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COILED TUBING, CORROSION RESISTANT STEEL, HYDRAULIC APPLICATIONS

THIS PEVISIO~I CONTAI~\!S O~!LY EDITOPLll,L CHAN~ES

1. PURPOSE:

The purpose of this recommended rractice is to rrovide a convenient method
for the engineer or draftsman to use in designing metal tubing configurations
that will provide for large relative motion beuAJeen contiguous fl)ints in
f1 uidsys tern pi pin 9 •

2• sen PE:

This recommended rractice encompasses design, analysis, fabrication, and
installation of pressurized plain metal tubing used in fluid power systems to
provi de rel a ti ve moti on •

Spec; fie data given are for r}IL-T-6845 tubing ranging fron: 1/4 inch to 1 inch
dia. used in 3000 psi hydraulic or pneumatic systeMs, Types I, II, III or IV
applied to any type of vehicle.

The f1exil)le confi gurat;ons of plain T!1eta1 tubing are intended for
application to actuators that oscillate about a pivot, to areas of large
structural deflection such as reservoirs installation, and to areas of
extreme environment where flexible hose cou1 d not survive.

3. A.PPL leAR LE DOrU~1[~lTS:

~'IL-H-5440 - H.ydraulic System; Design, Installation and Tests of Aircraft
( Gen era1 S'r:e ci fi ca t i on For)

~1 IL-P- 5518 - Pneuma ti c Sys tern; Des i 0n, Ins ta 11 a ti on an c1 Tes tin ,Ai rcra ft
MIL-T-6845 - Tubing; Steel, Corrosion-Resisting, (18-8) }l,ircraft,

Hydraul i c Sys tpm
.AND-10104 - Tubing, 5teel, rorros;on-Resistant, Pound, Stt3ndarr [,imensions

for

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user."

SAE reviews each technical report at least every five years at which time It may be reaffirmed. revised. or cancelled. SAE invites your
written comments and suggestions.

Copyright 1988 Society of Automotive Engineers. Inc.
All rights reserved.

Printed in U.S.A.
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ARP 584A

.3 • (Con tin ued ) :

t,ftS 33611 - Tub e Pen d Pa di i
WADe Tech. Peport 55-121
Hft.OC Tech. Report 57-507 Parts I & II

4. CONF IGURATIONS:

~age 2

All configurations may be classified as one of the three styles listed below
and may be treated in accordance with the following instructions:

Sty1e f1 II He1i ca 1 Con fi gu r ati 0n II ( Stan dar d Ver s ion Fig. 1 )

This consists of a 540 desree (1-1/2 turn) helix with a straight section
projecting from each end. Style A operates principally in bending and allows
13 degree angular motion of one end with respect to the other about the helix
axis ina p1an e pe r pen di cu 1ar to the heli x a xi s •

Styl e'8 II Tors i on Tub e II (Standar d Ver s i on Fig. 2)

This consists of three straight sections separated by two 90 de~ee bends all
in one plane. The middle straight section is twisted in operation, allowing
one end to rotate about the centerline of the middle straight section. (See
Section 5)

Style C IINon-Standard Configurations ll

Where Styles A & P are not applicable, an infinite variety of srecial
confi gurations may be designed to accorrmodate particular space or deflection
requirements. These may be. modifications of Styles A & P or more elaborate
corrbinations of straights, curves, and helical section elements which are
otherwise consistent with the specifications of Style A & B. All Style C
configurations should be designed, analyzed and tested in accordance with the
recommendations in Wt\OC Technical PeJX)rt 57-507 Part I & Part II (ASTIA
Document ft.D 142251) in addition to the recommendations herein.

5. GENERAL QE0UIRFr1FNTS:

The recommended maximum deflection for the various temp:rature ranges as
shown in Fi gs. 2 an d 3 are as follows:

Sys tern rvpe Tern pera ture Range

Tvre I _65 0 to +160 of
Tyre I I -65 0 to +275°F
Type III _65 0 to +400 of
Type IV _65 0 to +600 of

ftn 9Ul ar De fl ecti on
~ De grees, ~1a xi mum

13
12.3
11 • 3
10

Where deflection requirements exceed the allowable maximum ~, a
non-standard configuration, Style C, must be used.
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Page 3

6 • ~~.ATE PIALS :

ARP 584A

The tubing should be Corrosion Pesistant Steel (18-8) t';rcraft ~ydraulic

System Tubing in accordance with MIL-T-6845. It is recommended that 100%,
qual ity control be applied to inside and outside surface srooothness. The
wall thicknesses specified on pages 2 & 4 are consistently higher than
nonnally used for fixed tubing to provide the nec~ssary stress margins for
flexure plus internal pressure.

