
NVH and lightweight construction are two challenging requirements for 
transmission systems of electric vehicles. In this context, the intrinsic 
porosity of powder metallurgy (PM) acts as a damper, which enhances 
NVH performance. The design flexibility enabled by PM has also been 
investigated for reducing gear noise. The objective of this work is to 
examine the NVH behavior of PM gears with polymer infiltration in web-
optimized cavities. The damping ratio of four polymer blends was 
evaluated using simplified specimens through the half-power method in 
an impact hammer test. Based on these experiments, the blend that 
offered the highest damping was selected for NVH testing in a gear test 
rig. A topology-optimized gear was produced, and the polymer was 
infiltrated into the cavities of its body. Four gear variants were tested, 
and the benefits of PM material, topology optimization, and polymer 
infiltration were individually validated. A twelvefold increase in damping 
was observed for the infiltrated PM gear. A mass reduction of 32% was 
achieved with the optimized gear while keeping the transmission error at 
the same level. Additionally, the infiltrated design exhibited a smoother 
vibration transition during speed changes in dynamic tests. It can be 
concluded that powder metallurgy and polymer infiltration are 
promising solutions for addressing the NVH demands of electrified 
powertrains.
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Gear Noise, Vibration and Harshness

Electric Vehicle Market Scenario
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Two-third of all vehicles 
sold in 2035 could 
be electric.
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Objective and Approach

Observation
The inherent porosity of PM components 

enhances structural damping, thereby 
improving the performance of PM gears.

Potential of NVH enhancement of PM gears with polymer 
infiltration in web-optimized cavities. 

Objective

Hypothesis
Creating optimized holes in the gear web and 
infiltrating them with polymer could enhance 

damping and improve NVH performance.

Develop the gear topology 
optimization.

Evaluate the damping 
properties of polymer-

infiltrated gears.

Determine the vibrational 
characteristics of the optimized 

and polymer-infiltrated gear.

Sub objective #01 Sub-objective #02 Sub-objective #03

IX - 5

A
cc

el
er

at
io

n
 [

m
m

/s
²]

Time [s]

Design Space

To
o

th
 S

ti
ff

n
es

s

   

   

   

 .7  .9  .   .  .   . 

PropagationExcitation

The Dilemma of Polymer Infiltration

Powder Metallurgy and Polymer Infiltration

Sustainable Manufacturing

Powder Pressing Sintering 

Reduced scrap, no cutting fluids 
and near-net shape parts

The Potential of PM Gears

Low Noise
Propagation

Improved
Strength

Weight
Reduction

Design freedom enables the fulfillment
of electrification requirements 

SACM21 SACM21 MPP21
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Gear Topology Optimization

Boundary Conditions

HPSTC
Pitch Circle

LPSTC

     

               
           
        
            

ITA Geometry

              

     

     
550 N/mm²❑ Center Distance (a): 71 mm 

❑ Number of Teeth (z): 21

❑ Normal Module (m): 2.85 mm

❑ Pressure Angle (α): 17.5°

❑ Tip diameter (da): 65.510 mm

❑ Width (b): 24 mm 

❑ WS Material: 16MnCr5

❑ PM Material: Astaloy 85 Mo

ISO 6336:2019

FEM
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272 grams

Gear Topology Optimization

Optimized Gear Geometry and Tested Variants

ITA Geometry

32 %
Mass

Final Shape

282 grams

415 grams
368 grams

Initial Shape

298 grams

Gear Variants

Wrought Steel
(REF)

Powder Metallurgy
(PM)

Polymer Infiltrated
(PM_PO)

Topology Optimized
(PM_TO)
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Infiltrated Gear NVH Assessment

❑ Excitation (Static Transmission Error measurement)

– Torque: 0 up to 180 Nm;

– Speed: 60 rpm (quasi-static condition); 

– Response: PPTE.

❑ Structure-Borne Noise

– Torque: 0 up to 180 Nm;

– Speed: 0 up to 3500 rpm;

– Response: Housing Vibration.
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NVH Testing Procedure
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Damping Assessment

Polymer Infiltration and Modal Testing

Polymer Infiltration Parameterization

Soft foam

Acquisition Module
PXIe - 4492

Accelerometer
PCB 352C33

Hammer
PCB 086C03

Force (F) Vibration   

Sample rate: 40 kS/s

FRF:    
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Damping ratio: ζ  
     

   

Half Power Method

Simplified specimen with PM 
optimization possibilities

5 polymer blends were developed and infiltrated into the simplified 
specimen

Blend 1 Blend 2 Blend 3 Blend 4 Blend 5
PP EVA ResinPP+PIB24 PP+EVA+Resin
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Gear Variants Modal Analysis

REF PM_POPM_TO

1st: 12.1 kHz 2nd: 13.0 kHz 3rd: 13.2 kHz 4th: 13.4 kHz 4th: 10.5 kHz1st: 8.4 kHz 2nd: 9.0 kHz 3rd: 9.5 kHz

Stiffness 
reduction

Peak reduction caused 
by polymer infiltration

Damping Assessment of Gear Variants

REF TO
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Damping Behavior of Polymer Blends

Polymer Blend Selection Based on Damping Ratio

B5B4B3B2B1#
268%179%171%427%300%Mode 1

Increase in Damping
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Ref. Blend 2

The “Blend 2” polymer was chosen to 
infiltrate the gear web and evaluate 

NVH performance

The “Blend 2” polymer showed 4 times 
higher damping compared to the simplified 

non-infiltrated specimen
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NVH Testing
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▪ Topology optimization hasn’t significantly changed the static TE

PPTE: 9.1 μm

PPTE: 12.5 μm

PPTE: 12.9 μm

PPTE: 13.0 μm
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Damping assessment of gear variants
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Gear Variants Modal Analysis

REF PM_POPM_TO

1st: 12,1 kHz 2nd: 13,0 kHz 3rd: 13,2 kHz 4th: 13,4 kHz 4th: 10,5 kHz1st: 8,4 kHz 2nd: 9,0 kHz 3rd: 9,5 kHz

REF TO

The polymer-infiltrated PM gear exhibited a 12x higher 
damping
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▪ Gears with higher damping exhibited smoother vibration transients

Gearbox Dynamic Testing
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Summary and Outlooks

▪ The proposed topology
optimization method
achieved a 32% reduction in
mass while maintaining the
same level of excitation;

▪ The polymer infiltration
into the gear web increased
structural damping by a
factor of 12;

▪ The enhanced structural
damping demonstrated
strong potential for
attenuating vibration
transients.

Summary Outlooks

PEGASUS

FinishingPM Gears Strength

AGENO
NVH-optimized 
design

Multi-body 
simulation

AI-driven 
calculation

E-mobility

Lattice meta-
-materials
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