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BRITISH METRIC SWAGED PIPE COUPLING:

SWAGING PROCESS SPECIFICATION FOR AS 43022 AND AS 43160 (NIPPLES)

AND AS 43024 AND AS 43161 (UNIONS) INCORPORATING USE OF A JOINTING

COMPOUND
g INTRODUCTION AND SCOPE
1.1 This process specification details a procedure, using an approved

jointing compound (see clause 1.5), for swaging tubes into
AS 43022 and AS 43160 (Nipples) and AS 43024 and AS 43161 (Unions)
swaged end fittings used in the manufacture of pipe assemblies
for aircraft fluid systems, as qualified by clauses 1.2 and

1.3, in order to achieve.the standard necessary to comply with
the requirements of TS100.

1.2 For the manufacture of pipe assemblies for all fluid systems
' except oxygen, the requirements of clause 6 shall apply.

1.3 This specification is not to be used for the manufacture of pipe
assemblies for oxygen systems. For such applications, refer to TS93.

1.4 The AS couplings required to manufacture pipe assemblies are as
' follows:
Part No Nomenclature
AS 43022 . Nipple, svaged (carbon steel)
AS 43160 Nipple, swaged (corrosion-resisting steel)
AS 43024 Union, swaged (carbon steel)
AS 43161 Union, swaged (corrosion-resisting steel)
AS 43021 Nut, union, female (steel)
AS 43025 Nut, union male (steel)
AS 43091 Nut, union, female (aluminium alloy)
AS 43095 Nut, union, male (aluminium alloy)
- 1.5 The only appro&ed jointing compound systems and associated equipment
are:

a., Jointing compound systems
1) Loctite 635 to DID 900/6003 B + Locquic Primer T to DTD 900/45880

2) Loctite 638 to AFS 1737 (Note: No primer required)),

b. Associated equipment - Loctite Model 50 Hand gun.

This TS has been written to reflect this. Should other jointing
compound systems become approved, this TS will be amended accordingly.
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LIMITATIONS

This process specification is limited to the fitting of the .couplings
listed in clause 1.4y to the tube materials specified in clause
3, and to the tube sizes listed in Table 2.

Where 5 or é6mm 0/D tubing is supplied with internal bore diameter
close to the bottom tolerance, a sizing operation may be required
prior to the swaging operation.

All forming of the pipes shall haQe been completed prior to carrying
out the swaging process.

In order to permit the free entry of an expander into a tube, a
minimum length of straight is required at each end of the tube
(see clause 5.1.1),

Owing to the physical size of certain swaging collet holders,
a limitation on the m%nimum bend radius may have to be imposed for
bends greater than 90" (see clause 5.1.1 and Fig 1),

TUBE MATERIALS

The tube materials used shall comply with the requirements of Appendix
D.

The basic strength properties of approVed materials, together with
any additional requirements as necessary, are also given in
Appendix D.

Where it is proposed to use tube material not listed in Appendix D.
the basic swaging process shall be followed but revised swaging
torque values must be determined and proved by carrying out on
representative test samples the Type Approval Tests detailed

in TS100 to the satisfaction of the SBAC. If proved satisfactory,
the proposed tube material will be included in this Technical
Specification as an acceptable alternative.

TOOLS AND EQUIPMENT

The following tools and equipment are appro&ed for swaging in
accordance with the appropriate parts of this Technical Specification
as specified for each tool or machine:

Swaging Machine Type 2000

This machine is designed for the swaging of production batches. The
swaging process to be used with this machine shall be in accordance
vith the general requirements of clause 6.1 and the specific
requirements of Appendix A.

Swaging machine Type lOOO

This machine is designed for small batch swaging or where a more
portable technique is required. The swaging process to be used

vith this machine shall be in accordance with the general

requirements of clause 6.1 and the specific requirements of Appendix B.
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4.2 Details of the Type 2000 and Type 1000 swaging machines are obtainable from:
British Aerospéce Aircraft Group 7
Warton Division
Warton Aerodrome
Preston Lancs PR&4 1AX
4.3 Where it is proposed to use other types of swaging equipment, a

revised swaging process specification including all relevant data
must be prepared and proved.by carrying out on representative
test samples the Type Approval Tests detailed in TS 100 to

the satisfaction of the SBAC. If proved satisfactory, the
proposed process specification will be included in this

Technical Specification as an acceptable method of swaging.

ol PREPARATION OF TUBE ENDS AND FITTINGS
5.1 Tube ends

5.1.1 The length of stréight tube existing between the. ends and ény adjécent
bend should be not less that the recommended values quoted in Fig 1
and any tube bends shall be clear of the collet holder.

