
Mechanical Engineering Design II

Eighteenth & Nineteenth Lectures

Design of Spur Gear



Power Transmission 
Problem

? ?

Proposed solution
(Spur Gear)



Gear Manufacturing

(a) Form milling cutter (b) Spur gear shaper cutter 

(c) Hob for small pitch gears having large teeth (d) Hob for high pitch gears having small teeth



Basic Spur Gear Geometry

Chapter.8 page. 309 pdf



Kinematics of Spur Gear

Torque (N.m)

Transmitted Power (watt)

Rotational Speed (rad/sec)

Pitch Diameter (m)

Tangential Force (N)



Surface failure

Root failure

Modes of Gear Tooth Failure

1. Bending failure.

2. Pitting.

3. Scoring.

4. Abrasive wear.

5. Corrosive wear.
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Spur Gear Design 
The power to be 
transmitted

The speed of the 
driving gear

The center distance

The speed of the 
driven gear or the 
velocity ratio

The gear teeth should not fail 
under static loading or 
dynamic loading during 
normal running conditions.

The use of space and material 
should be economical.

The alignment of the gears 
and deflections of the shafts 
must be considered.

The gear teeth should have 
wear characteristics so that 
their life is satisfactory.

The lubrication of the gears 
must be satisfactory.

Designer

Type of driver and 
driven load

Other information 
related to problem 
specification



Flowchart for spur gear designing process:
Transmitted Power , Input and Output speed, Center 

distance, Type of driver and driven load 

Choose the over load factor (Ko) from 
Table (9-5) page(389) (405pdf)  

1

Compute the design power
Design Power=Ko x transmitted power



Find the trial value for 
Diametral pitch (Pd) or Module (m) 
and Pitch Diameter (Dp) from 
Figure 9-27 page.409 (425 Pdf) 

1

2



Specify the no. of teeth for Pinion ࡼࡺ (from 17  to  20)

2

3

Compute the nominal velocity ratio ࡾࢂ ൌ ࡼ࢔
ࡳ࢔

Compute the approximate no. of teeth for Gear 
ࡳࡺ ൌ ࡼࡺ ൈ ࡾࢂ	

Compute the actual velocity ratio ࡾࢂ ൌ ࡳࡺ
ࡼࡺ

Compute the actual output velocity ࡳ࢔ ൌ ࡼ࢔
ࡼࡺ
ࡳࡺ

Compute the pitch diameters ࢖ࡰ ൌ
࢖ࡺ
ࢊࡼ
	 , ࡳࡰ ൌ

ࡳࡺ
ࢊࡼ

, center distance ࢉ ൌ ࡳࡺାࡼࡺ
૛ࢊࡼ

,  

pitch line speed ࢚࢜ ൌ
ࡼ࢔࢖ࡰ࣊
૟૙

and tangential force,  ࢚ࢃ ൌ
૛ࡼ

࢖࢔ࡼࡰ



3

4

Specify the face width within the following recommended range for general 
machine drive gears:

ૡ
ൗࢊࡼ ൏ 	ࡲ ൏ 	 ૚૟ ⁄ࡼ Nominal value of ࡲ ൌ ૚૛

⁄ࡼ

Specify the quality number Qv , from Table (9-2) page (378) (394 pdf)



4

5

Root (Bending) Failure 
Mode

Analyzing of gear tooth failure mode 

Surface (Pitting, Scoring,…) 
Failure Mode

Bending Stress Number

࢚ࡿ ൌ
ࢊࡼ࢚ࢃ
ࡶ	ࡲ ࢜ࡷ࡮ࡷ࢓ࡷ࢙ࡷ࢕ࡷ ൏ ࢚ࢇࡿ

ࡺࢅ
.ࡿሺࡾࡷ ሻࡲ

Contact Stress Number

ࢉࡿ ൌ ࢖࡯
࢜ࡷ࢓ࡷ࢙ࡷ࢕ࡷ࢚ࢃ

ࡵ࢖ࡰࡲ
൏ ࢉࢇࡿ

ࡴ࡯ࡺࢆ
.ࡿሺࡾࡷ ሻࡲ

Find the values of factors 
,ࡶ) ,ࡵ ,	࢙ࡷ ,	࢓ࡷ ,	࡮ࡷ ,	࢜ࡷ ,	࢖࡯ ,	ࡺࢅ ,	ࡺࢆ ,	ࡴ࡯ ,	ࡾࡷ .ࡿ  as in (ࡲ

the following steps



Specify the type of material for the gears to find the Elastic Coefficient 
Cp from Table (9-9) page(400) (Pdf 416) 

