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Material Name Part No.
Steel Parts Bowl Spindle 560134-01

Polymer Parts O-Rings
9812

21416
22864

Rectangular Ring 13394
Composite Parts Belt 21411

Short Summary on Materials Testing and Analysis

Parts that were analyzed

Measurements performed during the study

Components Parts No. No. of 
Samples

Analyzed Properties/Measurements
Geometrical Mechanical

Bowl Spindle  560134 - 01 2
  - Bearing Seats 
   - General 
Tolerancing

Vickers Hardness

O-rings    
9812 2 - Tensile Strength

21416 2 - Tensile Strength
22864 2 - Tensile Strength

Rectangular Ring 13394 2 - Tensile Strength
Belt 21411 2 - Tensile Strength

Belt 21411 2 - Optical 
Microscopy
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Measurements of Bowl 
Spindle using CMM
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Dimensional Tolerancing of Bowl Spindle 560134 - 01
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Hardness Analysis by Vickers Indentation on Bowl Spindle

Vickers Hardness Analysis: 
➢ Overall comparable hardness values, but higher for Reference Bowl Spindle 

✓ The surface of Phoenix can be improved by surface heat treatment

Table: Surface Vickers Hardness on bearing seat C
  D 1 (μm) D 2 (μm) F  (kgf) HV 

Reference 43 40 0.370 398.3
Phoenix 45 43 0.370 354.32



Mechanical Properties of 9812 O-rings

Load-displacement diagram 
of tensile tests on 9812 O-ring 
➢ Load-Displacement curve

Tensile test results: 
➢ Higher Maximum Load for 

Phoenix 
➢ Higher Maximum 

Elongation for Phoenix 
➢ Similar stiffness for both 

parts

Table: Results of tensile tests on Phoenix o-ring and Reference o-ring according to DIN 53504

spec. no. Maximum 
Load (N)

 Load at  
 20 mm 

(N)

Load at   
40 mm 

(N)

Load at  
 60 mm 

(N)

Load at  
 80 mm 

 (N)

Load at   
100 mm  

(N)

Load at   
120 mm  

(N)

Load at   
140 mm  

(N)
Remarks

Phoenix 146 35  64,2 93   108 124 138 146
max. 

elongation 
143 mm

Referenc
e

121 34,8  60,3  85,7   104 115  - -
max. 

elongation 
115 mm

Force-Elongation 9812

Fo
rc

e 
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)
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160

Elongati
0.1 7.7 15.2 22.9 30.7 38.3 46.1 53.9 61.8 69.6 77.3 85.1 92.9 100.7 108.5 116.3 124.3 132 139.5

Reference
Phoenix

Conclusions: 
➢ Phoenix O-ring achieves 

higher strength (∼20%) 
and absorbs higher 
deformation energy 
(∼40%)

Note: Statistical accuracy is 
not given due to low number 
of test specimens
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Mechanical Properties of 21416 O-rings

Load-displacement diagram 
of tensile tests on 21416 O-ring 
➢ Load-Displacement curve

Table: Results of tensile tests on Phoenix o-ring and Reference o-ring according to DIN 53504

spec. no.
Maximum 
Load (N)

 Load at  
 10 mm (N)

Load at   
20 mm (N)

Load at  
 25 mm (N)

Load at  
 50 mm (N)

Load at   
85 mm (N) Remarks

Phoenix 284,6 75,8  128  145,1  227,5 280,6
max. elongation 

128 mm
Referenc

e 197,3 80  140  180  - - 
max. elongation 

41 mm

Tensile test results: 
➢ Higher Maximum Load for 

Phoenix 
➢ Substantially higher Maximum 

Elongation for Phoenix 
➢ Slightly lower stiffness for 

Phoenix

Force-Elongation 21416
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0.1 7.7 15.2 22.9 30.7 38.3 46.1 53.9 61.8 69.6 77.3 85.1 92.9 100.7 108.5 116.3 124.3 132 139.5

Reference
Phoenix

Conclusions: 
➢ Phoenix O-ring appears more 

flexible, achieving higher 
elongation and strength 

➢ The substantial difference 
between the parts may be due 
to a defective reference part

Note: Statistical accuracy is 
not given due to low number 
of test specimens
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Mechanical Properties of 22864 O-rings

Load-displacement diagram 
of tensile tests on 22864 O-ring 
➢  Load-Displacement curve

Table: Results of tensile tests on Phoenix o-ring and Reference o-ring according to DIN 53504

spec. no.
Maximu
m Load 

(N)

 Load at  
 10 mm (N)

Load at   
20 mm (N)

Load at  
 30 mm 

(N)

Load at  
 40 mm (N)

Load at   
45 mm (N) Remarks

Phoenix 175 51,4 83,1 120  162,4 180
max. elongation 

49 mm

Reference 184,5 58,1  101  147,1  184,5 - 
max. elongation 

42 mm

Force-Elongation 22864
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0 6.3 13.3 20 26.6 33.4 40.1 46.6

Reference
Phoenix

Tensile test results: 
➢ Higher Maximum 

Elongation for Phoenix 
➢ Similar Maximum Load for 

both parts 
➢ Similar stiffness for both 

parts
Conclusions: 
➢ Phoenix O-ring achieves 

similar strength and 
shows slightly higher 
flexibility (lower stiffness)

Note: Statistical accuracy is 
not given due to low number 
of test specimens
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Mechanical Properties of 13394 Rectangular Rings
Load-displacement diagram 
of tensile tests on 13394 
Rectangular Ring 
➢ Load-Displacement curve

