an additional used criteria. 

As long as the knee of the curve (which indicates impending 
breakdown; point C below) does not occur below the max imum re- 
quired test voltage, and as long as the shape of the curve is not too 
steep compared with that of  similar equipment or prior test of  the 
same equipment,  the results may be considered satisfactory. It  
should be recognized that if the windings are clean and dry, over- 
voltage tests will not detect any defects which are in the end turns or 
in lead-in wire located away from the stator iron. 

18-19.4 Other  Insula t ion Tests. There  are several other types of 
insulation tests, depending on the need and desired results. These are 
listed below; however, these more complex tests are not employed 
unless apparatus performance indicates these tests must be made and 
experienced testers are available with the test equipment.  

Turn  to Turn  Insulation 
Slot Discharge and Corona 
Winding Impedance Test 
Power Factor Value 
Stator Core Flux Test 
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Chapter 19 Maintenance o£ Electrical Equipment 
Subject to Long Intervals Between Shutdowns 

19-1 General .  
19-1.1 Due to the more extensive and costly damage possible from 
electrical failures in continuous process operations, plus the longer 
intervals between shutdowns, more thorough and comprehensive 
maintenance procedures are recommended. The need for and fre- 
quency of inspection and maintenance is determined by the effect on 
safety, plant operation and severity of service. 

The primary effects of electrical failure or malfunction are those 
directly associated with the failure, and usually involve the damage 
to electrical equipment. The secondary effects are those associated 
with the process and/or  product. Damages resulting from secondary 
effects can be much more extensive and in some cases catastrophic. 

19-1.2 In addition to more intensive maintenance procedures, this 
chapter will cover system design considerations in so far as they relate 
to safety and maintain ability as well as first and future costs. 

19-2 Electrical Distribution. 
19-2-1 General  Aspects o£ Mainta in ing Medium- and Low- 
Voltage Systems. 
19-2,1,1 Unless an electrical distribution system is adequately 
engineered, designed, and constructed, it will not provide reliable 
service no matter how good the maintenance program. Therefore, 
the following requirements are much more essential for electrical 
distribution systems which supply production equipment that must 
operate for long periods between shutdowns: 

(a) Careful planning in the engineering and design stages to per- 
mit maintenance work without load interruptions. Alternate elec- 
trical equipment and circuits should be provided to permit routine or 
emergency maintenance on one while the other supplies the load that 
cannot be shut down. For instance, automatic or manual transfer 
equipment will permit the load to be switched, with minimal inter- 
ruption, from a source of circuit that fails to one that is operating. 

(b) High quality equipment that has sufficient capacity and fea- 
tures that permit reasonable inspection of the energized parts while 
in operation without hazard to an inspector using proper precau- 
tions. Viewing windows or expanded metal guards inside hinged 
doors provide a safe means for inspecting energized components in- 
side enclosures. Complete barriers between adjacent switch and 
breaker sections, etc. will permit personnel to work safely inside a de- 
energized compartment while adjacent ones are energized. 
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Close inspection of the equipment before shipment is the best way 
to certify compliance with specifications. 

(c) Strict adherence to construction specifications complete with 
detailed drawings and installation procedures. 

(d) Close scrutiny during all phases of construction. This is essen- 
tial to ensure adequate quality workmanship and that cables, in- 
sulating materials, and other components are not damaged by poor 
practices. 

(e) Acceptance testing (in accordance with applicable recognized 
standards) including functional testing and inspection. These are 
valuable to detect equipment that is defective, badly damaged, or in- 
stalled in an inferior manner. In addition, reinspection and retesting 
within one or two years after energization may reveal conditions 
which can lead to in-service failures. 

19-2.1.2 After these prerequisites are satisfied, an adequate EPM 
program will help to keep the system in good condition and provide 
the necessary reliability over a long period. 

19-2.1.3 Maintenance, inspection, and test methods for equipment 
that must operate for long periods are essentially the same as for 
equipment that may be shut down frequently. However, the required 
work must be performed with more care and diligence to obtain the 
desired reliability for service to loads that must operate continuously 
for months or years. 

19-2.1.4 The following is necessary to effect an adequate EPM pro- 
gram for reliable long-term operation of an electrical power system: 

(a) Good knowledge of the entire power system by all associated 
personnel. Posted or readily available diagrams, procedures, and 
precautions are highly beneficial aids in keeping personnel knowl- 
edge up to date. 

(b) General understanding of the loads served and their electrical 
quality and continuity of service requirements. 

(c) Length of time between scheduled maintenance shutdowns for 
utilization equipment, process changes, etc., that will influence the 
length of intervals between electrical power system maintenance 
shutdowns. 

(d) A complete list of all the electrical system equipment 
associated with a given process or manufacturing system to assure 
that all of it is maintained during one shutdown instead of doing it 
piecemeal which would require additional shutdowns. 

(e) The amount of time during the utilization equipment shut- 
down when the electrical power system can be deenergized for EPM. 
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(f) Knowledge of electrical power system components, including 
operating and maintenance data. This information is often included 
in the manufacturers' maintenance instructions. 

(g) Knowledge of ambient conditions, such as heat, moisture, and 
vibration, that may affect the equipment. 

(h) Ability to recognize abnormal conditions and early evidence of 
potential problems, such as overheating and surface tracking on in- 
sulating materials that can cause failure if not corrected in sufficient 
time. 

(i) Standardized maintenance procedures shown in other portions 
of the text modified by the above information and knowledge gained 
through experience. " 

(j) Knowledge of services available from local, area, and national 
electrical 'maintenance contractors that have specialized test equip- 
ment and highly qualified personnel who routinely perform this 
work. Some of the items that fall into this category are: relay calibra- 
tion and testing; circuit breaker overcurrent trip device calibration 
and testing.; high potential testing; power factor testing; insulating 
liquid testmg and reconditioning; switchgear maintenance and 
testing; and maintenance and testmg of solid state devices. 

Unless the amount of specialized work is sufficient to keep plant 
electrical maintenance personnel adept in the performance of such 
work, the use of specialized electrical maintenance contractors 
should be considered. However, plant maintenance supervision must 
have sufficient electrical knowledge to decide with the contractor on 
the required work to be done and to closely follow his performance to 
assure full compliance. Merely telling a contractor to maintain 
and/or  test the equipment usually creates a false sense of security 
that can be shattered by a serious failure caused by inadequate or in- 
correct maintenance procedures. The result is often the same when 
plant supervision does not sufficiently instruct plant maintenance 
personnel. 

19-2.1.5 When a piece of equipment or component fails, merely 
making repairs or replacement is not sufficient. A complete analysis 
should be made to determine the cause and formulate corrective ac- 
tion to prevent recurrence in the same and similar equipment. 

Following is a list of equipment for which maintenance, inspec- 
tion, and testing guide tables are located in the appendices. The 
material contained therein is of a general nature and may have to be 
revised to conform more closely with the equipment being main- 
tained to assure the coverage necessary for the required reliability. 
Experience has indicated that the frequencies of maintenance, etc. 
shown in the tables is sufficient for most installations. They might 
have to be tailored to suit installations where the ambient conditions 
are more or less severe. 
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(a) Medlum-Voltage F.~luipment (Over 1,000 V). 
1. Cables, Terminations, and Connections. 
2. Liquid-filled Transformers. 
3. Dry-type Transformers. 
4. Metal-clad Switchgear. 
5. Circuit Breakers. 
6. Metal-enclosed Switches. 
7. Bus Ducts. 
8. Protective Relays. 
9. Automatic Transfer Control Equipment. 
10. Fuses. 
11. Lightning Arrestors. 

(b) Medium- and Low-Voltage Equipment. 
1. Overhead Lines. 

(c) Low-Voltage Equipment  (Below 1,000 V). 
1. Cables and Connections. 
2. Dry-type Transformers. 
3. Switchgear. 
4. Drawout-type Circuit Brakers. 
5. Buses and Bus Ducts. 
6. Panelboards. 
7. Protective Relays. 
8. Automatic Transfer Control Equipment. 
9. Circuit Breaker Overcurrent Trip Devices. 
10. Fuses. 
11. Lightning Arrestors. 

19-$ Util ization.  
19-5.1 General .  
19-$.1.1 The utilization of electrical energy in industry is the con- 
version of electrical energy into useful work such as mechanical 
operations, lightning, and heating. Of primary concern is the main- 
tenance of the many kinds of utilization equipment used with pro- 
cesses that operate for long intervals between shutdowns. Utilization 
equipment as covered here is considered to operate at 480 volts and 
less. 

19-3.1.2 Chapters 4 and 5 make reference to the need for planning 
and developing an EPM program and describe some of the fun- 
damentals. Utilization equipment that serves equipment that 
operates for long intervals between shutdown should receive special 
consideration. The serviceability and safety of the equipment should 
be thoroughly studied. During the initial design stages, thought 
needs to be given towards EPM with ease of maintenance and ac- 
cessibility being of extreme importance in the design considerations, 
with emphasis on access for adequate visual and infrared inspection 
of all busbars and joints. 
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19-5.1.5 Maintenance personnel who are going to service the 
equipment should be consulted during the design phases. 

19-5.2 Records and Inspection Tours. 
19-5.2.1 Keeping records on utilization equipment that operates 
over long intervals is more important than short-interval equipment. 
Wiring changes, parts replacement, and other modifications should 
all be accurately recorded. 

19-3.2.2 Schedules should be laid out for periodic inspection tours 
of utilization equipment. Records of f'mdings on these inspection 
tours will help to indicate trends. Another important reason for good 
recordkeeping is that personnel often change and it is necessary for 
those presently involved to know what has been done prior to involve- 
ment. 

19-5.2.5 Power and lightning panels directories must be kept up to 
date and be accurate. 

19-S.5 Power Distribution Panels. 
19-5.3.1 Power distribution panels can either be fuse- or circuit 
breaker-type panels. Where critical circuits are involved, they should 
be appropriately identified by tags, labels, or color coding. 

19-5.5.2 Seldom are power panels deenergized and then only for 
circuit changes; it is at this time EPM can be scheduled. Although 

• procedures can be developed for working on them live, it is not 
recommended because of the safety hazards involved and there is 
always the possibility of an error or accidental tripping of a main 
breaker causing an unscheduled shutdown. During operating periods 
the panels can only be checked for hot spots or excessive heat and this 
should be done at a reasonable interval in accordance with the im- 
portance of the circuit. A record should be made of areas that have 
given trouble; do not rely on memory. 

19-5.5.5 During a shutdown and while the panel is dead, all bolted 
connections should be checked for tightness, and visually inspected 
for discoloration. Should there be discoloration, further investigation 
should be made and possibly the parts affected be replaced. For fur- 
ther information, refer to Chapters I I  and 13. 

19-5.4 Lightning Panels. 
19-5.4.1 Lightning panels generally have the same problems as 
power panels. However, experience indicates a higher probability of 
circuit overloading and thus protective device overheating. Since 
such panels applied in long-term maintenance areas usually feed impor- 
tant circuits, overheating problems should be corrected immediately. 
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19-3.5 Plug-in Type  Bus Duct. 
19-$.5.1 Since plug-in bus duct is seldom used in long-term areas, 
maintenance of this equipment will not be covered here. Refer to 
Chapters 9, 11 and 13 for related information. 

19-3.6 Wir ing  to Util ization Equipment .  
19-3.6.1 Maintenance procedures outlined in Chapter 8 are recom- 
mended. The visual inspection interval should be based on the im- 
portance of the circuits and previous experience. In addition, more 
extensive insulation testing may be warranted during shutdown 
periods to ensure higher reliability. 

19-3.7 Rotating Equipment. 
19-3.7.1 Proper maintenance of electric motors and rotating 
equipment is essential to prevent unscheduled downtime. Their  most 
trouble-prone parts are bearings. The quantity of lubricant, the fre- 
quency of lubrication, the method of application, and the type of 
lubricant are of prime concern. Although lubrication of rotating 
equipment is discussed in Chapter 14, it is important enough with 
equipment that operates for long periods between shutdowns, and 
especially motors, that further mention is made here. Suggestions for 
both oil and grease lubrication systems are listed below. 

19-3.7.2 Grease Lubricat ion Systems. Grease is the most common 
lubricant used for electric motor bearings. It provides a good seal 
against the entrance of dirt into the bearing, has good stability, is 
easy to apply, and is easy to contain without elaborate seals. For ex- 
tended service intervals, an extremely stable grease is required. 
Grease should be selected on the basis of the expected temperature 
range of service. The motor manufacturer can provide advice on ex- 

I actly which grease to use. A grease that is compatible with the grease 
already in the bearing should be used. 

19-3.7.3 Regreasing. The correct quantity of lubricant in a roll- 
ing contact bearing is vital to its proper operation. Either insufficient 
or excessive lubrication will result in failure. Excessive lubrication 
may cause motor failure due to migration of grease into the motor 
winding. Table 19-3.7.3 will serve as a guide in determining re~reas- 
ing intervals by the type, size, and service of the motor to obtain the 
most efficient operation and the longest bearing life. Where a variety 
of motor sizes, speeds, and types of service are involved in a single 
plant, a uniform relubrication period is sometimes selected. A yearly 
basis is common, for instance, and such a yearly regreasing might 
conveniently be carried out on a plantwide basis during a vacation 
shutdown. 
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Motors equipped with grease fittings and relief plugs should be 
relubricated by the following procedure using a low-pressure grease 
g u n :  

(a) Wipe clean the pressure-gun fitting and the regions around 
the motor grease fittings. 

(b) Remove the relief plug and free the relief hole of any hardened 
grease. 

(c) Add grease with the motor at standstill until new grease is ex- 
pelled through the relief hole. In a great majority of cases it is not 
necessary to stop the motor during relubrication, but regreasing at 
standstill will minimize the possibility for grease leakage along the 
shaft seals. 

(d) Run the motor for about 10 minutes with the relief plug re- 
moved to expel excess grease. 

(e) Clean and replace the relief plug. 

Table  19-3.7.$ 
Guide for M a x i m u m  Regreas ing Periods 

Motor hp 
Type  of Service 

Up  to 7 ~  10-40 50-150 Over  150 

Easy: infrequent operation (1 hr  per 
day), valves, door openers, portable 
floor sanders ...................... 10 yr 7 yr 4 yr I yr 

Standard: I- or 2-shift operation, 
machine tools, air-conditioning ap- 
paratus, conveyors, ga rage  com- 
pressors, refrigeration apparatus,  laun- 
dry machinery, text i le  machinery, 
wood-working machines, water pump-  
ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 yr 4 yr 1 ~ yr 6 mo 
Severe: motors, fans, pumps,  motor 
generator sets, running 24 hr  per day, 
565 days per year; coal and mining 
machinery: motors subject to severe 
vibration: steel-mill serwce . . . . . . . . . .  4 yr 1 ~ yr 9 mo 3 mo  
Very severe: dirty, vibrating applica- 
tions, where end of shaft is hot (pumps 
and fans), high ambient  . . . . . . . . . . . .  9 mo 4 mo 3 mo 2 mo 

19-3.7.4 For totally enclosed, fan-cooled motors, the above instruc- 
tions apply for greasing the drive-end bearing. The fan-end housing 
is frequently equipped with a removable grease relief pipe which ex- 
tends to the outside of the fan casing. First remove, clean, and 
replace the pipe. Next, during the addition of  new grease from a 
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grease gun, remove the relief pipe several times until grease is ob- 
served in the pipe. After grease is once observed to have been pushed 
out into this pipe, no more should be added. The pipe, after again 
being cleaned and replaced, will then act as a sump to catch excess 
grease when expansion takes place during subsequent operation of 
the motor. 

In many vertical motors, the ball-bearing housing itself is relative- 
ly inaccessible. In such cases a grease relief pipe is frequently used in 
a manner similar to that in the totally enclosed, fan-cooled motors. 
The same regreasing procedures should be used as described above 
for the TEFC motors. 

Motors with sealed bearings cannot be relubricated. 

19-3.7.5 In many small motors no grease fittings are used. Such 
motors should be relubricated by removing the end shields, cleaning 
the grease cavity, and refilling three-quarters of the circumference of 
the cavity with the proper grade of grease. In the end shields of some 
small motors, threaded plugs are provided which are replaceable 
with grease fittings for regreasing without disassembly. 

Since regreasing of motor bearings tends to purge the old grease, a 
more extensive removal of all the used grease is seldom necessary. 
Whenever a motor is disassembled for general cleaning, however, the 
bearings and housing should be cleaned by washing with a grease- 
dissolving solvent. To  minimize the chance of damaging the bear- 
ings, they should not normally be removed from their shaft for such a 
washing. After thorough drying, each bearing and its housing cavity 
should be filled approximately one-half to three-fourths full with 
new grease before reassembly. Avoid spinning the bearing with an air 
hose during cleaning, and do not reuse any bearing that has been re- 
moved from the shaft by pulling on the outer ring. 