5

6



Specify the bending geometry factor ( J )  from figure (9-17) page (387) (403pdf):

6

7



7

Specify the pitting geometry factor ( I )  from figure (9-23) page (402) (418 pdf):

8



8

Specify the size factor (KS) from Figure (9-6) 
page (389) (293 pdf) 

9

Specify the rim thickness factor (KB) from 
Figure (9-20) page (392) (408 pdf) 



Determine the load distribution factor (Km) :		࢓ࡷ ൌ ૚. ૙ ൅ ࢌ࢖࡯ ൅ ࢇ࢓࡯

Where ࢌ࢖࡯= pinion proportion factor from figure (9-18) page(391) (407 pdf)

mesh alignment factor from figure (9-19) page(391) (407 pdf) =ࢇ࢓࡯

9

10



10

Specify the dynamic factor (Kv)  from figure (9-21) page (393) (409 pdf):

11



11

Specify the hardness ratio factor from Figure (9-25 & 26) page (404) (420 pdf)

Specify the safety factor (S.F)  typically from 1 to 1.5 

12



12

Specify the reliability factor (KR)  
from Table (9-8) page (396) (412 

pdf):

13

Specify the stress cycle life (YN)  
from Figure (9-8) page (395) 

(411 pdf):



13

Specify the pitting resistance stress cycle factor (ZN)  from figure (9-24) page (403) 
(419 pdf):

14



14

Check if the selected material satisfy the following design conditions:

࢚ࡿ
.ࡿሺࡾࡷ ሻࡲ
ࡺࢅ

൏ ࢚ࢇࡿ

ࢉࡿ
.ࡿሺࡾࡷ ሻࡲ
ࡴ࡯ࡺࢆ

൏ ࢉࢇࡿ

Choose material for pinion and gear or (Sac , Sat) from figures [(9-10) page (379) 
(395pdf) , (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4) 

page (385) (401pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].



Mechanical Engineering Design II

Twentieth Lecture

Design of Helical Gear



Power Transmission 
Problem

? ?

Proposed solution
(Helical Gear)



Gear Manufacturing

(a) Form milling cutter (b) Spur gear shaper cutter 

(c) Hob for small pitch gears having large teeth (d) Hob for high pitch gears having small teeth



Basic Helical Gear Geometry and force Kinematics



Surface failure

Root failure

Modes of Gear Tooth Failure

1. Bending failure.

2. Pitting.

3. Scoring.

4. Abrasive wear.

5. Corrosive wear.
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Helical Gear Design 
The power to be 
transmitted

The speed of the 
driving gear

The center distance

The speed of the 
driven gear or the 
velocity ratio

The gear teeth should not fail 
under static loading or 
dynamic loading during 
normal running conditions.

The use of space and material 
should be economical.

The alignment of the gears 
and deflections of the shafts 
must be considered.

The gear teeth should have 
wear characteristics so that 
their life is satisfactory.

The lubrication of the gears 
must be satisfactory.

Designer

Type of driver and 
driven load

Other information 
related to problem 
specification



Flowchart for spur gear designing process:
Transmitted Power , Input and Output speed, Center 

distance, Type of driver and driven load 

Choose the over load factor (Ko) from 
Table (9-5) page(389) (405pdf)  

1

Compute the design power
Design Power=Ko x transmitted power



Find the trial value for 
Diametral pitch (Pdn) or Module (m) 
and Pitch Diameter (Dp) from 
Figure 9-27 page.409 (425 Pdf) 

1

2



Specify the no. of teeth for Pinion ࡼࡺ (from 17  to  20)

