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Manufacturing Drawing

Drawing not to Scale
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Bellows Information (M-03)

- 1 0 7 5 3 0 0 4 -

Bellows Calculations (EJMA 9th Ed.)

Quote Reference: 10753004 Aflex Part Number: None

Bellows Design Inputs

Bellows Design Results

Calculated Cycle Life ncu 95842 cycles

Bellows ID

Working Pressure

Design Pressure

Pitch

Working Temperature  ( < 450 Deg. for EJMA )

Pressure Band Material Thickness

Bellows Material Thickness

Convolution Height

Axial Compression

Axial Extension

Lateral Movement

Angular Movement

Youngs Modulus, Room Temp

Youngs Modulus, Design Temp

Yield Stress, Room Temp

Yield Stress, Design Temp

Yield Stress, Material Cert

Element Length

Cuff Length

Mean Convolution Radius

Number of Convolutions

Number of Plies

Cp Factor

Cf Factor

Cd Factor

db

p

pd

q

temp

tc

t

w

xcomp

xext

y

tod

eybrt

eybdt

sycrt

sycdt

sym

el

lt

rm

n

np

cp

cf

cd

323.0

10

50

21

450

0.0

0.7

23

20

0

20.0

0.0

193.1

187.35

206.0

95.18

280.00

247

50

4.725

7

1

0.7330

1.6690

1.5470

mm

kPa

kPa

mm

Deg C

mm

mm

mm

mm

mm

mm

Degrees

GPa

GPa

MPa

MPa

MPa

mm

mm

mm

cons

plies

cp

cf

cd

Bellows Cuff Circumferential Pressure Stress

Pressure Band Circumferential Pressure Stress

Bellows Circumferential Pressure Stress

Meridional Membrane Pressure Stress

Meridional Bending Pressure Stress

Meridional Membrane Stress due to Deflection

Meridional Bending Stress due to Deflection

Total Stress due to Pressure and Deflection

Column Instability Pressure

Inplane Instability Pressure

Axial Spring Rate

Angular Spring Rate

Lateral Spring Rate

Resultant Axial Reaction Force (Compression)

Lateral Force due to Lateral Deflection

Force Req.to Compress Bellows (20mm)

Bellows Effective Area

Bellows Pressure Thrust

s1

sc1

s2

s3

s4

s5

s6

st

ps

psi

ksr

umt

uml

rx

vl

fx

ae

pthrust

2

0

1

0

4

7

802

812

449

578

123

32

50

2470

997

3415

94411

945

MPa

MPa

MPa

MPa

MPa

MPa

MPa

MPa

kPa

kPa

N/mm

Nm/Deg

N/mm

N

N

N

mm^2

N
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Welding Information
Weld Map

Drawing not to Scale

Identifer Weld Description Procedure Process

W-01 Bellows Inlet to Flange Group A1/K Bellows Attachment GTAW

W-10 Bellows To Centre Spool 1 Group K/K Bellows Attachment GTAW

W-11 Bellows to Centre Spool 2 Group K/K Bellows Attachment GTAW

W-21 Bellows Outlet to Flange Group A1/K Bellows Attachment GTAW
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Weld W-01

Weld Procedure Specification (WPS)
Weld Description W-01 - Bellows Inlet to Flange Torch Postion / Material Fitup
WPS Name Group A1/K Bellows Attachment
WPS ID 30
Based On PQR ID 12969
Applicable Code AS3992:1998
Process GTAW
Amps Min 170
Amps Max 215
Volts Min 8
Volts Max 12
Weld Speed Min (mm/s) 3
Weld Speed Max (mm/s) 5.5
Arc Energy Min (kJ/mm) 0.45
Arc Energy Max (kJ/mm) 0.47
Polarity DC Positive to Earth
Pulse Freq. Min 1.8
Pulse Freq. Max 2.5
Pulse Low % 40
Pulse Duty % 40
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Minimum Pipe Diameter 0
Maximum Pipe Diameter 0
Parent 1 Material Group A1
Parent 2 Material Group K
Filler Material Group F6
Filler Material AWS ER309/309L
Filler Size Min (mm) 1.6
Filler Size Max (mm) 2.4
Flux
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A
Notes



MDR

Page 10

Weld Record
Weld Indentifier W-01 Photo of weld
Weld Record ID 30827
Operator TF
Time of Weld 25/05/2018  07:13 
WPS Name Group A1/K Bellows Attachment
WPS ID 30
Process GTAW
Amps 180
Volts 8
Weld Speed (mm/s) 3
Arc Energy (kJ/mm) 0.48
Polarity DC Positive to Earth
Pulse Freq. 2.5
Pulse Low % 50
Pulse Duty % 50
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Parent 1 Material Group A1
Parent 1 Material Refer to Materials Map
Parent 2 Material Group K
Parent 2 Material Refer to Materials Map
Filler Material Group F6
Filler Material AWS ER309/309L
Filler Size Dia. (mm) 1.6
Flux
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Number of Runs 1
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A

Notes

Note: Weld photo is indictive only and may be of another item in the same batch.

