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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) specifically discusses five configurations of
flexible tubing. The design data given will aid in design of coiled tube assemblies using Ti-3Al-2.5V
cold worked, stress relieved (CWSR) tubing per AMS 4945. The configurations discussed should be
compatible with pressure levels up to 8000 psi (55.2 MPa) upon completion of analysis for the actual
stress and life requirement of the intended application. Formal qualification tests are recommended to
verify satisfactory installation, clamping, and life of each unigue design.

1.1 Purpose:
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2.2 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-H-5440 Hydraulic System; Design, Installation, and Tests of Aircraft (General
Specification for)
MIL-HDBK-5 Metallic Materials and Elements for Aerospace Vehicle Structures

AFWAL-TR-81-2066 Dynamic Seals for Advanced Hydraulic Systems
WADC 55-121 Study of Coiled Tubing for Aircraft Hydraulic Systems
WADC 57-507 Coiled Stainless steel Tubing, Part | Test Results

NADC-792174{60 Development of Small Diameter Hydraulic Coiled Tubing Te¢hnology, June
1981
NADC-87064160 User’s Guide for Three Coiled Tube DesSign Programs - HELCOM, HELTOR,
TRCOIL, and Supplementary Program- BENDS
NADC-87065460 Advanced Coiled Tubing for Fluid Pewer Transmission, April 1987

3. CONFIGURATIDNS:
Each configuratjon may be classified by one of the five styles described below.
3.1 Style A - Heligal Torsion Configuration:

This configurdtion (Figure 1) typically consists of a 540° (1-1/2 coil) helical coil of tubing with a
straight section projecting from gach end of the coil. In actual application, if the coll is properly
clamped at the¢ points defined as 1" on Figure 1, the tube may have additional berjds and straight
lengths to allopv aligning the.end fittings with the interfacing fittings. In practice Stylg@ A may vary from
180° (1/2 coil)lup to 9002(2-1/2 coils). This style is widely used within the aerospdce industry to
accept angular motian.about a defined pivot point. Appendix A contains design dafa for Style A
coiled tubes for 3000.psi (20.7 MPa) to 8000 psi (55.2 MPa), 1/2 to 2-1/2 coils and|deflection up to
28°.

3.2 Style B - Torsion Tube Configuration:

This configuration (Figure 2) consists of three straight sections separated by two 90° bends. This is
not a coiled tube configuration but is included in this document to present all standard configurations
used to accept relative motion between two points. The middle straight section is twisted in
operation, allowing one end to rotate about the centerline of the middle straight section. This
configuration must be clamped between the bends and the fittings to remove bending stress from the
fittings. This configuration is used to accept angular motion about a defined pivot point.
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3.3 Style C - Helical Compression/Extension Configuration:

This configuration (Figure 3) consists of one or more coils coiled in a helix that accepts linear
extension and compression. In order to align the coll fittings with the hydraulic component fittings,
the use of specific transition bends from the tangent of the helix to the end fittings as described later
in this document is recommended.

3.4 Style D - Tricoil Compression/Extension (C/E) Configuration:

This configurdtion (Figure 4) consists of three sets of helically wound coils connect
lengths to allow linear motion between the end fittings.

3.5 Style E- Oval

This configur
helix of const
This configur
coaxially arou

advantage of
of the caoils.

4. MATERIAL PROPERTIES:

The recommendged material is seamless titanium alloy tubing, Ti-3Al-2.5V in the CW
accordance with AMS 4945 or equivalent,

4.1 Basic Allowablles:

Room temper

P00 oY

Ftu, ultimgte tensile-strength (min): 125,000 psi (862 MPa)
Fty, yield tensile/strength (min): 105,000 psi (724 MPa)

E, elastic
G, torsion

ation (Figure 5) is a special case of Style C where jastead of coils beir

Compression/Extension-(C/E) Configuration:

nt diameter, the coils are oval shaped with straight lengths between s¢
tion has the advantage of being able to fit into-shallow envelopes or
hd the outside of the moving hydraulic component for space efficieng
his configuration is that it requires fewer(coils because of the large €

hture allowables for this material are:

ed by straight

g wound about a
emi-circular coils.
fo be installed

y. Another
ffective diameter

SR condition in

ll:odulus: 15,000,000 psi (103,421 MPa)