Steel fittings (nut, sleeve and mating fittings) in accordance with current
Military Standards either flared or flareless types should be used. Aluminum
alloy fittings can withstand the loads but will be di fficul t to prol=€rly
install, will severely distort vklen tightened against the thick wall steel
tubing and may require occasional retightening to eliminate seep leakage.
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ARP 584A Page 4

R

I

__~_------...D

TUBE
END OF

A

B

I

~l

"'---......IlA--- LEGS TO BE
PARALLEL
WITHIN 0.50

Linear dimensions in inches
FLARED OR FLARELESS

TYPE FITTINGS

FIGURE 1 - Style A IIHelical Configuration lJ

TABLE I

TUBE WALL R
I

p A B C 0
OD THICKNESS +0 .047 PITCH +0.032 +0.032 +0 .032 +0.032- 1 - - - -

Nor~ I Ii

I !
;,

0.250 0.028 1 .000 0.375 3.000 6.00.0 0.906 2.000
0.313 0.035 1•125 0.438 3.000 6.000 1 .032 2.250
0.375 0.042 1.375 0.500 3.250 6.000 1 .125 2.750 I0.500 0.058 1 .750 0.625 4.000 7 .000 1.375 3.500

I0.625 0.078 2.250 0.750 5.000 9.500 1 .656 4.500
0.750 0.083 2.625 0.875 6.000 12.000 1 .938 5.250
1 .000 0.120 3.500 1 .125 7 .000 14.000 1 .406 7 .000

j
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Page 5

END OF TUBE
..--------------~-_._----------- .........----...

FLARED OR FLARELESS
TYPE FITTINGS

E

¢ INDICATES THREE DlrFERENT
MODES OF DEFLECTION
ONLY ONE MODE MAY BE USED
ON ANY TUBE.

Linear dimensions in inches

FIGURE 2 - Style B "Torsion Tube ll

ARP 584A

TUBE WALL I R I L E
00 THICKNESS I RAD +0.032 +0.032

NO~1

I

i - -
I

J I ~! i

I i I
:

0.250 0.028 1 .000 11 •125 4.000 !
0.313

I
0.035 1 •125 I 14.000 5.000

o.375 0.042 1 .375 i 16.750 6.000
0.500 I 0.058 I 1 .750 22.250 8.000i

0.625 0.078 2.250
,

27 .875 10.000s

0.750 0.083 2.625 l 33.375 12 .000

I1 .000 0.120 3.500 44.500 16.000
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ARP 584A Page 6

RI GHT HAND HELIX

11m
LEFT HAND HELIX ----..

b-lfl----~
-=ft~_.~-'--+-----+---~

-+----+----+------.-.-- =--~r-3-- ----
4'-- .

STYLE A
CONFI GURATION

,-- 0<. +10 30' MAX \I

( -
/

/

L"TYPICAL
ACTUATOR

ADJUSTABlE BRACKET TO RECEIVE MS33657, ANDI0051, MS24386,
OR M333515 FITTING END TO WHICH COILED TUBE IS DIRECTLY
ATTACHED

0.5 ¢ MAX. UNWIND
MAJOR PIVOT AXIS SHOULD--,
BE WITHIN SHADED AREA "

/
/

IDEAL LOCATION CF PIVOT AXIS

;-1J MAX. TOTAL DEFLECTI ON (SEE SECTI ON 5)

t~/-FREE~IO~ ::O=END

II:~.---~-I ~ -" "' ___

t/ -- ~~.----- ""'-
_ \-:l-~~:':- ~ "'. I.~-~ -- --.. .... r---' 1

\..... - -------- . '-. !'.
¢ MAX. WIND-UP -. - '~

(SEE SECTION 5) - --'~_.~i/I;..,...,."~~~

;-·FIXED END

~~-- ------~~-
ENLARGED SECTION A-A

Linear dimensions in inches
FIGURE 3 - Installation of Style A
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Page 7

7. FAR RICATION:

ARP 584A

Sty1 e P may be manufactured with conven tiona1 tube benning tool s. St,yl e ft
may be manufactured by conventional tube bending techniques except as follows:

The conventional die block 'Nhich contains a semi-circular shaped groove
around 180 - 270 degrees of its external surface must be replaced by a
similar block containing a groove which spirals through 600 degrees (1-2/3
turns). As this spiral die block turns, it must be free to shift along its
axis, or the feed block must move relative to the spiral die to accommodate
the lead of the spiral.

The feed block (which supJ:Orts the unbent tube) must be til ted to an angle
approximately equal to the helix angle, which can be adjusted to produce the
correct pitch (typical spring winding technique).