2

3

Compute the nominal velocity ratio ࡾࢂ ൌ ࡼ࢔
ࡳ࢔

Compute the approximate no. of teeth for Gear ࡳࡺ ൌ ࡼࡺ ൈ ࡾࢂ	

Compute the actual velocity ratio ࡾࢂ ൌ ࡳࡺ
ࡼࡺ

Compute the actual output velocity ࡳ࢔ ൌ ࡼ࢔
ࡼࡺ
ࡳࡺ

Compute the pitch diameters ࢖ࡰ ൌ
࢖ࡺ
ࢊࡼ
	 , ࡳࡰ ൌ

ࡳࡺ
ࢊࡼ

, center 

distance ࢉ ൌ ࡳࡺାࡼࡺ
૛ࢊࡼ

,  pitch line speed ࢚࢜ ൌ
ࡼ࢔࢖ࡰ࣊
૟૙

, axial pitch 

࢞ࡼ ൌ
࣊

ࢊࡼ ୲ୟ୬ ࣒
ࢊࡼ , ൌ ࢔ࢊࡼ cos࣒ and tangential force,  ࢚ࢃ ൌ

૟૙ࡼ
࢖࢔ࡼࡰ࣊



3

4

Compute the face width :ࡲ ൌ ૛	࢞ࡼ

Specify the quality number Qv , from Table (9-2) page (378) (394 pdf)



4

5

Root (Bending) Failure 
Mode

Analyzing of gear tooth failure mode 

Surface (Pitting, Scoring,…) 
Failure Mode

Bending Stress Number

࢚ࡿ ൌ
ࢊࡼ࢚ࢃ
ࡶ	ࡲ ࢜ࡷ࡮ࡷ࢓ࡷ࢙ࡷ࢕ࡷ ൏ ࢚ࢇࡿ

ࡺࢅ
.ࡿሺࡾࡷ ሻࡲ

Contact Stress Number

ࢉࡿ ൌ ࢖࡯
࢜ࡷ࢓ࡷ࢙ࡷ࢕ࡷ࢚ࢃ

ࡵ࢖ࡰࡲ
൏ ࢉࢇࡿ

ࡴ࡯ࡺࢆ
.ࡿሺࡾࡷ ሻࡲ

Find the values of factors 
,ࡶ) ,ࡵ ,	࢙ࡷ ,	࢓ࡷ ,	࡮ࡷ ,	࢜ࡷ ,	࢖࡯ ,	ࡺࢅ ,	ࡺࢆ ,	ࡴ࡯ ,	ࡾࡷ .ࡿ  as in (ࡲ

the following steps



Specify the type of material for the gears to find the Elastic Coefficient 
Cp from Table (9-9) page(400) (Pdf 416) 

5

6



Specify the bending geometry factor ( J )  for 15o normal pressure angle from figure 
(10-5) page (456) (472pdf):

6

7

ࡶ ൌ
ࢅ
࢚ࡷ

ࢅ ൌ ࢘࢕࢚ࢉࢇࢌ	࢙࢏࢝ࢋࡸ
factor	concentration	stress	=࢚ࡷ



Specify the bending geometry factor ( J ) for 20o normal pressure angle from figure 
(10-6) page (457) (473pdf):

7

8



Specify the bending geometry factor ( J ) for 22o normal pressure angle from figure 
(10-7) page (458) (474pdf):

8

9



10

Specify the pitting geometry factor ( I ) with 20o normal pressure angle from 
Table(10-1) page (459) (475pdf):

11



11

Specify the pitting geometry factor ( I ) with 20o normal pressure angle from 
Table(10-2) page (460) (476pdf):

12



12

Specify the size factor (KS) from Table(9-6) page 
(389) (293 pdf) 

13

Specify the rim thickness factor (KB) from 
Figure (9-20) page (392) (408 pdf) 



Determine the load distribution factor (Km) :		࢓ࡷ ൌ ૚. ૙ ൅ ࢌ࢖࡯ ൅ ࢇ࢓࡯

Where ࢌ࢖࡯= pinion proportion factor from figure (9-18) page(391) (407 pdf)

mesh alignment factor from figure (9-19) page(391) (407 pdf) =ࢇ࢓࡯

13

14



14

Specify the dynamic factor (Kv)  from figure (9-21) page (393) (409 pdf):

