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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The aim of this document is to standardize the design and testing requirements for air cargo restraint
sling assemblies used as an alternate to restraint straps for tie-down of cargo on board civil transport
aircraft.

The civil aviation requirements referred to in this document are those relating to the design of transport
aircraft. They constitute the set of design requirements internationally agreed in the application of
International Civil Aviation Organization (ICAO) Annex 6, Airworthiness of aircraft, to the Convention

onl

nternational Civil Aviation.

Thrjoughout this document, the minimum essential criteria are identified by use of the key w
Redommended criteria are identified by use of the key word “should” and, while net.man
conpidered of primary importance in providing safe air cargo restraint sling assémiblies

fro
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heli

On
Aut
req

the recommended criteria should only occur after careful considerationrand thorou
uation have shown that alternate methods can be used to provide an equivalent level of

ord "shall".
datory, are
Deviation
gh service
safety.

requirements of this document are expressed in the applicable SI units, with approximate inch-

po:]nd units conversion between brackets for convenience in countries.using that system.

g or cable assemblies made of steel wire rope are intended te'be used in lieu of carg
ps meeting the requirements of ISO 16049-1, where straps inherent elongation unc
ears unadvisable for a given tie-down arrangement. Typical examples of loads where s
ables for straps throughout a given tie-down arrangement can be advisable are those
h limited movement during flight can be hazardous; such as heavy vehicles, aircraft eng
copters, machinery.

the date of publication of this document, no airworthiness approval procedure by Ciy

p restraint
er tension
ibstitution
for which
ine stands,

il Aviation

horities is applicable to restraint slings. Theiriise for cargo restraint, however, remains supject to the

1irements of the approved aircraft type orsub-type Weight and Balance Manual (see ISO

20291-2).
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r cargo — Restraint slings —

Part 1:
Design and testing
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Scope

ngth and operational dependability of cargo restraint sling assemblies made~of steel
h a 22,25 kN (5 000 1bf) rated ultimate load capability, as can be used by _thé airline {
e to restrain on board civil transport aircraft during flight, including the following:

cargo loaded and tied down onto airworthiness approved air cargo pallets, themselves
ISO 8097 (NAS 3610) or ISO 21100, or

non-unitized individual pieces of cargo, or pieces of cargo placed onto an unrestrained
aircraft, to be restrained onto aircraft structure attachment (tie-down) points.

types of wire rope restraint slings are defined:

type A: adjustable length restraint sling assemblies, including a tension retaining

termination fittings attached to the wire ropg' end eyes;

extensions are usually terminated-at both ends by eyes, without additional fittings,
attached through hooks or shackles:

not for use as lifting slings.

Normative references

following doeurnents are referred to in the text in such a way that some or all of th

ated refererices, the latest edition of the referenced document (including any amendmen

2408;.Steel wire ropes — Requirements

ISO

4107, Air and air/land cargo pallets — Specification and testing

5 document specifies the design criteria and testing methods adequate to guarantee the ultimate

wire rope,
ndustry in

restrained

into aircraft lower deck, main deck or upper deck cargo systems and/meeting the requirements of

"floating")

pallet into either lower deck, main deck or upper deck-containerized cargo compartments of an

Hevice and

type B: fixed length restraint sling extensions, to be used in conjunction with a type A cable;

ind can be

cables specified in this document are intended exclusively for restraint purposes on boajrd aircraft,

pir content

stitutes requiréments of this document. For dated references, only the edition cited gpplies. For

[s) applies.

ISO
ISO
ISO
ISO
ISO

4171, Air cargo equipment — Interline pallets

4346, Steel wire ropes for general purposes — Lubricants — Basic requirements

7166, Aircraft — Rail and stud configuration for passenger equipment and cargo restraint
7531, Wire rope slings for general purposes — Characteristics and specifications

7597, Forged steel lifting hooks with latch, grade 8

ISO 8097, Aircraft — Minimum airworthiness requirements and test conditions for certified air cargo unit
load devices

ISO

©IS

8793, Steel wire ropes — Ferrule-secured eye terminations
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[SO 8794, Steel wire ropes — Spliced eye terminations for slings

[SO 9788, Air cargo — Double stud tie-down fittings — Design and testing requirements
ISO 10254, Air cargo and ground equipment — Vocabulary

ISO 17893, Steel wire ropes — Vocabulary, designation and classification

ISO 21100, Air cargo unit load devices — Performance requirements and test parameters

3 Termsand definitions

For the pufposes of this document, the terms and definitions given in ISO 10254, ISO 17893.and|the
following qpply.

12}

ISO and [E€ maintain terminological databases for use in standardization at the following’addresse

— ISO Onlline browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at http://www.electropedia.org/

31
restraint gling assembly
type A
elementary tie-down (3.3) unit made of steel wire rope cable with end fittings (3.6) and tension retaining
device (3.5), used for restraint of cargo on board civil transport aircraft

Note 1 to enfry: It consists of 1 (one) fixed length (3.8.1) end and oneadjustable end and can be used in conjundtion
with one orftwo extensions(s).