5.1.2 All tubing shall be treated as specified in the relevant drawings.
: Where a paint finish is specified on light alloy tubes, a minimum
of 15mm, in addition to any trimming allowance, shall be free of
paint. Following swaging of the fitting, paint to the relevant
specification is to be. locally applied in accordance with the
associated drawing requirement,

5.1.3 Fillers used in the bending operation shall be remo&ed and the
tubes shall be thoroughly cleaned prior to the swaging operation.

5.1.4 The end faces .of the tube shall be prepared in a suitable jig
and shall be at right angles to the axis of the straight portion
of the tube end. Allowance should also be made for the small
increase in length of the tubing which occurs during swaging,
varying according to the tube diameter, wall thickness, and
material,

NB: It is essential that no debris is: trapped between the interfaces
of the tube outside diameter and the jig which could result in damage
to the tube. It is particularly important to ensure that there is

no debris present should the tube be moved in the jifj after cutting
and reclamped for dressing, All swarf should be removed, and the
tube_ends deburred internally and externally sufficiently to

remove the sharp corners only.

5.1.5 After the ends of the tube have been prepared, they shall be
locally cleaned using white spirit or other suitable fluid. The
tubes shall then be examined to ensure that there are no pits or
sco® marks present in the area to be occupied by the fitting, or
adjacent to it.
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Swaged fittings

Prior to swaging, the fittings shall be examined to ensure the
presence of swaging grooves and that they are not contaminated.
Clean thoroughly by scaking in white spirit or other suitable
fluid and agitating where necessary. Allov to dry.

SWAGING PROCEDURE - GENERAL REQUIREMENTS

Swaging shéll be cérried out using one of the éppro&ed machiﬁes,
and in accordance with the procedure detailed in the appropriate
Appendix as specified in clause 4.

Note: When one end of a pipe assembly has been completed, eg by the
attachment of a swaged fitting or by some other process, the pipe
assembly should be checked to ensure that any necessary coupling nuts
are loosely fitted to the tube in accordance with the relevant
drawing prior to commencing any swaging operation on the unfinished
end.

VISUAL INSPECTION (See Fig 2)

The pipe assembly shéll be inspected internally for the following,
using a probelight as necessary: .

a. Check that the tube hés not been pushed away from the internal
stop in the tail of the fitting.

b. Check that a definite chénge in the internal diameter is visible
at the end of the fitting.

Note: On 5 and émm 0/D tubing where é sizing tool hés been used,
an additional change in diameter may be visible.

c. Check that the bore of the fitting(s)" and tube are free from
sur face defects.

Check &isually that the tube is swaged as far as the end of the
fitting in accordance with Fig 2.

Check Qisually_thét the fitting is swaged squarely on the tube
and that no obvious misalignment is apparent.

Check thét the sealing surface of the fittings is free from
damage .

The presence of Loctite jointing compound between the pipe and fitting
may be confirmed, if necessary, with the aid of an ultra violet light
source focused externally on the swaged connection.

Check that the reqUirements of clause 10 have been satisfied.

If the pipe assembly fails to comply with any of the above points, it
shall be rejected.
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PROOF PRESSURE TESTING

After the curing of the Loctite (see clauses A6.14 fo A6;16 and
B6.13 to B6.15), the pipe assembly shall be. proof pressure tested
to the requirements of the relevant drawing.

No torsional loads must be transmitted to the swaged portion
vhilst tightening or releasing the screwed pipe connections.

Note: A maximum of 300 (hélf é spénner flét) roﬁation of the loose
nut with lubricated threads, from a finger tight condition
is sufficient to seal the coupling for normal test conditions.

If leakage occurs at the nipple to cone seating, disconnect and
examine for foreigh matter or damage to the sealing faces., If
satisfactory, remake the connection up to a maximum of 30
rotation from the new finger tight condition. ’

If leékage persists and the méting couplings on the test rig are
satisfactory, the pipe assembly shall be scrapped.