15



15

Specify the hardness ratio factor (CH ) from Figure (9-25 & 26) page (404) (420 
pdf)

Specify the safety factor (S.F)  typically from 1 to 1.5 

16



16

Specify the reliability factor (KR)  
from Table (9-8) page (396) (412 

pdf):

17

Specify the stress cycle life (YN)  
from Figure (9-8) page (395) 

(411 pdf):



17

Specify the pitting resistance stress cycle factor (ZN)  from figure (9-24) page (403) 
(419 pdf):

18



18

Check if the selected material satisfy the following design conditions:

࢚ࡿ
.ࡿሺࡾࡷ ሻࡲ
ࡺࢅ

൏ ࢚ࢇࡿ

ࢉࡿ
.ࡿሺࡾࡷ ሻࡲ
ࡴ࡯ࡺࢆ

൏ ࢉࢇࡿ

Choose material for pinion and gear or (Sac , Sat) from figures [(9-10) page (379) 
(395pdf) , (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4) 

page (385) (401pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].



A pair of helical gears for a milling machine drive is to transmit 48.47 kW (65
hp) with a pinion speed of 3450 rpm and a gear speed of 1100 rpm. The power
is from an electric motor. Design the gears.

Example (10-2) p.461(477pdf):

Solution:

Given data:

P	=	transmitted	power	=	48.47	kW	(65	hp)

Power	source	=	electric	motor	,		driven	machine	=	milling	machine

np=	3450	rpm	,	nG=1100	rpm

Initial assumptions: 

࢔ࢊࡼ ൌ ૚૛	, ࢖ࡺ ൌ ૛૝	, ࣒ ൌ ૚૞࢕	, ࣘ ൌ ૛૙࢕	, ࡽ ൌ ૡ



Basic dimensions computations: 

ࢊࡼ ൌ ࢔ࢊࡼ ࣒ܛܗ܋ ൌ ૚૛ ܛܗ܋ ૚૞࢕ ൌ૚૚. ૞ૢ	࢓࢓

࢞ࡼ ൌ
࣊

ࢊࡼ ࣒ܖ܉ܜ
ൌ

࣊
૚૚. ૞ૢ ܖ܉ܜ ૚૞࢕ ൌ ૛૞. ૠ	࢓࢓

࢚ࣘ ൌ ૚ିܖ܉ܜ ࢔ࣘܖ܉ܜ ⁄࣒ܛܗ܋ ൌ ૚ି࢔ࢇ࢚ ࢔ࢇ࢚ ૛૙૙ ࢙࢕ࢉ ૚૞࢕⁄ ൌ ૛૙. ૟૞࢕

࢖ࡰ ൌ
࢖ࡺ

ࢊࡼ
൘ ൌ ૛૝

૚૚. ૞ૢൗ ൌ ૛. ૙ૠ	࢔࢏ ൌ ૞૛. ૟	࢓࢓

ࡲ ൌ ૛࢞ࡼ ൌ ૛ ૛૞. ૠ ൌ ૞૚. ૝૚	࢓࢓ ൌ ૛. ૛૞	࢔࢏

Gear kinematics computations: 

࢚࢜ ൌ
ࡼ࢔࢖ࡰ࣊
૟૙ ൌ

࣊ ૞૛. ૟ ൈ ૚૙ି૜ ૜૝૞૙
૟૙ ൌ ૢ. ૞

࢓
࢙

࢚ࢃ ൌ
૟૙ࡼ
࢖࢔ࡼࡰ࣊

ൌ
૟૙ ૝ૡ. ૝ૠ ൈ ૚૙૜

࣊ ૞૛. ૟ ൈ ૚૙ି૜ ૜૝૞૙ ൌ ૞. ૚	ࡺ࢑ ൌ ૚૚૝૟	࢈࢒

ࡾࢂ ൌ ࡳࡺ
ࡼࡺ
ൗ ൌ ࡼ࢔ ൗࡳ࢔ ൌ ૜૝૞૙

૚૚૙૙ൗ ൌ ૜. ૚૝	,		

ࡳࡺ ൌ ࡼࡺ ࡾࢂ ൌ ૛૝ ૜. ૚૝ ൌ ૠ૞. ૜ ≅ ૠ૞ 	ࢎ࢚ࢋࢋ࢚



Jp from	Npൌ24	and	NGൌ75	ሺfigure	10‐6ሻ:	

