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Nomenclature

a Center distance

b Face width

bw Web thickness

d Reference diameter

da Tip diameter

db Base diameter

E Young’s modulus

Ft Circumferential load

Ftu Bending fatigue limit circumferential load

L Length of path of contact

jt Transverse backlash

jbt Transverse base backlash

mn Normal module

mt Transverse module

N Number of load cycles

pbt Transverse base pitch

r Reference radius

ra Tip radius

rb Base radius

lw Rim thickness

x Coordinate axis

y Coordinate axis

z Number of tooth

z1 Number of tooth of driving gear

z2 , Number of tooth of driven gear

a Tip angle

n Normal pressure angle

t Transverse standard pressure angle

wt Pressure angle at the pitch cylinder

0 Helix angle on pitch cylinder

b Base helix angle

a Transverse contact ratio

Overlap ratio

Total contact ratio

Tangential angle
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Root stress

c Compressive root stress

t Tensile root stress

Suffixes

1 Driving gear, test gear

2 Driven gear, supporting gear

c Compression

max Maximum

min Minimum

solid Solid gear

t Tension; transverse section
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Fig. 1.1 Research flowchart 
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90 , 2.2 lw bw

, 2. 2. 

2 , ,

, JIS 4 JIS N8

Table 2.2 Chemical compositions of gear material(mass %)

Material C Si n P S 

S45C 
0.42  0.15  0.60

0.030 0.035 
0.48 0.35 0.90 

Table 2.1 Dimensions and calculated results of test helical gear pairs 

Normal module mn 4
Normal pressure angle n  20° 
Number of teeth z1 / z2 36 / 24* 
Face width  b mm 30 / 35* 
Transverse backlash jt m 640 
Helix angle  20° 
Transverse module mt 4.257 
Transverse pressure angle t 21.173° 
Base helix angle b 18.747° 

Reference diameter 
d1 mm 153.242 
d2 mm 102.162* 

Tip diameter 
da1 mm 161.242 
da2 mm 110.162* 

Base diameter 
db1 mm 142.896 
db2 mm 95.264* 

Transverse base pitch pbt 12.470 
Transverse base backlash jbt 596.796 
Pressure angle at the pitch 
cylinder wt 22.033° 

Center distance a mm 128.511 
Length of path of contact L 16.815 
Transverse contact ratio 1.348 
Overlap contact ratio 0.817 
Total contact ratio 2.165 
Material S45C 
Accuracy JIS Grade 4 (N8) 

*: Driven (Mating / supporting) gear
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Fig. 2.1 Photographs of test gear pairs used in measurement of root stresses 

(a) Test gear (b) Supporting gear 

(c) Gear pairs in mesh

Test gear 

Supporting gear 
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2. 2. 2
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,
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jt = 640 m , 2.4

jt 640 m

a = 105 150 mm 2.5

10 7 a

2.6

2 ,

2.1 a = 128.511 mm , 2.7

,

bw

l w

d a d 60 52

30

Part PA3

90

Part P0
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T3

T1 T2
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87 90 90
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Fig. 2.2 Shape and geometry of test gear (With symmetric web) 

Gear part sign P0 PA1 PA2 PA3 

Gear structure Solid Symmetric web 

Rim thickness lw mm * 2mn
** 1.5 mn

Web thickness bw mm - 7.5 5 
* : solid gear   **mn: normal module 
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To manual hydraulic pump

Fixing flange
Test gear
Supporting gear
Torque pick-up
Torque generator

 

To manual hydraulic pump

Fixing flange
Test gear
Supporting gear
Torque pick-up
Torque generator

Fig.2.3 Static load test machine 

To manual hydraulic pump

Fixing flange
Test gear
Supporting gear
Torque pick-up
Torque generator
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Fig. 2.4 Photograph of setting of backlash

Pick gauge 

Test gear 

Supporting gear 

Fig. 2.5 Schematic illustration of setting of meshing position (z1 / z2 = 36/24) 

, , Tooth number 

 a

a

Test gear (z1=36) 

Supporting gear (z2=24) 

inv a - inv wt

Center distance 
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Fig. 2.6 Photographs of setting of pitch point meshing position

Reading telescope 

Fig. 2.7 Photograph of tooth bearing adjustment by using red lead

Test gear 

Test teeth 

Supporting gear 

Scale 

(a) Red lead thickness is thick

(b) Red lead thickness is thin

Test teeth 

Test gear Supporting gear 
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Hofer’s critical section