NDT Results

Check ID Description Technician Date Performed Result

41818 Axial Dynamics 100% Through Dye Pen. TF 25/05/2018 PASS
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Weld W-10

Weld Procedure Specification (WPS)
Weld Description W-10 - Bellows To Centre Spool 1 Torch Postion / Material Fitup
WPS Name Group K/K Bellows Attachment
WPS ID 1
Based On PQR ID 12971
Applicable Code AS3992:1998
Process GTAW
Amps Min 170
Amps Max 215
Volts Min 8
Volts Max 12
Weld Speed Min (mm/s) 3
Weld Speed Max (mm/s) 5
Arc Energy Min (kJ/mm) 0.45
Arc Energy Max (kJ/mm) 0.52
Polarity DC Positive to Earth
Pulse Freq. Min 1.8
Pulse Freq. Max 2.5
Pulse Low % 40
Pulse Duty % 40
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Minimum Pipe Diameter 50
Maximum Pipe Diameter 1200
Parent 1 Material Group K
Parent 2 Material Group K
Filler Material Group F6
Filler Material 316/316L
Filler Size Min (mm) 1.6
Filler Size Max (mm) 2.4
Flux N/A
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A
Notes
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Weld Record
Weld Indentifier W-10 Photo of weld
Weld Record ID 30829
Operator SK
Time of Weld 15/05/2018  08:26 
WPS Name Group K/K Bellows Attachment
WPS ID 1
Process GTAW
Amps 170
Volts 8
Weld Speed (mm/s) 4
Arc Energy (kJ/mm) 0.34
Polarity DC Positive to Earth
Pulse Freq. 2.5
Pulse Low % 40
Pulse Duty % 40
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Parent 1 Material Group K
Parent 1 Material Refer to Materials Map
Parent 2 Material Group K
Parent 2 Material Refer to Materials Map
Filler Material Group F6
Filler Material 316/316L
Filler Size Dia. (mm) 1.6
Flux N/A
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Number of Runs 1
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A

Notes

Note: Weld photo is indictive only and may be of another item in the same batch.

NDT Results

Check ID Description Technician Date Performed Result

41820 Axial Dynamics 100% Through Dye Pen. SK 15/05/2018 PASS
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Welder Qualification Certificate

Welder Qualification Details

WPS ID 1

WPS Name Group K/K Bellows Attachment

Process GTAW

Weld Position 2F

Technician Stephen Klosowski

Initials SK

Date of Qualification 16-07-2015  12:27:31

Method of Qualification Satisfactory Completion of PQR

PQR ID 12972

PQR Document http://axialdynamics.com.au/pqr/Axial_PQR_12972.pdf

Approved By Nick Gould

Test Piece

Please Refer to PQR ID 12972 for full details
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Weld W-11

Weld Procedure Specification (WPS)
Weld Description W-11 - Bellows to Centre Spool 2 Torch Postion / Material Fitup
WPS Name Group K/K Bellows Attachment
WPS ID 1
Based On PQR ID 12971
Applicable Code AS3992:1998
Process GTAW
Amps Min 170
Amps Max 215
Volts Min 8
Volts Max 12
Weld Speed Min (mm/s) 3
Weld Speed Max (mm/s) 5
Arc Energy Min (kJ/mm) 0.45
Arc Energy Max (kJ/mm) 0.52
Polarity DC Positive to Earth
Pulse Freq. Min 1.8
Pulse Freq. Max 2.5
Pulse Low % 40
Pulse Duty % 40
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Minimum Pipe Diameter 50
Maximum Pipe Diameter 1200
Parent 1 Material Group K
Parent 2 Material Group K
Filler Material Group F6
Filler Material 316/316L
Filler Size Min (mm) 1.6
Filler Size Max (mm) 2.4
Flux N/A
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A
Notes
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Weld Record
Weld Indentifier W-11 Photo of weld
Weld Record ID 30828
Operator TF
Time of Weld 25/05/2018  08:42 
WPS Name Group K/K Bellows Attachment
WPS ID 1
Process GTAW
Amps 180
Volts 8
Weld Speed (mm/s) 3
Arc Energy (kJ/mm) 0.48
Polarity DC Positive to Earth
Pulse Freq. 2.5
Pulse Low % 50
Pulse Duty % 50
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Parent 1 Material Group K
Parent 1 Material Refer to Materials Map
Parent 2 Material Group K
Parent 2 Material Refer to Materials Map
Filler Material Group F6
Filler Material 316/316L
Filler Size Dia. (mm) 1.6
Flux N/A
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Number of Runs 1
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A