M, Poisson's ratio: 0.32
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4.2 Endurance Allowables:

4.3

In the design of the various configurations for a specific fatigue life, the use of the correct allowable

stress is critical to the life of the design. Specific tests should be conducted on instrumented coils of
the configuration to be used in order to determine the allowable number of mechanical flexure cycles
at each stress level. The data may be put into the form of a Goodman constant life diagram in order
to be easily used. Ideally, for Styles A and D, planar flexure of curved tubing would give equivalent

fatigue data. For Style B, torsion flexure of straight tubing is recommended. For Styles C and E,

torsion flexure
If the tests to
allowable dete
designing coll
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temperature.
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j the low end of the scatterband.(i-e., that S-N curve which represen
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ture than the test
d temperature is
S at the test
Temperature

, bent tubing, and
htterband to a 0.9
rogram similar to
tting shall be

s a 99.9%
onfailure

loys such as

r directional
excessive
manifestations
gue life in
between the

re.testing. The material properties to give a balance of performance

extremes ma
(referenced in

1 Lok H ! H " " " Il ! " il et 7=
DT UTiTITmeuU using a (I©ol gruptily Lalicu LU ALUIT Strdllt Tatlu (W

AMS 4945) gives a method for determining the CSR.

SR). AS4076



https://saenorm.com/api/?name=6a802f57c9cb161286d05259e6e652a2

SAE ARP4146 Revision A

7. FABRICATION:

7.1 Style A:

5. STRESS ANALYSIS:

There are a number of methods that may be used to analyze the total stresses at critical points in the
coils. Technical Reports WADC 55-121 and 57-507 give classical techniques that may be applied to
design algorithms for any material and configuration. Technical Report NADC-79217-60 derives the
equations and gives flow charts for algorithms which may be applied to Styles A, B, C, and D.
Technical Report NADC-87064-60 further transforms these algorithms into Fortran language computer
programs. The programs use the Von-Mises Distortion Energy Failure Theory for loading in multiple

axes. Finite Elg
irregular configy
bar elements fo
FITTINGS:

The following fit

a. MS flarelesg
b. Flareless wi
c. Dynamic be
d. Dynamic be
e. Cryogenic s

These currently
must be considé
analyzed as the
methodology fo
FEA and conve
avoided unless

ment Analysis (FEA) is another technique for stress analysis of the;d
rations required of coiled tubing. The particular brand of FEA sgftwg
possible nonlinear cases.

ling systems have been tested or used with coiled-tube installations

h brazed or swaged sleeve
am seal with internal swaging
Am seal with external swaging
lvaged

used fitting systems will work with coiled tubing under the following d
ered in the design. The strésses at the end of the fittings should be s
y may be higher than thase in the coils. Technical Report NADC-87(
stress analysis at the end of fittings and in transition bends using a
htional computationytechniques. Combinations of torsion and linear |
specifically addtessed in qualification testing of coiled tube designs.

ometimes
re should have

successfully:

onditions which
eparately

65-60 gives
combination of
bading should be

Style Amay b

N - P | H £ ! 4+ ! £.L H ) + 11
C Idutitatlcu usiity Ul Ul scveTal TTTiious U TUTTTInTY tic LUNS. UST

f mandrels or

rollers which closely match the tubing outer diameter is recommended in order to control flattening or
ovality of the tube in the curved sections after forming. For Ti-3Al-2.5V CWSR material the final

ovality should

not exceed 3% using the following definition:

(MAXOD -MINOD) x 100

OVALITY =
NOMINALOD

(Eq. 1)
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7.1.1 Conventional Tooling: The conventional die block which contains a semicircular shaped groove
around 180 to 270° of its external surface must be replaced by a similar block containing a groove
which 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 move relative to the spiral die to accommodate the lead of the
spiral. This tooling is discussed in more detail in Technical Report WADC 55-121. The feed block
(which supports the unbent tube) must be tilted to an angle approximately equal to the helix angle,
which can be adjusted to produce the correct pitch (typical spring winding technique).