No. 1, 2, 3, 4, 5 : Strain gages

Compressive
side

3 36 6 6 6

Pn

1
2 3

4 5

Fig. 2.8 Positions of strain gages

pbt = 16.81 mm

Beginning of 
engagement

(Root)

End of 
engagement

(Tip)

b
= 

30
 m

m
mn = 4
z2 / z1 = 24 / 36

0 = 20
b = 30 mm

= 18.747

pbt = 12.47 mm (P)

Fig. 2.9 Contact lines on the plane of action used 
in measurement of root stresses 
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Fig. 2.10 Photographs of static bending test machine and peripherals 

Test gear
(driving gear)

Supporting gear
(driven gear)

Torque initiation
part

Strain measurement 
device

Hydraulic pump

Dial gauge

Test gear

Supporting 
gear

Fig. 2.11 Photograph of tooth bearing by means of root
stresses measurement of Part P0 (Solid gear)
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Fig. 2.12 Flowchart of root stresses measurement of thin-rimmed helical gears ( 0=20 )

Gear pairs assembly 

Adjust the position of supporting 
gear pedestals 

jt = 640 m

a = 128.511 mm 

NO

Setting of backlash jt

Measurement of center distance a

YES 

Preparation of test gear (Line scribing, 
strain gages bonding etc.) 

Start 

Measured Calculated 

YES 

Setting of pitch point meshing 
position and tooth bearing 

Root stress measurement of solid helical gear part during static 
load test (Circumferential load Ft/b = 196, 392, 588 N/mm) 

NO

YES 

End 

Equal along the tooth 
trace

NO

Adjust tooth tip 
distance of test 
gear pairs 

NO

YES 

Tooth contact marking check by using red lead 

Comparison of measured and calculated root stress by  
Kubo-Umezawa method  

Root stress measurement of thin-rimmed helical gears part 
during static load test (Ft/b = 196, 392, 588 N/mm) 

Tooth bearing by means of  
measurement of root stress 

Adjust the position of supporting 
gear pedestals 
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2. 3. 1

2.13, 2.14 2.2 Part P0 Ft/b = 196, 392, 588 N/mm

b=30mm

2.13, 2.14
(2.2)

E = 206 GPa cmax

Acute side (A. side) Obtuse side (Ob. 

side) 2.13 ,

2.13 Ob. side

2.14 , 10

2.14

(2.11)

, ,  < 2

O. P. : Outer point ,  > 2

2.14 = 2.165

>2 , cmax

P , 2.9

Part P0 2.13

Part PA1 PA3
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A: Beginning of engagement
B: End of engagement
P: Pitch point 
pbt: Transverse base pitch

: Position of max. stress
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P: Pitch point 
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0=20 [lw = , bw / b = 1]

Ft / b = 196 N / mm
392 N / mm
588 N / mm

Calculated

Ft / b = 196 N / mm
392 N / mm
588 N / mm

Measured

A. side: Acute side of face width
Ob. side: Obtuse side of face width

Ft / b = 196 N / mm
392 N / mm
588 N / mm

Calculated

Ft / b = 196 N / mm
392 N / mm
588 N / mm

Measured

A. side: Acute side of face width
Ob. side: Obtuse side of face width

Fig. 2.13 Calculated root stresses and measured root stresses after 
tooth bearing by using red lead (P0, 0=20 )

cmax

Fig. 2.14 Calculated root stresses and measured root stresses after tooth bearing 
by means of measurement of root stresses (P0, 0=20 )



 - 17 -

2. 3. 2

2.15 , lw = 2mn mn bw /b = 0.25 b , 2.2

Part PA1 , lw = 1.5mn, bw /b = 0.25, 0.17 2.2 Part PA2, PA3
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2.9 PA1 PA2, PA3

2. 3. 3

2.16 , 2.14 Ft/b = 196, 392, 588 N/mm P0

2.17 , 2.15 Ft/b = 196, 392, 588 N/mm PA1, PA2 PA3

2.16, 2.17

2.16, 2.17 , 2.9 2.16, 2.17

P

2.17 , , ,

, , ,

, , Ob. 

side
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A: Beginning of engagement
B: End of engagement
P: Pitch point 
pbt: Transverse base pitch