Notes

Note: Weld photo is indictive only and may be of another item in the same batch.

NDT Results

Check ID Description Technician Date Performed Result

41819 Axial Dynamics 100% Through Dye Pen. TF 25/05/2018 PASS
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Weld W-21

Weld Procedure Specification (WPS)
Weld Description W-21 - Bellows Outlet to Flange Torch Postion / Material Fitup
WPS Name Group A1/K Bellows Attachment
WPS ID 30
Based On PQR ID 12969
Applicable Code AS3992:1998
Process GTAW
Amps Min 170
Amps Max 215
Volts Min 8
Volts Max 12
Weld Speed Min (mm/s) 3
Weld Speed Max (mm/s) 5.5
Arc Energy Min (kJ/mm) 0.45
Arc Energy Max (kJ/mm) 0.47
Polarity DC Positive to Earth
Pulse Freq. Min 1.8
Pulse Freq. Max 2.5
Pulse Low % 40
Pulse Duty % 40
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Minimum Pipe Diameter 0
Maximum Pipe Diameter 0
Parent 1 Material Group A1
Parent 2 Material Group K
Filler Material Group F6
Filler Material AWS ER309/309L
Filler Size Min (mm) 1.6
Filler Size Max (mm) 2.4
Flux
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A
Notes
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Weld Record
Weld Indentifier W-21 Photo of weld
Weld Record ID 30830
Operator TF
Time of Weld 25/05/2018  08:41 
WPS Name Group A1/K Bellows Attachment
WPS ID 30
Process GTAW
Amps 170
Volts 8
Weld Speed (mm/s) 3
Arc Energy (kJ/mm) 0.45
Polarity DC Positive to Earth
Pulse Freq. 2.5
Pulse Low % 40
Pulse Duty % 40
Tungsten Dia. (mm) 2.4
Electrode Stickout. (mm) 6
Parent 1 Material Group A1
Parent 1 Material Refer to Materials Map
Parent 2 Material Group K
Parent 2 Material Refer to Materials Map
Filler Material Group F6
Filler Material AWS ER309/309L
Filler Size Dia. (mm) 1.6
Flux
Weld Position 2F
Weld direction Forwards
Torch Sheilding Gas 100% Argon
Gas Flow Torch (l/min) 12
Purge Sheilding Gas N/A
Gas Flow Purge (l/min) 0
Number of Runs 1
Pre Heat Temperature Minimum N/A
Interrun Temperature Maximum N/A
Intermediate heat treatment N/A
Post weld heat treatment N/A
Interrun Cleaning N/A
Back Gouging N/A

Notes

Note: Weld photo is indictive only and may be of another item in the same batch.

NDT Results

Check ID Description Technician Date Performed Result

41821 Axial Dynamics 100% Through Dye Pen. TF 25/05/2018 PASS
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Materials Information
Materials Map

Drawing not to Scale

Materials Records

Bellows Records

Identifer Material Name M-ID Heat Number Cert Doc ID

M-01 Sheet - 1250 x 3000 0.7mm 321 103349 C4TC 21233

M-03 Sheet - 1250 x 3000 0.7mm 321 103349 C4TC 21233

Where applicable, Material Certificates can be found on the following pages...

Identifer Material Name M-ID Heat Number Cert Doc ID

M-02 Sheet - 1220 x 2440 1.2mm 316/316L 105726 106030397 43194

M-04 Sheet - 1220 x 2440 1.2mm 316/316L 105726 106030397 43194

M-08 Flat Bar - 65x3 316/316L 102131 TU-YU244763 6249

M-11 Plate - 16mm Carbon Steel 106018

M-21 Plate - 16mm Carbon Steel 106018
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Material Certificate 21233 (Page 1 of 2)
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Material Certificate 21233 (Page 2 of 2)
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Material Certificate 43194 (Page 1 of 1)
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Material Certificate 6249 (Page 1 of 1)
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