Note 2 to enjtry: See Figure 1.
3 1 4 2 3

= &4

1 fixed erjd
2 adjustaple end
3  end fittjng
tension| retaining device

lqr fixed length
lq, adjustable length (3.8.2)
Iy total length (3.8.3)

Figure 1 — Adjustable (type A) restraint sling assembly

2 © IS0 2021 - All rights reserved
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3.2

restraint sling extension

type B

fixed length (3.8.1) steel wire rope (cable) with end eyes but no tension retaining device (3.5), with or
without end fittings (3.6), used in conjunction with a restraint sling assembly (3.1) to extend usable
length between attachment points

Note 1 to entry: See Figure 2.
3 1 2 4

/ / \
[rse

Key]
ferrule

thimble

end fitting (ring)

end fitting (hook)

length of restraint sling extension (3.9)

B W N =

~

Figure 2 — Fixed length (typeB) restraint sling extensions

3.3
tie{down
fact] of restraining cargo movements intrelation to an aircraft's structure, throughout the range of
reldtive accelerations resulting from the’allowable flight envelope, by means of an approprifite use of a
number of elementary devices against each direction of restraint

3.4
tenkioning device
mec¢hanical device inducing.and maintaining a tensile force in the load restraint assembly

EXAMPLE Lever,ratchet, winch, cam, over-centre device, or equivalent.

3.5
tenfkion retaining device
parf connecting to the wire rope and retaining any force induced between the ends of the assembly

3.6
end fitting

connecting component
metallic device connecting a wire rope end to the attachment point on the aircraft structure, the pallet
edge track, another restraint element, or the load to be restrained

Note 1 to entry: See examples in Figure 3, D1 to D3.
Note 2 to entry: The end fittings most commonly used on air cargo restraint slings include:
a) retainer or latch equipped hook (see example in Figure 3, D1),

b) air cargo tie-down (3.3) double stud (male) fitting (see example in Figure 3, D4) conforming to ISO 9788,
connected to the cable directly or through an intermediate ring,

c¢) ring (see example in Figure 3, D2) or wire rope end loop (eye) compatible with hooks.

© IS0 2021 - All rights reserved 3
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Key

A restraift sling assembly (complete) D connecting elements

A1 marking (label) D1 hook with retainer or latch

B tension|holding element D2 end ring

B1 steel wire rope D3 shackle with steel pin

C tension|ng device (3.4)/(optional) D4 double stud tie-down fitting

C1 possible tension arrangement E1 tension force indicator (3.7)

C2 examplp of rop€ tensioner D connecting elements
Figllrn 3 Fvamplnc ofrestraint cling nqnipmnnf

3.7

tension force indicator
device that indicates the tensile force applied to the restraint sling assembly (3.1)

Note 1 to entry: See example in Figure 3, C.

3.8 length of restraint sling assembly

4 © IS0 2021 - All rights reserved
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3.8.1
fixed length

lgp
length of a fixed end, measured from the force bearing point of the end fitting (3.6) to the outer turning

radius of the connection of the wire rope to the tension retaining device (3.5)
Note 1 to entry: See Figure 1.

Note 2 to entry: This length can be zero, i.e., the end fitting directly attached to the tensioning device (3.4).
3.8.2

adjyrstable tength

loL,
maximum length of an adjustable end, measured from the tension device to the force 'bearing point of

thelend fitting (3.6)

Notg 1 to entry: See Figure 1.

3.8{3
total length

Irg
sunj of fixed length (3.8.1), adjustable length (3.8.2) and length of the‘tension retaining device|(3.5)

3.9
length of restraint sling extension

ITSE
length measured between the force bearing points of eachi terminal, whether thimbles, hooKs or rings

Note 1 to entry: See Figure 2.

3.1
breaking force
BF
maximum force that the restraint slinglassembly (3.1) withstands when tested in a complete form, i.e.
with tension retaining device (3.5) ahd end fittings (3.6)

31

hand force

HF

forde applied to adjustylatch, or unlatch the restraint sling assembly (3.1)

3.1

limjit load

LL

maximumJload to be expected in service

Notg¢ 1.to.entry: See CAAC CCAR-25, CS-25, JAS Part 3 or 14 CFR Part 25, § 25,301 (a).

Note 2 to entry: It is two thirds of ultimate load (3.13), i.e. 14,8 kN (3 333 Ibf) for a rated ultimate load of 22,2 kN
(5000 Ibf).

3.13

ultimate load

UL

limit load (3.12) multiplied by a safety factor of 1,5

Note 1 to entry: See CAAC CCAR-25, CS-25, JAS Part 3 or 14 CFR Part 25, § 25,303.
Note 2 to entry: It is used for computation of cargo tie-down (3.3) arrangements, based on the ultimate load
factors defined in the aircraft Weight and Balance Manual in each direction of restraint, throughout the certified

flight envelope of the aircraft type. The restraint sling assembly's (3.1) rated ultimate load must not exceed the
measured breaking force (BF) (3.10).

