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SOCIETV OF AUTOMOTIVE EN~i1NEER3. ,~~. 	AERONAUTICAL 
485 LEXINGTON AVENUE 	

RECOMMENDED PRACTICE ARP 584 NEW YORK ~7, N.Y. 

Issued 3-1-60 
COII.ED TtTBIlTG 	 Revis~d 

1 •  rUnr~ Z  

The purpose of this recommended practice is to prwide a aonvenient msthod f'or 
the ~ngineer or draftaman to use in designing metal tubing aonfiguratians tha~t 
wi.11 pravide for large relative motion betWeen contiguous points in fluid 
system piping. 

2~ `'JCiOPES 

This reco~ended pract3ce enao~passes d~si~n~ ana].yai~~ Yabrication~ ar~d 
installation of pressuri~ed plain ~etal tubin~ used in fluid po~er systeme 
to provide relative ~ot~.on. 

Specific data giv~n are for MIL-T-6845 tubing ranging from ~" to 1" dia. used 
in 3000 psi 2~►draulic or pneu~natio syst,em~, Types I, II, III or I~ applied to 
ar~y tqpe oi vehiole. 

The flexible confignrationa c~P plain metal t~bit~g arr~ intended for applicat3.on 
to sctuatora that asaillate about a p~vot~ to areas of large atructural 
deflectia~ anch as reservoirs installation, and to areas of eatrems em ►iroinaent 
xhsre flexible hose could not aurvive. 

3. APPLICABLE DOCUMEAITS s 

MIL-H-Slal~O Hydraulic 3ystem; Design, Install~.tio~n and Teat,~ af A3roraft 
(deneral Speaifiaation Fer) 

MIL-P-~518 Pneumatia 3ystsx; Deaign~ Installat3on and Teet in Airaraft 
MIL-T-6845 ~bing; Steel, Corroaion-Rs~isting, (18-8) Aircraft, d~ydraulio 

Sy~tem 
AND-1010l~ R~bing, Steel, Corrosion-Resistant, Round, Standard Dimeneions for 
~ 33611 	~.ibe Bend Radii 

wADC Tech. Report 55-121 
WADC Tech. Report 57-507 Parta I& II 

!~. CiONF''IGtTRATIf~N►S 2 

All configurations ma~y be clas~ified as one of .the three 8tylea listed belox 
and may be treated in accordance srit.h the folloNing instructionsr 

Stple A"NsliQal Configuration" 	 (Standard 9ersioal Fig~re 1) 

This consists of a 5lt0 degree (1~ tum) helia vith a atraight aection 
pro~eeting from eaah end. 3tyle A operatea prinaipal.~r in bending and 
allojrs 13° angular motion of one ead with reapeat to the other abont ths 
2ua,lia axis in a pla~e perpendicular to the heliz axia. 

CopYrtaht 196o bY 800l~b of Automothe Eealns~n, Ino. 	 Printsd In Y. S. A. 
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~ '~ ° 

FIQrURE 1 	STYLE A pETELICAI. CONP'IGUR,ATION" 
__ 

~P ~ $ 

~ ~ 

_ 
- 

HELI% 	
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` 	I 	~ 
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~~~ , 

~ ~ 	 ~ 

I A ~ 
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' 	 ~ 

B 
i 

~ 

~ 	~ 

~ 	

' 

END C(F' 

I 

LJ 
C ~ 	 TiJBE 

~ 	2 	 ~ 

~ = D 
~ 

LE(3S TO BE 

PARALLEL 
~ i 	WITHIA 0.5° 	 ' 

FLARED OR 1~LAREL~SB 

TABLE I 	TYPS FITTTNGS 

TQH~ WALL R P A B C D 
on ~ICxx$.ss +o.ok7 PITCx +0.032 - +0.032 - +0.032 - 

+0.03~ 
-~ 

NoM
_  

0.250 .028 1.000 0.375 3e~ 6.000 0.906 2,000 

0.313 .035 1.125 0.l~38- 3.000 6.000 1.032 2.250 

0.375 •0~2 1.375 o.5c~o 3.25o b.000 i.a.25 2.750 

0 0500 .o5a 1.750 0.625 4.000 7.ovo 1.375 3.500 

00625 .o7a 20250 0.750 5.000 9.50o i.656 1~.500 

00750 .083 2.625 00875 6.000 12.000 1.938 5.250 

l0000 .120 30500 1.i25 7.00o i40000 i.l~o6 7.000 

i~ 

~ 

~ 
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~ 	~o~ ~~~ 	 I~,~ -~.~o ~~ 58 4 I 

