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1. INTRODUCTION

1.1. This document summarises the tests carried out on the British Metric
Swaged Pipe Coupling (B.M.S.P.C.) by British Aerospace, Warton
Division, to meet the initial requirements as laid down by the Pipe
Coupling Working Partyof the S.B.A.C. and subsequent additional
aircraft conditions.

1.2. Detailed summaries are attached as Appendices to this document, viz:

PRINTED IN ENGLAND

Appendix A Tube sizes cleared for use with the B.M.S.P.C. , either
by test or similarity when swaged to the requirements of
TS 93 or TS 110.

Appendix B Tube sizes cleared for use with the B.M.S.P.C., either by
test or similarity when swaged to the requirements of
TS 110.

Appendix C Overall test summary for the B.M.S.P. coupling/tubing.
Appendix D Clearance of B.M.S.P. coupling and ancillary fittings.

Appendix E Summary of fire tests.
1.3. A list of related documents is included at Appendix F.

2. RANGE OF TUBE SIZES

ISSUED IN ACCORDANCE WITH THE TERMS OF THE
FOREWORD TO SBAC AEROSPACE INDUSTRY STANDARDS

The B.M.S.P.C. was initially designed for use in hydraulic systems with
different sizes for high pressure(H.P.) and for low pressure (L.P.)
applications to avoid accidental cross—connections. Since the original
v design conceptlon, both H.P. and L.P. sizes have been used for other
ﬁ systems covering specific intermediate and low pressure applications.
; The minimum recommended wall thicknesses for the full range of tube sizes
: evaluated are tabulated below, with the original design condition added
; as a reference where different.
£ Tube Size Minimum Maximum* z
: 0/D (mm) Recommended Pressure g
% Wall Thickness (mm) Range (kPa) S
¢ Wl
5 0,5 27 600 ®
6 0,5 27 600
§ 8 0,5 6 900
c 10 0,6 27 600 2
i - 12 0,5 6 900 >
& 14 0,8 27 600 *N.B. 3
e 15 0,5 6 900 beoendent ~
- 16 0,8 27 600 Roron ent ony |
< 18 0,6 (0,5)+ 6 900 etevant
3 20 0,8 27 600 wbe a1/ |9
| " 22 0,8 (0,6)+ 6 900 paterial/ |y
E g 28 1,0 (0,6)+ 6 900 thickness §
i [
ﬁ S +N.B. The values in brackets are the initial design &
! 3 requirements which differ from the currently <
é - z recommended values.
? g PREPARED BY THE SOCIETY OF BRITISH AEROSPACE COMPANIES. SUB- ~COMMITTEE ON AIRFRAME WHtS
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3. INITIAL PRESSURE/TEMPERATURE PARAMETERS

g The pressure/temperature parameters for the initial tests were
5 segregated into four groups, S.1 to S.4:-
o
2
w GROUP PRESSURE TEMPERATURE REMARKS
z
a S.1 H.P, 27 600 kPa -60 to +150°C All steel coupling]
E L.P. 6 900 kPa
Z
x S.2 H.P. 20 700 kPa -60 to +120°C Al. Alloy/steel
L.P. 6 900 kPa coupling
S.3 H.P. 27 600 kPa -60 to +200°C All steel coupling
L.P. 6 900 kPa
S.4 H.P. 14 200 kPa -60 to +120°¢ Al. Alloy/steel
L.P. 6 900 kPa Coupling

4. PRESSURE /TEMPERATURE RANGES - TUBING

The main pressure/temperature ranges for hydraulic system applications
are listed below with the relevant tube material tested:-

MT52 GROUP —r 5.3 S.1 - - S.2 S.4

TEMP OC ——f— 200 150 140 130 120 120 —
H.P. 27 600 kPa AM. 350 AM. 350 - Nimonic 75| — —
H.P. 20 700 kPa - - - - DTD5016 -

14 200 kPa - - - - - DTD5016
L.P. 6 900 kPa DTD5016 { DID5016 | 6061.T4 - L.56 L.56

N.5%. (1) AM.350 tubing has since become obsolete.

(2) Where a low temperature requirement has limited the range to -40°¢,
_no additional testing is considergd necessary (based on test
experience ) to lower this to -60 C.

FOREWORD IN SBAC AEROSPACE INDUSTRY STANDARDS

ISSUED IN ACCORDANCE WITH THE TERMS OF THE

(3) Since the swaging tests are based on the mechanical coupling/tube
strength requirements, governed by groove penetration, tube
thinning, tensile and tube burst properties, no change in swaging
torque is considered necessary for higher operating temperatures
and pressures within the strength capabilities of the tubing.
However, additional impulse-vibration tests may be required at the
uigher operating conditions.

. REVISION

(4) Nimonic 75 and 6061.T4 are cleared only for use with swaging process
TS.110.