: Position of max. stress
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0=20 [lw = 1.5mn, bw / b = 0.17 (PA3)]

Ft / b = 196 N / mm
392 N / mm
588 N / mm

Measured

A. side: Acute side of face width
Ob. side: Obtuse side of face width

(c) PA3 (lw = 1.5mn, bw /b = 0.17)

(a) PA1 (lw = 2mn, bw /b = 0.25) (b) PA2 (lw = 1.5mn, bw /b = 0.25) 

Fig. 2.15 Measured root stresses of thin-rimmed helical gears  
with symmetric web arrangement ( 0=20 )

cmax

cmaxcmax
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Fig. 2.17 Root stresses distributions of thin-rimmed helical gears  
( 0=20 , measured, symmetric web) [1/2] 
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Fig. 2.17 Root stresses distributions of thin-rimmed helical gears  
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2. 3. 4
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Fig. 2.20 Maximum root stress increment ratio cmax /( cmax)solid (Ft/b = 588 N/mm)

Fig. 2.18 Root stresses distributions at the worst  
meshing positions (Ft/b = 588 N/mm)

Fig. 2.19 Relation between circumferential load Ft/b
and maximum root stress cmax
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Fig. 3.1 Photographs of test gear pairs used in measurement of root stresses 

(a) Web side (b) Opposite side of web 

Part PB3

90

Part P0

Part PB2Part PB1

T3

T1 T2

T0

90 90

90bw

l w

d a
1

d 1 60 52

30

87

Fig. 3.2 Shape and geometry of test gear (With asymmetric web) 

Gear part sign P0 PB1 PB2 PB3 

Gear structure Solid Asymmetric web 

Rim thickness lw mm * 2mn
** 1.5 mn

Web thickness bw mm - 7.5 15 7.5 
* : solid gear   **mn: normal module 
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Fig. 3.3 Positions of strain gages 

(a) Mesh 1 (Web side is at the beginning of engagement) 

(b) Mesh 2 (Web side is at the end of engagement)
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P: Pitch point 
pbt: Transverse base pitch

: Position of max. stress
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Fig. 3.4 Calculated root stresses and measured root stresses after tooth bearing 
by means of measurement of root stresses (P0, 0=20 , mesh 1) 

Fig. 3.5 Calculated root stresses and measured root stresses after tooth bearing  
by means of measurement of root stresses (P0, 0=20 , mesh 2) 
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Fig. 3.6 Measured root stresses of thin-rimmed helical gears 
with asymmetric web arrangement ( 0=20 , mesh 1) 
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Fig. 3.7 Root stresses distributions of thin-rimmed helical gears  
( 0=20 , measured, asymmetric web, mesh 1) [1/2] 
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Fig. 3.7 Root stresses distributions of thin-rimmed helical gears 
( 0=20 , measured, asymmetric web, mesh 1) [Continued, 2/2] 
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Fig. 3.8 Measured root stresses of thin-rimmed helical gears 
with asymmetric web arrangement ( 0=20 , mesh 2) 
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Fig. 3.9 Root stresses distributions of solid helical gear (P0, 0=20 , mesh 2)
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Fig. 3.10 Root stresses distributions of thin-rimmed helical gears 
( 0=20 , measured, asymmetric web, mesh 2) [1/2]
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( ) Ft / b = 588 N/mm 
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Fig. 3.10 Root stresses distributions of thin-rimmed helical gears 
( 0=20 , measured, asymmetric web, mesh 2) [Continued, 2/2] 
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cmax  / ( cmax)solid

lw=1.5mn, bw / b=0.17 (PA3)

lw=2mn, bw / b=0.25 (PA1)

lw= , bw / b= 1.00 (P0)Solid

lw=1.5mn, bw / b=0.25 (PA2)
Symmetric

web

Asymmetric
web

lw=2mn, bw / b=0.25 (PB1)

lw=1.5mn, bw / b=0.5 (PB2)

lw=1.5mn, bw / b=0.25 (PB3)

0.4 0.5 0.6 0.7 0.8
W / Wsolid

lw=2mn,   bw / b = 0.25
lw=1.5mn,bw / b = 0.25
lw=1.5mn,bw / b = 0.17
lw=2mn,   bw / b = 0.25
lw=1.5mn,bw / b = 0.5
lw=1.5mn,bw / b = 0.25