Jpൌ0.48



Ko from	power	source		ሺelectric	motorሻ	and		driven	machine	ሺmilling	machineሻሺtable	9‐5ሻ:	

Ks from	Pdൌ	11.59	൐	5	ሺtable	9‐6ሻ:	



Km from	Fൌ	51.41	mm		&		Dp ൌ52.6	mm	,	F/Dp ൌ0.977		ሺfigure	9‐18	&	19ሻ:	

Cpfൌ0.09

Cmfൌ0.17

࢓ࡷ ൌ ૚. ૙ ൅ ࢌ࢖࡯ ൅ ࢇ࢓࡯
ൌ1൅0.09൅0.17ൌ1.26



KB		ൌ1	 from	 ሺsolid	gearሻ		ሺfigure	9‐20ሻ:	

Kv ൌ1.35	
from	Qvൌ	8		&		vt ൌ9.5	m/s		ሺfigure	9‐21ሻ:	



Design for reliability of 0.999 
(less than one failure in 1000):  KR=1.25

No unusual conditions seem to exist in this application beyond those already 
considered in the various K factors. Therefore we use a service factor S.F of 1.0

Design life: Let's design for 10 000 h of life as suggested in Table 9-7 for
multipurpose gearing. Then, using Equation (9-18), we can compute the
number of cycles of loading. For the pinion rotating at 3450 rpm with one cycle
of loading per revolution,

࢖ࢉࡺ ൌ ૟૙ ࡸ ࢖࢔ ࢗ
ൌ ૟૙ ૚૙૙૙૙ ૜૝૞૙ ૚ ൌ ૛. ૚ ൈ ૚૙ૢ࢙ࢋ࢒ࢉ࢟ࢉ

ሺqሻ	ൌ	number	of	load	applications	per	revolution



Specify the stress cycle life (YN)  from Figure (9-8) page (395) (411 pdf):  
YN=0.85



The bending stress in the pinion can now be computed:

࢖࢚ࡿ ൌ
ࢊࡼ࢚ࢃ
࢖ࡶ	ࡲ

ሺ࢜ࡷ࡮ࡷ࢓ࡷ࢙ࡷ࢕ࡷ
ࡾࡷ ൈ .ࡿ ࡲ

ࡺࢅ
ሻ

ൌ ૚૚૝૟ ૚૚.૞ૢ
૛.૛૞ ૙.૝ૡ

૚. ૞ ૚ ૚. ૛૟ ૚ ૚. ૜૞ ૚.૛૞ൈ૚
૙.ૡ૞

ൌ ૝૟. ૚૝૞࢏࢑࢙ ൌ ૜૚ૡ. ૚૟	ࢇࡼࡹ

Specify the type of material for the gears 
to find the Elastic Coefficient Cp from 
Table (9-9) page(400) (Pdf 416) 



Specify the pitting geometry factor ( I ) with 20o normal pressure angle from 
Table(10-1) page (459) (475pdf):

24

75
0.202



Specify the pitting resistance stress cycle factor (ZN)  from figure (9-24) page (403) 
(419 pdf): ZN=0.89

࢘࢕ࢌ
ࡼ࡮ࡴ
ࡳ࡮ࡴ

ൌ ૚						࢛࢙ࢋ ࡴ࡯ ൌ ૚



The pitting stress number in the pinion can now be computed:

ࢉࡿ ൌ ࢖࡯
࢜ࡷ࢓ࡷ࢙ࡷ࢕ࡷ࢚ࢃ

ࡵ࢖ࡰࡲ
ሺࡾࡷሺࡲ.ࡿሻ
ࡴ࡯ࡺࢆ

)

ൌ ૛૜૙૙ ૚૚૝૟ ૚.૞ ૚ ૚.૛૟ ૚.૜૞
૛.૛૞ ૛.૙ૠ૚ ૙.૛૙૛

૚.૛૞ൈ૚
૙.ૡૢൈ૚

ൌ ૚ૡ૙	࢏࢑࢙ ൌ ૚૛૝૚	ࢇࡼࡹ



Mechanical Engineering Design II

Twenty-one Lecture

Design of Bevel Gear



Power Transmission 
Problem

?