July 80

(5) L.56 and DTD.5016 are cleared for use with both swaging processes .
TS.93 and TS.1l1l0.
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ISSUED IN ACCORDANCE WITH THE TERMS OF THE
FOREWORD IN SBAC AEROSPACE INDUSTRY STANDARDS

ORIGINAL PAPER SIZE I1SO A4 210 X297 mm

5.

*Aluminium alloy fittings (L.83) -60°t0 +130°¢ (20 700 kPa for H.P.sizes

*(Extended to +140°C for male and female nuts in conjunction with

PREPARED BY THE SOCIETY OF BRITISH AEROSPACE COMPANIES. SUB-COMMITTEE ON AIRFRAME

PRESSURE /TEMPERATURE RANGES - COUPLING

o (27 600 kPa for H.P,sizes
Steel fittings (S.154) -60°to +200°C ( 6 900 kPa for L.P.sizes

( 6 900 kPa for L.P.sizes

6061.T4).

PITOT/STATIC AND GASEOUS NITROGEN APPLICATIONS

All sizes up to and including 10mm o.d. pipe size have been cleared for
use in pitot/static and gaseous nitrogen applications.

IMPULSE /VIBRATION TEST CONDITIONS

L.56 and DID 5016 tubing were subjected to similtaneous impulse/
vibration tests according to the conditions of T.S. 100 Para. 6.3.

The maximum bending stress levels for the L.56 and the DTD 5016 tubing
were 14,2MPa and 42,6MPa respectively.

The tests associated with AM.350 tubing conducted on all high pressure
coupling sizes up to and including 16mm o.d. were subjected to a
maximum bending stress condition of 69,1MPa.

The Nimonic 75 and the 6061.T4 aluminium alloy tubing were subjected
to independent impulse .and vibration tests, as detailed in T.S. 100
Para. 6.4. The maximum tensile stress due to bending and static

pressure loads were 172,5MPa for Nimonic 75 and 20,7MPa for 6061.T4
tubing.

FIRE TEST CONDITIONS

The basic fire test requirement was for a resistance to a standard 19mm
flame at 1100°C for 15 minutes under static pressure conditioms.

The resistance to fire varies with the coupling size and working
pressure, and may require external wrapping (e.g. glasscloth) for full
protection. The 5mm size is not recommended for use in fire zomes,
owing to its small heat sink and fine thread forms

ENVIRONMENTAL TESTS

9.1. Coupling/Tube Combinations Tested

Tube Material Coupling Combination

L.56 ‘Light alloy - steel

DID. 5016 Light alloy - steel

AM. 350 All steel

Nimonic 75 Cleared by similarity to AM.350
and DTD.5016

6061.T4 Cleared by similarity to L.56

REVISION

July 80
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9.2. Test Conditions

Resistance to salt spray — DEF. 1053 Method 36.

Soak in weak organic acid solution - based on maximum acidic
levels for fuel, hydraulic and lubricating oils.

Stress corrosion - based on MIL-F-18280.C Para. 4.7.9.

10. APPROVAL OF ANCILLARY FITTINGS

PRINTED IN ENGLAND

10.1. The original impulse, /vibration fatigue test requirement (MTP 25,
Iss 2, Para. 3) called for 3 specimens, of each type and size
selected, to achieve a life of 4 million impulse cycles plus

13,33 million vibration cycles to the pattern specified in
TS 100 Paras. 6.3.1l.1l.and 6.3.1.2,

Latterly it was found more convenient to test 4 specimens
simultaneously. The fatigue life requirement was amended to a
logarithmic mean life of 3 million impulse cycles plus 10
million vibration cycles to the pattern specified in TS 100
Paras. 6.3.1.1. and 6.3.1.2 with the life of the worst specimen
to be in excess of 37,5% of these values. The latter is
consistent with the safe life factor appropriate ¢o four
specimens as specified in BCAR Chapter D3-1, there being mno
corresponding requirement in AvP 970. —

10.2. Steel Fittings

A selected range of high pressure (27 600 kPa) elbows and tee
pieces (5, 10, 14 & 20mm sizes), machined from bar stock,
completed simultaneous impulse/vibration testing for 4 million
pressure impulse cycles to 31 740 kga (1} x Pw) and 13,3 million
vibratory bending stress cycles of - 69 000 kPa on three specimenj
of each size.

ISSUED IN ACCORDANCE WITH THE TERMS OF THE
FOREWORD IN SBAC AEROSPACE INDUSTRY STANDARDS

Additional testing of items machined from steel forgings was not
considered necessary.

REVISION

10.3. Aluminium Alloy Fittings

10.3.1. Initial testing cleared the low pressure range of
aluminium alloy fittings (viz: 8, 12, 15, 22 & 28mm pipe
o.d. sizes) for 6 900 kPa working pressures. However,
failures at intersection of drillings on the high
pressure range of the original design of 90° elbow and
tee piece fittings for 20 700 kPa working pressures
jimited the clearance to 5 & 6mm pipe sizes only, the
remaining sizes (viz: 10, 14, 16 & 20mm) being initially
limited to 6 900 kPa maximum working pressures. These
four sizes were subsequently redesigned and retested for
working pressures of 20 700 kPa, before being submitted
for approval as an A.S. standard. The final clearance
is summarised in Appendix C. the vibratory bending
stress level being T 41 400 kPa in all cases.