19-3.7.6 Oil Lubr icat ion Systems. Oil lubrication is necessary 
when a motor is equipped with sleeve bearings. It is sometimes used 
for roller contact bearings under certain conditions. 

Oils for lubricating electrical motors should be high quality cir- 
culating oils with rust and oxidation inhibitors. 

The oil viscosity required for optimum operation of motor bear- 
ings is determined by the motor speed and the operating 
temperature. 

In general 150 S.U.S. oil is used for motor speeds above 1500 rpm, 
and 300 S.U.S. oil is used for motor speeds below 1500 rpm. These 
recommendations may vary with specific application and, in par- 
ticular, with the ambient temperature to which the motor or 
generator is exposed, and accordingly the user should refer to and 
follow the motor manufacturer recommendations relative to oil 
viscosity. 
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19-3.7.7 Methods and Quant i ty .  
(a) Wick Oih'ng. Fractional horsepower motors which can be 

relubricated generally use felt, waste, or yarn packing to feed sleeve 
bearings. The  packing should be saturated at each lubrication inter- 
val. 

(b) Ring Oiling. Integral horsepower motors may have ring 
lubricated sleeve bearings. The  rings are located in a slot in the up- 
per half of the bearing and ride loosely on the shaft. There  are nor- 
mally no more than two rings for each bearing. Free turning of the 
rings should be checked on starting a new motor, at each inspection 
period, and after maintenance work. The  oil level should be such 
that  a 60 degrees segment of the oil ring on the inside diameter is im- 
mersed while the motor shaft is at rest. A sight glass, constant level 
oiler, or some other unit is provided to mark  and observe the oil level. 
Levels should be marked for the at-rest condition and the operating 
condition. 

" RING SLOT 

I [  ............ o 

/ 1  \ ............. 
OIL R I N G ~  OIL LEVEL 

I SHAFT 

OIL LEVEL 

Figure 19-.3.7.7(b) 

(c) Bath Oih'ng. Large, vertical motors frequently have a sur- 
rounding oil ba th  for lubrication of either rolling element bearings 
or plate thrust bearings. Horizontal units equipped with ball and 
miler bearings may also have an oil bath. The  proper oil level is de- 
termined by the manufacturer  and is dependent upon the bearing 
system. A sight glass or some other unit is provided to mark and 
observe the oil level. This level may change depending on whether 
the motor is operating or at rest. It should be marked for both situa- 
tions. 

19-$.7.8 Frequency.  In oil lubricating systems it is required that  
the oil level be maintained. This is observed by means of a sight glass, 
constant level oiler, etc., and oil is added as required. Normally, 
these systems should be drained and refilled on an annual basis. 
Wick oil systems require addition of oil quarterly and the wick should 
be saturated. 
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19-3.7.9 Motor Inspections. Visual inspections should be per- 
formed on a periodic basis. These inspections are necessary to detect 
mechanic/al or lubrication deficiencies before they become serious. 
The inspection should include a check for increase in temperature, 
excessive bearing noise, excessive vibration, and lubricant leakage. If 
any of these conditions exist, the cause should be located and cor- 
rected. 

19-3.8 Vibrat ion Tests and Analysis. 
19-3.8.1 Sleeve bearings fail due to a loss of oil film resulting from 
wear, leakage,, etc. These failures are sudden; and without constant 
vibration momtoring equipment, they cannot be predicted. 

19-8.8.2 Life of a ball or roller bearing is defined as the number of 
revolutions or hours of operation at constant speed which the bearing 
is capable of running before fatigue develops. If a bearing is properly 
lubricated, mounted, and handled, all causes of failure are 
eliminated except one, fatigue of the material. These failures initiate 
with removal of metal from the races or rolling elements. Vibration 
analyzing e.quipment can be used to predict these failures when it 
monitors vibration velocity or is able to distinguish vibration 
displacement as a function of frequency. Such equipment is useful in 
isolating the source of vibration which may appear to be the result of 
other malfunction within a motor. It is also useful for ensuring 
proper installation of critical production equipment. 

19-8.8.3 Vibration analyzers are very handy tools to detect trouble 
and prevent downtime. A formal vibration analysis program can 
reduce costly machine failures. The program can range from the use 
of simple hand-held analyzers to sophisticated multi-channel 
recorders with permanently mounted sensors to provide data for 
comparison. Such a program makes it possible to keep track of the 
condition of rotating equipment, particularly high speed types. 
Trend charts will assist in establishing maintenance needs. The  
degree of sophistication depends upon the application, but even a 
hand-held vibrograph is a useful tool in EPM. 

19-$.9 D in .  
19-$.9.1 Where rotating equipment is exposed to dirt, regular in- 
spection is needed to detect when cleaning Is needed. A major cause 
of burned out motors is clogged air passages. On motors in dirty at- 
mospheres, filters (where used) frequently become clogged, 
therefore, filter cleaning or changing should be scheduled. The ex- 
ternal surface of motors should be kept cleaned because a pile-up of 
dirt restricts heat dissipation and this is particularly important with 
"T frame motors. Refer to Chapter 14 for cleaning methods. In dirty 



LONG INTERVA l-q BETWEEN SHUTDOWNS 7 0 B -  155 

locations and critical applications, more extensive insulation testing 
may be warranted as described in Chapter 18. Excessive leakage cur- 
rent may well indicate that a motor failure is imminent. 

19-5.10 Control for Rotating Equipment. 
19-$.10.1 This involves the motor starters, contactors and other 
devices that are directly involved with the control of equipment 
operating over long periods between shutdowns. The maintenance 
recommendations of Chapter 9 are pertinent to equipment operating 
for long periods between shutdowns. 

19-3.10.2 While the equipment is in operation, EPM procedures 
must be modified. Where control panels can be opened while 
energized, any terminals with a voltage greater than 150 volts to 
ground should be covered with a transparent protective covering to 
permit visual inspection. Essentially EPM will be limited to visual in- 
spection. Be sure that adequate ventilation is maintained within 
enclosures. Gaskets should be kept in good repair where used and the 
atmosphere is dirty. Contact wear should be observed where possible. 

19-$.11 Redundancy.  
19-$,11.1 Although it is expensive, redundant circuits and equip- 
ment are often necessary to ensure continuity of operation. During 
initial design stages and even at later times, consideration should be 
given as to what is needed to prevent unscheduled shutdowns and 
high maintenance costs. Frequently, redundancy of critical circuits 
provides the solution. 

19-3.12 Heat ing Equipment. 
19-3.12.1 .In general, this equipment cannot be maintained while it 
is in operauon. Perhaps rotatmg parts are not involved but certainly 
there is heat and the potential of serious burns therefore exists. 

19-$.12.2 In most process heating systems continuous cycling or on- 
off operation is being carried out. This cycling will cause a certain 
amount of temperature change. As a result, particular attention 
must be paid to all connections and joints. The use of Belleville 
washers has been successful in maintaining tight connections. During 
the time the equipment is in operation, visually inspect all joints and 
terminations and look for signs of heating or arcing that would in- 
dicate loose joints. The cycling frequently will cause some movement 
of the wiring; therefore, check the insulation on the wiring where it 
passes through nipples, access holes and other openings. 
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19-$.15 Electrmtatia m Static Grounding. 
19-$.15.1 The purpose of static grounding is to remove the ac- 
cumulation of static electricity on equipment, on materials being 
handled or processed, or on operating personnel that can build up 
during machine operation. On equipment that is i n  continuous 
operation, regular inspection and repair procedures should be 
developed and maintained in order to retain the integrity of the 
grounding continuity. 

Since the static charade can build up to several thousand volts, con- 
sideration should be given during the initial construction of equip- 
ment to reduce the buildup. Equipment is made up of conductors 
(metal-machine frame) and insulators (conveyor belts, plastic parts, 
etc.). Usually some part of a machine is grounded either electrically 
or by virtue of construction. Machine parts may be grounded directly 
or by bonding them to other machine parts which are grounded. 
Clean, unpainted metal nuts and bolts holding together clean, un- 
painted metal parts provide adequate continuity. Bonding and 
grounding may be accomplished by permanently attached jumper  
wires. When such wires are attached by lugs or placed under bolt 
heads or nuts, all parts must be clean and unpainted before installa- 
tion. Any painting of parts used for static grounding should be done 
only after such parts are properly installed and the adequacy of the 
ground is certified. Slowly rotating parts are normally adequately 
bonded or grounded through the bearings. However, parts rotating 
at high RPMs, such as baskets or centrifuges, should be bonded or 
grounded by wipers, carbon brushes or other devices. Portable 
equipment can be temporarily grounded by clamping a static ground 
wtre to the equipment. 

19-$.1~,2 Adequate Static Grounding. It might be necessary to ob- 
tain the recommendations of people who are experts in a particular 
static grounding problem. However, some guidelines that will pro- 
vide adequate static grounding are listed as follows: 

(a) Static charging currents rarely exceed one microampere and 
often are smaller. Thus leakage currents of the order of 
microamperes will provide protection against the accumulation of 
static electricity to dangerously high potentials. 

(b) A leakage resistance between a conductor and ground as high 
as 10,000 megohms will provide adequate static grounding in many 
cases. However, when charges are generated rapidly, a leakage 
resistance as low as one megohm may be necessary. 

(c) The leakage resistance necessary for adequate static grounding 
will vary among different operations and must be established by 
qualified authority. In the absence of any specifications, the leakage 
resistance from any conductor to ground should not exceed one 
megohm. 
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(d) There is no electrical restriction in conductor size for static 
ground wires and jumpers, but  larger size conductors may be re- 
quired to limit physical damage. However, where a conductor used 
for static grounding is also the equipment grounding conductor for a 
power circuit, the conductor must be sized in accordance with Table 
250-95 of NFPA 70-1981, National Electrical Code. 

(e) A static ground wire need not be insulated. 
(f) Any equipment grounding conductor that is adequate for 

power circuits is more than adequate for static grounding. 

19-3.1S.8 Inspection and Maintenance.  An inspection and main- 
tenance program is essential in assuring that the integrity of static 
grounding systems is retained. Inspections should be made only by 
properly trained personnel. Inspections should consist of both 
resistance measurements and a visual check. 

(a) The resistance from all conductive parts to ground should be 
measured with a suitable megohmmeter (see 19-3.13.5). Corrective 
measures should be made to bring all resistance values within specifi- 
cations. 

(b) A visual inspection should be made for frayed wires, wires with 
broken strands and for other physical damage. Such damage should 
be repaired regardless of measured resistance values. 

19-$.15.4 Inspections should be made on all new installations and 
whenever alterations are made to or parts replaced in an installation. 
Inspections should be made at regular intervals. The  frequency of 
regular periodic inspections must be determined from experience. 
Inspections should be most frequent in areas where corrosion is a 
problem and in areas classified as hazardous. 

19-$.15.5 Mel~ohmmeters. A suitably calibrated resistance 
measuring device having a nominal open-circuit output voltage of 
500 volts DC and a short-circuit current not exceeding 5 mA should 
be used to check static grounding systems. If inspections are made in 
hazardous (classified) locations, the megohmmeter should be of an 
intrinsically safe type. 

19-$.15.6 ILecordkceping. Precise records should be made and re- 
tained of the results of all inspections and of the corrective actions 
taken. Precise records will aid in determining the nec.essary insl~, c- 
tion frequency and point out weak spots in the stauc grounamg 
system which may need modification. 

19-$.15.7 Precautions Dur ing  Inspections. If inspections and 
corrective measures must be made when flammable vapors are apt to 
be ]present, certain precautions must be taken by the inspector and 
maintenance personnel. 
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(a) Care must be taken that personnel are adequately grounded to 
prevent a dangerous accumulation of static electricity on their 
bodies. 

(b) Care must be taken that no spark discharge occur between im- 
properly grounded conductors to personnel, instrumentation or 
tools. 

(c) Only nonferrous, nonsparking tools should be used in the area. 

19-$.1~.8 Typica l  Checkpoints for  Inspection. 

(a) All conductors in a hazardous area must be inspected for ade- 
quate static grounding. 

(b) Since machines and operations differ considerably, a check list 
should be prepared of all points to be checked. The following are 
typical for many machines and operations: 

1. Permanently installed jumper wires. 
2. Static ground wires and clamps used for the temporary 

grounding of portable and mobile equipment. 
3. Metal hose couplings. 
4. Metal hose clamps. 
5. Metal bolts and nuts used to connect sections of either con- 

ductive or nonconductive pipes and ducts. 
6. All sections of metal pipes and ducts. 
7. Rotating parts and shafts. 
8. Rotating baskets of centrifuges. 
9. Handles and stems of ball valves and plug valves. 

(c) All rotating parts should be checked while in motion. 

19-4 Process Ins t rumentat ion and Control. 
19-4.1 General .  The system and equipment covered by this sec- 
tion are the following: power supplies..; interlock and logic systems; 
safety and shutdown systems; sensing, control and indicating 
systems; and alarm systems. 

19-4.2 Design to Accommodate Maintenance.  

19-4.2.1 Section 5-1 of this recommended practice has stated that, 
except for limited visual inspection such as observing operating 
temperatures, examination for contamination, recording load 
readings, etc., the apparatus must be taken out of service to perform 
efficient and effective maintenance. Further, unless flexibility is built 
into the system in the way of duplication or alternate transfer 
schemes, maintenance of vital electrical apparatus must be sched- 
uled with planned production outage. 
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19-4.2.2 The importance of identifying and designing for the vital 
elements of the process control system cannot be overstressed. The 
elements of the process instrumentation and control system which 
must be inspected, tested, or maintained while the plant or process 
remains in operation must be identified in the design stage. The nec- 
essary duplication of facilities and provision for test and inspection 
should be provided. 

19-4.2.8 Examples of such provisions are alternate power sources to 
permit shutdown and inspection of normal power sources, bypass 
switches for inverters, provisions for on-stream function testing of 
shutdown circuits, provision of dual sensing components for critical 
controls, test circuits to permit simulation of alarm conditions, and 
monitoring devices for important interlock and logic systems. Selec- 
tion of quality equipment is also mentioned in Section 5-1 as a means 
of reducing maintenance requirements. Again, the importance for 
long run facilities cannot be overemphasized. 

19-4.2.4 Whenever possible, control modules should be plug-in 
type replaceable with normal precautions and procedures. Test and 
adjustment of major components should be possible without discon- 
necting or removing from enclosures and with use of standard in- 
struments such as volt-ohm-milliammeter and oscilloscope. 

19-4.2.5 Cabinets should be fully compartmented to allow mainte- 
nance access to sections not in service without risk to personnel or 
continuity of service. For instance, the inverter, standby 
transformer/vohage regulator and transfer switch power supply 
should be in physically separate compartments. Removal or replace- 
ment of components in one cabinet section should not require access 
to other sections. 

19-4.$ Power Supplies. 
19-4.$.1 Power supplies can be divided into two categories: power 
supplies normally in service; and standby or emergency power sup- 
phes. 

19-4.$.2 Power supplies which are normally in service should be in- 
.spected on a regular basis. This inspection would include the follow- 
Ing typical checks and inspections: 

(a) Reading of meters to detect changes in or abnormal load or 
voltage conditions. 

(b) Check of ground detection equipment for presence of 
grounds. 

(c) Integrity of trip and transfer circuits where monitoring lights 
are provided. 
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(d) State of charge on batteries. 
(e) Battery charger supply and output load and voltages. 
(f) Visual inspection of accessible current-carrying parts for signs 

of overheating. 
(g) Check on equipment environment for heat, moisture, or dust 

which exceeds the conditions for which the equipment is designed. 

19-4.3.$ The inspection interval may be daily, weekly, or monthly, 
depending on equipment environment and operating conditions. 
Tasks such as reading of meters and checks on monitorin~ lights may 
be incorporated as part of a daily walk-through inspecuon. 

19-4.3.4 Where redundancy in facilities is provided, equipment 
components should be taken out of service for a thorough inspection 
and testing and for any required maintenance at intervals dictated 
by service and operating conditions. The initial interval should be in 
line with manufacturer's recommendations and later shutdowns 
scheduled in line with the as-found condition of the equipment. 

19-4.5.5 Where power supply components are in standby or emer- 
gency service, periodic testing should be carried out to ensure that 
the standby equipment is ready to function and can assume the sup- 
ply function. This requires periodic startup of emergency generators, 
operation of auto-transfer switches, etc. Testing should simulate ac- 
tual operating conditions as closely as possible. For critical facilities, 
testing intervals such as once a week are suggested. 

19-4.3.6 Where it is possible to put critical standby facilities in 
operation to supply the normal load without disturbing plant opera- 
tions, the standby facilities should be switched in at regular intervals 
and operated for a sufficient period to ensure they are functioning 
properly. An interval of once a month is suggested for operating 
standby facilities. Where standby facilities are fully rated, they may 
share operating time on an equal basis with the normal supply. 

