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1. INTRODUCTION 
 

1.1. SCOPE 
 
This document provides the results of the engineering tests that SDU performed to characterize 
the performances of the swivel joint HT-DN080-Sched.40. 
 

  
 

            

Figure 1: Swivel Joint HT-DN080-Sched.40 
 
This swivel joint is intended to be mounted on a mobile piping system. Details are provided on 
the swivel joint operation in section 4.  
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2. APPLICABLE DOCUMENTS 
 
 

2.1. ONERA DOCUMENTS 
 
In the following list, document’s issues are not specified. Please refer to the last valid issues. 
 

 Documentation Swivel Joint Type: HT-DN80-SCHED.40 

 
2.2. SDU DOCUMENTS 

 
In the following list, drawings’ issues are not specified. Please refer to the last valid issues. 
 
 2-3-20-0028:   Proof Test Fixture 
 
 0-1-20-0018:   Stiffness Measurement Fixture 
 
 ST 1045:   Hydraulic and pneumatic tests for rigid and articulated pipes 
 
 DTE 001/2020:  Characterization of a swivel joint – Engineering Test Procedure 
 
 

2.3. GENERAL DOCUMENTS 
 
Documents issues are not specified in the following list, refer to the last valid issues: 
 
 CS-E 640:  Certification Specification for Engines – Pressure Loads 
 
 MMPDS-08:  Metallic Materials Properties Development and Standardization 
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3. TEST REQUIREMENTS 
 

3.1. GENERAL REQUIREMENTS 
 
Applicable standards for test requirements. 

Table 1: Applicable Standards 

Requirements Applicable Standard 

Proof test ETP DTE 001/2020 / ST 1045 

Leakage test ETP DTE 001/2020 / ST 1045 

Stiffness test ETP DTE 001/2020 

 
 

3.2. TEST LABORATORY AND SURVEILLANCE 
 
All tests have been conducted by SDU at SDU lab (5, Rue des Ateliers, 60200 Compiègne, 
France). 
 
 

3.3. TEST SURVEILLANCE  
 
The engineering test program has been monitored by SDU.  
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4. SWIVEL JOINT OPERATION 
 

4.1. WORKING CONDITIONS 
 
The swivel joint is intended to be used under the following maximum conditions: 

Table 2: Maximum Working conditions 

Maximum Working Pressure (barg) Maximum Working Temperature (°C) 

50 377 

 
 

4.2. PRELOAD SCREWS 
 
This swivel joint has four preloaded screws located as follows: 
 

  

Figure 2: Screws for preload application 
 
These screws (blue) are used to manage the compression of the graphite seals (orange) by 
pulling on the threaded rods anchored in the crown (green). The principle used to compress the 
graphite seals is the stuffing box. 
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5. TEST RESULTS 
 

5.1. PROOF PRESSURE 
 

5.1.1. Test Article Identification 
 
 Swivel Joint HT-D 80-Sched.40 

 
 

5.1.2. Test Equipment List 
 
Table 3 here after sums-up the equipment list used for the proof test. 
 

Table 3: Proof Test Items of Equipment 

Items of 
Equipment 

Measurements 
ranges 

Measurement 
Accuracy (±) 

Equipment 
reference 

Calibration 
Validity 

Pressure Test 
Bench (also used 

as pressure 
gauge) 

0 to 5.5 bar 0.05 bar 

812000 19/09/2020 0 to 35 bar 0.3 bar 

0 to 350 bar 1 bar 

Vernier calliper 0 to 300mm  0.01mm 11769 12/11/2020 

 
Calibration certificates are available on Appendix II. 
 
Note:  
 
The three (3) manometers here before are respectively used during the pressure ramp-up by the 
test bench. 
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5.1.3. Test Setup 

 
Figure 3 and Figure 4 here after present of the test setup used to perform proof test of the swivel 
joint. 
 