With
symmetric
web

With
asymmetric
web

Fig. 3.17 Maximum root stress increment ratio cmax / ( cmax)solid
(Symmetric and asymmetric web, Ft/b = 588 N/mm)

Fig. 3.18 Weight ratio W / Wsolid (Symmetric and asymmetric web) 
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3.4

, 0=20 ,

 (1) mesh 1 Mesh 1: 

, : A. side

cmax(A. side) , : Ob. side cmax(Ob. side) , cmax(A. side)

, lw, bw , cmax(Ob. side) ,

(2) mesh 2 Mesh 2: 

, A. side tmax(A. side) ,

Ob. side tmax(Ob. side) , , , tmax , lw, bw

.

(3) max ,

mesh 1 ,

P , mesh 2 ,

bw /b = 0.25 b , PB1, PB3 , max P ,

bw /b = 0.5 PB2 ,  P

(4) max ,

, A. side .

(5) max , Ft/b

, , ,

(6) , max / ( max)solid , mesh 2

mesh 1 , , mesh 1

.

(7) A. side cmax(A. side) , ,

, , Ob. side cmax(Ob. side) ,

, ,

(8) cmax / ( cmax)solid , lw = 2mn, bw/b = 0.25

, 1.03, 1.29, lw = 1.5mn, bw/b = 0.25 ,
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1.25, 1.66 ,

lw, bw ,

lw = 2mn, bw/b = 0.25 ,

,
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4
( =10, 20, 30°)

4. 1

2, 3 , =20° ,

, , cmax

, , ,

,

, ,

, ,
(4.1) (4.5) , ,

,

, =10° 30° ,

, ,
(4.6) ,

(4.7) (4.9) , ,

, ,

,

,

, =10 30°

, =20°

4. 2

4. 2. 1

=20° , mn = 4, n = 20°, 

z1/z2 = 36/24, b = 30 mm/35 mm =10 30°

, 4.1

2.2 , 3.2 lw,

bw =20°

, 2 2. 2. 2

, JIS 4 JIS N8
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4. 2. 2

2.3 ,

2 2. 2. 2

, , 2.8 ,

, 3.3(a) 4.1

=10° =30° 1°

2° =10° =30°

=30° ,

,

, 2 2. 2. 2

4.2, 4.3 , = 10 30°

Normal module mn 4
Normal pressure angle n  20° 
Number of teeth z1 / z2 36 / 24* 
Face width  b mm 30 / 35* 
Transverse backlash jt m 640 
Helix angle  10° 30° 
Transverse module mt 4.062 4.619 
Transverse pressure angle t 20.283° 22.796° 
Base helix angle b 9.391° 28.024° 

Reference diameter 
d1 mm 146.222 166.276 
d2 mm 97.480* 110.852* 

Tip diameter 
da1 mm 154.222 174.284 
da2 mm 105.480* 118.856* 

Base diameter 
db1 mm 137.154 153.292 
db2 mm 91.436* 102.210* 

Transverse base pitch pbt 11.969 13.377 
Transverse base backlash jbt 600.315 590.010 
Pressure angle at the pitch 
cylinder wt 21.326° 23.519° 

Center distance a mm 122.696 139.314 
Length of path of contact L 16.966 16.197 
Transverse contact ratio 1.418 1.211 
Overlap contact ratio 0.415 1.194 
Total contact ratio 1.833 2.405 
Material S45C 
Accuracy JIS Grade 4 (N8) 

*: Driven (Supporting) gear

Table 4.1 Dimensions of test helical gear pairs 
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4. 3

4. 3. 1

4.4 , =10° Part P0 Ft/b = 196, 392, 588 N/mm b=30mm

4.5 , =30° Part P0 Ft/b = 196, 392, 588 N/mm

b=30mm

4.4, 4.5 ,

, (4.10)

E = 206 GPa cmax

Acute side (A. side), Obtuse side (Ob. side)

4.4(a), 4.5(a)

4.4(a), 4.5(a)

4.4(b), 4.5(b) , 10

4.4(b) =10° Part P0

4.5(b) =30°
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pbt = 16.20 mm
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(Root)

End of 
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0 = 10
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pbt = 16.97 mm
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(Root)

End of 
engagement

(Tip)

pbt = 11.97 mm (P)

