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Short Summary on Materials Testing and Analysis
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Measurements performed during the study
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• Worm with gearing
• Bowl Spindle

Steel parts
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• Seal Rings
• Rectangular Rings
• O-Rings

Polymer parts
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Steel Components: Worm with Gearing (part no. 520320-08)
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Geometrical analysis of:

� quality of the gearing
� Gear measuring center

� dimensional and positional tolerances of the 
bearing seats

� 3D-coordinate measurement machine



page 3
Comparative Study and Evaluation of Spare Parts for  Separators in Naval Application
Project Report for Chiefmar s.r.l., Genova, Italy

 

TTI GmbH an der Universität Stuttgart 
 

New Materials Technol ogies  
ein Technologietransferzentrum der  

e 

Quality of the Worm Gearing (Profile and Trace Analysis)
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Metallography of the Worm Gearing

� grain size of Chiefmar 
material is slightly larger, 
pearlite is finer for Alfa Laval 
material

� mechanical properties 
will be poorer in small 
extent for Chiefmar 
components

� this effect is mainly for 
the near-surface region

� large difference in pearlite 
structure for material in the 
components’ core

� suggests very slow 
cooling of the Chiefmar 
material

� will be improved by heat 
treatment of component 
after machining
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Microstructural Analysis of the Worm Bearing Seats (Metallography)

seat Bgearingseat
A

location of the metallographic preparations
analyzed positions: gearing and bearing seats
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� grain sizes are comparable
� differences are low between 

surface and core material
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Hardness Analysis by Vickers Indentation on Worm Components
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� bearing seats: 
overall comparable hardness values, but higher 
surface hardness for Alfa Laval material
� can be improved by surface heat treatment

� gearing: 
same hardness range; gradient for Chiefmar 
material from tooth tip to base.
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Steel Components: Bowl Spindle (part no. 67641)
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seat
A

seat
B

Pos.
1

Pos.
3

Pos.
4

location of the metallographic preparations
analyzed positions: cone and bearing seats
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Geometrical analysis of:

� dimensional and positional 
tolerances of the bearing 
seats and of the cone

� 3D-coordinate 
measurement machine

Results:

� more accuracy for Chiefmar 
spindle except for the cone 
position

� easy to fix problem

Further analysis:

� material analysis
� microscopy
� hardness measurement 

(Vickers hardness and 
elastic indentation 
modulus)

� chemical analysis 
(EBMA* method)

* EBMA: Electron Beam Microprobe Analysis
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Main Results of the Study: Steel Components

C45 Spindle Components:

C45 Worm Components:
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êndo

Probe: M4370-15 015-S-CH, 541691-02, 8,6600 mg

Probe: M4370-17 017-S-CH, 521875-01, 9,7240 mg

Probe: M4370-19 019-S-CH, 71440, 9,5870 mg
Probe: M4370-16 016-S-AL, 541691-02, 8,9170 mg

Probe: M4370-18 018-S-AL, 521875-01, 7,9120 mg

Probe: M4370-20 020-S-AL, 71440-00, 7,8690 mg

Integral 598,58 mJ
  normalis. 69,12 Jg -̂1
Peak 264,41 °C

Integral 665,88 mJ
  normalis. 68,48 Jg -̂1
Peak 263,92 °C

Integral 668,16 mJ
  normalis. 69,69 Jg -̂1
Peak 263,75 °C

Integral 594,52 mJ
  normalis. 66,67 Jg -̂1
Peak 263,64 °C

Integral 528,97 mJ
  normalis. 66,86 Jg -̂1
Peak 263,07 °C

Integral 537,45 mJ
  normalis. 68,30 Jg -̂1
Peak 264,67 °C

Wg -̂1
2
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Material Analysis for Seal Rings

Thermal analysis with the DSC method (differential scanning calorimetry):

� material was identified as polyamide 66 for Chiefmar and Alfa Laval (same melting temperatures)

� small differences in melting enthalpy and crystallization temperature 
� there are differences in the composition or structure (cross linking) of the final polymers

� thermal durability slightly higher for Chiefmar material



page 10
Comparative Study and Evaluation of Spare Parts for  Separators in Naval Application
Project Report for Chiefmar s.r.l., Genova, Italy

 

TTI GmbH an der Universität Stuttgart 
 

New Materials Technol ogies  
ein Technologietransferzentrum der  

e 

Parts no. 545800-01/02/003, 543446-03, 521863-01, 67 575-00 (rectangular rings) and
67587 (o-rings)

Polymer Components: Rectangular Rings and O-Rings

Geometrical analysis of:

� diameter of the rings
� patented optical 

measuring device
� cross section height and 

width
� measurement with 

laser scan 
micrometer

Further analyses:

� mechanical properties
� hardness analysis (Shore A) 

and tensile testing
� standardized material analysis

� thermogravimetric analysis 
(TGA)

� extraction analysis
� Fourier transform infrared 

(FT-IR) spectroscopy
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Results

� geometry:
good analogy between Chiefmar 
and Alfa Laval rectangular rings 
and o-rings

� hardness:
hardness differences are small 
(negligible)
� no hardness influence on 

operation behavior
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Mechanical Properties of Rectangular Rings and O-Rings
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Tensile test results

� statistical accuracy 
is not given due to 
low number of test 
specimens

� rectangular rings:
� trend to higher 

strength for Alfa 
Laval rings

� o-rings:
� difference in 

tensile strength is 
negligible
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Chemical Composition of NRC Rings

Material analysis of nitrile rubber compound (NRC) f or rectangular rings:

� thermogravimetry discovers larger fraction of elastomers for Alfa Laval material

� extraction and subsequent FT-IR spectroscopy yield the chemicals used for plastification (plastisizers)
� differences in the chemical composition of the plastisizers

� materials are quite similar, but with some differences in chemical composition and mass fractions of 
polymers, plastisizers and fillers

Remark: 

Only one Chiefmar 
ring and one from Alfa 
Laval were analyzed 
due to high costs of 
the analysis!

� Consistent ingredients of the pyrolyzates of extractable elements: butadiene and acrylonitrile 
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Main Results of the Study: Polymer Components
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NRC Rectangular Rings and O-Rings:

PA66 Seal Rings:
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Summary and Conclusions

� Differences between Chiefmar and Alfa Laval components are small, both for polymer and steel 
components

� Chiefmar steel components have similar material like Alfa Laval components; 
material properties only differ slightly, but Chiefmar could improve their components significantly by 
additional heat treatment at critical positions (like bearing seats)

� The accuracy of the steel components is in general comparable; however, a better attention on 
manufacturing metrology (e.g., length measurements) will improve quality and lead to better overall 
performance

� Dimensional and mechanical properties of the polymer parts are very similar between the two 
manufacturers (higher hardness of the Chiefmar PA66, higher strength of the Alfa Laval NRC)

� For the seal rings, optimization of the manufacturing process would increase component properties 
and accuracy (e.g., better cooling after manufacturing)

� For the NRC material (rectangular rings and O-rings), there are differences in chemical composition; 
larger fractions of elastomers could lead to better tensile strength of the Alfa Laval rings; however, 
the true influence of different polymers and plastisizers (or diluents) in the NRC materials cannot be 
appointed for sure, because the composition of rubber compounds is complex

� All measurements in this study were made on new polymer and steel components from Chiefmar 
and Alfa Laval. Therefore, statistical evidence of the results is not possible. If customers would 
return damaged parts, failure analysis could lead to better understanding of specific application-
oriented problems and improvement of the component design and manufacturing.