19-4.4 Interlock and Logic Systems. 
19-4.4.1 Maintenance procedures on interlock and logic, systems 
are limited to visual inspections of components and wrong and 
checks on monitoring devices unless design features permit oustream 
functional testing. Also, in some plants, the process operation or 
equipment arrangement permits periodic function testing. 

19-4.4.2 Where functional testing can be done and where the 
system does not function during normal operations, once a week 
function testing is suggested for systems whose failure can result in 
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hazard to personnel, fire, damage to equipment or serious degrada- 
tion or loss of product. Systems of lesser importance should be tested 
initially on a once-per-month basis with subsequent testing intervals 
determined by experience and assessment of operating environment. 

19-4.5 Sensing, Indicat ing and Control  Systems. 

19-4.5.1 The  need for and frequency of inspection and mainte- 
nance is determined by the effect on safety, plant operations, and the 
severity of service. Also, some components can be readily isolated 
while others can be inspected only during plant or process shut- 
downs. 

19-4.5.2 Visual inspection either by plant operators during normal 
operations or as part of a scheduled inspection can assist in detection 
of deficiencies such as loose connections, overheating, excessive 
vibration, etc. 

19-4.5.3 Sensing, indicating and control devices can be divided 
into two categories: 

(a) Primary Elements. Elements in contact with the process 
medium directly or indirectly and which may or may not be isolated 
from the process medium. 

(b) Secondary Elements. Transmitting, recording or controlling 
devices. Some are normally in use and, through this use, are receiv- 
ing an automatic day-to-day check. Some are remotely located or in- 
frequently used and require a check at regular intervals. 

19-4.6 Level Devices. 

19-4.6.1 Primary devices installed within process vessels can only be 
checked with vessel out of service. Visual inspection should indicate 
need for maintenance. 

19-4.6.2 Where the device can be isolated from the process, visual 
inspection should be made at least once a year and more frequently if 
extreme accuracy is needed or the service is severe or critical. 

19-4.7 Tempera tu re  Devices. 

19-4.7.1 Primary devices are generally installed in wells and can be 
checked at any time the device appears to be malfunctioning. The 
well should be visually inspected at each plant shutdown and neces- 
sary maintenance carried out. 

19-4.7.2 The secondary device or instrmnent can usually be 
checked at any time without seriously affecting normal operations. 
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19-4.8 Pressure Devices. 
19-4.8.1 Primary devices usually have block valves to permit isola- 
tion from the process and check at any time malfunction is indicated. 

19-4.8.2 Secondary devices can usually be isolated from the 
primary device and checked at any time. 

19-4.8.$ Process impulse connections should be checked during 
equipment shutdown. 

19-4.9 Indicating, Recording and Controlling. 
19-4.9.1 Signal Receivers. Checks are limited to day-to-day obser- 
vation of performance by plant operators. Receiver construction usu- 
ally permits substitution of spare units for faulty units. 

19-4.10 Safety and Shutdown Systems. 
19-4.10.1 On-line testing facilities for safety and shutdown systems 
should be provided in all designs. Where practical, the facilities 
should include multiple sensors and safe bypass systems around the 
final control element. This permits testing of the entire shutdown cir- 
cuit. 

19-4.10.2 Safety and shutdown circuits should be tested in the 
range of one-per-shift to once-per-week unless the circuit functions 
regularly in normal operation. This may be the case for some shut- 
down circuits. 

19-4.10.3 Because of the frequency of testing, these functional tests 
may be part of the plant operators' normal duties with maintenance 
personnel involved only if problems are indicated. 

19-4.11 Alarm Systems. 
19-4.11.1 Alarm systems are usually equipped with lamp test 
switches which permit checking lamp and alarm circuit integrity at 
any time during normal operation. These tests should be made on a 
once-per-shift to one-per-day basis to detect lamp burnout or circuit 
defects in alarms which operate infrequently. This can be done as 
part of the plant operators' normal duties with maintenance person- 
nel involved only if further attention is needed. 

19-4.11.2 alarms for critical conditions which may result in hazard 
to personnel, fire, equipment damage, or serious degradation or loss 
of product should be function-tested at regular intervals. A once-per- 
week to once-per-month interval is suggested depending on the im- 
portance and vulnerability of the alarm devices to hostile en- 
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vironments. Function testing required that either provision be made 
in the system desi~pa for the testing facilities or that it be possible to 
test by manipulating the process variable or otherwise simulate the 
alarm conditions. 

19-4.12 Wiring Systems. 
19-4.12.1 These systems can be visually checked for loose connec- 
tions, proper grounding and shielding and for signs of deterioration 
or corrosion. Usually maintenance during plant operation is limited 
to circuits which malfunction or show evidence of possible malfunc- 
tion. 
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Chapter 20 Dcenergizing and Grounding of Equipment to 
Provide Protection for Electrical Maintenance Personnel 

20-1 General.  
20-1.1 Personnel working on, or in close proximity to, deenergized 
lines or conductors in electrical equipment should be protected 
against shock hazard and flash burns which could occur if the circuit 
were to be inadvertently reenergized. Sound judgment should be ex- 
ercised when deciding on the extent of protection to be provided, 
and determining the type of protective equipment and procedures 
which should be applied. 

The extent of protection which should be provided will be dictated 
by specific curcumstances. Optimum protection should be provided. 
A high level of protection should be provided for any work on high- 
and medium-voltage circuits; on the other hand, minimal protection 
may be sufficient for work on minor branch circuits. Balance must 
be struck between the two extremes of optimum and minimal-but- 
adequate protection. 

The following possible conditions and occurrences should be con- 
sidered in determining the type and extent of protection to be pro- 
vided: 

1. Induce voltages from adjacent energized conductors; these 
can be appreciably increased when high fault currents flow in adja- 
cent circmts. 

2. Switching errors causing inadvertent reenergizing of the cir- 
cuit. 

3. Any unusual condition which might bring an energized con- 
ductor into electrical contact with the deenergized circuit. 

4. Extremely high voltages caused by direct or nearby lightning 
strikes. 

5. Stored charges from capacitors or other equipment. 

20-1.2 Providing proper protection should include, but not neces- 
sarily be limited to, the following five basic steps: 

1. Deenergize theproper  circuit. Check applicable up-to-date 
drawings, diagrams and identification tags to determine allpossible 
sources of supply to the specific equipment. Open the proper discon- 
necting device for each source. In cases where visible blade discon- 
necting devices are used, visually verify that all blades are fully open. 
Drawout-type circuit breakers should be withdrawn to the fully 
disconnected position. Do not consider automatic switches or control 
devices to be disconnecting means for personnel safety. 
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2. Take precautions to guard against accidental reenergization. 
Attach to the operating handles of the open disconnecting devices 
locks and/or  HOLD tags with sufficient information thereon. If fuses 
have been removed to deenergize the equipment, special precautions 
should be taken to prevent their unauthorized reiusertion. An estab- 
lished lock and/or  tag policy is an essential part of any electrical 
maintenance safety program. 

3. Test the circuit to confirm that all conductors are de- 
energized. This test is especially important on circuits which involve 
switches and fixed-type circuit breakers in which the blades cannot 
be visually checked. Use an adequately rated voltage detector to test 
each deenergized circuit for NO VOLTAGE. BEFORE and AFTER 
testing the affected conductors, determine that the voltage detector 
is operating satisfactorily by proving it on a source which is known to 
be energized. Some high- and medium-voltage detectors are 
equipped with a device which will provide the necessary proof 
voltage. 

4. Until they are grounded, conductors should be considered 
energized and personnel should not touch them. If the test indicates 
there is NO VOLTAGE on the affected conductors, they should then 
be adequately grounded in accordance with established procedures. 
Ground the conductors to protect personnel in event that, in spite of 
all precautions, the equipment does become reenergized. When 
capacitators are involved, they should be grounded and shorted to 
drain off any stored charge. 

5. Involve all personnel connected with the work. Each in- 
dividual should personally satisfy himself that all necessary steps have 
been executed in the proper manner. 

20-1.$ In spite of all precautions, deenergized circuits can be in- 
advertently reenergized. When this occurs, adequate grounding is 
the only protection for personnel working on same. For this reason, it 
is especially important that adequate grounding procedures be estab- 
lished and rigidly enforced. 

There are those who still hold to the old mistaken idea that 
grounding deenergized power conductors with a chain or small- 
diameter wire and battery clamps provides adequate safety for per- 
sonnel. Such practices were not safe 50 years ago when power systems 
were relatively small; they certainly are not safe on modem systems 
which are much larger and capable of delivering hundreds of 
thousands of amperes into a fault. Such currents can easily vaporize a 
chain or small grounding conductors without blowing fuses or open- 
ing a circuit breaker, thereby exposing personnel to dangerous 
voltages, vaporized conductor meta l  and serious power arcs. In the 
interest of protecting lives, adequate grounding procedures and 
eqmpment which ensure positive personnel protection are essential. 
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A variety of terms is used to identify the grounding of deenergized 
electrical equipment to permit personnel to safely perform work on it 
without using special insulated tools. Some of these terms are safety 
grounding," "temporary grounding," and "personnel grounding." 
Throughout  this chapter the word "grounding" is used to refer to this 
activity; it does not refer to permanent grounding of system neutrals 
or noncurrent-carrying metal parts of electrical equipment. 

Grounding equipment consists mainly of spec|al heavy-duty 
clamps which are connected to cables of adequate capacity for the 
system fault current. This current may well be in excess of 100,000 
amperes, which will flow until the circuit overcurrent protective 
dewces operate to deenergize the conductors. The grounding equip- 
ment should not be larger than necessary, because bulkiness and 
weight hinder personnel while connecting them to the conductors, 
especially while working with hot-line sticks. Five major considera- 
tions in selecting grounding equipment are: 

1. Grounding clamps should be of proper size to fit the conduc- 
tors and have adequate capacity for the fault current. An inadequate 
clamp can melt or be blown off under fault conditions. 

Hot-line clamps should not be used for grounding deenergized 
conductors because they are not designed to carry the high current 
that would flow if the circuit were to be inadvertently reenergized. 
They are intended to be used only for connecting tap conductors to 
energized overhead lines by means of hot-line sticks, and are de- 
signed to carry only normal load current. If hot-line clamps are used 
for grounding, l',igh fault current could melt or blow them off 
without operating the overcurrent protective devices to deenergize 
the conductors, thereby exposing personnel to lethal voltages and arc 
burns. 

2. Grounding cables should be of adequate capacity which, in 
some instances, may require two or more to be paralleled. Three fac- 
tors which contribute to adequate capacity are: (1) terminal 
strength, which largely depends on the ferrules installed on the cable 
ends, (2) size to carry maximum current without melting, and (3) low 
resistance to kee]p the voltage drop, across the areas in which the per- 
sonnel are working, at a safe level during any period of inadvertent 
reenergization. 

3. Solid metal-to-metal connections are essential between 
grounding clamps and the deenergized conductors. Conductors are 
often corroded, and are sometimes covered with paint. Ground 
clamps should have serrated jaws because it is often impractical to 
clean the conductors. The  clamps should be slightly tightened in 
place, given a slight rotation on the conductors to provide cleaning 
action by the serrated jaws, and then be securely tightened. Ground 
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clamps which attach to the steel tower, switchgear or station ground 
bus are equipped with pointed or cupped set screws which should he 
tightened to ensure penetration through corrosion and paint, to pro- 
vide adequate connections. 

4. Grounding cables should be no longer than is necessary in 
order to keep resistance as low as possible and to minimize slack in 
cables to prevent their violent movement under fault conditions. If 
the circuit should be inadvertently reenergized, the fault current and 
resultant magnetic forces could cause severe and dangerous move- 
ment of slack grounding cables in the area where personnel are work- 
ing. Proper routing of grounding cables to avoid excessive slack is 
essential for personnel safety. 

5. Grounding cables should be connected between phases to the 
grounded s t r u c t u r e  and t ~ h e  system neutral (when available) to 
minimize the voltage drop across the work area if inadvertent 
reenergization should occur. The preferred arrangement is shown in 
Figure 1 with the equivalent electrical diagram of same. 

Connecting the phase conductors together with short cables and 
clamps of adequate capacity, as shown in Figure l,  minimizes 
resistance between phases for fast action of the circuit overcurrent 
protective devices to deenergize the circuit, if it should be in- 
advertently reenergized. The short "down lead" cable between the 
jumpered phase conductors and the grounded tower or switchgear 
ground bus reduces resistance to ground and the amount of cable 
which can move violently in the work area during high current flow. 
If there is a system neutral conductor at the work location, a cable 
should also be connected to it for more complete protection and to 
ensure lowest resistance in the ground return path to the source. 
Figure 1 shows buses and a person working inside switchgear; the 
same conditions would apply to personnel on overhead line towers 
and outdoor substanchion steel structures. When so~neone is working 
on such properly grounded areas, he is in parallel with a minimum of 
resistance so he would be exposed to minimum voltage drop in event 
of current flow in the system, and the low resistance would cause 
rapid operation of the fuses or circuit breakers, thus minimizing the 
time the person is exposed to the voltage drop. 

Prior to installing grounding equipment, it should be inspected for 
broken strands in the conductors, loose connections to the clamp ter- 
minals and defective clamp mechanisms. Defective equipment 
should not be used. 

Grounding equipment should be installed at each point where 
work is being performed on deenergized equipment. Often it is ad- 
visable to install grounding equipment on each side of a work point, 
or at each end o f a  deenergized circuit. 
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One end of the grounding "down lead" should be connected to the 
metal structure or ground bus of the switchgear before connecting 
the other end to a phase conductor of the deenergizcd equipment. 
Then, and only then, should the grounding cables he connected be- 
tween phase conductors. 

When removing grounding equipment, the above installation pro- 
cedure should be reversed by first disconnecting the cables between 
phases, then disconnecting the "down lead" from the phase conduc- 
tor and, finally, disconnecting the "down lead" from the metal struc- 
ture or ground bus. 

Removal of grounding equipment before the circuit is intention- 
ally reenergized is equally as important as was its initial installation, 
but for other reasons. If grounding equipment is forgotten or over- 
looked after the work is completed and the circuit is intentionally 
reenergized, the supply circuit overcurrent protective devices will im- 
mediately open because the conductors~re jumpered and grounded. 
The short circuit current can damage the contacts of a breaker 
having adequate interrupting capacity, and can cause an inadequate 
breaker or fuses to explode. If the grounding cables are inadequate, 
they can melt and initiate damaging power arcs. A procedure should 
be established to assure removal of all grounding equipment before 
the circuit is intentionally reenergized. Recommendations for such a 
procedure are: 

(a) Assign an identification number to each grounding equipment 
set and rigidly control all sets which are available for use by all par- 
ties, including contractor personnel. Record the number and loca- 
tion of each set which is installed. Cross that number off the record 
when each set is removed. 

(b) Before reenergizing the circuit, account for all sets of ground- 
ing equipment by number to assure that all have been removed. 

(c) Do not install a set of grounding equipment inside switchgear 
and then close the door or replace the covers so it will be hidden from 
view. If it is necessary to so conceal grounding equipment, place a 
highly visible sign on the door or cover to remind personnel that a 
ground is inside. 

(d) Before reenergizing, have personnel inspect interiors of equip- 
ment to verify that all grounding sets, includin" g small ones used in 
testing potential transformers, relays, etc. have been removed. 

(e) Before reenergizing, test all conductors with a megohmeter to 
ascertain if any are grounded. If so, determine the cause and take 
corrective action. 

Use of insulated hot-line sticks, rubber gloves or similar protective 
equipment by personnel is advisable while installing grounding 
equipment on ungrounded deenergized overhead line conductors, 
and also while removing the grounding equipment. 
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Refer to data available from grounding equipment manufacturers 
for ampacities of cables and clamps, and for detailed application in- 
formation. 

In some instances, specialized grounding equipment may be re- 
quired, such as traveling grounds on new overhead line conductors 
being strung adjacent to energized circuits. 