~~ 	 -3- 

3tyle B"Tarsiaal qhbe" 	 (3tandard Version Figure 2) 

This eonsi~ts o~ three etraight ~ectiona separated by txo 90° benda all 
in one p].aae. The middle ~traight seetion is tiristed in operation, allo~ring 
one end to rotats abo~at the centerline of the middle straight section. 
(See Sect3on 5) 

~le C "Non-Standard Ca~figursti.ons" 

Where 3tyles A& B are not applicable an infinite variety of special con- 
fi~urations may be deaigned to accoa~odate particular apace or defleetioa 
reqairemsnta. Tt~ese ~ be modifiQations of Stylea A& B or ~ore elaborate 
aon~binat.io~s of straighte, aurves, and helical section elements xhi~h are 
otherwise coas3s tent vith the speoificatio~a of Style A& B. All Style C 
aonYignratia~ should be deaigned, enalyzed and tested in acaordance xith 
the reeo~endations in WADC Technical Report 57-507 Part I& Part IT 
(ASTIA Docn~ent AD ].L42251) in addition to the reco~endations here3n. 

5. c~r~. x~qu~t~s: 

The reooimnended maa defleetian for the vari<~s temperature ranges~ as shrnm in 
Fignres 2 and 3 are as follova: 

~ 
SY'$~m ~YPe Temperature Range ~f Maa Defleatioa 

~Pe  I -65 to +160 F 13c 
~ II -65 to +275 F 12.30 
~rpe III -65 to +lt00 F 11,3~ 
~ ~ -65 to +600 ~ lo~ 

Where defleotion requirements eaceed the alloxable Max ~3, a ncra-standard 
conf'ignration, Style C~ust be uaed. 

6 • MA2ERIAI.S s 

The tubin~ ahould be Corroaion Resisting 3tee1 (18-8 ) Aireraft F~rdraulic Syst~em 
Z~bibg in aocordance xith I'QI.-T-68l~5. It is reccnmaended that 100~ qualiiy 
aontrol be applied to in$ide and ou~tside eurface amoothuess. The xall thick- 
nesaes~ apeaified oa pp. 2&!~ are ooneiat.ently higher than normally used for 
fiaed tubing to prc~vide t~e neaeaaary stre~a margin~ for fleaure pina internal 
prea:nre. 

8teel fitt~inga (nut~ sleeve and mating fitt,in~a ) in aceordanee srith current 
Military 3tsndarda either flar~d or ilarelese types should be uaed. Al~minum 
allay fitting~ ean xith~tand the loads but ~ill be diffieult to proper],y 
irutal.l, trill aeverely distort vhen tightened against the thick vall ateel 
tubing and ~r require oaoaetonal retightening to eliminat~ seep leaka~eo 

~ 
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— !t — 

FIGURE 2 	STYI~E B"TORSIOId TUBE" 
._~ 

~ i 

I, — 

END OF TUBE 	 • 

~ 	 . 	 ~ 	I 
k 	~ 	 FLARED QR FLAREI,ESS 

TYPE FITTIN(~S 

~ 
i 

9~° ± 1~ 	 E 

, 	~ 
~ '. 	R 	 800 + lo 

~ 	 ~ 

~ 
~- 	 - 	-- 	— - 	

__,~ 	 - 	 _ 

. 	 ! 