 

Figure 3: Proof Test Bench 
 
 

 

Figure 4: Proof Test Setup  
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Figure 5: Locations for length and dimeter measurements 

 
5.1.4. Test Procedure and Parameters 

 

 Procedure from ETP DTE 001/2020 
 
Procedure for the proof pressure test is reminded here after: 
 
 The swivel joint was installed into a set-up equivalent to the one shown here after in Figure 4, 

in unrestrained and undeflected conditions. 
 

 The swivel joint was pressurized using water, at room temperature, in increments of 5 barg per 
minute, up to the nominal proof pressure test level. 

 

 Upon stabilization of the proof pressure, the swivel joint withstood these conditions for 3-minute 
duration. 

 

 After 3 minutes at the proof pressure conditions, the swivel joint was depressurized to ambient 
conditions. 

 
 
 
Note / Deviations from the ETP DTE 001/2020: 
 

The dimensions of the swivel joint (length and diameter at three locations) was recorded before 
the test: 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Diameter 

Length 

3 Locations 
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 Parameters 
 
Table 4 below sums up the parameters used for the proof test. 
 

Table 4: Proof Test Parameters 

Proof Test Conditions 

Proof Pressure: 109.2 barg Tolerance: 0/+5% 
Temperature: 20°C ± 3°C 
Fluid: Water under air 
Time duration: 3 minutes 

 
 

The proof test was performed at room temperature; therefore, a coefficient was applied to the 
proof pressure at high temperature and was calculated as follow: 
 

𝐾𝑡𝑝 =  
𝑅𝑝0.2 𝑎𝑡 20°𝐶

𝑅𝑝0.2 𝑎𝑡 377°𝐶
 

 
 

𝐾𝑡𝑝 =  
151

92
= 1.6413 

 
(*) The proof pressure was determined per CS-E 640 methodology with MMPDS-08 material 
properties for AISI 316. 
 
Proof pressure wis the greatest of the following pressures: 
 

a. 1.1 times the maximum working pressure or, 
b. 1.33 times the normal working pressure or, 
c. 35 kPa above the normal working pressure. 

 

Cases 
CS-E 640 

Methodology 
Proof Pressure 

(barg) 

a P = 1.1 x 50 x Ktp 90.3 

b P = 1.33 x 50 x Ktp 109.2 

c P = (50 + 0.35) x Ktp 82.7 

 
The greatest pressure value is 109.2 barg at room temperature. 
 

 Screws Preload 
 
For the proof test, the preload torque used on the screw was 10 N.m (see section 4.2). 
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5.1.5. Pre-Test Measurements 

 
The pre-test measurements results performed according to Figure 5 are presented here after: 
 

Measured dimension Location 1 Location 2 Location 2 

External Diameter 217.3 mm 217.3 mm 217.3 mm 

Length 124.8 mm 124.8 mm 124.8 mm 

 
These lengths and diameters were checked after proof test. 
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5.1.6. Proof Test 

 
Figure 6 here after shows the swivel joint during the proof pressure test. 
 

 

Figure 6: View of the Swivel Joint during Proof Pressure Test 
 
 

 

Figure 7: Swivel Joint Proof Test – Pressure VS Time 
 
  

112 barg 
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During the test, the swivel joint leaked slightly at different locations and for different pressures: 
 

 

Figure 8: Location of the Leakages on the Swivel Joint 
 
During the proof test, SDU noticed the following slight leakages. Locations are identified on Figure 
8 and corresponding pressures noted in Table 5. 
 
 

Table 5: Summary of the Leakage on the Swivel Joint 

Pressure 
Location of the 

leakage on Figure 8 

30 bar Location 1 

40 bar Location 2 

70 bar Location 3 
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5.1.7. Post-Test Measurements 

 
After the test, lengths and diameters according to Figure 5 have been checked. 

 
Table 6 here after shows the results of the dimensional inspection before and after the proof test. 
 