Fig. 4.1 Contact lines on the plane of action used 
in measurement of root stresses 
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Fig. 4.2 Flowchart for root stresses measurement of thin-rimmed helical gears ( 0=10 )
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Fig. 4.3 Flowchart for root stresses measurement of thin-rimmed helical gears ( 0=30 )
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Fig. 4.4 Calculated root stresses and measured root stresses after tooth bearing (P0, 0=10 )

cmax



- 49 -

A: Beginning of engagement
B: End of engagement
P: Pitch point 
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Fig. 4.5 Calculated root stresses and measured root stresses after tooth bearing (P0, 0=30 )
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4. 3. 2

4.6 , lw = 2mn mn bw /b = 0.25 b , Part PA1 ,

lw = 1.5mn, bw /b = 0.25, 0.17 Part PA2, PA3 =10° Ft/b = 196, 392, 
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P: Pitch point 
pbt: Transverse base pitch

: Position of max. stress
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Fig. 4.6 Measured root stresses of thin-rimmed helical gears 
with symmetric web arrangement ( 0=10 )
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pbt: Transverse base pitch

: Position of max. stress
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Fig. 4.7 Measured root stresses of thin-rimmed helical gears 
with symmetric web arrangement ( 0=30 ) [1/2] 
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Fig. 4.7 Measured root stresses of thin-rimmed helical gears with 
symmetric web arrangement ( 0=30 ) [Continued, 2/2] 
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4. 3. 3
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Fig. 4.9 Measured root stresses of thin-rimmed helical gears 
with asymmetric web arrangement ( 0=10 )
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Fig. 4.14 Root stresses distributions of thin-rimmed helical 
gears ( 0=10 , measured, asymmetric web) [1/2]
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Fig. 4.14 Root stresses distributions of thin-rimmed helical gears 
      ( 0=10 , measured, asymmetric web) [Continued, 2/2] 
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Fig. 4.16 Root stresses distributions of thin-rimmed helical 
gears ( 0=30 , measured, symmetric web) [1/2]
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Fig. 4.16 Root stresses distributions of thin-rimmed helical gears 
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Fig. 5.1 Photographs of test gears used in bending fatigue test 
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Fig. 5.2 Shape and geometry of test gears used in bending fatigue tests 

Gear part sign P0 PA1 PA2 PA3 

Gear structure Solid Symmetric web 

Rim thickness lw mm * 2mn
** 1.5 mn

Web thickness bw mm - 7.5 5 
* : solid gear   **mn: normal module 

Gear part sign P0 PB1 PB2 PB3 
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Fig. 5.5 Flowchart of bending fatigue tests 
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Fig. 5.10 Photographs and illustrations of bending fatigue 
cracks (Symmetric web, 0=20 ) [1/2] 
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Fig. 5.10 Photographs and illustrations of bending fatigue cracks 
(Symmetric web, 0=20 ) [Continued, 2/2] 

Fig. 5.11 Photographs and illustrations of bending fatigue 
cracks (Asymmetric web, 0=20 ) [1/2] 
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Fig. 5.11 Photographs and illustrations of bending fatigue cracks 
(Asymmetric web, 0=20 ) [Continued, 2/2] 



- 89 -

5. 4

, =20°

, ,

(1) Ftu , lw = 2mn mn

bw/b = 0.25 b , PA1 9% ,

lw, bw lw = 1.5 mn, bw /b = 0.25 PA2 lw = 1.5 mn, bw /b = 0.17 PA3 Ftu

19%

(2) Ftu , lw = 2mn, bw/b = 0.25 PB1 lw = 1.5mn, bw /b = 0.5 PB2

14% , lw = 1.5 mn, bw /b = 0.17 PB3 Ftu 19%

(3) , PA1 , A. side, Ob. side Hofer ,

, PA2 A. side Hofer ,

, PA3 A. side Hofer Ob. side

, , PA2

,

(4) , PB1, PB2 PB3 , A. side

Hofer , Ob. side

, ,



- 90 -

6

,

=10, 20 30° ,

, ,

cmax cmax lw,

bw, ,

, ,

1 , , ,

2 ,

lw, bw , =20° ,

, cmax, , cmax , cmax

lw, bw , cmax , lw, bw , lw, bw

P

, cmax lw, bw A. side

.