Use of a mandrel is recommended to ensure minimum flattening of the tubing at
the bends. The percent flattening must not exceed 5% defined as:

Fl tn
(~1A XI ~1 U~1 o. D. - MIN It\1UMO. D. ) 100

a ess = x
( NOM I ~lAL O. D. )

A. careful check along the entire bend should be made, particularly at the
midpoint of the bend and at the tangency points (where bend meets straight
section) to find minimum C.D. Maximum 0.0. is defined as the measurement 90
degrees to the minimum 0.0. at the section of this minimum G.C'. In
production, a check fixture shoul d be used to check confi guration
tolerances. For tubing sizes below 3/8, a keeper which interconnects the
tubing ends should be attached after proof testing to prevent excessive
deflection during the handling.

8. INSTALLATION (Styl es A & 8 Only):

A space layout and geometry study \vill indicate which style configuration can
be used most advantageously. In the process, Style A waul d be located with
the 'l... helix close to the major pivot axis or Style P with the ~middle

straight section along the major pivot axis. HO~Jever, it is necessary to
determine or estimate all other factors which may cause relative motion such
as misalignment, structural deflections, thermal expansion, etc. These
should be resolved about the three principal axes of motion and compared with
the installation tolerances illustrated herein.

During actuator installation or replacement, one must be careful not to
deflect the flexible tubing beyond the design limits. The designer may be
able to limit the over flexure in the cavity by means of structural stops or
provide satisfactory instructions for installation and removal. It is
imperative that designer, mechanic and inspector observe installation limits
to ensure maximum fatigue life and reliability of flexible plain metal tubing.
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ARP 584A Page 8

801 Style ft Installation: The recommended deflection for Style A can all be
taken ln the wlndup direction or it can be split with 50% maximum deflection
on each side of the free position. (See Fig. 3 on rage 6)

Style A should be oriented so that the axis of the helix is parallel to the
principal ax.is of motion, which may be offset to any point within the shaded
area (ill us trated in Fi g. 3, pa ge 6).

The helix of Style ft should be located as close as practical to the actuator
(in the type of application illustrated by dimension b in Fig. 3) to
minimize the effects of misalianment. Actuator misalianrrent a should be
limited to 1.5 degrees and rota"tion about actuator centerline, () should be
1 imited to 1 degree. A symmetrical installation ahout either side of the
actuator using right and left hand pitch in the helixes will result in
balance of rotational forces which is desirable. When sel f al igning
bearings are used, restrict actuator rotation torsionally by mechanical
means such as s peci al washers or 1ugs on the bearin 9 strap.

8.2 Style B Installation: The total deflection of the torsion tube is limited
to 13 degrees which may be displaced in either direction, such that the
corrbination does not exceed 13 degrees. TJ1e torsion tube will require
tubing guides \A/hich will allow the tube to rotate but not deflect such that
bending is imposed during flexure. The guides shall be located within
0.250 inch of the tangency point to radius, and a third guide shall be
installed at the midpoint on the larger sizes (0.5 inch 0.0. and larger).
Satisfactory adjustments shall be incorporated at the guide and tube
attachment points to stay within the installation tolerances. It is
suggested that the tube be attached to the connecting fittings before guide
block is installed. This will readily indicate if any tube deflection
occu rs.

The axis of the torsion tube shall be placed in line ""ith the pivot
centerline of the actuator within the limits as shov"n on Fig. 4.

The JTlisalignfTlent angle a of the actuator is limited to +3 degrees when
corrbined with an offset b of 4.25 inch, a rotational deflection () of +1
degree and the rrincipal deflection f} established in section 5. Larger
angle of misalignment may be tolerated if the inboard clamps can flex in the
plane of the tubing, thereby reducing the bending on the tube.

Actuator rotation can be limited with a symmetrical installation and with
appropriate lugs on actuator end cap.
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Page 9 ARP 584A

LOOSE FIT TO ASSURE
FREE ROTATIOO - +

r--~:-------t - _

----~ -- - - -- ....---

\,

t
++1 TUBE DIAMETER ALLOWABLE

MISALIGNMENT BETvlEEN 'lUBE
AND PIVOT AXIS

..._---- - --.--...--.----.......

"'""" ..

+
/R

I ~.,/

f 3(O.D.) I /
.......APPROX. J ~ O.D.

I •250 MIN .~I
(TYP.)

TUBE GUIDES
(SOFT BEARING MATERIAL)

t-e- .~ ~ "b" ( TYP• )

POINT nAn
(TYP.)

I
\ I I

T:- e = 1° MAX.
I

--- "b" • 4.25 MAX, WHEN e II: 10

Linear dimensions in inches

FIGURE 4. Installation of Style "B" torsion tube
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