Table 6: Comparison of Dimensional Inspection before and after the Proof Test 

Measured 
dimension 

Location 
Measurement 
before proof 

test 

Measurement 
after proof 

test 
Compliance 

External 
Diameter 

Location 1 217.3 mm 217.3 mm 

 Location 2 217.3 mm 217.3 mm 

Location 3 217.3 mm 217.3 mm 

Length 

Location 1 124.8 mm 124.8 mm 

 Location 2 124.8 mm 124.8 mm 

Location 3 124.8 mm 124.8 mm 

 
 

5.1.8. Conclusion 
 
Section 5.1 demonstrates that the swivel joint successfully passed the proof test without plastic 
deformation. 
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5.2. LEAKAGE TEST 

 
5.2.1. Test Article Identification 

 
 Swivel Joint HT-D 80-Sched.40 

 
 

5.2.2. Test Equipment List 
 
The table here after sums-up the equipment list used for the leakage test. 
 

Table 7: Leakage Measurement Equipment 

Items of Equipment 
Measurement 

range 
Measurement 

accuracy 
Model Calibration 

SDU Test bench N/A N/A 986219 N/A 

Thermocouples [-200 ; +1100] °C 
± 2.9°C at 

710°C 
K-Type 12/10/2020 

Pressure Gauge [0 ; 160] bar ± 1% 81505 11/03/2022 

Heating element [20 ; 750] °C N/A Chromalox  N/A 

Chronometer 0 – 60 min ± 0.01 sec 93738 29/10/2020 

 
Calibration certificates are available on Appendix II.
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5.2.3. Test Setup 

 
Figure 9 here after presents the swivel joint installed on the test bench. 
 

 

Figure 9: Leakage Test Bench  
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Figure 10: Front View of the Swivel Joint on the Leakage Test Bench  
 
 
As a reminder, the heating device has a thermocouple inside only dedicated to control. To 
measure a second thermocouple is added as presented here after:  
 
 

 

Figure 11: Leakage Test Internal Setup  
  



SAFRAN AEROSYSTEMS DUCTS 

Technical 
Direction 

ENGINEERING TEST REPORT 
DTE 045/2020 

Rev. A Page 20 of 50 
 

Form BE 011 
Révision C 

SAFRAN AEROSYSTEMS DUCTS, 5 Rue des ateliers, 60202 COMPIEGNE – France 
This document is the property of SDU. It cannot be used, reproduced or distributed without prior allowance of SDU 

and its contents cannot be disclosed. 
PROPRIETARY INFORMATION 

 

 
5.2.4. Test Procedures and Parameters 

 
Two leakage tests have been performed: a first leakage test at ambient temperature (20°C ± 3°C) 
and a second one at 377°C ± 20°C. 
 

 Procedure from ETP DTE 001/2020 
 

 Case 1: Test at 20°C 
 
a. The swivel joint was installed into a set-up equivalent to the one shown in Figure 9 and Figure 

10, in unrestrained and undeflected conditions. 
 
b. The preload torque for swivel joint nuts was set at 0 N.m for iteration 1. 
 
c. The swivel joint was pressurized pneumatically up to the nominal pressure test level. 
 
d. Upon stabilizing the pressure, the inlet valve was closed and the pressure maintained for 5 

minutes, while looking out for any leak in the system through the pressure gauge. 
 
e. In case of a leak, the leakage rate was determined by timing the decrease of the pressure 

indicated by the pressure gauge during 5 minutes. 
 
f. The rotating joint was unpressurized. 
 
g. Steps b. to f. were repeated increasing the preload torque according to iterations in Table 9 

until reaching iteration 6 (torque = 25Nm) or leakage equal to 0. 
 
 
Note / Deviations from the ETP DTE 001/2020: 
 

- Before Step a.  Before performing the leakage test at 20°C, the swivel joint was heated to 
377°C ± 20°C and cool down to ambient temperature. Then, the preload torque according to 
Figure 2 has been checked.   
 
- Step c. For the first iteration, the preload torque was set at 10 N.m due to the certainty of 
leakage at lower preload torque. 
 
