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THIS REVIS IOMCONTATHS MY EDTTFOPTAL—CHANTES
1. PURPOSEE
The purpose of this recommended practice is to provide,a“convenient method
for the| engineer or draftsman to use in designing metal tubing conficurations
that will1 provide for large relative motion between Contiguous| points in
fluid slystem piping.
2. SCOPE:

This relcommended practice encompasses de§ion, analysis, fabrigation, and

installjation of pressurized plain metal tubing used in fluid power systems to
provideg relative motion.

Speci filc data given are for MIL=T<6845 tubing ranging from 1/4 inch to 1 inch
dia. usled in 3000 psi hydraulic or pneumatic systems, Types I, II, III or IV
applied to any type of vehjiche.

The fldxihle confiaurations of plain metal tubing are intendeq for

application to actuators that oscillate about a pivot, to areds of large
structural deflection’ such as reservoirs installation, and to|areas of

extremd environmént where flexible hose could not survive.

3. APPLICARLE DQEUMEMTS:

MIL-H-%440 - Hydraulic System; Desicn, Installation and Tests|of Aircraft
[Conovral Sract fication Far)
T oo at SfFe e e oot ey

MIL-P-5518 - Pneumatic System; Desicn, Installation and Test in Aircraft

MIL-T-6845 - Tubing; Steel, Corrosion-Resisting, (18-8) Aircraft,
Hydraulic Sys tem

AND-10104 - Tubing, Steel, Corrosion-Resistant, Pound, Standard Dimensions

for

SAE Technical Board Rules provide that: “This reportis 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. Printed in U.S.A.
All rights reserved.
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(Continued):

MS 33611 - Tube Pend PRadii
WADC Tech. Peport 55-121
WADC Tech. Peport 57-507 Parts I & II

CONF IGURATIONS:

A1l configqurations may be classified as one of the three styles 1isted below
and may be treated in accordance with the following instructions:

Style A

"Helical Configuration" (Standard V

ersion Fig. 1)

This consists of a 540 degree (1-1/2 turn) helix with a straig
projecting from each end. Style A operates principally in‘ben
13 degrde angular motion of one end with respect to the other

axis in [a plane perpendicular to the helix axis.
Style B ["Torsion Tube" (Standard V
This con

in one plane. The middle straight section ds)'twisted in opera

one end
Section

Style C

to rotate about the centerline of the middle straight
5)

Where S1
con fi gun

requirenments .

comb inat

"Mon-Standard Confi aurationst

yles A & P are not applicable, an infinite variety of
ations may be designed to accommodate particular space

jons of straights, curves, and helical section element

*t section
ling and allows
gbout the helix

¢rsion Fig. 2)

sists of three straight sections separdted by two 90 de¢aree bends all

tion, allowing
tection, (See

tpecial
or deflection

These may be(modi fications of Styles A & R or mpre elaborate

E which are

otherwide consistent with the specifications of Style A & B, PAIT Style C
configunations shouldbe designed, analyzed and tested in accordance with the
recommer{dations in WAPC Technical PReport 57-507 Part I & Part [[I (ASTIA
Document AD 142251 in addition to the recommendations herein,
GENERAL |REQUIREMENTS:
The recqgmmended maximum deflection for the various temperature|ranges as
shown im—Figs, 2 —and 3 —are as fortows:
Anaular Deflection

Sys tem Type Temperature Range ? Degrees, Maximum

Tvpe 1 -65° to +150°F 13

Type 11 -65° to +275°F 12.3

Type III -65° to +400°F 11.3

Type IV -65° to +600°F - 10

Where deflection requirements exceed the allowable maximum @, a

non-s tan

dard confjcuration, Style C, must be used.
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6. MATERIALS:

The tubing should be Corrosion Pesistant Steel (18-8) Aircraft Hydraulic
System Tubing in accordance with MIL-T-6845. It is recommended that 1007%
quality control be applied to inside and outside surface smoothness. The
wall thicknesses specified on pages 2 & 4 are consistently higher than
normally used for fixed tubing to provide the necessary 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 difficult to properly

ins tall will cseverel v distort wien ti nh+anad :an:nnc'l' the thick wall steel

tubing dnd may requ1re occasional reti ohtenma to eliminate seep leakage.
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FLARED OR FLARELESS
Linear dimensidns in inches TYPE FITTINGS
FIGURE T - Style A "Helical Configuration"
TARILF T
TURE WALL R P A B C D
oD THICKNESS +0.047 PITCH +0.032 +0.032 +0.032 +0.032
NOM - - - - -
0.250 0.028 1.000 % 0.375 3.000 6.000 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
0.500 0.058 1.750 . 0.625 4,000 7 .000 1.375 3.500
0.625 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 i 1.125 7 .000 14,000 1.406 7 .000
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™ T 3 ]
IX /\\\ //
@ INDICATES THREE DIFFERENT RO
MODES OF DEFLECTION 4 ;
ONLY ONE MODE MAY BE USED ‘I .
ON ANY ['UBE. 900330 | UJ
-
=

Linear d

imensions in (inches

SEE SECTION 5 K

FIGURE 2 - Style B "Torsion Tube"

TUBE WALL R L E

0D THICKNESS RAD +0.032 +0.032

NOM -

0.250 0.028 1.000 11.125 } 4.000
0.313 0.035 1.125 14.000 : 5.000
0.375 0.042 1.375 16.750 ? 6.000
0.500 0.058 1.750 22.250 § 8.000
0.625 0.078 2.250 27 .875 ; 10.000
0.750 0.083 2.625 33.375 | 12.000
1.000 0.120 3.500 44.500 l 16 .000
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8 = +1° MAX,