3 ,

, =20°

, , lw, bw , cmax,

, cmax ,

, 1 , cmax , lw, bw

, lw, bw P ,

lw, bw A. side ,

cmax ,

,

4 ,

, =10 30°

, , cmax, , cmax

, cmax lw, bw =20°

, cmax , cmax , 2

<2 O. P. , 2 >2 P

, =30°

, cmax / ( cmax)solid ( cmax)solid: =20°

cmax , =20° =10 30° ,



- 91 -

, =20°

5 , , =20°

, ,

,

,

,

,



- 92 -

Universiti Malaysia 

Pahang Ministry of Education, Malaysia



 - 93 -

1.

1.1 0 = 10°

mn = 4 n = 20° z2/z1 = 24/36 0 = 10° jt = 640 m b = 30 mm 

 

Transverse module: 062.4
cos 0

n
t

m
m  

Transverse pressure angle: °

0

1 283.20=
cos
tan

tan= n
t  

Base helix angle: °
0

1 391.9=)cos(tantan= tb  

Reference radius: mm111.73=
2

= 1
1

zm
r t  

 mm740.48=
2

= 2
2

zm
r t  

Tip radius:  m
zm

r n
t

a mm111.77=+
2

= 1
1  

  mm740.52=+
2

= 2
2 n

t
a m

zm
r  

Base radius: mm577.68=cos
2

= 1
1 t

t
b

zm
r  

 mm718.45=cos
2

= 2
2 t

t
b

zm
r  

Transverse base pitch: mm969.11=cos= ttbt mp  

Transverse base backlash: m315.600=cos= ttbt jj  

Pressure angle at the pitch cylinder: °

21

1 326.21=+
+

tan2
sin2

= t
n

tt

bt
wt inv

zzm
j

inv  
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Center distance: 
( )

mm696.122=
cos
cos

2
+

= 21

wt

ttmzz
a  

Length of path of contact: mm966.16=sin+= 2
2

2
2

2
1

2
1 wtbaba rrrrL  

Transverse contact ratio: 418.1
btp

L
 

Overlap contact ratio: 415.0
sintan 00

nt m
b

m
b

 

Total contact ratio: 833.1  

1.2 0 = 20°

mn = 4 n = 20° z2/z1 = 24/36 0 = 20° jt = 640 m b = 30 mm 

 

Transverse module: 257.4
cos 0

n
t

m
m  

Transverse pressure angle: °

0

1 173.21=
cos
tan

tan= n
t  

Base helix angle: °
0

1 747.18=)cos(tantan= tb  

Reference radius: mm621.76=
2

= 1
1

zm
r t  

 mm081.51=
2

= 2
2

zm
r t  

Tip radius:  m
zm

r n
t

a mm621.80=+
2

= 1
1  

  mm081.55=+
2

= 2
2 n

t
a m

zm
r  
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Base radius: mm448.71=cos
2

= 1
1 t

t
b

zm
r  

 mm632.47=cos
2

= 2
2 t

t
b

zm
r  

Transverse base pitch: mm470.12=cos= ttbt mp  

Transverse base backlash: m796.596=cos= ttbt jj  

Pressure angle at the pitch cylinder: °

21

1 033.22=+
+

tan2
sin2

= t
n

tt

bt
wt inv

zzm
j

inv  

Center distance: 
( )

mm511.128=
cos
cos

2
+

= 21

wt

ttmzz
a  

Length of path of contact: mm815.16=sin+= 2
2

2
2

2
1

2
1 wtbaba rrrrL  

Transverse contact ratio: 348.1==
btp

L
 

Overlap contact ratio: 817.0
sintan 00

nt m
b

m
b

 

Total contact ratio: 165.2  

1.3 0 = 30°

mn = 4 n = 20° z2/z1 = 24/36 0 = 30° jt = 640 m b = 30 mm 

 

Transverse module: 619.4=
cos

=
0

m
m n

t  

Transverse pressure angle: °

0

1 796.22=
cos
tan

tan= n
t  

Base helix angle: °
0

1 024.28=)cos(tantan= tb  
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Reference radius: mm138.83=
2