- Step g. The preload torque has been increased from 10 N.m to 30 N.m. 
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 Case 2: Test at 377°C 

 
a. The swivel joint was installed into a set-up equivalent to the one shown in Figure 9 and Figure 

10, in unrestrained and undeflected conditions. 
 
b. The preload of the swivel joint nuts was set at same value than for last iteration of Case 1. 
 
c. The heating resistance was turned on and set to reach 377°C. 
 
d. Upon reaching the required temperature, the test article was allowed to soak until steady state 

temperature has been achieved. 
 
e. The swivel joint was pressurized pneumatically up to the nominal pressure test level. 
 
f. Upon stabilizing the pressure, the inlet valve was closed and the pressure maintained for 5 

minutes, while looking out for any leak in the system through the pressure gauge. 
 
g. In case of a leak, the leakage rate was determined by timing the decrease of the pressure 

indicated by the pressure gauge during 5 minutes. 
 
h. The rotating joint was unpressurized and cooled down to ambient temperature. 
 
i. Steps b. to h. were repeated increasing the preload torque according to iterations in Table 9 

until reaching iteration 6 (torque = 25Nm) or leakage equal to 0. 
 
 
Note / Deviations from the ETP DTE 001/2020: 
 
- Step b. Given the results of the leakage test at 20°C, the preload torque was set at 15 N.m. 
This preload torque was mutually agreed between SDU and ONERA. 
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 Parameters 
 
Table 8 here after sums up the parameters used for the leakage tests 
 

Table 8: Leakage Test Parameters 

Case Pressure Temperature Fluid Duration 

1 50 barg 20°C ± 3°C 
Air 5 minutes 

2 50 barg 377°C ± 20°C 

 
 
Table 9 here after presents the iterations applied in term of preload torque (test at 20°C). 
 

Table 9: Preload Torque Iterations 

Iteration 1 2 3 4 5 

Preload Torque 
(N.m) 

10 15 20 25 30 
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5.2.5. Leakage Tests Results at 20°C 

 

 Pressure Loss 
 
Table 10 here after presents the results of the leakage tests performed on the swivel joint at 20°C. 
 

Table 10: Results of Leakage Tests at 20°C 

Case 
Temperature 

(°C) 
Preload Torque 

(N.m) 
Time (s) 

Measured Pressure 
(barg) 

ΔP * 
(bar) 

1 20°C ± 3°C 

10 

0 50 0 

60 38 12 

120 37 13 

180 36 14 

240 35 15 

300 35 15 

15 

0 50 0 

60 49 1 

120 49 1 

180 48 2 

240 48 2 

300 48 2 

20 

0 50 0 

60 49 1 

120 49 1 

180 48 2 

240 48 2 

300 48 2 

25 

0 50 0 

60 49 1 

120 49 1 

180 49 1 

240 48 2 

300 48 2 

30 

0 50 0 

60 49 1 

120 49 1 

180 49 1 

240 48 2 

300 48 2 

 
* ΔP is the difference between the initial pressure (50 barg) and the pressure read on the 
manometer at each interval of time. 
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 Leakage Rate 
 
Based on the results provided in Table 10 and Table 12, SDU has calculated the leakage rate 
using the following formula (perfect gas rule as first hypothesis): 
 

𝐿𝑒𝑎𝑘𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 =
(
𝑃𝑉𝑀
𝑅𝑇 )

∆
⁄  

 
With: 
 
P = Pressure in the swivel joint (Pa)        See Table 10 & Table 12 
V = Volume inside the swivel joint and the air supply hose (m3)    V = 0.001601 m3 
M = Molar mass of the air (g/mol)         M = 28.97 g/mol 
R = Constant of the ideal gases (J/°K/mol)       R = 8.31 J/°K/mol 
T = Temperature of the air inside the swivel joint (°K)      T = 293.15°K 
Δ = Duration of the experience (s)        Δ = 300s (5 minutes) 
 
 
Table 11 here after presents the calculated leakage rates. 
 