Drawout-type grounding and testing devices are available for in- 
sertion into some models of switchgear to temporarily replace circuit 
breakers; they provide a positive and convenient grounding means 
for switchgear buses or associated circuits by connecting to the 
switchgear buses and /or  line stabs in the same manner  as drawout 
breakers. One such device has two sets of primary disconnecting 
stabs; one is designated "BUS" which connects to the switchgear bus 
stabs, and the other set is designated "LINE" which connects to the 
switchgear supply line or load circuit stabs. Another type of ground- 
ing device has only one set of primary disconnecting stabs which may 
be positioned to connect to either the switchgear "BUS" stabs or the 
"LINE" stabs. Grounding cables may be connected from the selected 
disconnecting stud terminals in one of these devices to the switchgear 
ground bus. When the device is fully inserted into the switchgear, it 
grounds the deenergized buses or lines which were previously 
selected. Utmost care should be exercised when using these devices to 
prevent the inadvertent grounding of an energized bus or circuit. 
Such a mistake could expose personnel to flash burns and seriously 
damage the switchgear. Before inserting a device with grounding 
cables connected thereto into switchgear, it is essential that the stabs 
which are to be grounded are tested for NO VOLTAGE, and to 
verify that only the proper and matching disconnecting stud ter- 
minals in the device are grounded. 
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Presume that, in Figure I equivalent diagram, the resistance of the person's body Rm is 500 ohms. He is in 
parallel with only the resistance of a single cable Rj which can be in the order of .001 ohm. Rg is the ground 
resistance of the switchgear or structure area. If a 1,000-am~p current should flow in the circuit grounded in this 
manner, the person would be subjected to only about 1 volt imposed across the work area; therefore, the current 
flow through his body would be negligib!e. Compare this with the nonpreferred grounding arrangement shown 
in Figure 2 in which each conductor is connected to a driven ground rod. 
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Figure 2 Nonpreferred Grounding Arrangement  

In Figure 2 equivalent diagram, the person's resistance Rm of 500 ohms is in 
parallel with the resistance of the jumper cable Rj and the resistance of the structure 
area and driven grounds Rdg in series; these can easily total 1 ohm. The increased 
resistance in this grounding arrangement can make an appreciable difference in the 
voltage drop. If a 1,000-amp current should flow in the circuit grounded in this man- 
ner, the person would be subjected to 1,000 volts imposed across the work area. 
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Rdg Driven ground 

Figure S Nonpreferred Grounding  Arrangements 

Figure $ is another nonpreferred grounding arrangement• All three grounding 
cables are connected to a common driven ground. This reduces the resistance Rg be- 
tween phases to practically 0 ohm which would enable the overcurrent protective 
devices to d~energize the circuit rapidly• However, the driven ground resistance Rdg is 
still in parallel with the work area, so the voltage drop across the person would be 
high. 
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Rdg Driven ground 

Figure 4 Nonpreferred Grounding  Arrangements  

Figure 4 is electrically the same as Figure $ but placing the cables close together for 
convenience results in slack which can move violently in the work area during periods 
of high current flow. Therefore, this is not a preferred arrangement. 
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Rdg 
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Figure 5 Nonpreferred Grounding Arrangements 

Figure 5 is not a preferred arrangement. Even though low resistance between phases 
would enable the overcurrent protective devices to deenergize the circuit rapidly, and 
there is only one down lead Rj to a driven ground Rdg, the ~,round resistance remains 
high, so the voltage drop across the person would be too high for his safety. 
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C h a p t e r  21 Cable T r a y  System 

21-1 General .  
21-1.1 A cable tray system is a unit or assembly of units or sections 
and associated fittings made of metal or other noncombustible 
materials forming a rigid structural system used to support cables. 
Cable tray systems include ladders, troughs, channels, solid bottom 
trays, and other similar structures. 

21-1.2 The frequency of maintenance will depend upon the en- 
vironment in which the cable tray is installed. In areas of heavy in- 
dustrial contamination or coastal areas, frequent inspections may be 
necessary. 

21-2 Cable. 
21-2.1 Cable insulation should be visually inspected for damage. 
Among the factors which may cause insulation damage are sharp 
corners, protuberances in cable tray, vibration, and thermal expan- 
sion and contraction. 

21-2.2 Cable insulation should be tested in accordance with 
Chapter 8. 

21-2.$ The number, size, and voltage of cables in cable tray should 
not exceed that permitted by National Electrical Code, Article 318. 
Communication or data processing circuits are susceptible to in- 
terference problems when mixed with power circuits. 

21-3 Cable Tray .  
21-$.1 Inspect cable tray for intrusion of such items such as pipe, 
hangers or other equipment which could damage cables. 

21-~.2 The deposits of dust, industrial process materials, and trash 
of any description should be checked and evaluated in terms of re- 
duced ventilation and potential fire hazard. 

21-3.5 Bolted connections between sections should be visually 
checked for corrosion and a sample retorquing done in suspect areas. 

21-3.4 Certain atmospheric conditions may create fastener failure; 
therefore, a visual inspection should check for missing or damaged 
bolts, bolt heads, or nuts. Where necessary, they should be replaced 
with suitable hardware. 
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21-$.5 Visually and mechanically check adequacy of cable tray 
grounding and bond between cable tray and all takeoff raceways. 

21-$.6 Covers should be inspected to assure that physical damage 
does not reduce spacings or damage cables. 

21-4 Low Voltage (600 V) Busway. 
21-4.1 General .  
21-4.1. I For the purpose of this article a busway is considered to be 
a grounded metal enclosure containing factory-mounted, bare or in- 
sulated conductors which are usually copper or aluminum bars, rods, 
or tubes. 

21-4.2 Electrical Joints. 
21-4.2.1 A sample check of bolts for tightness should be con- 
ducted. Where Belleville spring washers are used and visible, they 
should be checked for flatness which indicates tightening to proper 
torque. 

21-4.2.2 Infrared inspection of busway can reveal abnormal 
temperatures and potential problem areas and should be performed 
in accordance with Section 18-16. 

21-4.3 Housing. 
21-4.$.1 Visually check to see if all joint covers and plug-in covers 
are in place and tight. This will prevent accidental contact with 
energized conductors. Joint covers may also be essential for continui- 
ty of ground path between sections. 

21-4.3.2 Remove trash, combustible material and other debris 
from bnsway. Ventilation openings should be clear. 

21-4.3.3 On indoor busway visually check for evidence of exposure 
to liquids and eliminate source or provide necessary protection. 

21-4.$.4 On outdoor busway, visually check to ascertain if weep 
hole screws have been removed in accordance with manufacturer's 
instructions. 

21-4.4 Plugs. 
21-4-4.1 Check circuit breaker and fusible plugs for proper opera- 
tion. 

21-4.4.2 Check plug hangers for tightness to ensure proper ground- 
ing. 
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21-4.4.$ If plug installation requires hook sticks for operation, 
check for hook stick availability. 

21-4.5 Conduit  and Raceways. 
21-4.5.1 Visually check cable and raceways for proper bonding to 
fittings (plugs, tap boxes). 

21-4.6 Testing. 
21-4.6.1 Insulation resistance testing should be performed in ac- 
cordance with 18-9.2.1. 

21-4.6.2 If there is uncertainty concerning the adequacy of the in- 
sulation after insulation resistance testing, a high-potential test 
should be conducted. See 18-9.$.1. Normal high-potential voltages 
are twice rated, voltage plus 1000 volts for one minute. Since this 
may be above the corona starting voltage of some busway, frequent 
testing is undesirable. 

21-5 Metal-Enclosed Bnsway (5-15 kV). 
21-5.1 General. 
21-5.1.1 Busway over 600 V is referred to as metal-enclosed 
busway. Rated 5 kV and 15 kV, it consists of three types: isolated 
phase, segregated phase, and nonsegregated phase. Isolated phase 
and segregated phase are utility-type busways used in power genera- 
tion stations; industrialplants use nonsegregated phase for connec- 
tion of transformers andswitchgear and interconnection of switch- 
gear lineups. 

21-5.2 Electrical Joints. 
21-5.2.1 A sample check of bolts for tightness should be conducted. 
Where Belleville spring washers are used and visible, they should be 
checked for flatness which indicates tightening to proper torque. 

21-5.2.2 Infrared inspection of busway can reveal abnormal 
temperatures and potential problem areas and should be performed 
in accordance with Section 18-16. 

21-5.3 Insulators. 
21-5.3.1 Visually inspect bus supports for dirt or tracking. Clean 
dirty insulators; replace insulators which are cracked or show 
evidence of tracking. 

21-5.4 Heaters. 
21-5.4.1 Check for proper operation of space heaters. Ammeters in 
heater supply circuits provide means for quick and frequent observa- 
tion for proper heater loads to determine if one or more heater units 
are defective. 
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21-5.5 H o u s i n g .  

21-5.5.1 All  covers should  be  in p lace  and  proper ly  t ightened.  

21-5.5.2 Visually check for  bond ing  o f  bus a n d  equ ipmen t  to  which 
i t  is conn~,ected. 

21-5.6 Tes t i ng .  

21-5.6.1 Insula t ion  resistance tests should  be  pe r fo rmed  in accord-  
ance  with 18-9.2.1. 

21-5.6.2 High-po ten t ia l  tests in accordance  with IEEE No. 27 
should  be conduc ted  a t  75 percent  of  the  r a t ed  insula t ion wi ths tand 
level which follow: 

Metal Enclmed Bus Insulation High Potential 
Nominal Voltase Withstand Level Field Test 

(kV, RM$) (kV, RM$) * 0tV, RMS) ** 
4.16 19.0 14 
13.8 36.0 27 
23.0 60.0 45 
34.5 80.0 60 

• 1 minute 
**75 percent of insulation withstand level 
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Appendix  A Bibl iography 

This Appendix is not apart of the recommendations of this NFPA document, but is 
included for information purposes only. 

A-I  In t roduct ion .  
A-I.1 This bibliography lists some of the more widely recognized 
sources of maintenance and testing information. There are many  ex- 
cellent text books by individual authors that are not listed because 
they are too numerous and information on them is available from the 
various publishers. 

A-1.2 For those who are interested in implementing an effective 
EPM program or improving an existing one, a suitable reference 
library should be readily available. Size of the plant and the extent of 
its maintenance and servicing operations will determine the desired 
publications for the reference library. 

A-1.8 The need to use the manufacturers '  service manuals and in- 
structions furnished with specific equipment or apparatus has been 
previously mentioned and cannot be overemphasized. Additionally, 
there are many sources of helpful information on general and spe- 
cific maintenance, troubleshooting, test methods, test instruments 
and their use. Some of these are available without cost, but most en- 
tail a nominal charge. Publishers of technical and trade magazines 
are another im]~ortant source of pertinent literature. Some can pro- 
vide, without charge, reprints of specific articles, or, for a nominal 
fee, a compilation of reprints of articles on a particular subject. 

Amer ican  Nat ional  Standards Inst i tute  

Guide for Installation and Maintenance of Oil-lmmersed 
Transformers-- ANSI C57.93-1958, NEMA TR5 - 1956. 
Guide for  Installation and Maintenance of  Dry-Type 
Transformers--ANSI C57.94-1958. 
Grade for Application, Operation, and Maintenance of Distribution 
Cutouts and Fuse Links, Secondary Fuses, Distribution Enclosed 
Single-Pole Air Switches, Power Fuses, Fuse Disconnecting Switches, 
and Accessories-- ANSI C37.47-1981. 
Part  I of the National Electrical Safety Code entitled "Rules for the 
Installation and Maintenance of Electric Supply Stations and Equip- 
m e n t ' - -  ANSI C2-1981. 
American National Standard Safety Standard for  the 
Lockout/Tagout of Energy Sources-- ANSI Z244.1-1974. 
Guidelines for Handling and Disposal of  Capacitor- and 
Transformer-Grade Askarels Containing Polychlorinated 
Biphenol~-- ANSI C107.1-1974. 
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American Petroleum Inst i tute  

Guide for Inspection of Refinery Equipment, C h a p t e r  
XIV- -  Electrical Systems. 

American Society for Testing and Materials 

Low-Voltage Rubber Insulating Gloves-- ASTM 1700. 
Rubber Insulating Gloves- ASTM D120-79a. 
Rubber Insulating Blankets -- ASTM D1048-77. 
Rubber Insulating Hoods-- ASTM D1049-79a. 
Rubber Insulating Line Hose--ASTM D1050-80. 
Rubber Insulating Sleeves-- ASTM D1051-79a. 
Nitrogen Gas as an Electrical Insulation Material, Specifications 
for--ASTM D1933-64 (R. 1979). 

Factory Mutual Engineering Corporation 
Handbook of Industrial Loss Prevention, Chapter 32. 

Institute of Electrical and Electronics Engineers 

Graphic Symbols for Electrical and Electronics Diagrams-- IEEE No. 
315-1975, ANSI Y32.2-1975. 
Guide for Acceptance ~? Maintenance of Insulating Oil in 
Equipment-- I EEE No. 64-1977. 
Guide for AC Motor Protection--IEEE No. 588-1976 ANSI C37.96. 
Guide for Insulation Maintenance for Large ,4C Rotating 
Machinery--IEEE No. 56-1977. 
Guide for Maintenance of Transformer dskarel-- IEEE No. 76-1974. 
Guide for Making Dielectric Measurements in the Field--IEEE No. 
62-1978. 
Guide for Making High-Direct-Voltage Tests on Power-Cable 
Systems in the Field--IEEE No. P400. 
Guide for  Operation and Maintenance of  
Turbine-Generators-- IEEE No. 67-1972. 
Guide for  Protective Relaying of  Utility-Consumer 
Interconnection-- IEEE No. 357-1973. 
Guide for Safety in AC Substation Grounding--IEEE No. 80-1976. 
Guiding Principles for Dielectric Tests--IEEE No. 51. 
Insulation Maintenance Guide for Rotating Electrical Machinery 
Rated from 5 to 10,000 HP--IEEE No. 432-1976. 
Insulation Testing of Large ,4C Rotating Machinery--IEEE No. 
95-1977. 
Measurement of Voltage in Dielectric Tests--IEEE No. 4-1978, 
ANSI C68.1-1969. 
Recommended Practice for Electric Power Distribution in Industrial 
Plants--IEEE No. 141-1976 (Red Book). 
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Recommended Practice for Electric Power Systems in Commercial 
Buildings--lEEE No. 241-1974 (Gray Book). 
Recommended Practice for Emergency and Standby Power Systems 
for Industrial Plants--IEEE No. 446-1980 (Orange Book). 
Recommended Practice for Grounding of Industrial and Commer- 
cial Power Systems--IEEE No. 142-1972, ANSI Cl14.1 (Green 
Book). 
Recommended Practice for Maintenance, Testing, and 
Replacement--Large Stationary Type Power Plant and Substation 
Lead Storage Batteries--IEEE No. 450-1980. 
Recommended Practice for Protection and Coordination of In- 
dustrial and Commercial Power Systems-IEEE No. 242-1975 (Buff 
Book). 
Test Code for Power Factor Testing of Mineral-Oil Insulated Power 
Transformers-- IEEE No. 75. 
Testing Insulation Resistance of Rotating Machinery-- IEEE No. 43, 
ANSI C50-22. 

McGraw-Hill Publishing Co. 

Industrial Power Systems Handbook, D. Beekman. 
Motor Applications and Maintenance Handbook, E. W. Boozer. 
Preventive Maintenance of Electrical Equipment, C. I. Hubert .  

National Electrical Manufacturers Association 

A C High- Voltage Circuit Breakers-- NEMA No. SG-4-1975, see part  
6 of "Instructions for the Installation, Operation and Care o f ' .  
Maintenance Motors and Generators--NEMA No. RPI-1981. 
Procedures for Verifying Performance of Molded Case Circuit 
Breakers-- 1971. 
Safe Handling, Installation, Operation and Maintenance of 
Switchboard-- NEMA No. PB 2.1-1979. 
Safe Installation, Operation and Maintenance of  
Panelboards--NEMA No. PB 1.1-1979. 

Nat iona l  Fire Protect ion Association 

National Electrical Code, NFPA 70-1981, ANSI C1-1981. 

National Safety Council 
Cleaning Machinery and Electric Motors--No. 285. 
Industrial Electric Substations--No. 559. 
Lead-Acid Storage Batteries--No. 246. 
Methods of Locking Out Electrical Switches--No. 237. 

Westinghouse Electric Corp. 

Inspection and Test of Electrical Equipment-- MB-3051. 
Maintenance Hints-- HB-6001-P. 