Proposed solution
(Bevel Gear)

?



Types of Bevel Gears

Straight bevel

Spiral bevel

Hypoid bevel

Spiroid bevel



Basic bevel Gear Geometry and force Kinematics



Surface failure

Root failure

Modes of Gear Tooth Failure

1. Bending failure.

2. Pitting.

3. Scoring.

4. Abrasive wear.

5. Corrosive wear.
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Bevel Gear Design 
The power to be 
transmitted

The speed of the 
driving gear

The center distance

The speed of the 
driven gear or the 
velocity ratio

The gear teeth should not fail 
under static loading or 
dynamic loading during 
normal running conditions.

The use of space and material 
should be economical.

The alignment of the gears 
and deflections of the shafts 
must be considered.

The gear teeth should have 
wear characteristics so that 
their life is satisfactory.

The lubrication of the gears 
must be satisfactory.

Designer

Type of driver and 
driven load

Other information 
related to problem 
specification



Flowchart for bevel gear designing process:
Transmitted Power , Input and Output speed, Center 

distance, Type of driver and driven load 

Choose the over load factor (Ko) from 
Table (9-5) page(389) (405pdf)  

1

Compute the design power
Design Power=Ko x transmitted power



Find the trial value for 
Diametral pitch (Pd) or Module (m) 
from Figure 9-27 page.409 (425 Pdf) 

1

2



Specify the no. of teeth for Pinion ࡼࡺ (from 17  to  20)