© IS0 2021 - All rights reserved 5
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3.14

residual tension
tension force which can be measured in the rope of a cable assembly attached between two fixed points,
after its length was adjusted and it was operated and latched with the reference hand force (HF) (3.11),
prior to application of any external load

3.15

competent person
designated person, suitably trained, qualified by knowledge and practical experience and with the
necessary instructions to enable the required tests and examinations to be carried out

Note 1 to enftry: A competent person can be suitably trained in accordance with ISO 9001:2015, 7.2.

4 Desig
4.1 Gen

4.1.1 Un
restraint sl

41.2 Th
not intend
the certifig
requiremel
as regards
the numbe
direction o

n requirements

bral

s document specifies the design criteria for individual restraint sling assemblies but d
to specify the way they are to be used aboard aircraft toensure proper restraint through
d flight envelope. It is presupposed that tie-down atrrangements meet all the applic
nts of the Weight and Balance Manual for the aircraft'type or sub-type concerned, particul

I of cables to be used in each direction of restraint, maximum angles to be observed with|
f restraint, minimum spacing and ultimate load capacity of attachment points, etc.

4.1.3 Wh
meeting t

should duly take into account the restraint netattachment point locations on the pallet edge rail and o
requirements defined by the appropriate IS0 8097 (NAS 3610) or ISO 21100 (AS 36100) configura
drawing(s).

414 Su
using restr
is neverthe
calculation
arrangeme
ISO 20291

4.1.5 Th

en restraint sling assemblies are attached to the edge rails of a certified air cargo p3
e requirements of ISO 8097 (NAS 3610) or ISO 21100 (AS 36100), operating instruct

ject to proper operating”instructions per 4.1.2 and 4.1.3 being defined and complied W
hint sling assemblies manufactured to an adequate design and a tested ultimate load capab
less deemed necessary in order to ensure flight safety. General utilization guidelines

nts performed-with cables to restrain cargo on board civil transport aircraft can be foun
2.

e reStraint sling assembly shall be designed to be used on and compatible with:

ess otherwise specified, the design requirements hereafter equally apply to type A and type B
ngs as defined in Clause 1.

oes
out
hble
arly

but not necessarily limited to, ultimate load factérs to be taken into account to deternpine

the

llet
ons
her
fion

rith,

jlity

and

methods adequate to guarantee the effectiveness and ultimate load strength of the tie-down

d in

a)

approved according to ISO 8097 (NAS 3610, TSO C90c) or ISO 21100 (AS36100, TSO €90d), or

b) aircraft floor tracks or structural attachment points meeting the requirements of ISO 7166,

the edge rails or air cargo pallets meeting the requirements o1 150 4117 or 150 41/1, alrworthiness

either directly or using ISO 9788 double stud tie-down fittings as intermediate attachment hardware.

4.2 Construction

4.2.1 Wire rope shall meet the requirements of ISO 2408, should be of ISO 2408:2017, Annex C
class 6x7-FC or 6x7-IWRC, grade 1 960 N/mm?, 6 mm (0.25 in) diameter, of minimum breaking
force 23,4 kN or 25,3 kN, and should be galvanized (zinc-coated) or stainless steel, of a construction
appropriate to guarantee the required breaking force while keeping maximum flexibility.

6
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Using steel grade 1 770 N/mm? usually results in a lower breaking force.

2

In exception from ISO 7531, justified by airworthiness standards (e.g. CAAC CCAR-25, CS-25,

JAS Part 3 or 14 CFR Part 25, § 25,303) applicable aboard aircraft, the minimum breaking force of the
new unfinished wire rope shall be the rated ultimate load (UL) of the complete restraint sling assembly
(see 4.5).

4.2.3 All wire rope end eyes shall be secured with stainless steel crimped ferrules or swaging sleeves
in accordance with ISO 8793 (see Figure 2). Cable grips, clips or clamps, or splicing per ISO 8794 shall
not be used. The minimum length of plain rope between the inside ends of ferrules terminating a same

WIr

4.2
ath

aluminium alloy, or otherwise protected against corrosion. Soft or spliced loops are'not allow

4.2
sha
unv

4.2

leng
non
extq

a)

b)

4.2
sha
retg
dim

e rope shall be 20 times the nominal rope diameter.

imble appropriate to the wire rope's diameter, preferably made of galvanized or ‘stainlg

5 Where a wire rope end has no eye loop, e.g. at a free end of the adjustable end of a typ
| be fitted with a stainless steel crimped ferrule stop in order to avoid.its disengagement 3
rinding.

6 Optionally, all (for type B fixed length extensions) or part (the fixed end of type A
rth cables) of the wire rope may be enclosed in protective semi-soft, e.g. polyamide, PV(Q

nsion can be passed around. If provided, such tubing‘shall be:

transparent in order to allow visual cable inspection and verification that it is not |
unduly bent, and

rigid enough to ensure that the minimum bending radius the wire cable can withstan
rope manufacturer’s information) is exceeded around a piece of cargo up to at least
breaking force.