If leaks are observed from the swaged portion of the fitting, the
relevant tube expander and torque control unit shall. be checked
for correct setting and operation. If these are satisfactory,
the pipe assembly may be re-swaged in accordance with clause 9.

RESWAGING OF PIPE ASSEMBLIES (RESTRICTED USE ONLY)

Where a leak occurs at the swaged connection after installation into
the aircraft, and where no replacement pipe assembly is available,
the original pipe assembly may be reswaged once only using the
appropriate torque for the particular tube material and size.

NOTE: The reswéging operation may nullify the ad&antageo&s effects
of the Loctite.

The pipe assembly shall then be sybjected to the requirements for
visual inspection and pressure test specified in clauses 7 and 8
respectively. If the pipe assembly fails to meet any of these
requirements, it must be rejected.

Any pipe assembly which is re-swaged shall be identified either by
means of an axial yellow band to BS 381C, Colour No 356, painted
across the pipe/fitting connection, or by a plus sign (+) or a
letter of 'R' appended to the part number of the pipe assembly.

QUALITY CONTROL

Certification on commissioning complete new swaging machines

In.order to demonstrate the satisfactory operation of new swaging
equipment, one test specimen consisting of a short length of tube
vith a nipple or union fitting swaged on one end shall be produced
for each tube size and material as appropriate in accordance

~ with clause 6. The swaged end of the test specimen shall then be
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sectioned and the tﬁbe thinning and groo@e.penetration meésured
for the two. halves of the tubing in accordance with clauses
10.1.2 to 10.1.4.

Referring to Fig 4, the test equipment consists of a dial

gauge, reading to 0,0lmm, which.is mounted on a vertical stand.
The tube wall thickness is measured between the tip of the support
pillar and the stem of the dial gauge. Both the dial gauge and
the support pillar shall be fitted with special tips which shall
have the respective radii as shown in Fig 4 so that they .are
suitable for measuring both distortion of the tube wall and

actual groove depth of the fittings when sectioned. A point.
micrometer may be used as an alternative measurement technique.

The parameters for determining the tube wall thinning and groove
penetration are shown in Fig 5, together with the acceptance
requirements. The wall thinning and groove penetration shall be
checked accordingly.

If either the tube wall thinning or groove penetration is unsatisfactory,
the cause shall be investigated and remedial action taken as considered
necessary. Further test samples shall then be produced as required

and the wall thinning and groove penetration checked until the

results prove satisfactory.

A test specimen conforming to Fig 3 shall then be produced for each
tube size and material as appropriate in accordance with clause 6.
On completion of the swaging, each test specimen shall be visually
inspected in accordance with clause 7 and then subjected to the
pressure test detailed in clause 10.5.

Approval of operators

Before commencing production of swaged pipe assemblies in
accordance with this Technical Specification, a new operator shall
submit for approval, to the satisfaction of the operator's
Inspection/Quality Assurance department, one test specimen for each
tube size and material, and for each type of swaging machine,

as appropriate., FEach test specimen shall be prepared and checked
in accordance with clause 10.1.1.

If any test specimen should prove unsatisfactory, further test specimens,
as required, shall be submitted to the operator's Inspection/Quality
Assurance department in accordance with clause 10.2.1.

Certification after replacement or adjustment of swaging equipment

parts, or on change of tube material batch

Test specimens shall be produced before commencing the manufacture
of pipe assemblies when using a new tube expander or when a mandrel,
set of rollers, expander body, or any other item of the tube
expander is changed or the tube expander re-adjusted. Similarly,
test specimens shall be produced before using a new torque control
unit for production or directly after the re-setting of a torque
control unit, or when a change of tube material batch occurs

during a production run.
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Each test épeciméh shall be pfehared and checked in accordénce

“with clause 10.1.1.

Batch‘inspebtion

For inspection purposes, at least one test specimen shall be
prepared and checked in accordance with clause 10.1.1 at the
beginning of each batch. For this purpose, a batch is defined

as a number of pipe assemblies of the same tube size and material
batch produced at the same machine setting. Further test specimens
may be requested throughout the batch at a frequency agreed '
between the Works Production and Inspection/Quality Assurance
departments, and may be varied in the light of experience.

