Calculation Method of Ball
Bearing for Transmission
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1. Scope of Application

This shall be applied to life calculation of deep ball bearing used for manual transmission

for car.

2. Purpose

This shall be for life calculation direction required for selecting rolling bearing for power

transmission axis support used in manual transmission for car.

3. Definition of Terminology
(1) Basic dynamic load (C)
Constant load making fatigue life (L.,,) 10° rotation at the condition of rotating inner

wheel and stopping outer wheel. However, life extension effect from matenal shall not

included.(kg)
(2) Fatigue life(L)
Total rpm with no material damage from rolling fatigue. L,, shall be 90% probability

(Basic life) and L, shall be 99%.

- - 3 B 10°
0=(C/PI[x10%°rev.] = (C/IP) x — [Hr]

60 x N

L1 = 021 X L10

Where, P : Bearing load(kg)

N : rpm(rpm)

P : 3A (Ball bearing), 10/3 (Roller bearing)
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(3) Basic static load(Co)

Static load when permanent deflection amount of rotating part and orbit become 0.0001
times of diameter of rotating part at intersection part with maximum load. (kg)

(4) Equivalent load(P)
Constant load passing bearing center with same fatigue life as real life on several
rotating condition and load condition

This shall be calculated from the following equation.

P = XF, + YF,

Where, P : Equivalent load(kg)
F, : Radial load
F, : Aaxial load
X : Radial load coefficient
Y : Axial load coefficient

(5) Static equivalent load(Po)

When bearing stop (Including low speed rotation and fluctuation), the ioad induced in
Intersection of rotating part and orbit having max load and the same deflection as max

deflection on real load condition.
P, = XF, +Y,F,
P,=F,
* Select larger one out of two equations.

Where, P, : Static equivalent load (kg)

F, . Radial load(kg)
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., : Axial load(kg)

X, . Static radial load coefficient

Y, : Static axial load coefficient
(6) Road distance factor

When driving distance of each gear shall be 100%, distance ratio of each gear (%).

(7) Torque factor
Real torque ratio used for shifting of each gear of transmission to engine maximum
torque. (%)

(8) Trustworthiness coefficient
When driving bearing on same condition and 90% do not damaged from rolling fatigue,

this shall be 1. trust ratio shall be 90%. trust ratio exceeding 90% shall be as the

following table 1.

Table 1 Trust ratio f;

(9) Material coefficient

Coefficient correcting composition, cleanness, resolution method and heat treatment of

bearing matenal.

Air resolution steel shall be f,, = 1, vacuum gas steel shall be f,, = 3, vacuum resolution

steel shall be f,, = 5.
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(10) Hardness coefficient

When surface hardness HRC of contacting area of rotating part is lower than 58 ~ 64,

life shall be reduced and allowable load shall be reduced

Table 2 Hardness coefficient f,

Hardness (HRC) 60 55 50 40 30 20 10
f 1.00 0.80 0.50 0.20 0.10 0.04 0.02
I—'_——————-_—_____—__

(11) Temperature coefficient

Bearing load shall not be influenced by operation to 100°C. However, material

composition change shall happen and life shall change with reduced load when it shall

be more than 100C or high temperature for a short time.

Table 3 Temperature coefficient f;

Temperature(TC) | 100 125 150 176 | 200 225 250

Ball bearing 1.00 095 | 0.90 0.85 0.75 0.65 0.60

' Roller bearing | 1.00 0.93 0.86 0.81 068 | 0.58 0.50

(12) Used condition coefficient

This shall be for compensating load, lubrication. temperature condition of bearing.

Normally, this shall be f, = 1. On disadvantageous condition, life shall be reduced and

fv <1

4. Symbol Explanation

C : Basic dynamic load, kg

C, : Basic static load, kg

P : Dynamic equivalent load, kg
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P, : Static equivalent load, kg

P.. : Average dynamic equivalent load, kg

K : Tooth load exerting vertical to ground, kg
K, : Tangential force of tooth load K

K, : Axial force of tooth load K, kg

K, : Section force of K normal to axial center line.

A mon : Tooth vertical module

Yo . Dimension radius, mm

Z : Tooth number

Q. . JOOth vertical pressure angle, degree
B, : Torsion angle on pitch circle, degree
Ry : Tire dynamic load radius, m

F., : Road distance factor, %

fr . Trust ratio

f., - Maternal rate

f, : Hardness rate

fr . Temperature rate

f, . Used condition rate

i, . Gear ratio

; . Final reducing ratio

T : Engine input torque,kg-m

5. Quoted Material
(1) ‘Rolling bearing’, NSK

(2) ‘Bearing Applications in Motor Vehicles’, SKF
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(3) 'Bearing’, Nachi
(4) 'Bearing Life Calculation for Bongo T/M’, NSK

(5) Bearing techique’

6. Calculation Method and Procedure

6.1 Calculation summary

6.1.1 Bearing load calculation flow

Engine .
output

Gear load calculation on input shaft
* For FF : Primary gear
For FR : Main drive gear

Gear load calculation on counter shaft
* +F do not have relevant points.

Ear load at
l each gear

Gear load caiculation on output shaft
* For FF : Secondary shaft
For FR : Main shaft

Gear load calculation of diff. side
* FR do not have relevant points

!

I Bearing load calculation at @ach gear ‘

l

l Bearing radial, thrust load calculation at each gear \

| Beanng load

at each gear

' Equivalent ioad calculation I

!

I L10 life calculation I

!

I Dnving distance calculation at car l

6.1.2 Assumption on bearing load calculation

(1) Engine output shall be based on max torque.
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