7
1 be fitted with stainlesssteel ferrules (sleeves) at regular intervals to allow catching |}
ining device, capable of withstanding the tension loads sustained during flight. See Figu
ensions required.

a

X

—

e

4 All wire rope end eyes shall be protected against direct contact of attached fittings wjith rope by

bss steel or
bd.

b A cable, it
nd strands

adjustable
or similar,

-load bearing tubing in order to protect it, the hands\ef the operators, and any piece ¢f cargo an

broken nor

| (see wire
the cable's

In order to allow lengthtwadjustment, the wire rope of the adjustable end (I;;) of type A cables

by the load
re 4 for the

ke

Key

Q O o Q

C

¢ 6 mm (0.25 in)

spacing 25 mm to 38 mm (1 in to 1.5 in)
2¢ 12,7 mm (0.5 in)

=g 8 mm (0.3 125 in)

Figure 4 — Type A restraint sling adjustable end sleeves

4.2.8 The load bearing ferrules (sleeves) shall meet the applicable requirements of ISO 8397.
In addition, each sleeve should be attached to the wire rope in such a manner as to be capable of

© IS0 2021 - All rights reserved
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withstanding in either direction at least 1,25 times the nominal ultimate load of the cable assembly.
See 5.3 for verification testing.

4.3 Tension retaining device

4.3.1 Type A adjustable restraint sling assemblies shall include a tension retaining device at the free
end, opposite to the end fitting, of the fixed length (/;;) not bearing sleeves.

They do not require a tensioning device capable of inducing a wire rope pre-tension. This may
nevertheless be provided as an option (see 8.6), subject to meeting the device elongation requirements

(see 4.6).

The type
sling asse

4.3.2 Th
in such a Y
engaging, |
inadverten
visual indid
geometry g

whether thfis lock is in the open or closed position.

433 Its
exceeding

Disengageiment of the locking system shall be possible only by a deliberate hand action, without the

of tool(s), 1

434 Th
its stored p
not exceed

4.3.5 Tey
steel wire 1

4.3.6 Th
shall not e
spring effe

4.3.7 Pog
from the tg

0
n[blies is to be selected on agreement between the manufacturer and the purchaseér:

tension retaining and, if provided, tensioning devices of type A adjustable length'restr

e tension retaining device shall be equipped with means to catch a cable sleeve (see Figun
vay that the sleeve and adjacent wire rope are fully enclosed. In addition, a positive,
bcking system in the closed position shall be provided in order to preveht any risk of se

ation whether this lock is in the open or closed position. Considération should be given to
f catching or locking parts filling any remaining gap in the spacing between 2 adjacent sleg

hall be possible to latch and unlatch the tension retaininig device with a hand force (HF)
00 N (22 1bf), regardless of any tension remainingin the cable.

egardless of the cable's residual tension.

e thickness of the tension retaining deyice when in its latched position, including the hand
osition, shall be kept to a minimum consistent with its design principle, and should prefer
38 mm (1.5 in).

Ision retaining devices shall\present no sharp edges which may come into contact with
opes or the operator's hands.

e recoil travel of theZénd of the handle of the tension retaining device under residual ten
kceed 150 mm~(6.0 in) when opening the device. The design should aim at minimizing
't creating afiazard to the operator (see 4.8.2).

itive means shall be provided to prevent the adjustable wire rope length from getting
nsion\retaining device at maximum length (see 4.2.5).

hint

e 4)
elf-
f or

L release whether or not the wire rope is under tension. The design shall provide an immedjiate

the
ves

not

use

e in
hbly

the

bion
the

free

4.3.8 Al

devices shall be designed so that there are no crushing or shearing points which might lea

the hands of the operator being injured during intended use.

dto

4.3.9 No lubricant should be necessary for proper operation of type A restraint slings length
adjustment. If a lubricant is nevertheless deemed necessary for the tension retaining device, it shall be
permanent and meet the requirements of [SO 4346.

4.4 End fittings

4.4.1 Type A adjustable length restraint sling assemblies shall be equipped at each end with a fitting
(connecting component), which may be, for example, a hook with retainer or latch (see example in

© ISO 2021 - All rights reserved
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Figure 3, D1 and Figure 6), a shackle or clevis (see example in Figure 3, D3), or a double stud aircraft tie-
down fitting (see example in Figure 5), with or without a ring.

R15 mm J
0 (0.6") //+ >

|

| o

: : 50 mm
tt | \\. |/ / o

|

|

(0.55")

Z8Tm , | - \ Tt /
1 T SdIBEimE
(117) = ¥ N =
—— — |
63 mm
(2.5")
NOTE Dimensions for indication only. See ISO 9788 for track interface geometiy.

Figure 5 — Example of ISO 9788 double stud tie-downfitting with ring

4.4{2 Hooks shall meet the requirements of [SO 7597 forged.grade 8, form E (eye type), size|code 4 or 5
such as to meet or exceed the rated ultimate tensile load (UL)\per 4.5. See Figure 6, 4.4.6 and|4.4.7. Wire
or dast or stamped flat hooks are acceptable alternatives)yproviding they meet the same pg¢rformance
reqpirements and are equipped with a retainer (latch),

Key
1 [retainer (latch)

Figure 6 — Example of ISO 7597 cable hook

4.4.3—Doubtestud tie-dowIT fittings Shat meet the Tequirenents of 1ISO9788:

4.4.4 Type B fixed length restraint sling extensions to be used in conjunction with type A can have
end rings (see example in Figure 3, D2) or hooks (see example in Figure 3, D1), or, alternately, they can
have no end fittings permanently attached to their end eyes, providing the size of the eyes is sufficient to
accommodate type A cables hooks or shackle interface (see Figure 3, D3).