Pressure test (for commissioning of new swaging machines only)

Using a suitable fluid as the test medium, the test specimen .
shall be pressure tested and inspected in accordance with clauses
10.5.2 to 10.5.10.

Assemble the nipple end of the specimen to the test rig
connection and tighten the outer sleeve by hand only.

Loosely assembly the blanking nipple and outer sleeve onto the
union end and bleed the specimen-until the test fluid only issues
from the loosely_blanked end. Tighten the outer:sleeve of the
blanked end, preventing the union end from rotating by applying
a spanner to the hexagon on the union end and opposing the
tightening torque. Do not apply any torque to the specimen tube.
Finally tighten the outer sleeve at the test rig connection

(See also clause 8.2. Owing to the high test pressures, a higher
tightening value than that quoted in clause 8.2 may be

required).

Appiy a test pressure of 3 x Working Pressure or 2 OOO kPa,
whichever is the greater, to the specimen and hold at this pressure
for 5 minutes.

Throughout the 5 minute period, the swaged joints shall be
observed for leakage. If any leakage is evident, remedial action
shall be taken in accordance with clause 10.5.9.

Note: If leakage is observed from the coupling joints, disconnect
the pipe from the rig and examine for surface defects on the sealing
surface of the nipple and/or union cone. If satisfactory, clean
and.reconnect to the test rig and repeat the pressure test as

above.

Increase the pressure until the tube ruptures or the test pressure
is equal to 4 x Working Pressure or 40 000 kPa, whichever is
the greater. (See also clause 10.5.9).

Release the pressure and drain the specimen by remo&ing the
blank. Do not apply any torque which can be transmitted to the

~ tube.
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10.5.8 Disconnect the specimen from the rig.

10.5.9 Remedial action

a. If leaks are observed from the swaged portions of the fittings
during the 3 x Pw pressure test, the cause of the defect shall

be investigated. Depending on the result of this investigation,
remedial action shall be taken as required, and action in
accordance with sub-clause (c) or sub-clause (d) below shall be
taken as appropriate.

b. In the event of failure at a swaged connection the appropriate
parts of the.swaging equipment, eg torque control unit, tube
expander etc., shall be examined for correct torque setting,
damage to .rollers, mandrel, or body, freedom of expander
bearing, alignment of machine, etc. If any defect is found in
the swaging equipment, remedial action, followed by the
requirements of sub-clause (c) below, shall be taken; If the
swaging equipment is found to be satisfactory, the test specimen
shall be examined for any defect which may have cause the failure,
and, whether or not any defect in the test specimen is established,
' action in accordance with sub-clause (d) below shall be taken.

c. Where it is established. that a leak or failure at a swaged
connection was caused by faulty swaging equipment, and

following any necessary remedial action, a second test specimen
shall be prepared and tested in accordance with clause 10.1.5

and shall satisfactorily pass the test before the swaging machine
is certified for production swaging.

d. Where the cause of the leak or failure at a swaged connection
cannot be established or where it is not attributable to faulty
swaging equipment, a second test specimen shall be prepared and
tested .in accordance with clause 10.1.5. This specimen shall
satisfactorily pass the test before the swaging machine is certified
for production swaging.