~ 

R, 	̀,``_ ~ INDICATES THREE AIFFERENT 
MODES OF DEFLECTIOI~ 	 ~ 	~ 
ONLY ONE MODE MAY BE IISED 	 E 	~ 
ON ANY TIIBE. 	 900 + lo 	i 

I 	
~ 

! 	i ~ 	~ ~ 
SEE SECTION 5 FOR ~ 

TUH~ WALL R L E 

o~ ~c~ss xnD ±0.032 ±0.032 

NoM 

0.250 .028 i.000 ii.i25 4.000 

0.313 .0~5 i.125 ~.000 5.000 

0.375 .ot~2 1.375 16.75o b.000 

0.500 .058 1.750 22.25o s.000 

0.625 .078 2.250 27.875 l00000 

Oo750 .083 2a625 33.375 12.000 

10000 .120 305~ lt1~a5~ 16.000 

~ 

_/ 

~ 
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~ -5- 
7 . FABRICATIOAI s 

Style B map be manufactured with correentional tube bending tools. Sty1e A 
m~y be manufactured by canventional tube bendi.ng techniques ~xcept as follows: 

The comrentional die block whieh containe a semi-circular shaped groove 
around 184~ to 270° of its external surface must be replaced by a siinilar 
block containing a groove ~rhich spirals through 600° (1 2/3 turns). As 
this spiral die block turns, it must be free to shift along its axis, or 
the feed block must morve relative to the spiral die to accommodate the 
lead of the spir~l. 

The feed block (Nhich supports the unbent tube) must be tilt~d to en angle 
appro~dmately equal to the helia angle~ Which can be ad~usted to produce 
the correct pitch (typical spring winding technique). 

IIse of a mandril is recom~nended to assure mininn~m flattenin~ of the tubing at 
the bends. The percent flattening mu9t not exceed 5~ defined as: 

Flatness s~~ O.D. - MIN O.D.) x 100 
( 	PTOMINAL O.D. 	) 

A careful check along the entire bend should be made, particularly at the 
midpoint of the bend and at the tangency point~ (~there bend meets straight 
section) to find adn. O oD~ Max. O.D. is defined a~ the measurement 90~ to the 
min. O.D. at the section of this min. O.D. In production, a check fiature 
should be used to check configuration tolerances. For tubing sizes below 
3/8, a keeper which interconnects the tub3.ng @nds should be attached after 
proof testing to prevent excessive deflection during the handling. 

8. INSTALLATION: (Styles A& B On'~y) 

A space layout and geoaaetry att~dy will indicate Which style configuration can 
be u~ed mo~t advantageously. In the process Style A Would be loeated with the 
~ helix clo~e to the ma~or pivot axis or Style B with the ~ middle straight 
section along the ma3or pivot axis. HoHever, it is necessary to determine or 
estimate all other factors which may cause relative motion such as ~aisalignment, 
structural deflections, thermal expansion, etc. These should be resoleed about 
the three principal axes of motion and compared xith the installation tolerances 
illustrated herein. 

. 
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-6- 	 - 
FIQURE 3 INSTALI~ATION OF SZ'YI~ A 

~9 = +l° MA%. 

a=±1° 30~ MA%. 	 RIGHT HAND HELI7C 

~ 	 ~ 

_ 	 ~ 
~ 	~' 

b 

r—'' 	_ 	 ,~ 	 \ 

_ — -- ' ~-~--_ _ 	
_ ~ — - - 	 - 

	

_ -- 	_ _ - - 	_ _ ~-- ' 

~ 

A 	- 	 A~ 

	

~ 	 —1 

~ 	 .~ 1 TYPICAL 	 STYLE A-~`' 	
LEF'2 HAND AELI% 

	

ACTUATOR 	 C OAiFIGURATION 

ADJUSTABLE BRACKET ~o RECEIVE MS33657, AND1oo57, ~s2l~386, 
OR MS33515 FITTING END TO WHICH COILED TUBE IS DIRECTLY 
ATTACHED 

MAJOR PNOT ARIS SHOU 
0.5 ~S MAX• UNWIND 	 BE WITHIN SHADED ARF~1 

MAX. TOTAL DEFLECTION (SEE SECTI(~( S) 

~ -FREE POSITIOM OF MCNABLE END 

~ 	 ' 	 - 	 _ 

\ _~ ~ 

	

_ _ 	 ~ 	_ 

	

1 	~~ / 	1 	~.2~ 
~ 

	