4.4.5 Separate rings (see example in Figure 3, D2) may also be used to connect two cables terminated
with hooks, under the requirement that such rings were tested and accordingly identified by a markings
data plate (see Clause 7 and Figure 3, A1).

© IS0 2021 - All rights reserved 9
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4.4.6 The thickness of end fittings shall be kept to a minimum consistent with their type, in order
to minimize the risk of interference with aircraft cargo systems or an adjacent pallet during handling.
A maximum thickness of 19 mm (0.75 in) should be considered, based on consistency with intermediate
double stud tie-down fittings.

4.4.7 All hooks, regardless of their type, shall be equipped with a retainer or latch (see 1 in Figure 6)
preventing any risk of self or inadvertent disengagement whether or not under tension. Disengagement
of the retainer or latch shall be possible only by a deliberate hand action, without the use of tool(s).
It shall be possible to disengage the retainer or latch only after full tension release on the restraint sling
assembly.

4.4.8 Wire hooks, rings, or equivalent shall be welded in order to prevent any risk of self—opetlling
under load| No open junctions are allowed.

4.4.9 Twp different end fittings may, at the purchaser's option, be provided on onecsame end of|the
assembly, ih order to increase attachment flexibility. In this case, testing per 5.4 shall be|performed twice,
using each |of the fittings as the attachment point.

4.5 Ultimate load

4.5.1 The breaking force (BF) of the restraint sling assembly, whenc¢tested in accordance with 5.3 and
5.4, shall guarantee a rated ultimate tensile load (UL) to be specified at purchasing as well as through
operating ipstructions.

4.5.2 The rated ultimate load (UL) of the restraint sling assembly shall be 22 250 N (5 000 Ibf). This is
compatiblg with the best omni-directional performance obtainable from civil transport aircraft structpiral
attachment points, air cargo pallets track, and approptiate intermediary hardware.

4.5.3 In fccordance with CAAC CCAR-25, CS-25, JAS Part 3 and 14 CFR Part 25 § 25,303, the ultinpate
load (UL) is 1,5 times the limit load (LL), whi¢h is the maximum load to be expected in service dufing
flight.

4.6 Elongation

4.6.1 The total elongation of the type A or type B restraint sling under load, i.e. the sum of wire rjope
elongation] wire rope twisty-and any longitudinal deformation of the hardware (tensioning, if provigled,
or tension [retaining device)or end fitting), shall be at least 1,5 % when submitted to the rated ultimate
load (UL) gnd 1 % when submitted to the rated limit load (LL), and should not exceed, respectively, B %
and 2 % urlder the sanie tension loads.

4.6.2 Eldngation is to be measured between the force bearing points of the end fittings, starting at{the
zero-tensijn oad condition with the tension retaining device closed and latched, but before actuatiop of
an optional tensioning device if provided.

4.6.3 Since device elasticity/elongation can be a factor of tie-down calculations and acceptability on a
given aircraft structural attachment point, elongation shall be measured by testing (see 5.3), and a report
of the data obtained be handed over to the purchaser as part of manufacturer's information (see 9.2).

4.7 Environment

4.7.1 All components of restraint sling assemblies, including wire rope, shall be protected against
corrosion by material selection or, where not feasible, appropriate and durable coating, e.g., galvanization
or equivalent coating.
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4.7.2 For environmental assessment, it should be assumed that the restraint sling assemblies will be
operated throughout temperature ranges of —40 °C (-40 °F) to 60 °C (140 °F) with relative humidity

between 20 % and 85 %, including ice, snow, and occasional soaking in water.

4.8

Operator safety

4.8.1 The tension retaining device, tensioning device if provided, and the end fittings shall be designed

to be handled by a gloved hand.
4.8 2—The-tensionretaining-device-tensioning-deviceif providedand-the-end-fittings-shall he designed
so gds to prevent any risk of pinching, crushing or shearing which might result in the operafor's hands

being injured.

4.8
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3 Particular attention should be paid to preventing the risk of a spring effect when re
ion retaining device handle to the open position under load.

Testing
General

1 The following tests shall be conducted by a competent person in order to ensure t

ivalent alternative methods (see ISO 3108, or EN 12195-4) may be used, providing that th
method provide equivalent in-flight guarantees and be duly recorded together with the te

er load. The rated ultimate load (UL) shall not exceed the lowest breaking force (BF) {
ing.

3 Additional tests for measuring'the performance of the isolated wire rope are optional
procured with a breaking Strength certificate delivered by its manufacturer under a
ified ISO 9001:2015 or equiyvalent quality control program. The new unfinished wire ropg
ngth shall be higher than the rated ultimate load (UL) of the complete restraint slin

4.2.1).

