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Introduction: calculation methods

Cylindrical gear strength can be calculation according to different standards:

ISO 6336, DIN 3990, AGMA 2001, AGMA 2101, VDI 2736, GOST 21354-87…

The main idea is to compare permissible values with calculated values:

The following condition has to hold:

𝑆𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑃𝑖𝑡𝑡𝑖𝑛𝑔) =
𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑆𝑡𝑟𝑒𝑠𝑠

𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑆𝑡𝑟𝑒𝑠𝑠

𝑆 ≥ 𝑆𝑚𝑖𝑛

𝑆𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑆𝑐𝑢𝑓𝑓𝑖𝑛𝑔) =
𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑠𝑐𝑢𝑓𝑓𝑖𝑛𝑔 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

𝑆𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑀𝑖𝑐𝑟𝑜𝑝𝑖𝑡𝑡𝑖𝑛𝑔) =
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑙𝑢𝑏𝑟𝑖𝑐𝑎𝑛𝑡 𝑓𝑖𝑙𝑚 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑙𝑢𝑏𝑟𝑖𝑐𝑎𝑛𝑡 𝑓𝑖𝑙𝑚 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝑆𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐵𝑒𝑛𝑑𝑖𝑛𝑔) =
𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑆𝑡𝑟𝑒𝑠𝑠

𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑆𝑡𝑟𝑒𝑠𝑠
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Condition:

calculated contact stress ≤ permissible contact stress
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Introduction: pitting resistance (ISO 6336)
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Introduction: permissible contact stress (ISO 6336)
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Condition:

calculated root stress ≤ permissible root stress

FPF  

Introduction: bending resistance (ISO 6336)
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Introduction: permissible root stress (ISO 6336)
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Rough Sizing
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Rough Sizing

Goal: find optimal center distance and face width. This will define

the gearbox dimensions.

The choice of optimal solution depends on the defined target(s):

▪ Low weight

▪ Low size

▪ Max. Torque

▪ Max. Power density
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Rough Sizing

Combination of goals: high power density at low size

Smallest size High power density Smallest weight

low size
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Fine Sizing
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Fine Sizing

Goal: optimal gear macro-geometry

Possible Target: 

Find a solution with high Safety Factors, low Weight, low Noise Excitation (high 

contact ratio) and high Efficiency.
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Fine Sizing

The consideration of available cutters in the early design process can save a lot of

effort in further design steps. 

Standard cutter profile: ISO 53 Profil A

▪ Standard cutter (lower costs)

▪ Lower contact ratio

▪ Lower root stresses

▪ Higher noise excitiation

Deep Tooth Form

▪ Special cutter (higher costs)

▪ Higher contact ratio

▪ Higher root stresses

▪ Lower noise excitation
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Sizing of grinding stock
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Sizing of grinding stock

If the flank is ground and the root not, a grinding notch will appear in the root 

area.

Due to the notch effect, the root stresses will increase.

In order to avoid the grinding notch, a protuberance cutter is designed.
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Sizing of protuberance cutter

𝑝𝑟𝑝𝑜 ≥ 𝑞

𝛼𝑝𝑟𝑃0

ℎ𝑝𝑓𝑃0

defined

calculated
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Feasibility assessment for Power-Skiving

KISSsoft performs a feasibility assessment for manufacturing Power-Skiving

❖ Checks if a given gear can be manufacturing by Power-Skiving 

❖ Sizing of tool’s number of teeth

❖ First collision check

❖ For external and internal gears
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Calculation of deformation

Example: Influence of Bearing Stiffness on shaft Displacement

The gear inclines due to shaft deformation. If not compensated by lead

modifications, this will result in an uneven load distribution on the tooth flank.
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Calculation of face load factor

Definition of the Face Load Factor 𝐊𝐇𝛃 (ISO 6336−1)

ISO 6336-1 Annex E:     Considers shaft deformation and flankline

modifications

𝐾𝐻β =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑖𝑛𝑒 𝑙𝑜𝑎𝑑

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑖𝑛𝑒 𝑙𝑜𝑎𝑑
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Calculation of face load factor with manufacturing allowances

Manufacturing errors like axis non-parallelism (𝑓𝑚𝑎) und helix slope deviation

(𝑓𝐻β) can be considered in the calculation. Since manufacturing errors can have 

either a positive or a negative sign, several scenarios must be analysed. 