lﬁ;S;lb On completion of the pressure test, the test specimen(s) shall be
scrapped.
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APPENDIX A
SWAGING MACHINE TYPE 2000 - SWAGING PROCEDURE
ALl INTRODUCTION
A;l;l The Type ZGbO swéging méchine.is designed for the swaging of
production batches and is illustrated in Fig 6.
A.1.2 With reference to Fig 6, the basic machine assembly (No 2000) is
comprised of the following components:
(NOTE: .The reference.nﬁmbers qﬁoted throﬁghoﬁt this Appendix and
in_the associated figures against the various components are
given.to assist identification of the parts in relation to the
text).
Collet Holder Assy. No ZCSG .
Expander Holder Assembly No 2100
Sliding Joint Assembly No 2150
Basic Slide Assembly No 2200
Torque Limiter Assembly Nos. 2270/1, etc (formerly 2250/1, etc)
Safety Guard Assy. No. 2300 :
Mounting .of Electric Motor Assembly No. 2350
' Electrical Cantrol Box Assembly No 2400
Lubrication and Sump Assembly No 2450
Torque Calibration.Assy. No 2500 (See Fig 7)
Collets Nos 2550/05, etc .
Distance Pieces Nos 2500/05, etc
Tube Expanders Nos..CM 0505, etc
Special tools No 2700 (Not illustrated)
A;l;3 Three élternéti&e.expénder holders are required to cover the full
range of twelve tube diameters:-
Part 2103 for 5 to 12mm o.d.
" 2104 for 14 to 22mm o.d.
" 2105 for 28mm o.d.
A.l.4 For each individual torque setting, a specific torque limiter (2270/1
ete) is required.  The torque limiters (G.I.B Precision Ltd.
torque limiter ACO 535 or ACO 685) have three alternative spring
sizes, which must be used for the correct.torque ranges (see
clause A.3.2 for calibration instructions):-
. , Spring Details
gogigal Tarque lorque limiter -.-lorque  limiter agsy
e ﬁange assy ACO 535% ~ ACD £85*
om - -
o G.I.B. Ltd |Overall] G.I.B. Ltd | Overall
Ref Dia-mm | Ref Dia-mm
2 0,22 to 1,4 303608 23 oc3 24
3,25 1,4 to 2,3 S70/108/22 | 23 0c2 26
4,5 2,3 to 10 ST0/108/22A} 25 0C1 28
* Torque limiters ACO 535, and ACO 685 are interchangeable as assemblies.
However, detail parts of .torque limiters produced to ACO 535 are not
interchangeable with detail parts of torque limiters produced to A
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Eéch size of swéged fitting (i.e..5, 6, 8, 10, 12, 14, 15, 16, 18,
20, 22 and 28mm nominal tube size) requires the appropriate size
of collet, 2550/05 etc. to 2550/28.

For each .combination of tube diameter and wall thickness, an
individual tube expander is required. The relevant tube size is..
indicated by the Wicksteed tube expander part number; e.g. CM. 1008
signifies.a Type CM expander for 10mm.o.d. tubing with a 0,8mm wall
thickness. .A.suffix 'S' used in conjunction with a 5 or émm tube
expander (e.g. CM. 0505/S) signifies a 'sizing tool' for use where
a tube bore is on bottom tolerance.

A loose distance pieces is used with the expander when swaging the
shorter nipple fitting, so that the effective expansion length
setting for a tube expander .is the same for both a swaged nipple

or union fitting. .One distance piece is required for each particular
tube gize (i.e. 2600/05 ete).

The Type 2000 swaging machine (see Fig 6) consists basically of a.
reversible electric motor (2350) mounted on a slide assembly (2200) with
an operating/control handle. The motor carries a torque limiter

(2270) .which operates a microswitch. (2356) upon reaching a preset
torque. The microswitch in. turn reverses the direction of

drive of the electric motor. The tube expander is mounted in the
expander holder assembly, which is spring loaded via the basic

slide assembly to the motor platform. A splined sliding joint

assembly (2150) allows independent axial movement of the expander
mandrel relative to the motor and expander holder assembly. The collets
are retained in the collet holder by means of two retaining catches

and clamped together by means of a turnbuckle and clamp.

GENERAL REQUIREMENTS

The initiél swéging torques giQen in Table 2, as appropriate to the
relevant combination of tube material, outside diameter, and wall
thickness, shall apply to this machine.

Prior to cérrying out a swéging operétion, the machine shall be
calibrated and set up as detailed in clause A.3.

Before ény commencement of proddction4swaging, a nev machine shall be
certified in accordance with clause 10.1.

The.méchine shéll be méintéined énd inspected in éccordance with the
requirements of Appendix C.

SETTING UP PROCEDURE

Alignment of the Swaging Machine

It is essentiél for a satisféctory swaging operation that the collets,
tube expander and motor drive shaft are correctly aligned. This is
achieved by means of the special setting bar (2702) and setting collet
(2703).

Slide expénder holder 2103 o&er the mating diameter of the setting
bar. Position in.the U-block and screw the setting bar onto the
motor drive shaft.

Position the setting collet holder and feed the slide forvard until
the end of the bar lacates in the setting collet. With the motor
gearbox.in the Neutral position {lever vertical) the settin

bar should rotate freely. E)()(:l]fT](E'\th
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