4 For restraint-sling type testing, at least two test specimens randomly selected fron
Huction batch/shall be tested in accordance with 5.3 (sleeves test), two others in accordan
d and elpngation test cyclic test), and two others in accordance with 5.5 (load and elong

ne results showing significant discrepancies between both tested specimens.

leasing the

le integrity

function of the restraint sling assembly are maintained\throughout the rated load range d{iring flight.

e details of
5t results.

2 The objective of the tests is to measure the performance of the complete restraint sling assembly

ecorded at

if the rope
third-party
's breaking
b assembly

h the same
ce with 5.4
ation test),

the testxesults recorded for each specimen. A third specimen shall be tested in each case in the event

5.1.

o In addition, 1or production testing or restraint slings the type oI which was already

approved,

at least one specimen shall be tested out of every 1 000 pieces. If the manufacturer operates under a
third-party certified quality system according to ISO 9001:2015 or equivalent, this test frequency may be
increased to at most one every 3 000 pieces.

5.1.6 The tested specimen shall include all of its connecting components (fittings), either permanently
attached to it or, if applicable, separate (e.g., when separate connection rings are intended to be used in
conjunction with the restraint sling). Any variant using different connecting components (fittings) shall
be separately tested.
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5.2 Testing apparatus

5.2.1 Install the complete wire rope restraint sling assembly with its connecting components and
tension retaining device in a certified and calibrated tensile testing machine with a load measuring
accuracy of 1 % or better, and a load capacity atleast 25 % higher than the restraint sling assembly's rated
ultimate load. The testing machine shall be equipped with corresponding clamping devices (see 5.2.4).

5.2.2 The test apparatus shall be selected in order to test a complete restraint sling assembly, including
end fittings and all appurtenances, with a minimum length of I plus length of the tension retaining
device plus I;; of 0,5 m (20 in). Where two end fittings exist at a same end of the assembly, separate tests
shall be conducted with each fitting.

ted
fter

5.2.3 Engure that the machine is equipped with a load measurement and recording system-(¢alibr3
chart, dial, |scale), such that the load exerted at rupture of the specimen (BF) shall remain indicated 3
the rupturg.

5.2.4 En
compatiblé

a)

ure that the machine is equipped prior to the test with pulling-attachments (clanjps)
with the tested restraint sling assembly's end fitting (connecting component) types:

for hogk type end fittings, use 8 mm (0.3 125 in) maximum diametersteel wire (based on tygical
rings df air cargo tie-down fittings);

b) 66.

fion

for double stud (male) fitting type, use a segment of steel track conforming to ISO 7
The arrangement shall be such that the track can be oriented'90 °, then 45 °, then 0 ° to the direc
of pulllng (see 5.4.10).

5.3 Sleepes test

53.1 In
rupture, a

brder to substantiate that each sleeve used on type A restraint slings will not fail before cable

eparate test shall be conducted on twe-previously untested specimens selected at randon).

5.3.2 Insfall the complete type A wire rope restraint sling assembly with its connecting compong¢nts
and tensiop retaining device, adjusted-fo a minimum length in accordance with 5.2.2, in the tesfing
machine. Start continuously applying.ténsion at the fastest increase rate allowed by the machine, with no

interruptigns.

53.3 At
shall be th
have slippe

5.3.4 Rej

levice rupture, note the breaking force (BF) exerted, and identify the breaking elements: t}
e wire rope stfands. The load holding sleeve (see 4.2.7) and eye ferrules (see 4.2.3) shall
d on the wir&rope nor broken away.

peat the test for the other specimen. Record the results. Should they exhibit signifi

ese
not

fant

differenceg, proceed with testing a third specimen (see 5.1.4).

5.4 Ultimate load and elongation test

5.4.1 Step 1: action the tension retaining device till no slack exists and latch it, then adjust the total
length of the restraint sling assembly using the testing machine's clamps up to the last point where the
testing machine measures no tension. Measure the total length at that point with an accuracy of #1 mm
(0.04 in) to allow later elongation measurements.

5.4.2 Step 2: start applying tension and observe the cable and its tension retaining device during pull.

5.4.3 Step 3: progressively increase tension up to the intended limit load (LL). This load is to be held
for at least 1 min. All load-bearing parts of the complete restraint sling assembly shall show no evidence
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of failure, nor deformation that affects their function. Measure the total length at that point to determine
elongation.

5.4.4 Step 4: Increase tension up to 1,25 times the intended limit load (LL). This load is to be held for
1 min. All load-bearing parts of the complete restraint sling assembly shall show no evidence of failure,
nor deformation that affects their function. Measure the total length at that point to further determine
elongation.

5.4.5 Step 5: For the evaluation of the product, it is recommended to subsequently unload the wire
rope restraint sling assembly and to carry out functional tests. After the release of the force in 5.4.4,
inspect the components for permanent deformation:

a) |allload bearing parts of the cable shall show no evidence of deformation that affegts'the function;
b) [the tension retaining device and all components with moving parts shall fully retain the]r function;
c) |no deformation of the thimbles shall occur;

d) |the wire rope shall not have started to slip within the eye ferrules or sleeves.