moves alon

its axis as it is turned to form the pitch of the coils. This type of too

7.1.2 Spiral Mand%el: Another type of tooling which may be used for Style A is a spiral

Figure6. T

is type of tooling may be used for all styles of flexible tubing that use

of a machingd mandrel with reduced coil diameter to compensate for material sp

reduced pitg
attention arg
of adequate

h to compensate for pitch springback after forming. Two‘details that
the method of clamping the formed end of the tubing to the mandrel
torque multiplication to keep force required for forming constant and

factors limitations. Tubing greater than 3/8 in (9 mm) diametershould be formed

tool.

The following equation may be used to determine the diameter of the mandrel to

coil diametef after springback. This equation has.an accuracy of 2% of the coil g

where:

.y
4

1.02 %R Do

£ e hes

Da =

LA Al

X A/Do2 + D

Ftu =

[timate tensile stress allowable

mandrel that
is shown on
coils. It consists
ringback and
require particular
and the provision
vell within human
using a powered

Ise for a required
iameter.

(Eq. 2)

Da = Tbor diameter

E=m difliic of alacticity,

Ut S~ OT TSt eIty

Do = tubing OD

Di=tu
Ds=c

bing ID
oil OD

Other factors that will affect the accuracy of the final coil diameter are the consistency of the torque
applied during forming and variation of material properties from lot to lot of material.
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7.1.3 Other Tooling: Other types of tooling may be used to form helical coils. These types are based
upon the positioning of rollers which deflect the tubing as it is fed into the rollers through a guide.
This type of tooling is normally used for fabrication of springs and is available in the form of coiling
machines from manufacturers. The machines range in complexity and capability from manually
adjusted to microprocessor controlled designs. In a survey conducted in 1985, none of the
machines surveyed were immediately acceptable for use in forming coiled tubing. Two principal
problems were that the machines required continuous roll supply stock and used shear methods to
cut-off the stock at the end of a forming cycle. However, with development, these sophisticated

7.2

7.3

7.4

7.5

7.6

machines cc
range of tub
based on m
concepts of
Style B:
Style B may b
Style C:
Style C may b
Style D:
Style D may b
Style E:

Style E may b

Surface Finish:

During fabrication and handling the surface finish of the tubing inner diameter and

should be pro

uld be used for forming coiled tubing with the advantage of being ad
e diameters, coil diameters, and pitches. This is contrasted to the‘co
hndrels or machined helixes to form the coils. Coil forming machineg
operation are more fully discussed in Technical Report NARE-87065

e fabricated using conventional bending equipment normally used fo

e formed using any of the tooling described for Style Ain 7.1.2 and 7

e formed using any of the:tooling described in 7.1.1 through 7.1.3.

b formed using tooling described in 7.1.1 or 7.1.3.

ected from scratches and dents. Lubrication of mandrels may be re

aptable to a wide

ventional tooling
and their

-60.

[ bending tubing.

1.3.

puter diameter
Juired to prevent

linear scratcheésimrtiretubewatt u'willg fuullillg.
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8. AUTOFRETTAGE:

This is a technique that is used to reduce ovality and improve fatigue life of the tubing by pressurizing
the tubing until the stress at the inner wall of the tubing is in the plastic range. By applying internal
pressure in this manner ovality is reduced by forcing the tube to assume a shape closer to the original
diameter. Also, after removal of pressure, the inner wall has a residual compressive stress that
reduces the effect of minor imperfections and irregularities in the inner tube wall. Tests by major
airframe manufacturers demonstrated increased fatigue impulse life after autofrettage of tubing.

These benefits
equal to 2%.

Autofrettage wil
forming. Itis pr
wall thickness s
pressure of at le
pressure design

When autofrettd
clamped or rest
aircraft.