2

3

Compute the nominal velocity ratio ࡾࢂ ൌ ࡼ࢔
ࡳ࢔

Compute the approximate no. of teeth for Gear ࡳࡺ ൌ ࡼࡺ ൈ ࡾࢂ	

Compute the actual velocity ratio ࡾࢂ ൌ ࡳࡺ
ࡼࡺ

Compute the actual output velocity ࡳ࢔ ൌ ࡼ࢔
ࡼࡺ
ࡳࡺ

Compute the pitch diameters ࢖ࡰ ൌ
࢖ࡺ
ࢊࡼ
	 , ࡳࡰ ൌ

ࡳࡺ
ࢊࡼ

, 

face width ࡲ ൌ ࢔࢏࢓ ૙. ૜࢕࡭, ૚૙ ൗࢊࡼ 	, ࢕࡭ ൌ
ࡼࡰ

૛ ୱ୧୬ ࢽ
ൌ ࡳࡰ

૛ ୱ୧୬ ୻

pinion mean radius ࢘࢓ ൌ ࢖ࡰ
૛ൗ െ ࡲ ૛⁄ sin ߛ where ࢽ ൌ tanି૚ ࢖ࡺ ⁄ࡳࡺ ,          

gear mean radius ࢓ࡾ ൌ ࡳࡰ
૛ൗ െ ࡲ ૛⁄ sin ડ where ડ ൌ tanି૚ ࡳࡺ ⁄ࡼࡺ ,  

pitch line speed ࢚࢜ ൌ
૛࣊࢘ࡼ࢔࢓

૟૙
, and tangential force,  ࢚ࢃ ൌ

૟૙ࡼ
૛࣊࢘࢖࢔࢓

ൌ ࢀ
࢓࢘



3

4

Root (Bending) Failure 
Mode

Analyzing of gear tooth failure mode 

Surface (Pitting, Scoring,…) 
Failure Mode

Bending Stress Number

࢚ࡿ ൌ
ࢊࡼ࢚ࢃ
ࡶ	ࡲ

࢓ࡷ࢙ࡷ࢕ࡷ

࢜ࡷ
൏ ࢚ࢇࡿ

ࡺࢅ
.ࡿሺࡾࡷ ሻࡲ

Contact Stress Number

ࢉࡿ ൌ ࢈࡯࢖࡯
࢚ࢃ

ࡵ࢖ࡰࡲ
࢓࡯࢕࡯
࢜࡯

൏ ࢉࢇࡿ
ࡴ࡯ࡺࢆ

.ࡿሺࡾࡷ ሻࡲ

Find the values of factors 
,ࡶ) ,ࡵ ,	࢙ࡷ ,	࢓ࡷ ,	࢜ࡷ ,	࢖࡯ ,	࢈࡯ ,	࢕࡯ ,	࢓࡯ ,	࢜࡯ ,	ࡺࢅ ,	ࡺࢆ ,	ࡴ࡯ ,	ࡾࡷ .ࡿ  (ࡲ

as in the following steps



Specify the type of material for the gears to find the Elastic Coefficient 
Cp from Table (9-9) page(400) (Pdf 416) 

4

5



Specify the bending geometry 
factor (J)  for 20o pressure angle 
and 90o shaft angle from figure 
(10-13) page (472) (488pdf):

5

6



6

Specify the pitting geometry 
factor ( I ) with 20o normal 
pressure angle and 90o shaft 
angle from Figure (10-14) page 
(474) (490pdf):

7



7

Specify the size factor (KS) from Table(9-6) page 
(389) (293 pdf) 

8

Specify the load distribution factor (Km) from Table(10-3) page (471) (487 pdf) 



Specify the quality number Qv , from Table (9-2) page (378) (394 pdf)

8

9



9

Determine the dynamic factor (Kv)  from the following equation:

10

Choose material for pinion and gear or (Sac , Sat) from figures [(9-10) page (379) 
(395pdf) , (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4) 

page (385) (401pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].

࢜ࡷ ൌ
ࢠࡷ

ࢠࡷ ൅ ࢚࢜

࢛

࢛ ൌ
ૡ

૛ ૙.૞ࡽ െ ࢚ࢇࡿ
૚૛૞

ࡼࡱ ൅ ࡳࡱ
ࢠࡷ			ࢊ࢔ࢇ		 ൌ ૡ૞ െ ૚૙ሺ࢛ሻ

࢛	ࢌ࢏ ൌ ࢛						ࢋ࢙࢛	࢔ࢋࢎ࢚		ࢋ࢛࢒ࢇ࢜	ࢋ࢜࢏࢚ࢇࢍࢋ࢔ ൌ ૙. ૙

For checking  ࢜ࡷ must be greater than (࢔࢏࢓࢜ࡷ ൌ
૛
࣊
tanି૚ ࢚࢜

૜૜૜⁄ ), if its not achieved 
then a higher quality number should be specified
Note : the calculation of inverse tangent must be in radians



10

Specify the hardness ratio factor (CH ) from Figure (9-25 & 26) page (404) (420 
pdf)

Specify the safety factor (S.F)  typically from 1 to 1.5 

11



11

Specify the reliability factor (KR)  
from Table (9-8) page (396) (412 

pdf):

12

Specify the stress cycle life (YN)  
from Figure (9-8) page (395) 

(411 pdf):



12

Specify the pitting resistance stress cycle factor (ZN)  from figure (9-24) page (403) 
(419 pdf):

13



18

Check if the selected material satisfy the following design conditions:

࢚ࡿ
.ࡿሺࡾࡷ ሻࡲ
ࡺࢅ

൏ ࢚ࢇࡿ

ࢉࡿ
.ࡿሺࡾࡷ ሻࡲ
ࡴ࡯ࡺࢆ

൏ ࢉࢇࡿ

The factors ࢕࡯ ࢜࡯ , and ࢓࡯	are the same as ࢕ࡷ ࢜ࡷ , and ࢓ࡷ

Using ࢈࡯ ൌ ૙. ૟૜૝ allows the use of the same allowable contact stress as for 
spur and helical gear  
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