L 	 — 	 ~ 

~ MA%. WIND-UP 	 _ 	 ~ 

(s~ sECTTOx 5 ) 	 _ 	 T. ~ 

~ 

~ 

~ 	 +.125 

	

-~.375 	 ' ~ 

~ 	 ~ 	 / 

! ~~ 

IDEAL LOCATION C~' PIVOT A7CIS 

FI%EI) END 

ENLAft(?~D SECTI~T A-A 

. 
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I 	 COILED TUBING 	 I Revised r
1-60 I w pp ~~ ~ ~ 

tiilr 

s~ 	 _? _ 

During actuator installation or replacement, one must be careful not to deflect 
the flexible tubing beyond the design limits. The designer m~y be able to 
limit the over flexure in the cavity by means of structural staps or provide 
satisfactory instructions for in~tallation and removal. It is imperative that 
designer, mechanic and inspector observe installation limits to assure maximum 
fatigue life and reliability of flexLble plain metal tubing. 

S.1 Style A Installation: 

The reconunended deflectian for Style A can all be taken in the windup direc~.i.on 
or it can be split with 50~ max deflection on each side of the free position. 
(See Fig. 3 on p. 6) 

Style A should be oriented so that the axis of the heli,x is para11e1 to the 
principal axis af motian, which may be oYfset to any point within the shaded 
area (illustrated in Fig. 3, p. 6). 

The helix of Style A should be located as close as practical to the actuator 
(in the type of application illustrated by di.mension b in Fig. 3) to m3nimize 
the effects of misalign~nt. Actuator misalignment OC should be limited to 
1.5° and rotation about actuator centerline, A should be limited to 1~. A 
symmetrical installaticm about either side of the actuator using right and 
left hand pitch in the helixes irill result in balance of rotational forces 
which is desirable. When self aligning bearings are used~ restric~ actuator 
rotation torsionally by mechanical meana such as sp~cial washers or lugs on 
the bearing strap. 

8.2 Style B Installation: 

The total deflection of the torsion tube is limited to 13 degrees which a~ay be 
displaced in either direction, such that the combination does not exceed 
13 degrees. The torsion tube ~,rill require tubing guides xhich xill allox the 
tube to rotate but not deflect such that bending is imposed duri.ng flexure. 
The guides shall be located within 0.250 inch of the tangency point to radius, 
and a third guide shall be in~talled at the midpoint on the larger sizes 
(0.5 inch O.D. and larger). Satisfactorg ad~ustmenta shall be incorporated 
at the guide and tube attachment points to stay within the installation 
tolerances. It is sug~ested that the tube be atta.ched to the conneeting 
fittings before guide block is installed. This will readily indicate if axiy 
tube deflection occurs. 

The axis of the torsion tube shall be placed in line with the pivot centerline 
of the actuator with3n the limits sho~n on Figure 1~. 

~ 
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	 COILED SUBING Rwissd 

— 8 — 

FIQURE !~ INSTALI.ATION OF 3TYLE "B" TORSION TO'BE 
__.._.r. 

LOOSE FIT TO ASSURE 
FREF ROTATI~i — 
	 ~ 

~ I 
~ 	R 

~ as 3° 
	

= 3° r~c. 
3~~.D..) 	

O.D. 
~ APPRO%. 

~
~ .25o r~rt. 

,~~~, 

(~P. ) 

j~~ ~1 
,t 

	 TUBE GUIDES 

(SOFT BEARING MATERIAL) 

POINT "A" 	 'I , 
( TYP. ) 	\\, 	' 	i ~ 	, 	,. 

i~ 	 ' I 	 f. 

r~ 	 r~ 	 ~ 

` 	 ~ 	 ' 	 ~ 	 ~ +l TUBE DIAMETER ALLOWABIT 

~ 	' 	 MISALIQ~iN1ENT BETWEEN ~TBE 

1s-~~—"b" (TYP. ) 	 AND PIVOT AXIS 

~ 	 ! 

i 	 ~ 	 i 

I 

, 	, ~ 

	

8 '  1~ ~' 	 e~ 1° MAX. 

I 

~ 

r 

. 

~ t 
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