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Characteristics of manufactured gear → NOT known

Designed gear / reference Manufactured gear

Transmission error = ✓ Transmission error = ?

Load distribution = ✓ Load distribution = ?

?

?✓
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Basic working principle in KISSsoft

Reference + Variants → LTCA



✓
✓
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Use case 1: Acceptance of gears

Batches of manufactured gears
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Manufacturing
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Measurement 
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Use case 2: Selection of economical process
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Use case 3: Design or process modification

Gear design for 
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Characteristics 

variation due to 

deviations Manufacturing
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STEP 1: KISSsoft Input: Macro geometry

Macro geometry input of the designed gear
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STEP 1: KISSsoft Input: Micro geometry

Gear 1 Gear 2

Profile Lead Profile Lead

Right flank Left flank Right flank Left flank
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STEP 1: KISSsoft Input: Manufacturing deviations from gear quality

Potentially, 2^n+1 calculations, where n is the number of independent modifications per flank 

plus one calculation for middle of tolerance field for all modifications, here n=7 → 129 

combinations for one single torque level. Analysis can be done for several torque levels 

simultaneously.
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STEP 2: LTCA of designed gear

Loaded contact analysis for reference geometry, considering 

system level deformation 
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STEP 2: LTCA of designed gear with tolerance variation

  
 

Loaded contact analysis for reference geometry with manufacturing tolerances / deviations 

superimposed, considering system level deformation 
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STEP 2: LTCA of designed gear

Resulting characteristics

without manufacturing deviation
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STEP 3: KISSsoft output: Measurement grid

Export measurement grid report to be used in GAMA
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STEP 5: GAMA measurement

Measurement of manufacturing deviation of pinion and gear 
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STEP 5: GAMA measurement

Measurement of manufacturing deviation of pinion and gear

Left flank Right flank
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STEP 6: Import measurement data to KISSsoft

Import the topological modification of manufacturing deviation into KISSsoft

Manufacturing deviation Combined modificationDesigned modification
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STEP 6: Import measurement data to KISSsoft

Convert measured manufacturing deviation into topological modification

- Read in deviation values for each grid node (yellow area)

- Estimate the edge values using extrapolation (green area)

- Subtract the maximum for all values to transform into negative values 

- Tooth thickness change is ignored

- Convert the values into positive as per KISSsoft format (positive value 

removes the material)



Slide 18 | 6th October 2020 | KISSsoft Webinar Design – Manufacture – Measure 

STEP 6: Import measurement data to KISSsoft

User interface, tab «Modifications» Create two variants of the 

microgeometry, one for “designed” and 

one for “measured”

For the “measured”, import the 

measurement data
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STEP 7: Contact analysis results of designed & manufactured gear

Based on design / reference As manufactured / measured
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Example case, heavy truck transmission gear set

without mfg. deviation with mfg. deviation

PPTE and excitation force are lower with manufacturing deviation. This is rather exceptional and might be 

happening as the manufacturing deviation is very small. 

Min Max ∆ μ

Without mfg. deviation / With mfg. deviation

Transmission error (mm) -29.8907 / -25.7335 -26.5268 / -23.0592 3.3639 / 2.6743 -27.6108 / -23.8161

Excitation force (N) 3773.96 / 3854.87 4619.43 / 4547.48 845.47 / 692.61 4357.92 / 4361.91

without mfg. deviation with mfg. deviation
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Example case, heavy truck transmission gear set

Reference, as designed

Based on as manufactured / 

measured
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Example case, heavy truck transmission gear set

with mfg. deviation with mfg. deviationwithout mfg. deviation without mfg. deviation

Min Max ∆ μ

Without mfg. deviation / With mfg. deviation

Power loss (W) 155.8756 / 158.4293 267.0384 / 261.2482 111.1628 / 102.8188 223.8706 / 220.3079

Efficiency (%) 96.0250 / 96.1112 97.6797 / 97.6417 1.6547 / 1.5305 96.6676 / 96.7206
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The manufactured gear has

- Lower transmission error and excitation force

- Lower sound pressure level because of the lower transmission error

- Slightly higher contact stress 

- Almost same bending stress 

- Slightly better efficiency

Note: In this example, the manufactured gear shows better behavior than the theoretical gear. This is rather exceptional but happens.

Example case, heavy truck transmission gear set

Topic Parameters Units Theoretical gear

Theoretical gear with 

tolerance 

(Quality ISO 6)

Manufactured 

gear

Behavior of 

Mfg. to Theo. (*)

Noise / 

Vibration

Transmission error (PPTE) µm 3.36 2.85 – 6.14 2.67 +

1st Harmonic (PPTE) µm 0.573 0.573 – 1.946 0.353 +

2nd Harmonic/ 1st Harmonic (PPTE) - 1.373 0.627 – 1.373 1.642 -

Sound pressure level (Masuda) dB(A) 40.7 39.3 – 45.9 38.7 +

Excitation force (Peak to Peak) N 845.47 727.19 – 1480.28 692.61 +

Strength

Contact stress, mean N/mm² 809 768 – 877 844 -

Bending stress, Pinion, max / mean N/mm² 377 / 155 344 – 538 / 155 – 195 342 / 161 ~

Bending stress, Gear, max / mean N/mm² 309 / 174 254 – 355 / 174 – 191 283 / 173 ~

Scuffing safety - 1.97 1.53 – 1.97 2.20 +

Efficiency
Power loss W 224 224 – 249 220 +

Efficiency % 96.67 96.29 – 96.67 96.72 +

(*) Manufactured gear has (+: better, ~: same, -: lower) performance. 
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Approach

▪ Design, manufacture, measure gear

▪ Designed gear geometry → reference characteristics

▪ Manufactured gear geometry is measured and 

imported to KISSsoft → as is characteristics

Use cases

▪ Accept / reject batches of gears manufactured

▪ Selection of economical manufacturing process(es)

▪ Change design and / or manufacturing process for 

required performance characteristics

Summary

Performance characteristics of manufactured gear



Slide 25 | 6th October 2020 | KISSsoft Webinar Design – Manufacture – Measure 

Characteristics of manufactured gear → known

Designed gear / reference Manufactured gear

!

!✓

✓
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Thank you for your attention!
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