INSTALLATION

A space layout
application. Th¢
operation and tg
imparted to the

by the coiled tulpe. Also, it is nécessary to determine or estimate other factors such

(1) misalignmen
use for standing
valuable aid in i

hre a function of the amount of ovality with little advantage when ova

not compensate for tooling that is worn or does not supportthe tubg
bbably more effective on "thin wall" tubing. Thin wall tubing-here is de
bt by the minimum burst pressure requirement. Wall thickness meet
ast four times operating pressure will result in fewer.coils than tubing
. AIR1379 has further discussion and recommendations concerning

ging or applying proof pressure to a coiled tube assembly, the tube &

hnd geometry study will indicate which style configuration can be usg
e layout may be used to'determine maximum deflection of coiled tubg
establish maximumecoil diameters. Consideration must be given to
Coil if one end of thehydraulic component is disconnected and its we

t when the cemponent operates or, (2) damaging loads if the installa]

Hentifying-the portions of the tubing which move and help in location

ity is less than or

diameter during
fined as having a
ng a burst

with lower burst
autofrettage.

nds should be

rained to maintain the critical interface dimensions relative to the matfing tubing in the

d for each

S during

the deflection
ight is supported
hS:

lion is subject to

or a hand:hold by maintenance personnel. A mockup of the installation can be a

pf clamps.

-10 -



https://saenorm.com/api/?name=6a802f57c9cb161286d05259e6e652a2

SAE ARP4146 Revision A

9.1

9.2

Style A Installation:

Style A accommodates oscillating motion about a pivot. The centerline of the helix should be located
close to or upon the centerline of the major pivot axis. Figure 7 shows the maximum limits
established by ARP584 for CRES steel tubing, but should also be reasonable limits for titanium
tubing. The helix should be located as close as possible to the moving component to minimize the
effects of misalignment. The coil should be designed for rotation of 10 to 20% more than the nominal
deflection to allow for misalignment or rotation of the actuator during operation. The percentage
used should ble equal to or greater than the actual values calculated from geometry and installation
tolerances. A|symmetrical installation about either side of the actuator using right and left hand pitch
in the helixes will result in a balance of rotational forces that is desirable. When s

of the tubes dlie to normal fabrication tolerances and springback variation from coil o coil. When the
number of coils is even such as one or two coils, the momentarms B fall approxim
each other. Ir] this case, it is required to clamp at least ogne'moment arm so as to fprce the coil to
deflect about {he actuator pivot centerline. Figure 1 has-an example of this requir
additional clarmmping is not provided, the geometry results in compression and extension loads into

the colil and fitfings which are not well defined and<«ould lead to fitting leakage or early fatigue failure
of the tube.

Style B Installation:

Style B acconmmodates oscillating motion about a pivot. The centerline of the tube $hould be located
concurrent with the centerline of the pivot. The torsion tube may be displaced in ejther direction.
The torsion tupe will require tabing guides that will allow the tube to rotate but not dleflect such that
bending is imposed during<flexure. The guides shall be located within 0.25 in (6 mnp) of the tangency
point to the rafdius, and-a¢hird guide shall be installed at the midpoint on the larger|sizes (0.5 in

(13 mm) diamgter and\up). Satisfactory adjustments shall be incorporated at the dquide and tube
attachment pdints t@ stay within the installation tolerances. It is suggested that the|tube be attached
to the connecting.fittings before the gwde bIock is mstalled This will |nd|cate if any ube deflection or
fitting misalig a manner in which
any fitting centerline is parallel to the centerllne of the tube in torsion. If flttlngs are located with
centerlines parallel to the centerline of the tube in torsion, the fittings are subject to chronic loosening
and leakage each time the actuator is operated. Figure 2 gives an example of this poor design.