Tensile test results: 
➢ 10 Times Higher Maximum 

Elongation for Phoenix 
➢ Slightly lower Maximum Load for 

Phoenix 
➢ Lower stiffness for Phoenix 
➢ Reference part was defective with at 

least 3 defects (air pockets)

Conclusions: 
➢ Phoenix Rectangular Ring 

achieves higher flexibility (lower 
stiffness) and significantly higher 
elongation at break and absorbs 
significantly higher deformation 
energy (∼900%)  

➢ Phoenix rectangular Ring is more 
reliable due to lack of defects and 
very stable strength profile in its 
rectangular deformation zone

Note: Statistical accuracy is not given 
due to low number of test specimens

Force-Elongation 13394
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Phoenix 
Reference A
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Reference C

Table: Results of tensile tests on Phoenix Rectangular ring and Reference Rectangular ring according to DIN 
53504

spec. no. Maximum 
Load (KN)

 Load at  
 10 mm 

(KN)

Load at   
19 mm 

(KN)

Load at  
 30 mm 

(KN)

Load at  
 50 mm 

 (KN)

Load at   
100 mm  

(KN)

Load at   
150 mm  

(KN)

Load at   
200 mm  

(KN)
Remarks

Phoenix 2.03 1.05 1.39 1.68 1.87 2.01 1.85 1.93
max. 

elongation 
208.4 mm

Referenc
e (Best 

off)
2.23 1.86 2.23 - - - - -

max. 
elongation 
19.6 mm
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Mechanical Properties of 21411 Belts
Load-displacement diagram 
of tensile tests on 21411 Belt 
➢ Load-Displacement curve
Tensile test results: 
➢ Similar load at break 

(strength) for both. 
➢ Higher stiffness for Phoenix. 
➢ Higher elongation at break for 

Reference Belt

Conclusions: 
➢ Phoenix Belt achieves similar 

load at break with the 
Reference Belt but exhibits 
higher stiffness.  

➢ In this case, the Reference 
Belt’s lower stiffness, higher 
elongation at break and 
higher energy absorbed 
before failure indicate overall 
better mechanical behavior.

Note: Statistical accuracy is not given 
due to low number of test specimens

Table: Results of tensile tests on Phoenix belt and Reference belt according to DIN 53504

spec. no.
Maximu
m Load 

(KN)

 Load at  
 10 mm 

(KN)

Load at   
20 mm 

(KN)

Load at  
 25 mm 

(KN)

Load at  
 30 mm 

 (KN)

Load at   
35 mm  

(KN)

Load at   
40 mm  

(KN)

Load at   
45 mm  

(KN)
Remarks

Phoenix A 1.86 0.67 1.19 1.42 1.64 1.83 - -
max. 

elongation 
35.9 mm

Phoenix B 1.77 0.62 1.12 1.35 1.57 1.75 - -
max. 

elongation 
35.4 mm

Reference B 1.88 0.55 0.99 1.18 1.37 1.55 1.72 1.87
max. 

elongation 
45.4 mm

Reference A 1.82 0.50 0.93 1.11 1.30 1.48 1.64 1.79
max. 

elongation 
48.1 mm

Force-Elongation 21411

Fo
rc

e 
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N
)

0,00

0,50

1,00

1,50

2,00

Elongation (mm)
0,0 12,5 25,0 37,5 50,0

Phoenix A
Phoenix B
Reference A
Reference B
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Optical Examination on fractures of 21411 Belts 

Phoenix Belt Reference Belt

Optical examination results: 
➢ The fracture surface of the reference belt appears 

relatively more compact and less rough (with no 
visible signs of layer debonding within the 
composite matrix) compared to the Phoenix belt, 
suggesting a more abrupt final failure for the 
genuine belt.  

➢ The Phoenix belt exhibits a more pronounced 
fibrous and irregular fracture surface, with longer 
fiber pull-out lengths and clearly visible 
reinforcement bundles. This indicates that, prior 
to final failure, a greater degree of fiber 
debonding and pull-out from the matrix occurred, 
which is associated with a more progressive 
failure mechanism and increased energy 
absorption during loading.



Comparative Study and Evaluation of Spare Parts for 
Naval Applications for Phoenix Ltd., Athens, Greece

Summary and Conclusions

➢ Differences between Phoenix and Reference components are small in steel and composite 
components, and highly in favor of Phoenix in polymer components. 

➢ Phoenix steel components have comparable material properties to the Reference 
components, but Phoenix could improve their components significantly by additional 
surface heat treatment at critical positions (e.g. bearing seats). 

➢ The dimensional accuracy of steel components is in general comparable on all critical 
positions. 

➢ The mechanical properties of the Phoenix O-rings were superior to their Reference 
counterparts. 

➢ Reference Rectangular Ring 13394, and possibly O-ring  21416, were defective with both 
exhibiting highly inferior mechanical properties compared to their Phoenix counterparts. 

➢ The mechanical properties of the composite components were better for the Reference 
components. 

➢ Further optical examination demonstrated better fracture behavior for Phoenix belt. 
➢ All measurements in this study were made on new polymer, composite and steel 

components from Phoenix and on new Reference components. Therefore, statistical 
evidence of the results is not possible. If customers would return damages parts, failure 
analysis could lead to better understanding of specific application-oriented problems of the 
component designed and manufacturing.