BIBLIOGRAPHY 70B- 183 
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American National Standards Institute, Inc. (ANSI), 1430 Broad- 
way, New York, NY 10018. 
American Petroleum Institute (API), 2101 L Street NW, Washing- 
ton, DC 20037. 
American Societyfor Testing and Materials (ASTM), 1916 Race 
Street, Philadelphia, PA 19103. 
Chemical Rubber Co., 18901 Cranwood Parkway, Cleveland, OH 
44128. 
E. P. Dutton & Co., 201 Park Avenue S., New York, NY 10005. 
Factory Mutual Engineering Corp., 1151 Boston-Providence Turn- 
pike, Norwood, MA 02062. 
Gale Research Co., 1400 Book Tower, Detroit, MI 48226. 
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Howard W. Sams Co., Inc., 4300 W. 62nd Street, Indianapolis IN 
46268. 
Institute of Electrical & Electronics Engineers (IEEE), 345 E. 47th 
Street, New York, NY 10017. 
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McGraw-Hill, Inc., 1221 Avenue of the Americas, New York, NY 
10020. 
National Electrical Manufacturers Association (NEMA), 2101 L 
Street NW, Washington, DC 20037. 
National Fire Protection Association (NFPA), Batterymarch Park, 
Quincy, MA 02269. 
National Safety Council (NSC), 444 N. Michigan Avenue, Chicago, 
IL 60611. 
Prentice-Hall, Inc., Ingiewood Cliffs, NJ 07632. 
TAB Books, Blue Ridge Summit, PA 17214. 
Technical Publishing Co., 666 Fifth Avenue, NY, NY 10019. 
Van Nnstrand Reinhold Publishing Co., 135 W. 50th Street, NY, 
NY 10020. 
Westinghouse Electric Corp., Apparatus Repair Division, 1000 Ohio 
Avenue, Glassport, PA 15045. 
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Appendix B Suggestions for Inclusion in 

a Walk-Through Inspection Checklist 

This Appendix is not a part of the recommendations of this NFPA document, but is 
included for information purposes only. 

These suggested items are directed toward minimizing the day-to- 
day electrical hazards. The list is not complete, nor do the items nec- 
essarily appear in order of importance. It is presented as a guide for 
the preparation of a checklist that should be developed for each 
plant. Because of the similarity to the plant fire prevention inspec- 
tion, both inspections may be carried out by the same personnel. 

Flexible Cords (Including Those on Appliances). Heater-type 
cords are required for portable heating appliances, such as toasters, 
grills, and coffee makers. Check condition for badly worn or frayed 
spots, splices (not permitted), improper type, current-carrying 
capacity too small. 

Plugs and Connectors. Check for stray strands and loose ter- 
minals. Are they grounding type where required for specific ap- 
pliances? Green conductor must be connected to grounding pin. 

Extension Cords. Are they used in place of permanent wiring, of 
excessive length, of proper type? They should not pass through walls, 
partitions, or doors. 

Multiple Current-Taps. Are they used because of too few recep- 
tacles? Note particularly such areas as canteens, lunchrooms, and of- 
rices. 

Appliances. Grills, toasters, and similar equipment should be per- 
manently spaced from combustible material. 

Heating Appliances. Where used with combustible material such 
appliances generally require a signal light to indicate when "On." 

Hot Water Heaters. Check for proper electrical protection. 
Manually operate the combination temperature and pressure relief 
valve to be sure it is free and the drainline is clear. Visually check set- 
tmg. 
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Office Equipment.  Check condition of flexible cords, plugs, and 
connectors. Look for excessive use of extension cords and multiple 
current taps. 

Receptacle Outlets. Grounding-type receptables are generally re- 
t~uired. Check each receptacle for continuity of grounding connec- 
ion, using suitable test instrument. Are special receptacle configura- 

tions used for those supplying unusual voltages, frequencies, etc? Are 
they well-marked or identified? Note particularly missing faceplates, 
receptacles showing signs of severe arcing, loose mounting, etc. 

Portable Equipment (Tools, Extension Lamps and Extension 
Cords). In shop or tool room after each use, check for isolation be- 
tween live ]3arts and frame. Note condition of cord and plug. Is con- 
tinuity maintained between frame and grounding pin of plug? The 
green conductor should connect only to the plug gounding pin. On 
lamps check condition of guards, shields, etc. See NFPA 70, Na- 
tional Electrical Code for portable hand lamps; metal-shell, paper- 
lined lampholders for hand lamps are not permitted. 

Light ing Fixtures. All lighting FLXtUres should be labeled and 
grounded. See NFPA 70, National Electrical Code for connection of 
electric-discharge lighting, f'Lxtures. These may be connected by 
suitable, 3-conductor flexible cord where visible for its entire length 
and terminated at outer end in a grounding-type attachment plug or 
busway plug. No fixtures should be located close to highly combusti- 
ble material. Note location of f'Lxtures having burned out bulbs or 
tubes; where fixtures are heavily coated with dust, dirt, or other 
material; and where the reflectors are in need of cleaning. 

Equipment  Ground ing .  Where machinery and /o r  wiring 
enclosures are grounded through the conduit system, look for broken 
or loose connections at boxes and fittings, flexible connections, and 
exposed ground straps. Multiple bonding of conduit and other 
metallic enclosures to interior water piping systems including sprin- 
kler systems, is sometimes used as a precaution where building vibra- 
tion is severe, even though a separate equipment grounding conduc- 
tor is run with the circuit conductors inside of the conduit. 

Yard Transformer Stations. Note condition of transformers, 
fence, gates, and locks. Yard and equipment should be free of 
storage of combustible material, weeds, grass, vines, birds' nests, etc. 
Watch for indication of localized overheating indicated by conductor 
discoloration. Indication of excessive transformer terperature, 
pressure or oil leakage should be noted. 



70B-186 ELECTRICAL E~UIPMENT MAINTENANCE 

Services. Visually check condition of weatherheads and 
weatherhoods to determine that they remain in good condition. 
Eliminate birds' and rats' nests, etc. At the same time determine the 
apparent condition of lightning arrestors, surge capacitors, ground- 
ing conductors, and grounds. Are switches safely and readily accessi- 
ble? 

Switchrooms and Motor Control Centers. Check to see that they 
are clean and used for no other purpose. They should be free of 
storage of any kind, especially combustible material. Ventilation 
equipment should be in working condition and unobstructed. Notice 
and promptly report any unusual noises or odors. Metering equip- 
ment should be checked for high or low voltage and current, and any 
indication of accidental grounding (ungrounded systems). Are 
switches and motor controllers properly identified as to function; are 
fire extinguishers in place, of suitable type and charged? 

Grouped Electrical Control Equipment (Such as May Be Mounted 
on Wails, etc.). Are they protected from physical damage and 
readily accessible? Are any equipment enclosures damaged or have 
missing or open covers? Are any live parts exposed? Report any con- 
dition preventing quick or ready access. 

Enclosures of Electrical Parts (Motor Control Equipment, Junc- 
tion Boxes, Switches, etc.). Are covers secured in place? Report 
location of broken or loose conduit, wiring gutters, etc. Missing dust 
caps should be replaced. 

Hazardous (Classified) Location Equipment. All cover bolts 
should be in place and tight. Permanent markings should not be 
obstructed by paint. Examine joints between cover and case for signs 
of having been pried open in removing cover. This may have dam- 
aged the mating surfaces of the joints. Excessive accumulations of 
dust and dirt should be noted for removal from all enclosures, in- 
cluding motors, which also should be examined for obstructed ven- 
tilation. Note and report the use of nonexplosion-proof electric 
equipment, including lighting, which may have been installed in the 
hazardous (classified) location area. 

Emergency Equipment. 

(1) Exit lights should all be functioning properly. 
(2) Emergency lights should all be in working condition. Periodic 

tests are recommended to be sure that they function when normal 
lighting is lost. 
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(3) Emergency power supplies such as batteries, engine driven 
generators, etc. normally receive scheduled tests. Check records or 
periodic tests. Are fuel and cooling supplies for engine drives ade- 
quate? Are fire extinguishers in place, of proper type and charged? 

(4) Alarm systems, such as for fire, intrusion, smoke detection, 
sprinkler waterflow and fire pumps, also receive periodic tests. Check 
records of these tests to be sure that all signals are properly transmit- 
ted and equipment is in good working condition. 
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Appendix C How m Instruct 

This Appendix is not a part of the recommendations of this NFPA document, but is 
included for information purposes only. 

C-1 Int roduct ion.  Training is basically a process for changing 
behavior. These behavioral changes are the product of new knowl- 
edge, reshaped attitudes, replaced skills, and newly acquired skills 
that express themselves, or become observable, as improved work 
techniques of the learner. 

The trainer's function is to structure the instruction process in a 
manner that will make learning take place more effectively and in 
the shortest period of time. 

C-2 Shortcomings of Learn ing  by Tr i a l  and Error .  Trial and er- 
ror learning is learning at random. It is slow; it is costly in terms of 
time and mistakes. It also is costly because it involves so much 
"unlearning" of incorrect practices and "relearning" after the 
mistakes have been made. 

Trial and error is the instructional process that continues to 
dominate industry. Its inefficiency can be illustrated by examining 
the case of the newly hired maintenance electrician assigned to in- 
strument circuit repair work until "he gets the feel of the plant and 
'learns' his way around." 

Assume that the assignment is to disconnect an instrument 
from the power source so that an instrument technician can 
change out a defective chart drive motor. 

Consistent with apparent good safety practice, and without 
consulting anyone, the electrician opened the switch that fed 
power to the entire instrument panel. 

Loss of control of the process resulted in major product 
spoilage. 
This example illustrates what may happen any time people are put 

on jobs, simple or complex, without giving them organized instruc- 
tion, either personally on the job or in groups off the job. 

An even clearer illustration of the inefficiency of trial and error 
learning is the example of an inexperienced maintenance electrician 
who is charged with responsibility for motor trip-out trouble- 
shooting, but who receives no formal instruction on this subject, 
which to him is unfamiliar. 
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His first attempts will include many blind alleys, such as going to 
the job location without the proper tools, a random inspection of the 
motor starter, the motor and the driven load or a random replace- 
ment of heater elements. As the number of his attempts to correct 
motor trip-outs increases he may learn to avoid many of the blind 
alleys, and eventually he may come up with a logical (to him) se- 
quence in steps that will shorten his job time. 

If, on the other hand, he had been properly trained initially, the 
JbOb could have been performed correctly, in the minimum of time 

ecause the maintenance electrician would have had full knowledge 
of the task and confidence in his own abilities to perform it. The  fur- 
ther benefit of such training would have been less downtime, less 
material waste, and less chance of injury to himself and to other 
employees. 

The justification for planned on- and off-the-job-training, 
therefore, is to get better results in the form of greater job knowl- 
edge, greater skills and better job attitudes towards such factors as 
quality, cost and productivity and in the shortest amount of time. 

The job of the lnstrnctor, therefore, is to direct learning activities 
of trainees to avoid the blind alleys and mislearning which are in- 
evitable with trial and error. This requires organized presentation. 

0-5 Philosophy of Training. 
In organizing a training program for a new learning situation, the 

major tasks involved are: 
1. Selection of the experiences that will help the trainee learn 

what he needs to do. 
2. Guiding of the trainee's efforts toward the proper learning 

objectives. 
3. Applying the trainee's past experience. 
4. Avoiding failures, frustrations and loss of interest because 

the trainee does not perceive the relationships between what is 
presently being taught and future activity. 

In discussing how the instructor can organize the presentation of 
subject material, assume, for the time being, that motivation has 
been provided and that the trainee recognizes the need for the train- 
ing and has a desire to learn. 

Whenever a skill is being taught, the instructor is not only present- 
ing facts, he is also forming attitudes. For example, in learning how 
to make a relay adjustment, new information is being acquired. In 
addition, the trainee is forming attitudes and "mind sets" concerning 
the information presented as well as performance, precision stan- 
dards, quality, safety and equipment design. It is these attitudes and 
"mind sets" that will determine how the employee will approach or 
handle his job. 
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C-4 T h e  Four  Step Method of  Instruct ion.  
A proven method of instruction is the "Four Step Method." These 

four steps are: 
Step One -- Preparation 
Step Two -- Presentation 
Step Three -- Application 
Step Four -- Observation. 

C-4.1 Step One: Preparat ion.  
C-4.1.1 Preparat ion of  Subject Matter.  

A carefully laid out plan of action is a necessary operation for the 
presentation of new information and skills. Any mistakes made in 
presenting new material early in the teaching process will per- 
manently confuse the trainee. To  avoid teaching mistakes, the in- 
structor should use a clearly worked out subject content outline and a 
step-by-step breakdown of the operations to be covered during in- 
structions. 

C-4.1.2 Subject Content  Outl ine.  
A carefully worked out subject content outline is important to both 

the beginning instructor and the expert. The  new instructor may not 
deal fully with all the steps of the explanation. The  expert may 
overlook steps that seem to be obvious. Therefore, both the new m- 
struction and the expert should plan their presentations from the 
viewpoint of the trainee in order to instruct effectively. 

C-4.1.$ Breakdown of the Subject Matter.  
Instruction proceeds from the known to the unknown. It begins 

with the simple and proceeds to the complex. 
Use of a step-by-step breakdown will ensure that the instruction 

will move progressively through a job, presenting it as it should be 
done from start to completion. 

Instruction is accomplished by making certain that each new step 
is thoroughly explained and demonstrated in proper order and by 
making sure that the trainee understands what has been covered 
after each step. 

The process of instruction is a natural process, with each step fall- 
ing logically into place. 

The problems encountered in instruction are generally due to the 
instructor's failure to take the time beforehand to carefully develop 
each explanation so that the entire topic makes sense. 

When the presentation has been carefully broken down so that 
each unit being taught is clear and logical, the major obstacle to soc- 
cessful training has been overcome. 
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C-4.1.4 Preparation of Trainee.  
(a) Put the Trainee at Ease. 
The trainee needs to be receptive. Tensions need to be minimized. 

This can be achieved by creating an atmosphere of personal security. 
Introduce the trainees, demonstrate a friendly,manner, get down to 
the business at hand promptly by explaining what it's all about." 
Relieve the situation by anticipating the questions that normally are 
raised by the trainees, by clearly describing the objectives, by making 
the trainee aware of the advantages and letting him know how the 
program will affect him personally. 

(b) Develop Favorable Attitudes. 
Attitude is a by-product of everything that occurs. The instructor 

will influence the shaping of the trainee s attitudes. Because attitude 
is a by-product, the development of a favorable attitude or outlook 
toward this program cannot be obtained by the simple process of 
talking about attitude directly. Instead, the instructor's resl~onsibility 
is to do a good job of presenting the course, point out what is going to 
be covered and how the program serves both the trainees and the 
company's interest. 

(c) Find Out what the Trainees Already Know. 
Individual interest and receptivity of trainees to the subject 

material can be determined by briefly reviewing the backgrounds of 
members of the training group. This will avoid duplication and pro- 
vide the instructor with information that will reveal the gap between 
what members of the group already know and the material to be 
presented. 

(d) Preview Material to Be Covered. 
Having determined background knowledge already known to the 

group, the instructor should brief the trainees on the ground to be 
covered. This briefing need not necessarily come in the same order as 
outlined here. The important consideration is that at some point 
before getting into the body of the lesson the instructor should tell 
the trainee what is going to be covered during the period. 

Preliminary ground work is frequently looked upon as a "waste of 
time." But in training, it must be remembered that part of getting 
the job done is to deal first with the intangible assignment of 
psychologically preparing the trainee. Step One failure is the most 
common among new instructors. No lesson should be considered 
ready for presentation until specific measures to prepare the trainees 
have been developed. 



70B-192 ELEC'rmCAL EQUIPMENT MAINTENANCE 

C-4.2 Step Two:  Presentation - -  Show and Tel l .  
The main points in "showing and telling" are: 

C-4.2.1 Show How to Do the Job. 
The instructor should demonstrate the operation carefully and ac- 

curately. If the operation is difficult, two or three demonstrations of 
the operation should be made. The instructor must not lose sight of 
the fact the 'showing" is very important in teaching. The instructor 
must demonstrate, or "show how," before the trainee tries to do the 
job. 

C-4.2.2 Tel l  and Explain  the Operat ion.  
After the class has seen the job demonstrated, the instructor 

should "teLl how" the job is performed. It is important that the in- 
structor let the class "learn by doing" only after they have had the 
necessary instruction. The indim'dual or class must never be put in 
the position of having to learn only by trial and error, or by simple 
observance. In other words, the trainee must be shown and told ex- 
actly what is expected and how to do it. The details he should re- 
member are pomted out to him. 

C-4.2.$ Present Any Related Theory .  
An electrical maintenance worker may actually carry out the se- 

quence of actions required to do a job without knowing the basic 
principles which underlie the action. He may not understand why he 
does what he does; however, he will be a better technician if he does 
know why. This makes the difference between mechanical, machine- 
like, unmotivated performance and purposeful, participating 
workmanship. 

C-4.2.4 Direct Attention of the Learner .  
Showing and telling require that the instructor direct the attention 

of the trainees to the job. Describing an operation, showing a pic- 
ture, or demonstrating an action is not enough. The important 
details must be pointed out and emphasized by directing the atten- 
tion of the trainees to them. Attention may be directed in a number 
of ways. 

One method of directing attention is to point out the item. Such 
emphasis will usually be coupled with "telling," with a question, or 
with a demonstration. Attention may also be directed by use of 
graphic devices, sketches, diagrams or board drawings, mobiles and 
by the use of colors in printed material and on charts. 