-11 -
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9.3 Style C Installation:

9.4

9.5

Style C may be designed using the FORTRAN language design programs described in Report
NADC-87064-60. The use of the HELCOM program requires that the working stroke of the coiled
tube be equal to 0.5666 times the actuator stroke from fully compressed to fully extended. The
program BENDS may be used to design the transition bends from the end of the helix to the
hydraulic fittings on each end. Appendix A in Report NADC-87065-60 provides a methodology for
stress analysis of the transition bends and the area at the end of the fitting using FEA and traditional

computation.
bending loads
considered in
stress due to
may be install
pressure systé

Style D Install

ateral deflection of the coiled tube. As shown in Figure 3, t@wo asse
bd about a common centerline to occupy less space. Thé®uter coil s
bm if one of the coils is low pressure and one is high pressure.

Ation:

The tricoil conffiguration is designed for extension only corresponding to windup of

Therefore, theg

interface is a minimum. The fitting locations should.be dimensioned for the free pg

Simple loop o
installed in clo
rate possible i
This means th
specific fatigu
assemblies of

block clamps should be used to maintain separation of two Style D
se proximity to each other. The-coiled tube should be designed for t

at the coils are designed fotr.a lower allowable stress than that correg
e |ife required of the design. Report No. NADC-87065-60 describes
3/8 in (10 mm) diameter tubing in the tricoil configuration which were

800,000 one-alf stroke cycles and 200,000 full stroke cycles without any problem

or coil design.
Style E Install

This design cd
another coil if

htion:

N be'designed to install concentrically with the moving component a
desired. This type of installation is depicted in Figure 5. It is recomn

It is desirable to clamp Style C using elastomeric block clamps at eagh end to alleviate
in the end fittings. Rise and fall in the actuator can be tolerated.but [should be
Stress analysis at the end fittings. Program HELCOM has anyoption tp compensate for

blies of Style C
hould be the high

the coils.

coils will be at free position when the distance from the moving component to the

sition of the coil.
configurations
ne lowest spring

N the space available in order to reduce the axial loads imposed upon the end fittings.

sponding to the
ests of ten
subjected to

5 with end fittings

hd nested with
hended that the

coils be clampedat-theextremeendsof-thecottsasshowninordertocontrotdeftection and to
support the weight of the coil against vibration or acceleration loads. If two coils are nested, the
outer one should be used for the highest pressure required by the application. For example, if the
two coils are carrying system operating pressure and system return pressure, the outer coil should
be the assembly designed for system operation pressure. The larger outer coils will have low
mechanical stress to sum with the higher stress due to system pressure, whereas the smaller inner
coils will have higher mechanical stress to sum with lower stress due to return pressure.
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10.2

10.3

10. VIBRATION DA

MPING:

As with springs, coiled tubes have natural frequencies and can be excited by induced vibration. Itis
recommended that each installation be subjected in situ to a spectrum of the frequencies and
acceleration for the application. Each coiled tube should have an accelerometer mounted and data
recorded in each axis. Analysis and test may show that the tube natural frequency and inherent
damping may not require any addition damping. If additional damping must be considered the
following experimental techniques were tested on coiled tubes and reported in NADC-87065-60.

Techniques that

10.1 CRES Wire R

CRES wire ro
number of wir
makes the wir|
shown in Figu
motion of the
damping forcq

Ties and Looq

If two coiled ty
can be chang

can be adapted for damping coiled tubing are as follows.

bpe:

b strands should be the maximum number available,in(@a‘given wire r
e rope more flexible. The wire rope may be attached to the coiled tul
e 8. Because the wire rope is flexible it can bedinstalled to deflect in
coiled tube and yet provide damping by the friction between strands
and spring rate of the damping installation will have to be determing

S.

bes deflect the same with respect'to one another, the natural freque
bd by tying the coils together with plastic ties similar to those used fo

wire harness fogether. The plastic material' used for the ties should be resistant to

embrittlement
extremes of a
coiled tube ins
installation.