July 80
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10.3.2. Machined from bar stock (low pressure fittings)

3 specimens of 90° elbows and equal tee pieces machined
from B.S. L.85 bar stock in 8, 12, 15 & 22mm pipe sizes,
successfully completed 4 million impulse and 13,3 million
vibratory stress cycles.

10.3.3. Machined from forgings (low pressure fittings)

Confirmatory tests on the range of L.P.fittings
machined from forgings was achieved by testing.

PRINTED IN ENGLAND

(a) 8mm tee piece (only size available)

(b) 8mm tee piece counterbored out to give the equivalent
hoop stress standard of the 28mm size, which is
theoretically the weakest in the range.

All speciments (4 off of each) completed 3 million
impulse and 10 million vibratory stress cycles.

10.3.4. Machined from bar stock (high pressure fittings)

A selected range of elbows and tee pieces, machined from
bar stock were subjected to simultaneous impulse/
vibration testing for 20 700 kPa working pressure
conditions. A minimum of 4 off of each type and size was
tested for 3 million impulse and 10 million vibratory
stress cycles.

10.3.4.1. 90° Elbows (AS.43180) and tee pieces (AS.43181)

The 5, 10 and 20mm elbows and tee pieces
machined from bar stock successfully completed
the simultaneous impulse/vibration tests; the
10 & 20mm sizes being to the revised &
strengthened design.

ISSUED IN ACCORDANCE WITH THE TERMS OF THE
FOREWORD TO SBAC AEROSPACE INDUSTRY STANDARDS

10.3.4.2. 135° Elbows (AS.43133)

Both 10 & 20mm 135° elbow fittings, to the
original design, completed the tests in a
machined from bar stock condition.

REVISION

10.3.4.3. 20mm Fourway fittings (AS.43182)

Confirmatory tests on the revised 20mm fourway
fittings (theoretically the weakest in the H.P.
range) resulted in one failure out of five
samples tested. The actual failure was due to
fatigue originating in the bore of one of the
fittings, and initiated by a corrosion pit. The
cycles completed by the specimens tested were
as follows:-

Jcontd.....
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3 off - 4,25 million impulse & 14 million vibratory
cycles
1 off - 3,00 million impulse & 10 million vibratory
cycles

1 off - 1,25 million impulse & 4,1 million vibratory
cycles (failed)

N.B. Logarithmic mean life of 3,6 million impulse cycles.

10.3.4.4. Reducing tees (AS.43189) & Reducer union
(AS.43101)

PRINTED IN ENGLAND

Confirmatory tests were also carried out on
20-20-05 reducing end tee piece and 20-05
reducer union without failure occurring on any
of the four test specimens.

10.3.5. Machined from forgings (high pressure fittings)

Tests were carried out on 10 & 20mm simulated model
forgings, manufactured by machining out the bore of 10mm
tee piece forgings to the original design to give hoop
stress factors (i.e. same ratio of outer diameter /inner
diameter of branch) equivalent to the revised 10 & 20mm
tee pieces manufactured to minimum forging tolerances.
The results were as follows:-—

10mm model forging: —

3 off - 6 million impulse & 20 million vibratory cycles
1 Off - 2’5 11 1] " 8,3 " 1" 1"

(failed)
N.B. Logarithmic mean of 5,3 million impulse cycles.

20mm model forging:

2 off -~ 6 million impulse & 20 million vibratory cycles
"

ISSUED IN ACCORDANCE WITH THE TERMS OF THE
FOREWORD TO SBAC AEROSPACE INDUSTRY STANDARDS

1 off - 2’1 1] " "oz " "
; (failed) -
| 1 off 2,6 " " "g8,6 " " cycles o
§ (failed) g
] N.B. Logarithmic mean of 4,5 million impulse cycles. &
11. RELEVANT TEST REPORTS
Q
£ M.T. 52 Type Approval tests on the B.A.C. Designed Metric Swaged Pipe <n
: 2 Coupling ;?
; x T.N. 3045 Type Approval Tests on the B.A.C. Metric Swaged Coupling for | =
‘ ~ Westland Helicopters Limited
{ 4 T.N. 3310 Type Approval Tests on the B.A.C. Swaged Pipe Coupling for fo
E o Use on the M.R.C.A. H.P. Hydraulic System g
i 2 T.N. 3313 Type Approval Tests on the B.A.C. Swaged Pipe Coupling for o
; N Use on the M.R.C.A. Ancillary Systems ;
: c T.N. 3432 Additional Type Approval Tests on the British Metric Swaged |O
§ & Pipe Coupling . 4
: 3 T.N. 3777 Evaluation Tests on.a Revised Standard of Male Nut Thrust &
; 3 Wire Adaptor Assembly AS.46733 (Pan 4084)
f - e /cantd .
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