Table 11: Results of Leakage Tests (at 20°C) 

Case Temperature (°C) Preload Torque (N.m) 
Leakage Rate 

(g/s) 

1 20°C ± 3°C 

10 0.095 

15 0.013 

20 0.013 

25 0.013 

30 0.013 

 
 
Note: 
 
Considering that the leakage rate is the same when the preload torque is equal or higher than 
15N.m, SDU used the preload torque of 15N.m for the next step of the tests. This methodology 
was mutually agreed between ONERA and SDU. 
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5.2.6. Leakage Test Result at 377°C 

 

 Pressure Loss 
 
Table 12 here after presents the results of the leakage tests performed on the swivel joint at 
377°C. 
 

Table 12: Results of Leakage Tests at 377°C 

Case 
Temperature 

(°C) 
Preload Torque 

(N.m) 
Time (s) 

Measured Pressure 
(barg / Pa) 

ΔP * 
(bar / Pa) 

2 377°C ± 20°C 15 

0 50 0 

60 50 0 

120 50 0 

180 50 0 

240 50 0 

300 50 0 

 
* ΔP is the difference between the initial pressure (50 bar) and the pressure read on the 
manometer at each interval of time. 
 
Based on the results provided in Table 10 and Table 12, SDU has calculated the leakage rate 
using the following (perfect gas rule): 
 

𝐿𝑒𝑎𝑘𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 =
(
𝑃𝑉𝑀
𝑅𝑇 )

∆
⁄  

 
With: 
 
P = Pressure in the swivel joint (Pa)        See Table 10 & Table 12 
V = Volume inside the swivel joint and the air supply hose (m3)    V = 0.001601 m3 
M = Molar mass of the air (g/mol)         M = 28.97 g/mol 
R = Constant of the ideal gases (J/°K/mol)       R = 8.31 J/°K/mol 
T = Temperature of the air inside the swivel joint (°K)      T = 650.15°K 
Δ = Duration of the experience (s)        Δ = 300s (5 minutes) 
 
 
Table 13 here after presents the calculated leakage rates. 
 
 

Table 13: Results of Leakage Tests (at 377°C) 

Case Temperature (°C) Preload Torque (N.m) 
Leakage Rate 

(g/s) 

2 377 ± 20°C 20 0 
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Conclusion 
 
The leakage rate at 20°C reaches a limit when the preload torque used is 15N.m or higher (2bar 
lost during 5 minutes).  
 
In addition, this preload torque gives no pressure losses at 377°C.  
 
So on, SDU used the preload torque value of 15N.m for the angular stiffness tests. This 
methodology was mutually agreed between ONERA and SDU. 
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5.3. ANGULAR STIFFNESS TEST 

 
5.3.1. Test Article Identification 

 
 Swivel Joint HT-D 80-Sched.40 

 
5.3.2. Test Equipment List 

 
The table here after sums-up the equipment list used for the angular stiffness test. 
 

Table 14: Angular Stiffness Measurement Equipment 

Items of Equipment 
Measurement 

range 
Measurement 

accuracy 
Model Calibration 

SDU Test bench N/A N/A 986219 N/A 

Thermocouples [-200 ; +1100] °C 
± 2.9°C at 

710°C 
K-Type 12/10/2020 

Pressure Gauge [0 ; 160] bar ± 1% 81505 11/03/2022 

Heating element [20 ; 750] °C N/A Chromalox  N/A 

Inclinometer [-90° ; 90°] 0.05° 59703 18/11/2020 

Weighting Scale [0 - 60] Kg ± 0.05 Kg 
KERN 
99804 

14/06/2020 

Weights* 

1kg  

N/A N/A N/A 
2kg 

5kg 

10kg 

*Weights have been checked on calibrated weighting scale: 10kg masses are in the range ±1%, 
other masses are in the range ±2,5%. Support used for the weights has a mass of 1.8kg. 
Calibration certificates are available on Appendix II. 
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5.3.3. Test Setup 