Commercial W

Wire rope dan
specific damp

with exposure to ozonel sunlight, hydraulic fluid, fuel, solvents, rain
mbient and system temperature. The ties should be part of the qualifi
tallation to verify aeceptable wear and damping over the expected s

ire Rope-Damper:

ping@ssemblies as shown in Figure 9 are available which can be d¢
ng- < This type of damping device was tested and reported in NADC-

be is available in a choice of diameters and number of wifés in the bdindle. The

bpe size. This
e in a manner as
the direction of
Df wire. The

d experimentally.

hcy of each coil
[ tying bundles of
cracking and
vater, and

cation test for the
prvice life of the

bsigned for
B7065-60 but did

notseemtob

££ e + H (HE | 1 H ! e o £ 4l 1
C do CTIITLUVE dsS UTT Ul twu TTdividual witc TOUpsS. TTT TTdss UT UHIT U

rope loops together may have been a factor.

11. DESIGN AIDS:

11.1 Nomograms:

r tying the wire

Report NADC-79217-60 has nomograms for design of coiled tubes in styles C and D for 3/16 in
diameter tubing in Ti-3Al-2.5 CWSR material.

-13-
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11.2 Computer Programs:

Report NADC-87064-60 describes three FORTRAN language programs that may be used to design
coiled tubes. The programs are available upon request from the Naval Air Development Center,
Warminster, Pennsylvania. The programs give feasible designs for Styles A, C, and D.

PREPARED UNDER THE JURISDICTION OF
SAE SUBCOMMITTEE A-6C, FLUID POWER DISTRIBUTION ELEMENTS OF
COMMITTEE A-6, AEROSPACE FLUID POWER, ACTUATION, AND CONTROL TECHNOLOGIES

-14 -
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FIGURE 1 - Style A - Helical Torsion Configuration
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FIGURE 2 - Style B - Torsion Tube Configuration
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I XY 3

S3Hd NHN13Y - 7100 H3

3YNSS3Ud SAS - 10D

[31N0

memimimimoimomimomemp =

‘37 LV HOLVNLOV HLIM NOISNILXI WAWEXVIN 1V 3HV ST10D
(41 - 3« P10 ANILX3 ST1I0D

“IVHLN3IN 1V HO1VNLOV H1IM V.113d«9650°0 OL d3SS3HdNOD FHV STO0D

(47 - 37)+966G° = V1130 ‘NOISS3IHdINOD 110D
41 HLON3T LV HOLVNLIOV HLIM HLDONIT WNWININ 1V 34V S110D

1NIOd d3dNNOYO =

~N®MS w0

FIGURE 3 - Style C - Helical Compression/Extension Configuration
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"2/(d7 - 37) = IIOYLS 110D ‘NOILVIITddV SIHY HO4d
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FIGURE 4 - Style D - Tricoil Compression/Extension Configuration
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FIGURE 5 - Style E - Oval Helical C/E Configuration
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W
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aid feed of tgbe
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)
| —

Mandrel pitch and
diameter must allow
for spring back of

Hexfor
applieatio
of torque

" mandrel
/ t coils
7 2 ¥ S N
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A
- @ _ - — = e e~
1 ] !
\ ’
N l "
\ ~ -
1 OIOION
r Latch locks ] -
@ guide in place
Q Wheel forces
axqal
trgnslation
| of|mandrel

FIGURE 6 - Spiral Mandrel Coiling Tool
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RIGHT HAND HELIX

_ﬁ__\ b 0= + 1° MAX\
)
' MAX 5 ,

TYPICAL

LEET HAND -
HELIX o |

__STYLE A
-~ ADJUSTABLE BRACKET TO RECEIVE CONFIGURATIION
FITTING END TO WHICH COILED
TUBE IS DIRECTLY ATTACHED

|

| ¢ MAX.)"WIND-UP -

(SEE" SECTION 4) _ .