The actual breaking force may then be determined (steps 6 and 7).

5.4|6 Step 6: After the complete wire rope restraint sling assémbly has been inspected, resglme loading
up to the intended rated ultimate load (UL), and hold for a mihimum of 3 s. Observe the condfition of the
conjplete restraint sling assembly:

a) |permanent deformation of parts is allowable, untess it results in disengagement;

b) [notwithstanding partial damage, it is presupposed that the restraint sling assembly] keeps the
tension load fully for at least 3 s in accordance with CAAC CCAR-25, CS-25, JAS Part 3 4nd 14 CFR
Part 25 § 25,305;

c) [no slippage shall have taken place between the wire rope and any eye ferrule or sleeve.

Megsure the total length to determine ultimate load elongation.

5.4{7 Step 7: Increase tension to rupture of the restraint sling assembly. Record the measur¢d breaking
forde (BF) and the part(s)-ofthe assembly which failed.

5.4/8 Testing is de€med successful if device rupture occurred at a load (BF) higher than tHe intended
ratgd ultimate load(UL), and any damage observed under the limit load then rated ultimate lpad did not
exce¢ed the allowances in 5.4.5 and 5.4.6.

5.4/9 _Repeat the test for the other specimen. Record the results. Should they exhibit|significant

diffeyences, proceed with testing a third specimen (see 5.1.4). Should one of the specimens fail} i.e. exhibit
a brnnly:nn forcan (DN 1o thaown th o st dad ot d ol ot 1o d (TIT Y 4 s

CaIIT S TOTCC DT 1oV T oralt coc et ot tTactC O aroractc oot (O D), CIrcTTy

a) either the batch of restraint sling assemblies shall be rejected, or

b) it shall be de-rated, if acceptable to the purchaser, to an ultimate load (UL) lower than the lowest
recorded breaking force.

5.4.10 If the tested restraint sling assembly includes double stud fitting type end fittings, the test
procedure from 5.4.1 through 5.4.7 shall be repeated 3 times, reorienting the segment of steel track in
accordance with 5.2.4 b):

a) with the tension load normal (90 °) to the track surface;

b) with the tension load 45 ° to the track surface;
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c) with the tension load parallel (0 °) to the track surface.

Testing in this case will therefore require 6 specimens. Alternately, only the 90 ° load test may be
performed, providing the model of double stud fitting used was separately tested at 45 ° and 0 ° angles
under the same ultimate load. Test results assessment shall be as per 5.4.8.

5.4.11 The lowest force at which the wire rope failed (BF) shall be recorded to be used as the basis for
confirming the ultimate load (UL) rating of the cable: see 4.5. If the sleeve used for tension retaining
fails before the wire rope, the restraint sling assembly type shall be rejected and subject to appropriate

redesign.

5.4.12 Th
the restrai
report the

5.5 Cycl

551 A

e length measurements in accordance with 5.4.1, 5.4.3, 5.4.4 and 5.4.6 shall be used to ve
1t sling assembly type meets the minimum and maximum elongation objectives iny4.6.1
blongation data obtained to the purchaser as part of manufacturer's information (se€ 9.2)

jc load test

yclic load test shall be performed to simulate the recurrent load Jcycles resulting f

rify
and

Ffom

movements of the aircraft during flight (e.g. gust loads).

5.5.2 Th¢ test apparatus (see 5.2) is to apply to the complete restrairt sling assembly a tension load

varying between zero (slack condition) and 0,4 times the limit load¢(Lls), and release it. This constitfites

one cycle.

5.5.3 The restraint sling assembly specimen shall be:

a) installpd on the testing apparatus,

b) adjusted in length in accordance with 5.3.1, prior to actuation and latching of the tensioning deyice
if provjided,

and the total length at that point measuréd ;with an accuracy of +1 mm (0.04 in) to allow elongafion

measurement.

5.5.4 Th¢ assembly shall then be,;submitted to a minimum of 100 cycles as defined in 5.4.2 at a

frequency pf (1,2 + 0,2) Hz, ending at the same absence of tension as measured at the beginning of{the

test (see 5.B.1).

5.5.5 Aftpr the test, thérestraint sling assembly shall be removed from the test apparatus and inspe¢ted

for defects
tension sle

There shallbe no permanent deformation or abnormal wear on components, including
eves. There shall be no evidence of broken or otherwise weakened wire rope strand. The

tensioned ¢verath.cable assembly's length, measured between the force bearing points of the end fitt

with an ac

Curacy to the nearest integer millimetre, shall not have increased by more than 1 % of

the
un-
ngs
the

length submitted to the test

5.5.6 Repeat the test for the other specimen. Record the results. Should one of the test specimens fail
(see 5.4.5), then the type or batch of restraint sling assemblies shall be rejected and subject to appropriate
redesign.