 
The test setup used is the same than for leakage tests (Figure 9 and Figure 10) except the 
elements added on the next figure : 
 

 

Figure 12: Angular Stiffnesses Test Setup 
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5.3.4. Test Procedures and Parameters 

 

 Procedure from the ETP DTE 001/2020 
 
 
a. Test article was installed on the test bench as shown in Figure 12, while ensuring the arm is 

in equilibrium to keep the swivel joint in a neutral position. 
 
b. For high temperature cases, the heating resistance was turned on and set to reach the required 

temperature. 
 
c. Test article was allowed to soak for 20 minutes or until steady state temperature of the 

thermocouple has been achieved. 
 
d. For pressurized cases, test article was pressurized to the required pressure until stabilization. 
 
e. Upon achieving the required testing conditions for each case, testing was started. 
 
f. Using weights, the arm was lowered in increments twisting the swivel joint until reaching 10° 

angulation. 
 
g. The mass corresponding to the beginning of swivel joint rotation was recorded 
 
h. Every 2° angulation, the mass was recorded in the table below and included in the test report. 
 
 
Note / Deviations from the ETP DTE 001/2020: 
 
 
- Step a. Equilibrium is reached without weight support. Its mass (1.8Kg) has to be added in 
the measurements. 
 

- Step h. Given that as soon as the rotation of the joint has started it does not stop, recording 
the mass every 2° angulation is not possible. SDU has recorded the mass corresponding to the 
beginning of swiveling the joint for each case presented in Table 15. 
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 Parameters 
 
Table 15 here after presents the different iterations performed to realize the angular stiffness test. 
 

Table 15: Stiffness Test Conditions 

Case Pressure (barg) Temperature (°C) Fluid 

1 Atmospheric 20°C ± 3°C 

Air 

2 50 20°C ± 3°C 

3 Atmospheric 377 ± 20°C 

4 50 125 ± 20°C 

5 50 250 ± 20°C 

6 50 377 ± 20°C 

 
 
 

5.3.5. Test Results 
 
Table 16 here after presents the results of angular stiffness tests performed on the swivel joint. 
 

Table 16: Stiffness Results 

Cases Pressure (barg) 
Temperature 

(°C) 
Angulation* (°) Mass (kg)** Torque (N.m)*** 

1 Atmospheric 20°C ± 3°C 
Beginning of 

rotation 
21.8 - 23.8 224 

2 50 20°C ± 3°C 
Beginning of 

rotation 
9.8 - 10.8 106 

3 Atmospheric 377 ± 20°C 
Beginning of 

rotation 
33.8 - 34.8 341 

4 50 125 ± 20°C 
Beginning of 

rotation 
31.8 - 33.8 332 

5 50 250 ± 20°C 
Beginning of 

rotation 
36.8 - 38.8 381 

6 50 377 ± 20°C 
Beginning of 

rotation 
38.8 - 40.8 400 

 
* As explained in § 5.3.4, recording the mass for different angulation is not possible. SDU has 
recorded the mass necessary to initiate the rotation of the joint. 
 
** Several measurements have been performed (3 or 4 tests). Maximum and minimum results 
are given in the table.  
 
*** Torque is deduced with: T = Mass x Level Arm x g (considering maximum mass). 
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6. CONCLUSION 
 

6.1. Synthesis 
 
At 20°C, the measured angular stiffness is higher without pressure than with pressure which is 
opposite to expectations (see §6.3.3 for explanation hypothesis). 
 
At 377°C, the measured angular stiffness is higher with pressure than without pressure. The 
angular stiffness is also higher at 377°C than at 20°C (see §6.3.4 for explanation hypothesis). 
 
 

6.2. System Mounting 
 
SDU had to perform several mounting iterations of the system. These iterations were due to slight 
leakage noticed on SDU side: 
 

 

Figure 13: Location of the leakage on SDU side 
 

 
Here after are presented the mounting steps: 

 On the first Installation of the swivel joint only a  Mica® seal was installed at the following 
location: 
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Figure 14: Seal Location 
 
 

 After first pressurization, a leakage was noticed. The Mica® seal was removed and 
replaced by a graphite seal. In addition, CAF 1® (silicone past for high temperature 
applications) was added.  