Board work can be emphasized by use of colored chalks. Changing 
the voice, slowing down the rate of talking, pausing, and the hun- 
dreds of devices of showmanship that dramatize a point are all effec- 
tive means for directing attention of the learner. 
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C-4.$ Step Three :  Application (Try-Out  Performance).  
Application provides a checkpoint on what has been learned. It is 

accomplished by having the class members "carry out" or "show 
back" how the job or operation is done. There are four major reasons 
for Step Three: 

First, to repeat instructions; second to show the trainees that the 
job can be done by following the instructions as given; third, to point 
out and to learn at which points the trainee may be experiencing dif- 
ficulty; fourth, to indicate to the instructor whether or not the in- 
structions given in Steps One and Two have been effective. 

Performing the physical steps required to actually do a job will not 
test all the learning that should have been acquired. The instructor 
should check the trainees by additional means such as questioning, 
having them identify parts, asking them to summarize the steps ver- 
bally, and by stating reasons for functions. 

C-4.$.1 Have the Tra inee  Explain and Perform Each Step. 
To keep mistakes at a minimum, the instructor should have the 

trainee: tlrst, tell what he is going to do; second, tell how he is going 
to do it; third, do the job. Telling "what" and "how" should come in 
advance of doing it. Have him carry out the necessary physical move- 
ments, after, not before the instructor is satisfied the trainee knows 
how to do it. 

The instructor should have the trainee show how to do the job by 
the same method the instructor used in performing the operations. 
Because Step Three is the trainee's first opportunity to actually apply 
what has been taught, it is important to avoid incorrect practices 
from the start. 

C-4.$.2 Have the Tra inee  Do Simpler Parts of the Operation First. 
At this point, encouragement and success are important condi- 

tioners. Remember: early successes are beneficial to learning, to 
remembering, and to building interest in future learning. 

Get the trainee into the job with as few errors a~ possible. As the 
most expert member of the group it may be necessary for the instruc- 
tor to assist the trainee by handling the more difficult parts the first 
time through. 

C-4.$.$ Question the Trainee on Key Points. 
One of the training hazards encountered in Step Three is the in- 

structor's tendency to overlook slight omissions and details of the job 
that require explanation. The instructor should never assume that 
the trainee understands what has been taught; he should verify it by 
q.uestions. If there are omissions of details in the trainee's demonstra- 
uon and explanations, the instructor should raise questions to cover 
the details and have complete discussion of the points involved. 
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C-4.$.4 Make Corrections in a Positive and Impersonal Manner .  
It should be remembered that the trainee is in the psychological 

position of trying to do what the instructor wants. The instructor 
should not lose sight of this and should not attempt to rush the learn- 
ing or become impatient. In particular, the instructor must carefully 
consider each corrective step taken. He should praise the good work, 
even if it is very minor. Then  he should tell how some operations 
might have been performed more effectively. During the trainee's 
demonstration it will sometimes be better to permit minor mistakes 
to pass until the trainee has completed his explanation. Questions 
raised after the demonstration cause less interference and can be ef- 
fectively used to "get across" the correct knowledge, methods and 
points of view. When trainee mistakes are too frequent, the instruc- 
tor will usually find the cause by going back to the instruction pro- 
vided in Steps One and Two. In other words, rather than attempt to 
explain mistakes made in Step Three presentations by trainees as 
being due to their failure to learn, the instructor should re-examine 
his own handling of the trainees up to Step Three. Usually when the 
frequency of errors in the presentation step is high, or when the same 
errors are being made by several trainees in the group, the cause can 
be traced to ineffective Step One or Step Two instruction. 

In summary, the instructor should observe these basic rules to ob- 
tain better results and build more favorable work-related attitudes: 

Make corrections in a positive manner. 
Make corrections in an impersonal manner. 
Focus attention on the causes of mistakes. 
Help the trainee to detect his own mistakes and make his own cri- 

tique. 
Correct with leading questions. 
Get every trainee into the act...provide as much practice under 

direct observation as possible in the time allotted. 
After members of the training group have shown they understand 
and can perform the operation, and after the instructor has been 
satisfied that a solid foundation of basic learning has been acquired, 
the group is ready to move to the final phase of instruction. 

C-4.4 Step Four: Observation (Follow-up and Performance 
Testing), 

Before considering the final step in the cycle of instruction let us 
briefly summarize the instruction process thus far: 

Step Purpose 
One: Preparation Organize 
Two: Presentation Motivate, show, and tell 
Three: Application Trainee demonstration 
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The purpose of Step Four is to prove that the trainee has learned 
by ]puttmg him in a work situation as nearly typical of the normal 
maintenance environment operations as possible. 

Step Four provides an opportunity for the trainee to practice and 
gain experience in phases of the job which the instructor has covered. 
Job knowledge is reinforced and job skills are acquired only by doing. 
Without practice, skill cannot be developed. 

These guidance factors are critical in Step Four: 

C-4.4.1 Provide Close Follow-up on the Job. 
When training is being provided simultaneously to a group it 

becomes practically impossible for the instructor to do an adequate 
job of follow-up on each trainee. Despite this, prompt follow-up is 
the most important aspect of  Step Four. Unless the trainees put the 
techniques they have been taught into practice, instruction has no 
purpose. 

It takes application to learn techniques. It takes correct applica- 
tion to learn correct techniques. The trainee put on his own will 
often develop incorrect ways of doing his job. Follow-up is the only 
means to prevent this. Responsibility for providing follow-up should 
definitely be assigned. Although it is common practice for the in- 
structor to provide Step Four follow-up, there are definite advan- 
tages in sharing follow-up responsibilities with the supervisors of 
employees in training. 

The training of maintenance electricians finds greater acceptance 
when there has been active line supervision involvement. One way 
that this can be achieved is by using engineering and maintenance 
supervision as a pilot group before the program is presented to the 
trainees. Another common practice is to use engineers or mainte- 
nance supervisors as instructors. Their use provides a variety of 
benefits. The most important benefit is the bond that is built be- 
tween the classroom and on-the-job performance. Also, inadequacies 
in training show up quickly, and on-the-job follow-up is efficiently 
implemented. 

C-4.4.2 Provide Immediate Follow-up on the Job. 
Heavy emphasis has been placed on follow-up. The timing of 

follow-up is crucial. 
Unfortunately, the trainee sometimes views training as being end- 

ed when the presentation phase has been completed. 
Follow-up is a function that is easy to put off. Its benefits are in- 

tangible, while daily maintenance demands are not. It is something 
the supervisor is not accustomed to, and other demands on his time 
get priority. Meanwhile, "wrong learning" multiplies. Learning is 
learning, right or wrong. Each error repeated is just that much more 
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firmly instilled in the memory. This fact makes timing important. 
On the job follow-up should be phased out as performance 
demonstrates that correct methods and procedures have been 
learned and are being applied. 

C-4.4.3 Maintain Performance Standards. 
Performance expectations must aim high. There is no room for ex- 

ceptions. If a quality standard is right, it must be observed when ap- 
praising trainee performance. If the standard is not right, it should 
be changed, not ignored. 

Fault-free performance should be the training standard. Uniform 
results depend upon uniform methods. High standards of equipment 
performance depend equally upon high standards of equipment in- 
stallation, operation and maintenance. 

Performance observation is the final filter in this developmental 
process. If the mesh is coarse the product will be irregular. The 
trainee should not be "graduated" until he demonstrates capability 
using prescribed methods to obtain prescribed quality standards. 

There may be times when many in a training group exhibit inade- 
quate understanding of maintenance practices or quality re- 
quirements. Reinstruction of the entire group may be the most 
economical means for bringing about the improvement desired in 
these instances. Two items of correction technique have such impor- 
tant bearing on the success of retraining that we should repeat them 
at this time. 

First, stress "what to do" instead of concentrating on "what was 
done wrong." Commend each correct detail. Focus on the step that is 
right. Pick up the operation at that point and supply the next "right" 
step. Then repeat each phase of  the operation as it should be done. 
This is "positive reinforcement. 

Second, use questions in preference to making statements. Draw 
out correct information instead of supplying it again. The purpose 
should be to establish a learning situation in which the trainee is an 
active participant. Encourage trainees to analyze their own perfor- 
mance. The goal is maximum trainee involvement. 

C-5 Summary: T h e  Instruct ion Process in Brief.  
C-5.1 Instruction is the process of teaching employees the knowl- 
edge, skills, and attitudes they need to do the jobs they are expected 
to do. 

C-5.2 Instruction involves a variety of methods and techniques. 
The acquisition of knowledge, skills, and attitudes is the objective. 
How effectively instruction is organized and carried out determines 
the amount, rate and permanence of new learning. 
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The industrial instructor's challenge is to develop ways to involve 
the trainee, and to discard the passive, lecture-based, non- 
participative methods inherited from the old-line techniques of 
academic institutions. Involvement is required if the trainee is to ac- 
quire new information and practical skills more effectively in the 
least amount of time. Ec~ually important is the interest and desire to 
apply the new learning m the work situation. 

C-5.$ Organized instruction is only effective when based upon use 
of training methods that motivate the trainee. 

C-5.$.1 Instruction should be presented so that it has practical 
meaning. The instructor should: 

1. Present practical applications. 
2. Use familiar experiences and words. 
3. Get the trainee to participate in the instruction. 
4. Use problem solving discussions. 
5. Relate class work to on-the-job situations. 

C-5.3.2 Instruction should be purposeful; it should have a goal. To 
give purpose to training, the instructor should: 

1. Make certain the reasons for the training are clear. 
2. Emphasize the benefits to the individual. 
3. Point out the practical applications of what is being taught. 
4. Let the trainee know how he is doing. 

G-5.4 Organize instructions to get active trainee participation. Par- 
ticipation can be increased by such methods as the following: 

C-5.4.1 Use of models, mock-ups, graphs, charts, exhibits and in- 
spection tours of actual operations. 

C-5.4.2 Use of discussion, use of questions, use of trainees to 
prepare class materials, and encouragement of trainee solutions of 
problems brought up in class. 

C-5.4.3 Making specific assignment to trainees, providing for in- 
dividual practice, and having trainees research for information. 

C-5.5 The instruction process may be broken into four steps: 

C-5.5.1 Step One: Prepare the Trainee .  
(a) Develop motivation, reasons, advantages and objectives. 
(b) Get him interested in the training project. 
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(c) Become familiar with what trainees already know about the. 
operation. 

(d) State the job to be done; cover the whole job briefly. 

C-5.5.2 Step Two: Presentation (Present the Operation). 
(a) Tell, explain, show and illustrate one step at a time, going 

from simple to complex. 
(b) Stress each key point. 
(c) Instruct clearly, completely and patiently. 

C-5.5.3 Step Three: Application (Try-Out Performance). 
(a) Have trainees perform operations step by step. 
(b) Make certain that errors are corrected. 
(c) Have each trainee perform operation again while he explains 

each key point. 

C-5.5.4 Step Four: Observation (Follow-up). 
(a) Put trainee on his own. 
(b) Designate to whom he should go for help. 
(c) Establish definite arrangements for frequent checks. 
(d) Encourage discussions and questions. 
(e) Taper off follow-up. 
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Appendix D 

This Appendix is not a part of the recommendationJ of this NFPA document, but is 
included for information purposes only. 

Appendix D-1 Some Typical Electrical $ymboh - -  

ANSI Y32.2-- 1970 

CIRCUIT 
DISCONNECT BREAKER 

I I I 

SWITCHES 

CIRCUIT 
BREAKER W/ 

THERMAL TRIP 

LIQUID LEVEL 
NORMALLY 

OPEN 
NORMALLY 

CLOSED 

PRESSURE OR VACUUM TEMPERATURE FOOT 

NORMALLY NORMALLY NORMALLY NORMALLY NORMALLY 
OPEN CLOSED OPEN CLOSED OPEN 

V 
FLOW 

NORMALLY NORMALLY 
OPEN CLOSED 

V 
FOOT,p CON'T, 

NORMALLY 
CLOSED 

LIMIT 

NORMALLY NORMALLY 
OPEN CLOSED 

TOGGLE 

NORMALLY 
OPEN 

. . 1 . -  
O O 

ROTARY SELECTOR 

NON-BRIDGING CONTACTS BRIDGING CONTACTS 

000 OR 

~ o  o ~ °  

NORMALLY 
CLOSED 

PUSHBUTTONS 

TWO 
CIRCUIT 

O O 

oOo OR 
~0.oo o~_~ ° 

MUSHROOM MAINTAINED 
H [ A  D,t SAFETY CONTACT 

FEATURE 

L ~  
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Appendix I)-2 Some Typical Electrical Symbols 

COHTACTS 
NORMALLY NORMALLY NORMALLY NORMALLY 

OPEN-T IMED CLOSED-T IMED OPEN -T IMED CLOSED*TIMED 
CLOSED OpIrN OPEN CLOSED 

COILS  

RELAY,  T IMER,  SOLENOID THERMALLY 
CONTACTOR~ETC. ! OPERATED 

RELAY 

-o- % - ~  

WIRES NOT 
CONNECTED 

MOTORS, CON~T. 

CONNECTIONS,  

PLUG AND 
RECEPTACLE 

NORMALLY NORMALLY 
OPEN CLOSED 

--t1- ~ 

CONNECTIONS 

MAGNETIC  
CONE WIRES CONNECTED 

TRANSFORMER 

D IRECT C U R R E N T  
SHUNT MOTOR 

0I 

CO N'T. 

GROUND 
TO EARTH 

/ 

CONNECTION TO 
CHASSIS j NOT 

NECESSARILY TO EARTH 

MOTORS 

S PHASE 
I N D U C T I O N  

MOTOR 

RESISTORS,  C A P A C I T O R S ,  ETC* 

RES ISTOR C A P A C I T O R  FUSE 

J_ 
- ~ -  T ~ 

AMMETER V O L T M E T E R  

RESISTORS, C A P A C I T O R S ,  ETC. ,  CON'T. 

P I L O T  L I G H T  HORN B E L L  M U L T I C E L L  
(RED L E N S )  BATTERY 

Z[~ J -  @ ~ ® ® 
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Appendix D-$ Some Typical Electrical Symbols 

SEMICONDUCTORS M I S C E L L A N E O U S  

R E C T I F I E R  R E C T I F I E R  T H E R M I S T O R  T E R M I N A L  B L O C K  
DIODE B R I D G E  

.1;o I I I I I I l l l  

M I S C E L L A N E O U S ,  C O N'T. 

T A B L E  OF CONTACT OPERATION FOR CONTROL SWITCH 

DETACHED CONTACTS 
SHOWN ELSEWHERE 

ON D I A G R A M  

P O S I T I O N  
CONTACT 

I Z 3 

A X 

B X 

C X 

X - I N D I C A T E S  CONTACT 
CLOSED 

M I S C E L L A N E O U S ,  CON'T. 

TABLE  OF CONTACT O P E R A T I O N  FOR DRUM SWITCH 
{ S L I D I N G  CONTACT T Y P E )  

DETACHED CONTACTS 
SHOWN ELSEWHERE 

ON D I A G R A M  

P O S I T I O N  
CONTACT 

O F F  I 2 3 4 S 6 7 8 
• • • • L ! ! I J 

B . i ' ' '. k ' l ' ~  I I I 
'. i ; ; , ' - ' I"  I ! ! 

C I RI~%'%"~%"%~ ~ I I I I 

o , ~ ? i  
j i I I ~ I I 

" ; I I , F ~ Z ~ _ J _ . L .  
F I I I I I 

- I N D I C A T E S  CONTACT CLOSED 
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A p p e n d i x  E - I  T y p i c a l  U s e  o f  Symbols i n  a S i n g l e - L i n e  P o w e r  

D i s t r i b u t i o n  P r o g r a m  

This Appendix is not a part of the recommendations of this NFPA document, but is 
included for infoymation purposes only. 

Note: This is presented to show use of symbols and not to be construed to in- 
dicate recommendations. 

t NON-FUSED DISCOHN[CT SWITCH 

4.16 RV DELTA TO 
4 | O Y ]  17TV I T [  

~ TRANSFORMER 

Z{'~,E°R.c, 
, . S - -  

NEUTRAL TO GROUNDING'~- 
ELS¢VRODE 

t "  

FUSSD DISCONNECT SWITCH 

L S ON 4 W I R E - ~  
DISTRIBUTION 

p--.  
| ¢IRCUIT 8REAX[R 
) - -TRIP 

--~RAME SIS[ 
4S0V DELTA TO 

.,,,,~SOaY/IlO 
TmAmSrOamtm 

NSUTRAL TO __KVA 
GROUNDING __~ IMPEDANCE 
£LECTROD[ 

- -  TRIP I) I) '1 - -  ZR 

I i I - - '  . . . .  ~._.___.~r._.i.~.~ SIZE 
SODT/ l ind  

LOAD C[NT[R 
¢*RC~IT D~[AK[A T,P[  

m AMPS CONTINUOUS 
AMPS MOMENTARY 

-2. ;iRo . . . .  o . . . . .  . ,,R, 
~ C L A S S  

I DRAWOUT TYPt i CIRCUIT BR[A#[R __TRIP ¢IRCUtT 8R[ARER __ZR __TRIP - -ZR  __ fmAM[ SIZE 

CONTACTOR 

__CLASS 

4SOY, 3 J  
LOAD CENTER 

FUSED SWtTCH TyPE 
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FWD m 
L 8  L 8  I1 '  

L ~ o L -  Fen -,u,T 
| B 86J Iw I . rEH I r8  
: (WHI[N USED| 

WHEN l IM IT  SWITCHIrB I 
USED - B I M O Y I  u 

JUMPERS BETWEEN Q I .L 
T 0 8  AND ? T O E  ON STARTER I I I ~ . T  

R~V L_~'~_.'-..~ . . . .  ECT,O. 