▪ fma = 0 and fHβ = 0
▪ fma (+) and fHβ (+)
▪ fma (+) and fHβ (-)
▪ fma (-) and fHβ (+)
▪ fma (-) and fHβ (-)

According to ISO 6336, Annex E, the strength calculation must be performed with 

the highest face load factor (in this example, KHβ =2.2) that results from the 

above 5 cases. 
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Sizing of flankline (lead) modifications with manufacturing constraints
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Sizing of flankline (lead) modifications with manufacturing constraints

In order to optimize the load distribution along the face width with manufacturing

errors, often a crowning 𝐶β and a helix angle modification 𝐶𝐻β is introduced.

Conclusion: Flankline modifications are used to optimize the line load 

distribution. In this example, the face load factor was reduced from 2.2 down to 

1.4. Applying the resulting face load factor in the strength calculation resulted in 

45% higher root safety and 20% higher flank safety. 
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Twist due to manufacturing

When using generation grinding to produce crowning in helical gears, a twist may 

appear due to the grinding motion of the tool. If not compensated, this may lead to 

a higher effective line load.

The twist due to manufacturing can be estimated in KISSsoft and applied for a 

detailed contact analysis.
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Die Kontaktanalyse rechnet die Zahndeformation unter Last und die Spannungen

über den gesamten Eingriff und Zahnbreite. Die Berechnung basiert auf dem FVA-

Bericht 129 und 134 nach Weber und Banaschek und ist ein

alternativer Ansatz zu einer FE-Berechnung.

With kind permission, SONA BLW Precision Forgings, India

Loaded Tooth Contact Analysis (LTCA)
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Loaded Tooth Contact Analysis (LTCA)

A loaded tooth contact analysis evaluates the meshing under loaded conditions. 

Important parameters such as:

▪ Contact Shocks

▪ Transmission error (TE)

▪ Amplitude spectrum of TE

▪ Contact ratio under load

are calculated.

What is the optimal profile modification?



Efficient layout procedure of cylindrical gears with manufacturing constraints – MSc. ETH I. Tsikur32

Rough Sizing

Rough Sizing Fine Sizing

Grinding 
Stock

Sizing

Cutter Sizing

Deformation 

Face Load 
Factor

Manufacture

Measure

Profile 
Modifications

Contact 
Analysis

Crowning
Helix Angle 

Modifications

Tragbild

Lebensdauer

Kompensation Herstellfehler / Lagerluft

Variable Deformation

Geräusch

Fressen

Wirkungsgrad

Kontakttemperatur



Efficient layout procedure of cylindrical gears with manufacturing constraints – MSc. ETH I. Tsikur33

Sizing of profile modifications

▪ Transmission error (TE)

▪ Amplitude of TE (PPTE)

▪ Harmonics of TE

▪ Force excitation

▪ Path of contact under load

▪ Contact ratio under load
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Sizing of profile modifications

An optimal profile modification eliminates contact shocks, reduces the peak-to-

peak transmission error and eliminates higher orders of harmonics, to ensure a 

smooth transmission error curve that is similar to a sin-wave. 
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Sizing of profile modifications

In KISSsoft, it is possible to assess which modifications can be manufacturing by

a list of available Dressing Wheels or Grinding Worms. 

Considering existing tools in the design process may further reduce

manufacturing costs during the grinding process.
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Manufacturing Data
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Measurement Data (GDE / Measurement Grid)



Efficient layout procedure of cylindrical gears with manufacturing constraints – MSc. ETH I. Tsikur39

Summary

Rough Sizing

Fine Sizing

Manufacturing & Measurement Data
Contact Analysis

Micro-Geometry

Manufacturing

Measuring

Deformation
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Calculation Example
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Calculation Example

𝑖12= 2.3 𝑖34= 3.7
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