5.5.7 The length measurements in accordance with 5.4.1, 5.4.3, 5.4.4 and 5.4.6 shall be used to verify
the restraint sling assembly type keeps meeting the minimum and maximum elongation objectives
in 4.6.1 and report the elongation data obtained to the purchaser as part of manufacturer's information
(see 9.2).
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5.6 Testrecord

5.6.1 The manufacturer shall maintain and hand over to the purchaser on request a restraint sling
assembly test record file mentioning the model part number, components identification and origin,
production batch, as well as location, date and results of the various tests.

5.6.2 The test results to be mentioned shall include:

a) positive results of all sleeves tests (see 5.3.2 and 5.3.3);

b)

OuUct aya A NTOUcCT K OT O Srequired

0 °45 °/0 © for double stud end fittings, see

WO

5.4.10).

U [11dl€ 10dd L€ 0 (11
(6 in the event of testing at 9
In this case, if only 90 ° testing was performed, a separate test report of the isolated fitting's ultimate
load test at 45 ° and 0 ° angles shall be attached).

c) |cyclicload test (see 5.5) for at least the two test specimens required;

d) |elongation measurements (see 5.4.1, 5.4.3, 5.4.4 and 5.4.6).

6 [Quality control

6.1 Industry's experience demonstrates the essential character of continuous quality|control in
obtaining safe and dependable restraint sling assemblies: seemingly minor changes in design, materials,
conjponents or fabrication processes have been known to considerably affect final product fuality and
performance.

6.2 The parties (manufacturer and purchaser)’shall contractually agree on a continuous (festing and
profuction) quality assurance system acceptable to the overseeing airworthiness authority] Whenever
the [manufacturer operates under a third-party accredited system, the test sampling rates recommended
in §.3 above may vary but should provideat least the same level of confidence.

6.3| Inview of the possibility ofisuch a minor change having been overlooked, detailed visual inspection
and| sample tests (first articlejnspection) shall take place prior to delivery and entry into seryice of each
profuction batch of ordered restraint sling assemblies.

6.4 When productien/testing is required by the purchaser subsequent to original type¢ approval,
the |recommended-minimum sampling rate for ultimate load and cyclic testing is one specjmen every
1 0PO pieces. If/the’ manufacturer operates under a third party certified quality system ag¢cording to
[SO[9001:2015/0r equivalent, this sampling rate may be increased to one every 3 000 pieces.

7 |Markings

7.1 Each type A restraint sling assembly or type B cable extension conforming to this document shall
bear at least the following markings:

— "ISO 20291-1";

— if applicable, date and reference of any authority approval;

— rated ultimate load in daN (Ibf);

— manufacturer or supplier's name and address or identifiable logo;

— assembly designation (part number).
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The indication "ISO 20291-1" shall be deemed to mean, under the manufacturer's or supplier's
responsibility, that the unit complies with the mandatory requirements of this document for the stated
rated ultimate load and meets at least in an equivalent manner its recommended criteria.

7.2 The markings shall be preferably engraved, if not stencilled or otherwise printed in an indelible
manner, in characters at least 3 mm (0.125 in) high, and 5 mm (0.2 in) for the ultimate load, onto a
metal tag with minimum dimensions of 38 mm x 25 mm (1.5 in x 1 in) attached to each item concerned
(see positioning example in Figure 3, A1, and layout example in Figure 7.

=38 mm (1.5 inch)

1SO 20291-1

- | ,
O 2225 daN - 5000 Ib >25 mm (1 |nch)
CABLE CO Inc

P/N 38275-3

Figure 7 — Typical markings tag

7.3 Double stud tie-down fittings with an omni-directional rated load capacity of 22 250 N (5 000 ]bf),
if used as an integral part of the restraint sling assembly, shall be marked in-accordance with ISO 9788.

8 Optigns

8.1 The following features are optional, to be considered.for'specification by the purchaser:
a) types ¢f hardware (tension retaining device and endfittings);

b) length|of the fixed and, for type A restraint sling assemblies, adjustable wire rope lengths;
c) protective tubing (see 4.2.6);

d) colour|identification or customized marking.

8.2 Tensjon force indicator:

When a tepsion force indicater-is fitted, the values shall be easily readable, paying due attention to
avoiding the risk of confusionbetween SI and inch-pound units in the countries where the latter|are
used. For mechanical systenrs, the minimum movement of the indicator shall be 10 mm per 10 kN, with
a tolerancd of 15 %, within a temperature range of -40 °C (-40 °F) to 60 °C (140 °F). If the tension fgrce
indicator fhils, the deSign shall ensure that the load capability of the restraint sling assembly is[not
affected.

8.3 Tens|oning device (see 4.3.1):

If an optional tensioning device is provided, it shall aim at maximizing friction coefficients in order to
obtain self-blocking capability and eliminate any risk of slippage of the wire rope against the device
once latched, including when the rope was soaked in water, or when submitted in flight to repeated
slack (zero load)/tight cycles.

If some initial slippage is unavoidable during pretension (i.e. while the tensioning device is being
actuated and latched):

a) it shall not exceed 0,5 % of the maximum total length of the complete restraint sling assembly,
when submitted to the residual tension force resulting from latching the device handle, lever or
equivalent in the closed position (see 4.6.2), and

b) it shall maintain the minimum tensioning length on the rope when the device is being actuated, and
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