 After new pressurization, the leakage was undetectable at this location. 
 

 
Note:  
 
First Pre-tests at ambient temperature were conducted in these conditions (Graphite Seal and 
CAF 1®) without leakage detection. 
 
Before first tests at high temperature a disassembly and a new assembly of the system was 
performed. After this handling, the leakage rate of the system at ambient temperature was lower 
than before. All the results presented in this report have been obtained after this measurement. 
 
This leakage was mainly due to the difficulty to realize the airtightness on the contact flat surface 
on flat surface. This difficulty was increased due the weight of the swivel joint assembly 
(approximatively 45kg). 
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6.3. Feedback and good practices 

 
6.3.1. Preload Torque Application 

 
For preload torque application, the following methodology must be used: 

 Torque the first screw to the nominal torque (for example 15N.m) 

 Torque the other screws using the order according to Figure 13: 
 

 

Figure 15: Preload Torque Application 
 

 Repeat the tightening of the 4 screws until the nominal torque is reach on the four screws. 
 
Note:  
 
Due to the system linked to the screws (see Figure 2), the tightening of the screws must be done 
very carefully. For example when screw n°3 is torqued, it may move the seals inside the swivel 
joint and reduce the torque on screw n°1. 
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6.3.2. Preload Torque Application after first heating and pressurization 

 
Note:  
 
Before first heating and pressurization of the swivel joint, the preload torque was set at 15N.m.  
When returned to ambient pressure and temperature, the preload torque slightly decreased. It 
may due to a small plastic deformation of the threaded rods. 
 
The preload screws must be tight after first heating and pressurization of the swivel joint.  
 
After the second heating and pressurization, no deviation of the preload torque was noticed. 
 
 

6.3.3. Comparison of angular stiffness at ambient temperature 
 
Note:  
 
According to results in Table 16, the swivel joint is stiffer unpressurized than pressurized (224N.m 
compared to 106N.m). This difference may be due to the pressure thrust: 
 

 

Figure 16: Pressure Thrust Effect 
 
According to Figure 16, the pressure inside the swivel joint generates a pressure thrust. This load 
may allow a better alignment between mobile and anchored sides in particular on bearing side. 
This better alignment may decrease the angular stiffness. 
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6.3.4. Comparison of angular stiffness working pressure 

 
Note:  
 
According to results in Table 16, the swivel joint is stiffer when heated at high temperature. This 
difference may be due to differential thermal expansion: 
 

 

Figure 17: Thermal Expansion Effect 
 
During the tests at temperature, the internal temperature of the swivel joint is controlled. The 
external temperature of the swivel joint is lower than the temperature inside: T2<T1<T0 (External 
face exposed to ambient conditions). 
 
The temperature difference between the internal and external parts may induce a normal effort 
on the graphite seals, which tends to improve the air tightness of the swivel joint and increases 
its angular stiffness.  
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APPENDIX I 
 

Setup Drawings 
(For Reference Only) 
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Proof Test Setup 
 

 
  



SAFRAN AEROSYSTEMS DUCTS 

Technical 
Direction 

ENGINEERING TEST REPORT 
DTE 045/2020 

Rev. A Page 38 of 50 
 

Form BE 011 
Révision C 

SAFRAN AEROSYSTEMS DUCTS, 5 Rue des ateliers, 60202 COMPIEGNE – France 
This document is the property of SDU. It cannot be used, reproduced or distributed without prior allowance of SDU 

and its contents cannot be disclosed. 
PROPRIETARY INFORMATION 

 

Stiffness Test Setup 
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APPENDIX II 
 

Calibration Certificates 
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Proof Pressure Test Bench 
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Vernier Calliper 
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Manometer 
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Inclinometer 
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