IDEAL-LOCATION OF PIVOT AXI

WITHIN SHADED AREA

\_FIXED END |

F G H J
IN. MM IN. MM | IN. MM IN. MM
0 TO |0 TO
1.00 |25.4(0.25|6.4 |0.375]9.5 0.125 3.2

FIGURE 7 - Centerline Limits for Style A Installation

-21 -



https://saenorm.com/api/?name=6a802f57c9cb161286d05259e6e652a2

Revision A

SAE ARP4146

a3ssS3ddiN

003 'NAHM 13IOVvHE 40 H1AIM 3LVAOWNODIIV 1SNIN H

JUALONYLS /

3d0H 3t

)

IMVIQoL/E

SAN3 HLO¥ dIANNOYD T0I

39N1 VId .91/€ V NO 3d0Od JFdIM ‘FT1dINVXT

Olid 110D 310N

FIGURE 8 - CRES Wire Rope Damper
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FIGURE 9 - Commercial Wire Rope Damper
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APPENDIX A
DESIGN DATA FOR STYLE A CONFIGURATION

A.1 DESIGN SPECIFICATIONS:

Al1l

A.l2

A.1.3

Basis:

The coiled t

Jbe dimensions in the following figures were designed using the FORTRAN language

computer pr
direct comp
designs havj
or in specifi

Tube Wall T|

The tube w3

e not been tested formally and should be qualified either with.the act
gualification tests.

hickness:

providing that the production minimum thickness is not less:than the minimum sh

except the §
thicknesses
thicknesses
the required

Computed R

Fatigue ana
below:

Operating P
Impulse Pre
Endurance |

Impulse Lifey:

000 psi (55.2 MPa) designs, the tube wall thickness corresponds to
published in AS4467. In the case of the;8000 psi (55.2 MPa) design
required are greater than those in AS4467 in order to provide a cong
specifications.

atigue Life:

ressure: 3000, 4000, 5000, 8000 psi (20.7, 27.6, 34.5, 55.2 MPa)
ssure: 1.5 times Operating Pressure

Life: 100,000 cycles @ 100% deflection (windup only)
200,000-cycles 100 psi (689 kPa) to 1.5 x Operating Pressure

A= TEﬂD<1

pgram HELTOR which is published in NADC-87064-60 with enhanciments to allow
Itation for accumulated fatigue due to impulse and endurance cygling. The resulting

pator installation

wn. In all cases
he standard wall
s, the wall

istent design at

Il shown is the minimum thickness required. Ary nominal wall thickrFss may be used

ysis was performed to show no failure at four times the endurance and impulse cycles

(Eq. Al)

where:

2 ONT

A = Cumulative fatigue damage

In addition, the 24°, 2-1/2 coil version of each tube size for each design pressure was analyzed to
show no failure at four lifetimes of the following spectrum which was a generic spectrum derived in
AFWAL-TR-81-2066 for digital fly-by-wire flight control actuators. The spectrum was obtained by
analysis of flight test data for the F-16, F-111, and NASA Fly-By-Wire F-8 aircraft. Because of

mathematical consistency of the design program, all of the designs are designed for the following
spectrum with a scatter factor of four:

-24 -
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TABLE Al
Deflection - % Cycles (One Lifetime)
1 181,000,000
2 17,500,000
10 1,250,000
50 200,000
100 50,000

A.2 USE OF DES|GN DATA FIGURES:
A.2.1 Coil Dimens|ons:

In order to make this document as generic as possible, no.specific tube fitting depigns are
assumed. Note in Figure Al, the dimension B for the moment arm of the coiled tybe is established
based upon|the fatigue analysis. For an application, the appropriate length of tuge must be added
for the tube fitting system being used. A moment arm'less than dimension B will|shorten the
endurance life of the coiled tube.

In Figures A2 through A5, the dimension A from the coil centerline to the standard bend to
establish pafallel moment arms is based upon the following equations which cons|der the overbend
to form the bhend and avoid interferepcebetween the outer diameter of the coil apd the bend

mandrel.
Wrap = Rc x %l+15><£0% (Eq. A2)
P = .02947 +1.31928 x Do (Eq. A3)
A= DTm + 5%& +Wrap (Eq. A4)
B =A+Do (Eq. A5)
C = px——2XA*Dm (Eq. AB)

2xDm+En-05
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A.2.1 (Continued):

A.2.2

A.2.3

where:

Do =

nominal tube outer diameter

Dm = coil mean diameter

Wrap = allowance for overbend

P = coil pitch

A = length from coil centerline to Rb tangent

B = rlnoment arm

C=
Rb 5
Rc =

Design Dats

Each figure
8000 psi (2@
wall, mean q
deflection fo
coils. Thefi
The second
The third sh

Example of
Assume the
Operating p
Deflection =

Tube diame

50,000 cyclg
Installation n

pormal distance between straight portions of moment arms
standard 3D bend radius
Dm/2

(Figures A2 through A5):

s five pages. There is a figure for each design{ressure, 3000, 400(
.7,27.6, 34.5, and 55.2 MPa). Each sheet of:each figure contains th
oil diameter, pitch, dimensions A, B, C, and'D; the weight of the tubg
rce required for each combination of tube-outer diameter, deflection,
st sheet of each figure contains data for 1/4 and 3/8 in (6 and 10 mm
sheet of each figure contains data.for 1/2 and 5/8 in (13 and 16 mm
et of each figure contains datafor 3/4 in (19 mm) tube diameters.

Use of Design Data Figures:
following design case:

essure = 4000 psi (27.6 MPa)
zr = 3/8 in}(6'mm)

s fullstroke deflection

eguires both tube fittings to be adjacent

, 5000, and

€ minimum tube
, and the

and number of
tube diameters.
tube diameters.

1. The required endurance of 50,000 cycles is well within the 100,000 cycle computed design life
for coil designs in this document.

Referring to Figure A3 for 3/8 in (10 mm) tube diameter, 4000 psi (27.6 MPa), for 1/2, 1-1/2,

and 2-1/2 coils, the Weight versus Deflection graph shows that the 1-1/2 coil configuration is
the lightest choice for 9° deflection. (To obtain data for odd degrees, average the values for the
even degree data below and above the odd degree requirement.)
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A.2.3

(Continued).

3. The For
is requir

4, Use oft

Of course t
well.

For applicat

TABLE A2 - Weight~Ib (N)

En 8° 10° 9°
1/2 0.131(0.58)  0.171(0.76)  0.151 (0.67)
1 0.106 (0.47)  0.140 (0.62)  0.123 (0.55)

1-1/2  0.100 (0.45)  0.112 (0.50)  0.106 (0.48)

te versus Deflection graph shows for 1-1/2 coils, 9° that a limit load @
bd at full deflection.

e tabular data gives the rest of the information needed:
/2.72 in (66.8/69/1 mm)
in (77.4 mm)

in (101.3 mm)
in (35.4 mm)

e information for 10° from the printed data could be used for consery

ons where the design requires the number of coils to fall between on

f11.81b (52.3 N)

ative design as

e of the printed

cases, interpolation may be used to establish the resultant coil dimensions. Assiime 3.8 in tube,

4000 psi, 12° full deflection tequired.
If analysis of the installation determined that 1.63 coils would provide the correctfangular
relationship jof the mioment arms B to mate with the attach points of the fixed tubihg, then the
interpolation| process for 12° deflection would be between 1.5 coils and 2 coils ag follows:
B.c = 742 (1885
15 ( ) (Eq. A7)
B, = 4.45 (113.0)
7.42-445 2-15
B,es = 5.22 (132.6) (Eg. A9)
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A.2.3 (Continued):

To compute dimension C:

A = 3.05 (77.4)
Dm = 5.26 (133.6) (Eq. AL0)
En = 1.63 a
P = 0.49 (12.4)
_ 2xA+Dm
€= PX2XDm+En—O.5 (Eq. ALL)
Cyes = 1.59 in (40.4) (Eq. A12)

Figure Al fdllowing shows the location and of the dimensions requited to define the tube
configuration.

Figures A2 through A5 follow with data for Style A coiled tubes for 3000, 4000, 5000, and 8000 psi
(20.7, 27.6, B4.5, and 55.2 MPa) operating pressure, 1/2)1, 1-1/2, 2, 2-1/2 coils, pnd deflection up
to 28°.
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FIGURE Al - Style A Design Dimensions
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