• .o F ~ l  
I ~ COtqNlCT IONS 

I 4 PUSHSUTTON 
I Ib STATION 

,.o r ~ 7  

.Ev ' I ~ ' ,  |CONN[CTm.S 
'L  _; ,_ _ ; i_  _I; ~ r o a . u ~ v w L E  
,~ ~ S l . u s . B . . o .  

8~OP L ~ ~  I | 4 STATION 

Typical Wiring Diagram 
I ro  S U p p L y  

S 

!i! 
T VOLTAGE PR! S [ ¢  

S TRANSFORMER I XS 
Z - P N ,  3 -WIRE 

LINES L |  LE L3 
STARTER PH PH 

LINE LI  L2 L3 I ko:o / * ' l T ' l ' l  
Tr~MINALS I 

T I  T I  TS T4 

D i a g r a m  shows w i r i n g  for  revers ing  starter w / th  control  transformer.  

l T 

J - - -  4-. 
MAY E [  GROUNDED 
EY PURCHASER 

TRANSFORMER 
CONNECTIONS 
SHOWN ABOVE 
ARE FOR bOWER 
PRtMARY VOLTAGE 

TRANSFORM(R 
NS CONNECTIONS PP*I SIC 
HZ FOR HIGHER 

PR|MAR¥ VOLTAGf. 
HI  X ,= 

:.,o 
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A p p e n d i x  E-$ T y p i c a l  Schemat i c  D i a g r a m  

L 2  L~ 

-t 
T I  T 2  T 3  

HI ~ H 4  

T 
! ~ w 0  . . .  o ~  oL  

STOP R I r V  2 ~ 3 ~ m • 

41 - ~ 4 ~  ] 41 41 
Or. 

Ft" 

Power and control schematic for reversing starter with low-voltage remote 
pushhuttons. Forward, reverse, stop connections are shown. 
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A p p e n d i x  F - I  T y p i c a l  W o r k  O r d e r  R e q u e s t  F o r m  
This Appendix is not a part of the recommendations of this NFPA document, but is included for information purposes only 

Work Order WORK ORDER NO. CRAFT 

Request [ [ [ [ - -  [ 

PLANT D E P A R T M E N T  
D m E c ~ o s s  TO P~QUEs~mn: Complete Section I ONLY. Submit  four copies to  the  P lan t  Department .  Maintain  last copy for 
your files. Prepare a separate request for each job. This  request will be returned to you and  becomes s work order only when 
approved and assigned a work order number  by  the  P lan t  Department .  Allow sufficient t ime for completion. PleaeeTYPt~ 
your request. 

I. TO BE C O M P L E T E D  BY R E Q U E S T E R :  Date  ........................ / .......... / ............ 
Summary of work request .................................................................................................................................................................... 
Location of work: Room(s) .................................................................................................... Building ............................................ 
Details of work request ........................................................................................................................................................................ 

Typical work order request form consists of five parts  - -  includes copies for p lant  ............................................................ 
depar tment  (or p lant  engineer), da t ap roceu ing ,  receiving stores, requester, and ............................................................ 
requester's department .  W o r k  to be done is spelled out  in detail. . ........................................................... 

Special t ime requirement - -  Date  needed ............ / ............ / ............ Indicate reason ........................................................................ 
Depar tment  .................................................................... Tel. Ext  ......................... [ ]  P lan  a t tached [ ]  Info. a t tached 
Authorized signature .................................................................... Tit le  ................................ Approval ff required ................................ 

II .  FOR PLANT D E P A R T M E N T  USE ONLY: Date  Received ............ / ........ / ............ 
A. Your request has been D Approved [ ]  Disapproved [ ]  Forwarded to ............................................................ 

for action. Use the  assigned work order number  when referring to this  request. 



B. Instructions: .................................................................................................................................................................................... 

Craft Total Hours Total Labor Material Grand Total  
JOB 

ESTIMATES 
Hours $ $ $ 

Assigned to ............................................................................ Craft ........................................................ [ ]  D a y  [-I Night 

F o r e l ~ a n  - -  

C. Completed per Plant instructions? [ ]  Yes [ ]  No 

Can recurrence be prevented? [ ]  Yes [ ]  No 

If yes, indicate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ACTUAL Tot, Reg. Tot.  O / T  Tot.  Equiv. Hrs. 
HOURS 
USED 

Date ........................................ Foreman's Signature ............................................ Requester's Signature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Requester  - -  
Completed per your request? [ ]  Yes [-1 No 

Plant and Requester note variations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

HI. FOR D A T A  PROCESSING USE ONLY 
Dept. Bldg. Class  Category Cause Pay O/T $ 

I I I I I I I I 1 I 
Total Labor  8 "t- Total Material $ --~ Total  $ 

I I I I  I I I I  I I I I  
Work D e s ~ p t ~  

~ . ,  I I I I I I I I I I I I I I I I I  

I 
I 

~J 

PLANT D E P A R T M E N T  
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A p p e n d i x  F - 2  

A i r  C i r c u i t  B r e a k e r  - -  I n s p e c t i o n  R e c o r d  

D ~ A U I  

G : N T A ~ r m  

Se~ml No. _ _  

MFL Tyl~ of Madd 

k u ~  v e t o . _ _  ~ _ _  x n t m ~ t ~  Am~ 

opmum: sum,us 0 ~ 0 p.,momcoaua 0 
vat, a m , _ _  Acrl~cO v d , - u q , _ _  AcO Dcl~l 

~ Devices: h~duc~ IP.idws i - I  Dim:t TJ~ips 0 
CL Fuses I - I  "rD S e n t q  _ _  INST. SettteS _ _  

AI~MUAL I]~q~'TI~M 

w n  A _ S l l N ~  

C ~ m ~  
~ L [ - - -  

' l i n t  CFmlA'I~  

Rmamlm (Recmd actiom tdmm ~ a  ladicatM b~ Impece~m e~ Tests) 

O~m lq~m~ lUmommmbd: 
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Air Circuit Breaker Tat  and Inspection Report 

m 

m 

O~mm, m 

DAT ~" 

I ~ . N  No 

A~ 'l)~q~. h i .  Oqmn~,d~W 

P - - "  I m l  Imlno~l~a, 

u m  a m m ~ R  m n l m  om,. 

~ On..'. 0am,, - - O e m '  B.P, 

C~mmct a m .  lllmglmm -- 

l i ewe .m.P .F .  ~ ~ No. _ _  

40 .1 t I IBJ l ITa  

~ * m u  CwdmNt W O m , ~  

tmlk ¢ m  

Cl~al:l T,~ 

llpClm~l. 

m A i m n  

o ~ t t o  c m t i a m 8  

tmmmWm m _  

ttm~. c a m a m m  _ 

I t m ~ m d  m _  

I~'i. C ~ m ~  FmqmD 

hgmm - - - - -  

ll~q Oi~,cm -- 

lllom OMI eJq _ _  

l . m - -  

MI~ l l m  - -  

MIIII Cllllml - -  

re,roll - -  

l l u l m s - -  

I ~  l.lfll _ _  

Im,,,In _ _  

/ 

C N m ~  Smmmm__ 

C a , a m  t b ~ q l _ _  

m & l r ~ t  Iw: . W t m ~ :  D m t ~ .  
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Appendix F-4 

Low Voltage Circuit Breaker Five Year Tats  Fore  

PIs~  ~ t e  

S~b~tatton Feeder Lr~d Itm~b n~ 

m m m ~ a  

Trip Coil R~t~q ~ s~p8 Chsract~r~st4c Krr '8 .  T ~  Curve 

I~M Oel,y ?~pes 05.1 Suckm" ~@0pot, 0 AAr ~ e ~ v 8  0 Atr ~ n c e  0 Oil Os"X~S~e O 

sT b ~ ,  - ~ ~ a d ~ Z e  ~,nee ~ Time ~ a b ~ o t  zes I " !  so 0 
lnst~mtanemuJ T r ~ p .  ImPS, kl.~ustal~le? Yes ~ lio 0 

m m  

~ t e  or  ~ s ~  , .  
I n s ~ e ~ r *  s In5 t~als 

J 

u ~  ~ y  (as Feuad-k~)  

mp~ 

Short l ~ e  

i ~ s ~ I r a i ~  I~LAy (~ktAstacto~) 

( _ ~  ror ~ see) (~r~pl~d) 

~ u  m ~ m c m ~  

~uso 1 ~  ~om f219 to  ~seord ~ l r m l m r  l n s p e c t ~ n  d o ~ s . ~  
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Appendix F-5 
Electrical Switchgear - -  Associated Equipment 

Inspection Record 

Pllnt Ds~e 

Locslice Serid lk~ ~ PdLG No. 

MFR. Ye~ h, . , -n~ 

h t t~ l :  Volts Bus Cspsdty 

• r ~ :  s ~ . a  0 J.~,~,,u~ 0 (~u~,~,~a,~ 0 

ANNU.,U. INSiqEC'JlON ( D i m l a ~  i eem ~ h i ~  do em~ a t~ i y )  

b ~ c o ~  

m imr WIb~k 
m 

I ~ G ~ ) B L I S &  Tm Omrm 
I 

C i A  W ~  P o r ~  ~ & m  
m tot Cro~m or ~ ~  

~aam a ~ m  
m Po~am~w lot i 

OUCk (~plm~l 
TI l l  I ~ J ~  I l le l~ml)  ~lm I l e l l l  lUf 

• m n N ~  
IGIr.~CI.M) ~ I r ~  eN. al~ 

( I~N:onl ~ ' l i on  ~ lm~aumd I~, h l p G L t ~ a  or  Ta~aO 

kcmnmendsl~m: 
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Appendix F-6 

Transformer Dry T y p e -  Inspection Record 

INapt D~tte 

IL~:atlou Ser/d No. 

Year Pmchmed Year Installed Mfr. 
kVa v d ~  ~ Impedance 

Flune Tips 

system: Room Tnms. 
Vent Fan J-----'] F .  

ANNUAL IN.qf'Ec'ru~ 

U M 
m IN81rlAL8 B INNIAJU; 

m U M D  MEE'B~8 
c:~ks or a~lm 
Cmenunms 

m D [ ) I I ~ Y  V(]LT.4~ I ~ l U m a ~  ¢3~UM)  

Fire LaN VaB ~ ~ m ~ , ~  
M ~ w l d  V 

m ~ C d ~  ~mU~,IUIE .¢LAImm 

F U ~  

~m am~m~ u ~ n [ ~  A a a ~ l ~  

E IN'flERNAL m 

Repot o l 'Condl~m Found: 

C o d ~  S , ~ m  
~ O  Insulation 
OIha' 

DacdpUon ol'Week Parfanaed: 

On,at I t e p ~  Itecommmded: 

Shop or Contmct~. Cut :  
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Appendix F-7 

Transformer - -  LiquM Filled - -  Inspection Record 

Plant Date 

L o c a ~  Serhd No. 

Year Purchled ..... Year Installed Mfr. " 

k V s  vdtssc  

Check 

Phase Weight 

Insulatin8 Fluid: Type Gtllmu 

6fg~AkJlmt~3~lf 

nlPI~'YOI~8 8NIYIAL8 m P ~ O A 1  lU~rtDd.8 

TA~K ~ I J ~ I I D  WOq~iD Et~JlICS 
Cincture O~m 
Clemmmm 

L~UDI--m~L ~ 

S B f ~ l ~ Y  I ~ L T ~  : ~nr 'A~8  
PdLmd Pm~e~ 
No ~mmd vmn~m 

GAg~IrS& CA~ I~IJ~N~R ~ n I I 1 ~ 8 S ,  Wt~J~ 
~ ~ FrdL1ERS& 

Otmmeem O~ 
Mmm~ ~ q ' d .  

Taps 

l immrks= 

D FLq Cooled [ ]  

Impedance 

(Record 8ccton gt~m Znmpect~n dmta or Cemt8 e re  out of  l lm1¢8, e ¢ c . )  

RepoN of CoediUom Found: 

DeacriptJm of  Wink l ~ d ~ :  

Other ~ P , ~ :  

Shop m' Coatmctm': Cmt: 
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A p p e n d i x  F-8 

T r a m f o r m e r  F l u i d  T e s t  - -  O i l  

l U J S ~ T U U R '  S S/ll 

DATK 

NOTE: i t~dl~8s which p lo t  tn  the shaded s o u  mast be reported l~edLsteXy to 
the Enst~eerLu8 Divis ion,  E l e c t r i c a l  Sect ioa.  
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A p p e n d i x  F-9 

T r a n s f o r m e r  F lu id  Tes t  - -  Askarel  

PL~rr 

x ~ r ~ ' s  s/N 

DATE 

Die lect r ic  .StrenKth Ln kY (Indicate in Blue) 

Neu t ra l l ~ t i oa  as q I ~ l / f f  ( l ~ l i l t e  in Red) 

NOTE: ResdLn88 vhL©h plot  In the shaded ~ mast be reported imnediately to 
the EnsLneertn8 DLvlslcm, nectr/caI Sectlon. 
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Appendix  F-IO 

Transformer  Insulat ion Resistance Record 

Seeee: ~ 'teunotUmm.u o~ 150 kVo end Itnmt~" I P ~ L t F  u~Us ~ vo].tqo 
edr ~ 0 0  vo). to m- Id4hm.. 1 m e t  M e d S u  - ewon lod  m d  ~ 

'l'nmstUm~ euetal no.. eh~o. 

II,~d~em lbmsMeuii~ lllmd 

g a g .  

e o .  

e o  . 

o "  

0 • 

i m a m  i ~ i U l l i l i i  

l ~ - i t ' S i ~ i l l i i l l - ' i ~  i i i U l i i ~ i ~ i i i i  
~ n  a i m m m m ~ m  • ~ m  i • . . , , . - ' . . . ~  . . . . . .  -" . . . . . .  . .  - ' ~ - - . - - ' ~ -  I - ' - "  . . " ~ ' - - - - - . . ' .  
IN a N  H i  D i m i l i  w h i m  H i  i N  U H i i m m i n a B n  u m n m i l m R  
ml m m i t e m  I D N i l l i  I N N  H D i g  B N  n U B B I N  H i i l l i  i t D l i  
I H H m U H H n i i l  a w l  D R  i H i H m i i N H H m i l n N  

l l S n l l l l N l l l l U l l n l l l i m ~ l l l l D H l i l l  
IN i n  f i N  ag ree  i l i l l i  H i  i H g  B U  H U D  m m f l  mad  iDNIDOBN m i n d  I H i 
l l ~ n i  B m B  H i  m U B  H B  B o l m I B I m l l l m u m  m i m i m a  Im~.'~.|'_.m_';-"-u'-; ~|-".~" | | | | | ' - - ' | ; ; ~ Z | = =  
I I I I | I | | | |  l.m-m||m--m| ~ m | - m | | F ~ m | | | | ~ l | | | |  
I I  l g l  N U N  l u g  I B m  n i i  H H  i N  I B m  m i D  i m m i i m U l U U  l i  l 

Jm wuem u m w  i B ~ i e  m a i u i  i n u i  m i i u n D  u s a  uu H i  n e w  i n  i i m e  n o  i maui ~ 
~ H B B D B W  u m i i m i g  n i g h  i i i  m i d  D B n  g i i n n l m i l  n i l l a g d  

Im  1 O W N  e m B a n K  w i n  m u m  s a n g  I I I J l  i l l i m U  w e  I I I l i i  i m W  e w e  

I~,,L ~ a .a .  
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Battery Record 

~ :  Cm~m ~ im~v  n ~ q J  ~ ~ 

~ I~e  ~ u  Am~q~ ~11 Ira. ~ Cb~mv Cm Rm~q~ ~ 

b - ~ ,  Cm T~O, ~ ~ ~ Cm GaV~ v a ~  ~ a  Gm~v 

m 

n 

am 

Z 

B 

40 

41 

4~ 

4~ 

44 

I 

I 

Z 

3 

6 

1 

8 

10 

11 

I !  