RIGHT HAND HELIX

lffTYPICAL
ACTUATCH

7

- (_L.T :
AN
STYLE A
CONFIGURATION
ADJUSTABLE BRACKET TO RECEIVE MS33657, AND100¥
OR MS533515 FITTING END TO<WHICH COILED TUBE IS
ATTACHED
MAJOR PIVO
— 0,5 @ MAX. UNWIND BE WITHIN §

MAX. TOTAL DEFLECTION (SEE SECTION 5)

_~KREE POSITION OF MOVABLE END

\1;— ,/‘\
. - A\ ~

b7, MS2Li386,
5 DIRECTLY

[ AXTS SHOULD
SHADED AREA

(SEE SECTION 5)

IDEAL LOCATION COF PIVOT AXIS

~—FIXED END

7
ENLARGED SECTION A-A

Linear dimensions in inches

FIGUPE 3 - Installation of Style A
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FARRICATION:

Style R may be manufactured with conventional tube bending tools. Style A
may be manufactured by conventional tube bending techniques except as follows:

The conventional die block which 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 feedrbtock—twhrith—supports—the—unmbenrt—tubemustbe—tittetqto an angle
approxirmately equal to the helix angle, which can be adjusted’?io produce the
correct |pitch (typical spring winding technique).

Use of al mandrel is recommended to ensure minimum flattening off the tubing at
the bends. The percent flattening must not exceed 5% \defined gs:

(MAXIMUM C0.D. - MINIMUMSQ.D. )
( NOMINAL 0.D. )

Flatness = x 100

A care ful check along the entire bend should'be made, particuldrly at the
midpoiny of the bend and at the tangency:{points (where bend meqts straicht
section) to find minimum C.D. Maximum«0.L. is defined as the measurement 90
degrees [to the minimum 0.D. at the séction of this minimum C.DJ In
productilon, a check fixture should be used to check configuration
tolerandes. For tubing sizes below 3/8, a keeper which intercgnnects the
tubing ends should be attachedcafter proof testing to prevent gxcessive
deflectilon during the handljng.

INSTALLATION (Styles A &8 Only):

A space [layout and geometry study will indicate which style configuration can
be used [most advantageously. In the process, Style A would be|located with
the Z hdlix closelto the major pivot axis or Style P with the § middle
straight sectijon”along the major pivot axis. However, it is ngcessary to
determine orcestimate all other factors which may cause relatiye motion such
as misallignment, structural deflections, thermal expansion, etq. These
should be=resolvedaboutthe 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 1imits. The designer may be
able to 1imit 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 1imits
to ensure maximum fatigue 1ife and reliability of flexible plain metal tubing.
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8.1

8.

2

Style

A Installation: The recommended deflection for Style

A can all be

taken In the windup direction or it can be split with 50% maximum deflection

on eac

h side of the free position. (See Fig. 2 on pace 6)

Style A should be oriented so that the axis of the helix is parallel to the
principal axis of motion, which may be offset to any point within the shaded

area (

illustrated in Fig. 3, page 6).

The helix of Style A should be Tocated as close as practical to the actuator
(in the type of application illustrated by dimension b in Fig. 3) to

minimize the effects of misalignment.

Actuator misalionment

a should be

Timited to 1.5 degrees and rotation about actuator centerline, 6 should be

Timite
actuat
balanc
bearin
means

Style

to T degree. A Symmetricar imstartration about eithe
or using right and left hand pitch in the helixes will
b of rotational forces which is desirable. When sebf
cs are used, restrict actuator rotation torsionally by
such as special washers or lugs on the bearinggsitrap.

to 13
combin
tubing
bendin
0.250
ins tal
Satisf
attach
sugges
block

degrees which may be displaced in eithe.direction, su
btion does not exceed 13 degrees. The torsion tube wi
guides which will allow the tube to.¥otate but not de
g is imposed during flexure. The guides shall be Toca
inch of the tangency point to radius, and a third quid
led at the midpoint on the larger sizes (0.5 inch C.D.
actory adjustments shall be dmcorporated at the guide
ment points to stay within the installation tolerances
ted that the tube be attached to the connecting fittin
ijs installed. This wid} readily indicate if any tube

occury.

The ax
centern

The mi
comb in
deareq
angle
plane

is of the torsien\‘tube shall be placed in Tine with th
Tine of the actuator within the limits as shown on Fig

salianmenttangle « of the actuator is l1imited to +3 de
and,«hé principal deflection @ established in section

of.nisalignment may be tolerated if the inboard clamps
of,the tubing, thereby reducing the bending on the tub

side of the
result in
dligning
mechanical

B Installation: The total deflection of the torsion tibe is T1imited

th that the
1 require
flect such
fed within
¢ shall be
and larger).
ind tube

It is

s before quide
leflection

that

b pivot
4,

prees when

ed with~an offset b of 4.25 inch, a rotational deflectfjon 9 of +

5. Llarger
can flex in the

D
.

Actuator rotation can be Timited with a symmetrical

approp

installa
riate Tugs on actuator end cap.

tion and with

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=87e5e77ef8709e6771e2e6a31dff8e09

Page 9 ocar

ARP 584A

LOOSE FIT TO ASSURE

FREE ROTATION —

i

\
o= 39 MAX/\‘ Rl B

| .

TUBE GUIDES

(SOFT BEARING MATERIAL)

POINT ®wAn
(TYP.) T~ !
) ] G 'L_L
I
-

|
\2
W
“CAPPROK.
250 MDf—=

3(0.D.)

(TLR.)

)

=.

¢ +1 TUBE DIAMETER ALLOWABLE

MISALIGNMENT

BETWEEN TUBE

AND PIVOT AXIS

ks
8 = 1% MaX

\
i -
L
™ .
&= D@%

Linear dimensions in inches

N

FIGURE 4. 1Installation of Style "B" torsion tube
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