= 1
1

zm
r t  

 mm426.55=
2

= 2
2

zm
r t  

Tip radius: mm142.87=+
2

= 1
1 n

t
a m

zm
r  

 mm428.59=+
2

= 2
2 n

t
a m

zm
r  

Base radius: mm
zm

r t
t

b 646.76=cos
2

= 1
1  

 mm
zm

r t
t

b 105.51=cos
2

= 2
2  

Transverse base pitch: mmmp ttbt 377.13=cos=  

Transverse base backlash: mjj ttbt 010.590=cos=  

Pressure angle at the pitch cylinder: °

21

1 519.23=+
+

tan2
sin2

= t
n

tt

bt
wt inv

zzm
j

inv  

Center distance: 
( )

mm
mzz

a
wt

tt 314.139=
cos
cos

2
+

= 21  

Length of action line: mm197.16=sin+= 2
2

2
2

2
1

2
1 wtbaba rrrrL  

Transverse contact ratio: 211.1==
btp

L
 

Overlap contact ratio: 194.1=
sin

=
tan

= 00

m
b

m
b

nt
 

Total contact ratio: 405.2=+=  
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2. 5.10, 5.11

 

2.1 0 = 20° , lw = 2mn, bw /b = 0.25 Part PA1
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(b) Ft = 25.5kN, N = 5.35×105 

Fig. 6.1 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA1, lw = 2mn, bw / b = 0.25) [1/3] 
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Fig. 6.1 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA1, lw = 2mn, bw / b = 0.25) [Continued, 2/3] 
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2.2 0 = 20° , lw = 1.5mn, bw /b = 0.25 Part PA2  
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(a) Ft = 25.5kN, N = 3.07×105 

Fig. 6.1 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA1, lw = 2mn, bw / b = 0.25) [Continued, 3/3] 

Fig. 6.2 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA2, lw = 1.5mn, bw / b = 0.25) [1/3] 
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Fig. 6.2 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA2, lw = 1.5mn, bw / b = 0.25) [Continued, 2/3] 
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Fig. 6.2 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA2, lw = 1.5mn, bw / b = 0.25) [Continued, 3/3] 
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2.3 0 = 20° , lw = 1.5mn, bw /b = 0.17 Part PA3  
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Fig. 6.3 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA3, lw = 1.5mn, bw / b = 0.17) [1/3] 
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Fig. 6.3 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA3, lw = 1.5mn, bw / b = 0.17) [Continued, 2/3] 
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2.4 0 = 20° , lw = 2mn, bw /b = 0.25 Part PB1  
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(a) Ft = 25.5kN, N = 3.59×105 

Fig. 6.3 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
symmetric web, PA3, lw = 1.5mn, bw / b = 0.17) [Continued, 3/3] 

Fig. 6.4 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB1, lw = 2mn, bw / b = 0.25) [1/3] 
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(c) Ft = 19.6kN, N = 9.08×105 
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(b) Ft = 21.6kN, N = 6.54×105 

Fig. 6.4 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB1, lw = 2mn, bw / b = 0.25) [Continued, 2/3] 
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2.5 0 = 20° , lw = 1.5mn, bw /b = 0.5 Part PB2  
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(d) Ft = 18.6kN, N = 2.75×106 
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(a) Ft = 25.5kN, N = 3.31×105 

Fig. 6.4 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB1, lw = 2mn, bw / b = 0.25) [Continued, 3/3] 

Fig. 6.5 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB2, lw = 1.5mn, bw / b = 0.5) [1/3] 
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(c) Ft = 21.6kN, N = 8.30×105 
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Fig. 6.5 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB2, lw = 1.5mn, bw / b = 0.5) [Continued, 2/3] 
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2.6 0 = 20° , lw = 1.5mn, bw /b = 0.25 Part PB3  
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(a) Ft = 20.6kN, N = 3.22×105 
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Fig. 6.5 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB2, lw = 1.5mn, bw / b = 0.5) [Continued, 3/3] 

Fig. 6.6 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB3, lw = 1.5mn, bw / b = 0.25) [1/3] 
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(b) Ft = 19.6kN, N = 7.56×105 
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(c) Ft = 18.6kN, N = 1.30×106 

Fig. 6.6 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB3, lw = 1.5mn, bw / b = 0.25) [Continued, 2/3] 
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(d) Ft = 17.6kN, N = 4.14×106 

Fig. 6.6 Photographs and illustrations of bending fatigue cracks ( 0=20 ,  
asymmetric web, PB3, lw = 1.5mn, bw / b = 0.25) [Continued, 3/3] 
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