I$ 

14 

1$ 

le 48 

I1 41 

18 48 

10 48 

U m 

11 I I  

W 

M 

34 M 

. . 

U 

Tn ~ 

m N 

~ W 

m m  
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A p p e n d i x  F-12  

I n s u l a t i o n  R e s i s t a n c e  - -  D i e l e t r i c  A b s o r p t i o n  T e s t  S h e e t  

P o w e r  C a b l e  

m 

m u 

I=1: --. 0 ,,,, D . - Q  
I t -  ~ I - -  Cl - -  I:::I 

l~W I ~ '  I -  

~ m  

IB 
m 

~ u w  

~m~tm, 

~mm 

t t -  

o . .  

I - .  

i -  

s • 

, . ,  

i -  

i -  

m . ,  

DATA ° m 

w i 
m 

w w  

m e  

u 

w i m  

i 
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Cable Test Sheet 

Imk1101111$1mll 11~ 
mira min i  @ Z.SkV IOllO M I i m l  

I~1~.1~111~ O. M I I ~  O . ~ m O  m l l J B I I l l _ _ _ _  

I m m k V  I g B .  IIIIIB.I _. +., . ~ . 
nm.kv mL1m~ 

161 
10. m m  
,ml  

" "  m m U +  

l l m  iWl 

I I I K I J ~  I I  
m l ; Im '  roll k y  
It  E l01 ,1  l i l ~  

I l t l l l l  kV 

I ~ +,-rm.+,,..~ 

N I _ _  i m _ _  
I l l  I I I I , .  _ _ ' 4 c  II, I t u _ _  

N I l  m _ _  I I I I U I _ _  

Stump. 

,,.o I - I  I $zm$ 

allimllif.JIN f IIIg. 
lUi kVmm ilmlml6 I1111111 kV 

m 
m 

' ,  ~ . -  . . . . . .  

I I I  m I R ~  IIIIID U m l ~  
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Appendix F-14 

Insulation Resistance Test Record 

Iktm 

k ~ s s  m a t s m ~  t ~ m l ~ t m  mUsmst ~ f , m ~ u ~ .  emnmcttm 

~ s t u  

l u t r m m M  used 

C m d i t i o n  ~O:X m~. 18t~ 

Deaserous ~ t b m  1 

Pooz .Leu  rJum 1.5 

ques t tonabl~ ~ 1 . 5  to  2 

BquXimaat Temp. dmbient Temp. 

P o l ~ r ~ t i o a  Xnda No. 

F~tr  ~ 2  to  3 

Good ~ 3  t o 6  

Ib~e11~mt ---Above 4 

Time in lam~cu .25 .50 

P h i l  

,.o 1 Ph=o2 
~ 3  

~ 2-3  

° P l a t  the  ~ m m t  ~ ~ aa 

1 2 3 4 $ 6 7 8 9 10 

| 
g 
| 

i 
i 

nm~ 

Tested 
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A p p e n d i x  F-15  

I n s u l a t i o n  R e s i s t a n c e  T e s t  R e c o r d  

Rotating Machinery 

lU,.£ ~ so. 43 

~ate 

~pparatu 

Ass~st~d 
Z~cludal ~ Test 

~,l~ctric ~ r p t i o .  -,Tm~rat,~ co~,et~, 

I ~l~©~tne. lOmZVAm'm~ I 
15~chSn~s 100 ]M ~- r a m )  

VoXt, ap Bat~z 

~ OmmmiaZ ~ hst, V~,Ss 
n.V~6.mr~. Tmpm',rtum~ ~ b~*,,S.~ emad,t't~r 

~ , 

Iiom.,a t,4~.m- :S~xut, doun 

~,lmt, u 

Corrm~Lm 

I 

! 

t J I I I 

a ~ u k a ,  

T.stud t~ 



A p p e n d i x  G - I  

This .4 ppendiz is not a part of the recommendations of this NFPA document, but is included for information purposes only. 

NE,~ ¢osFl~tm^raoss r-o~ GeNERAt.-Pt~PO.SE NONt.OCK,NG PLieS AND Rec[p'r~cLss 

U. 
;B77 V 

U. 

115 V 

2~,0 V 

Iz. 

3 ~  V 

l.t 

6 ~  V 
AC 

I$ AMllqER! 20 AMPERE 30 AMPEI~ $0 AMPERE 60 AMPERE 
~ A C L E  PIUG RECEPTACLE PLUG RECEPTACLE PLUG RECEPTACLE PLUG I~CEPTACLE PLUG 

I - | .  @ I-|Sp @ 

.4.15. @ 24-1Sr ( ~  2 4 - | 0 ~  

(RESERVED FOR FUTURE CONFIGURATION$) 

I 
(RESERVE0 FOR FU'rURE CONFIGURATIONS) 

24-20 301 3OP ~OR 

I I 
(RESERVED FOR FUTURE CONFIGURATIONS) 

I I 
(RESERVED FOR FUTURE CONFIGURATIONS) 

I I I 



1,0 
US1 
|SO V 

i , ,  

,4 48o v 

k~ 
I1SI 
2SOY 

250 V 

| I,. 
~ '%', 

208YI 
120 V 

480YI 
211 V 

l o  
I~oY I 
~ 7  V 

208YI 
t20 V 

111 V 

IS-~q @ 

18.15R ( ~  

p l . l S p ( ~  

~-15p @ 

(RIESlgtVED FOR F ~  CI~FIGVI~TIONS) 

I I 
(RESERVED FOR FUTURE CONFIGURATION.q) 

(I~.,SI=RVED FOR FUTURE CONFIGL~ATION$) 

(RE~I[RVIED FOR FUTUR I= CONFIGURATIONS) 

~ © ~ .~0} ~,-- ~ ,.,. 
18" aim Ill- = 

I 
(RF.~.RYED FOR FUTUI~ CONFIGURATIONS) 

I I (l~Sr~Oi ml FUT]~ COI~Fr.,UI~i'X)NS) 
(RESERVED ~ Ft"tinS CONF~RATtONS) 

I I 
( ' T " T - T  , 
(RFJERVED FOR NURE CONIIIGURATION~) 

I I I 

O 

I 

!,0 
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Appendix  C,-2 
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Appendix H Long-Term Maintenance Guidelines 

Thu ,4ppend~ is not a part o f  the recomnumd~'ons o f  this NFP,4 document, but is 
included for  information purpases only. 

H-I Introduction. This appendix deals specifically with the 
maintenance of equipment which by nature of its application 
necessitates long intervals between shutdowns. It should be stressed 
that environmental or operating conditions of a specific installation 
must be considered and may dictate a different frequency of mainte- 
nance than suggested in this appendix. 

Maintenance guidelines are presented in the tabular form for the 
following equipment. 

H-2 Medium Voltage. 
1. Cables. 
2. Liquid-filled Transformers. 
3. Dry-type Switchgear. 
4. Metal-clad Switchgear. 
5. Circuit Breakers 
6. Metal-Enclosed Switches. 
7. Buses and Bus Ducts. 
8. Protective Relays. 
9. Automatic Transfer Control Equipment 
10. Fuses. 
11. Lightning Arrestors. 

H-$ Medium and Low Voltage Equipment. 
1. Outside Overhead Electric Lines. 

H-4 Low Voltage Equipment. 
1. Low Voltage Cables and Connections. 
2. Dry-type Transformers. 
3. Switchgear. 
4. Draw-out Type Circuit Breakers. 
5. Buses and Bus Ducts. 
6. Panelboards. 
7. Protective Relays. 



Maintenance of Equipment  Subject to Long Intervals Between Shutdowns - -  Electrical Distribution, 
H-2 Medium Voltage Equipment,  1-Cables, Terminations and  Connections 

Type Inspections, Maintenance and  Tests Typical Frequency and  Remarks 

Solid D i e l e m ~  
(Chapter 8) 

Inspections (while enersized ) of (8-2.1): 
Conduit entrances (8-4). 

Poles and suppo.~. 
Binder tape ~rminadous (aerial cables) (8-3). 
Ends of trays (8-4). 
Splices (8-2.3). . . . . .  
Terminations (stress cones ana pomeaos) 

(8-2.3) (S-2.5). 

Fireproofing (where required) (8-2.3). 
Loading. 

One year. 
Observe for defc~nation due to prcuore and 

for bends with radius less than minimum 
aflowed. 

Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto plus dirt, tracking, water streaks, chipped 

porcelain, shield ground connections (where 
visible) and adequate clearances from 
grounded metal parts. 

Observe for continuity. 
Make certain loads are within cable arapacity 

rating. 

Varnished Cambric 
Lesd Covered and  
Paper  Insulated 
Le id  Covered 

Lead sheath (8-2.3). 
Same as above. 

Observe for cracks or cold wipe joints ~ often 
indicated by leakage of cable oil or com- 
pound. 

Type. Major Maintenance and  Testing (de-ener- 
f ~ e d )  (5-3) (8-2.1): 

Complete impectian same as ac,~ve. 
(~¢an and inspect porcdain portions of pot- 

heads (8-2.5) (6-1.2.t). 
C~ean and inspect stress cones and leakage sec- 

tions (8-2.3) (6-2.t3). 

Three to six years. 

Same as above. 
For cracks and chips. 

For soundness of stress cones. 
X-ray or disassemble, if soft spots are detected. 
For surface tracking. 



Check plastic jackets for longitudinal shrinkage 
from splices and terminations. 

Check integrity of shield grounding (8-2.3). 

Check general condition of cable (8-2.3). 

Observe connectors f ~  overheating (8-2.5) 
(6-L3) (6-2.14). 

Test cable insulation with high potential DC 
(8-5) (18-9.1). 

Determine c~mdition of cable insulation 
(18-9.2.4.3). 

Reconnect cables to equipment. 
Aluminum co~ductm~. 

Jacket shrinkage might have damaged shield- 
in K tapes or stress cones. 

Observe ground connections for stress c~mes. 
S .u~gest checking electrical continuity of shield- 

mg tape. 
Does insulating material appear to have been 

damaged by overheating? 
Discoloration and/or  oxidation indicate pos- 

sible problem. 
Check bolts for tightness, if accessible. If  con- 

nectors are insulated with tape, deteriora- 
tion or charring of tape is indicative of over- 
heated connector, caused by loose bolts, etc. 

Infrared survey while conductors are energized 
and loaded to at least 30 percent of ampacity 
may be beneficial to detect overheated con- 
nectiom. Use good quality infrared scan- 
ning equipment. 

Disconnect cables from equipment and provide 
corona protection on ends. Ground other 
conductors not being tested. 

Record leakage current in microamperes at 
each test voltage level. 

Record temperature and relative humidity. 
Interpret teat results, considering length of 

cable, number of taps, shape of megohm m" 
leakage current curve, tempm-ature and 
relative humidity. 

Tighten connectors adequately. 
Make certain that connectors of the proper 

type are correctly installed. 
Use Belleville washers when bolting aluminum 

cable lugs to equlpmont. 
Advisable to determine ca~ductivity of cea- 

nection using microhmmeter 0¢ determine 
vol drop under load conditim~ (1~-1~. t e s t  



Maintenance of Equipment  Subject to Long Intervals Between Shutdowns ~ Electrical Distribution, 

H-2 Medium Voltage Equipment ,  2-Liquld-filled Transformers 

Type  Inspections, Maintenance end  Tests Typical Frequency and Remarks 

f•_aland Asksrel) 
ed  Tanlr~ Conservator 

and  Gas Sealed Systems 
(Chapter 7) 

Inspections (while energized)  of: 
Top liquid temperature (7-2.4). 

Head space pressure (sealed tank type) 
(7-z.5.2). 

Nitrogen pressure (pressurized tank type). 

Uquld levd in tanks (7-2.S.1). 

Liquid levels in oil-filled bushings (if so 

ence of oil leaks (7-2.7.4). 
Automatic load tap changer mechanism. 

Weekly to monthly. 
Record findings. 
Present temperature and highest indicated. 
Reset drag needle. 80°C nominal max. per- 

mired.  
Should vary under changes in loading and 

ambient temperature. 
If  gauge remains at zero, gauge is broken or 

leak exists in tank head space which permits 
transformer to breathe and allows entrance 
of moisture. 

Check nitrogen bottle pressure and pressure 
in transformer head space. 

Should be between rain. and max. marks on 
gauge. 

Should be between min. and max. marks on 
gauge. 

From tanks, fittings, cooling tubes and bushings. 
General condition; note and record number of 

operations. 

Tests (while energized)  of: 
Oil ~ draw sample and test in laboratory for 

(7-2.8) (7-2.8.6). 

Askarel ~ draw sample and teat in laboratory 
for (7-2.8)(7-2.8.6). (Observe EPA regula- 
t i ~ s  for handling and disposal.) 

Annually for normal service transformers. Bi- 
annually for rectifier and arc furnace trans- 
formers. 

Dielectric strength, acidity, and color. If  di- 
electric is low, determine water content. 

Same frequency as for oil. 
Dielectric strength, acidity, color, and general 

condition. I f  dielectric is low determine 
water content. 



Comprehensive liquid tests (7-2.8.6). 

Dissolved gas ¢.o~atent in liquid of transformers 
in critical service or in questionable con- 
dition as might be indicated by above liquid 
tests (18-16). 

Frequency three to six years. 
In addition to above, tests include interfacial 

tension, water content, refractive index 
power factor at 25 ° and 100°C (18-9.3.2) 
corrosive sulphur (Askarel), and inclusion of 
cellulose material. 

Frequency six years or as conditions indicate. 
Draw sample in special container furnished by 

test laboratory. 
Spectrophotometer test will detect gases in oil 

caused by certain abnormal conditions in 
tramfformer. 

A series of tests on samples drawn over period 
of time may be neceaary to determine if ab- 
normal condition exists and to determine 
problem. 

Devices are available for installation on tram- 
formers to collect gases to be tested for com- 
bnstibility to determine if internal trans- 
former problem exists. 

M a i n t e n a n ~  and  Tests (de..ener- 
d) (5-3) (7-2.7.2): . . . 

Make above tests well in advance ol scnen- 
uled shutdown. 

Inspect pressure re l id  diaphragm for cracks 
or holes or mechanical pressure relief device 
for proper operation (7-2.7.3). 

Pressure test with dry nitrogen the head space 
areas of sealed type transformers if pressure 
gauge remains at zero and premure relief de- 
vice is satisfactory. 

(~ean bushings and inspect surfaces (%2.7.3). 

Three to six years or more often if above tests 
indicate. 

Determine possible problems that require at- 
tention. 

Replace ff defective. 
Possible cause of pressure in sealed type trans- 

formers renminmg at  zero. 
ply liquid along seams, etc., to locate leaks. 

e necessary repairs. 

Consider application of silicone grease in badly 
contaminated areas. Should be removed 
and reapplied at  maximum two-year inter- 
vals, preferably one year. 



Maintenance of Equipment  Subject to Long Intervals Between Shutdowns - -  Electrical Distribution, 
H-2 Medium Voltage Equipment ,  2-Liquid-filled Transformers (Continued) 

Type Inspections, Maintenance and Tests Typical Frequency and Remarks 

(Oil and Askarel) Major Maintenance and Tests (de-ener- 
Sealed Tank,  Conservator gized) (Cont.): 
and Gas Sealed 
Systems (Cont.) 

Inspect load tap changer mechanism and con- 
tact. 

Paint tank as required. 

Check ground system connections (7-2.7.5). 
Perform turns ratio tests (18-11 ). 

Perform po,~er factor tests (disconnect from 
equipment) (18-9.3.2). 

Consider making winding/tap changer re- 
sistance tests. 

Make undercover ins l~t ion  through man- 
holes (provide posiuve protection to pre- 
vent entrance of moisture) (7-2.7.6). This 
inspection may not be necessary at six-year 
intervals unless tests indicate problems. 

Consider high.poumtial DC tests (7-2.9.4) 
08-s through ~8-8). 

If above inspections and/or  tests indicate pos- 
sible internal problems, it may be necessary 
to transport transfm'mer to shop to untank 
the core and coil assembly for cleaning, in- 
specting, testing and making repairs as found 
necessary. 

Follow manufacturer's instructions on mainte- 
nance and number of operations between 
contact replacements. 

Wire-brush rust spots and prime paint. Finish 
paint. 

In each tap position. As an acceptance test 
and after major repairs. 

Windings, bushings and insulating liquid. 

Use microhmmeter. In each tap position m de- 
tect abnormally high contact resistance. 

Six-year frequency should definitely be con- 
sidered for rectifier and arc furnace trans- 
formers. 

Inspect for moisture or rust under cover, water 
on horizontal surfaces under off, tap changer 
contacts (insofar as possible), trash, oil 
sludge deposits, loose bracing and loose 
connections. 

DC in excess of 34 kV may polarize liquid 
and thereby increase leakage currents. 


