Mechanical Engineering Design I
Eighteenth & Nineteenth Lectures

Design of Spur Gear



Power Transmission Proposed solution
Problem (Spur Gear)

1T

Motor

| Advantages
| 1. It transmits exact velocity ratio.

It may be used to transmit large power. | _F—"Saw drive
It may be used for small centre distances of shafts.
It has high efficiency.

IR

It has reliable service.
It has compact layout.
Disadvantages

1. Since the manufacture of gears require special
tools and equipment, therefore 1t is costlier than
other drives.

=




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



Basic Spur Gear Geometry

Pitch point
Tooth space

Quiside
circle ;

————

F—. Root circle
Dy,

l,‘ "te

1¢;

Pitch arcle

Pinion

(Gear

Center
distance, C

Addendum circle

e Q"é'
dum >t s ’
Adden Circular pitch /
= ek = -~ Pt s
‘._ Toolh _ Widrh ﬂ— o >
Sedendm thickness of space e g
— - 0\.\
Clearance

——
Fillet <«
radius N .
Dedendum

circle

Clearance
circle

Chapter.8 page. 309 pdf



Kinematics of Spur Gear
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Modes of Gear Tooth Failure

N
1. Bending failure.

Root failure
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2. Pitting. 7
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4. Abrasive wear.

@. Corrosive wear .,




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

Spur Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

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

Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.




Flowchart for spur gear desighing process:

Transmitted Power , Input and Output speed, Center

distance, Type of driver and driven load

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

Driven Machine

Light Moderate Heavy
Power source Uniform shock shock shock
Uniform 1.00 1.25 1.50 %S
Light shock 1.20 1.40 ¥ 4 2.25
Moderate shock 1.30 1.70 2.00 275

|

Compute the design power
Design Power=K , x transmitted power

o




Design power transmitted, 2, (hp) |F,. =K P|

1200 1800 2400 3000 3600
Pinion speed, np (rpm)

Design power transmitted, P, (kW) [P, =K P|



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

Compute the nominal velocity ratio VR = ?
G

Compute the approximate no. of teeth for Gear
N;=Np X VR

Compute the actual velocity ratio VR = %
P

. N

Compute the actual output velocity n; = np N—P
G

Np+Ng
2Py °

N
Compute the pitch diameters D, = P—p ,Dg = %, center distance ¢ =
d d

nD,np c 2P
6’; and tangential force, W, =

pitch line speed v, = Dot
PMp



Specify the face width within the following reccommended range for general

machine drive gears:
8/p, <F < 1¢/p Nominal value of F = 12/,

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

Quality Quality
Application number Application number
Cement mixer drum drive 3-5 Small power drill 7-9
Cement Kiln 5-6 Clothes washing machine 8-10
Steel mill drives 5-6 Printing press 0-11
Grain harvester 5-7 Computing mechanism 10-11
Cranes 5-7 Automotive transmission 10-11
Punch press 5-7 Radar antenna drive 10-12
Mining conveyor 5-7 Marine propulsion drive 10-12
Paper-box-making machine 6-8 Aircraft engine drive 10-13
Gas meter mechanism 7-9 Gyroscope 12-14

Machine tool drives and drives for other high-quality mechanical systems

Pitch line speed Pitch line speed
(fpm) Quality number (m/s)
0-800 6-8 04

800-2000 8-10 4-11
20004000 10-12 11-22
Over 4000 12-14 Over 22

o



Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode
Bending Stress Number Contact Stress Number
w.P Y
S, = Ft—dKoKSKmKBKv < satﬁ s — ¢ |[WKoKKunKy o ZyCy
J r(S.F) ¢ "p FD,I “CKr(S.F)

Find the values of factors
(],I,KS,Km, KB'Kv'Cp'YN'ZN'CHIKRI SF) as in
the following steps



Specify the type of material for the gears to find the Elastic Coefficient
C, fromTable (9-9) page(400) (Pdf 416)

Gear material and modulus
of elasticity. E. Ib/in® (MPa)

Modulus of Malleable Nodular Cast Aluminum Tin
elasticity, Ep. Steel iron iron iron bronze bronze
Ib/in* 30 x 10f 25 x 10° 24 x 10° 22 X 10° 17.5 x 10° 16 X 10°
Pinion material (MPa) 2x10%  (17x10% (L7X105  (L5X 10 (12X 105 (1.1 X 10%

Steel 30 % 10° 2300 2180 2160 2100 1950 1900
(2 % 10°) (191) (181) (179) (174) (162) (158)
Mall. iron 25 % 10° 2180 2090 2070 2020 1900 1850
(1.7 X 10%) (181) (174) (172) (168) (158) (154)
Nod. iron 24 % 10° 2160 2070 2050 2000 1880 1830
(1.7 x 10%) (179) (172) (170) (166) (156) (152)
Cast iron 22 X 10° 2100 2020 2000 1960 1850 1800
(1.5 % 10°) (174) (168) (166) (163) (154) (149)
Al bronze 17.5 % 10° 1950 1900 1880 1850 1750 1700
(1.2 X 10%) (162) (158) (156) (154) (145) (141)
Tin bronze 16 x 10" 1900 1850 1830 1800 1700 1650
(1.1 % 10°) (158) (154) (152) (149) (141) (137)

Source: Extracted from AGMA Standard 2001-C95. Fundamental Rating Factors and Calculation Methods for Involute Spur and Helical Gear
Teeth. with the permission of the publisher, American Gear Manufacturers Association. 1500 King Street, Suite 201, Alexandria. VA 22314.
Norte: Poisson's ratio = 0.30: units for C, are (Ib/in*)"* or (MPa)"*,




Geometry lactor, J

Specify the bending geometry factor (J) from figure (9-17) page (387) (403pdf):
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Specify the size factor (K) from Figure (9-6)

page (389) (293 pdf)

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

Rim thickness factar. K
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Face width, F. mm
200 300 F/D,
- | ratio Dy = Pimon diameter

{
e 200 For £/, < 0.50. use curve for

T 1.50 FID, = 0.50
- - 1.00

0.50 When F< 1L0in. (F<25 mm)

Cy=_F
w=E _o00s
i P(Nl

When 1.0 < F<15,

5 10 G =_E _ 00375 + 0.0125F
Bomatarin D
ace width. F. mm Face width, F, in 2

Pinion proportion factor. €,

Open gearing  C,,, = 0.247 + 0.0167F - 0.765 « 10°F2

Commercial enclosed gear units €, = 0,127 + 0.0158F - 1.093 = [07F

Precision enclosed gear units = 0.067 5+ 0.0128F —0.926 = 10F?

Extra-precision enclosed gear units €, = 0.0380 + 0.0102F - 0.822 = 107F*

Mesh alignment factor, C,,,,

Face width, Fin
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Specify the safety factor (S.F) typically from | to |.5

\

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

1.16 '\\ Surface finish of pinion. f,{
(micromches), R,
114 11— .14 +—t
| HE ol S /= 16
Z 1,12 H When 2=F < 1.2 Tl ot P
o [~ - HE,. // 16 I.-s. w \\_‘\# \ll\
= 110 use Cy=1 1.3 § Z w5 fp=32"N
= -
< LO8 14 3 2 1ot N TN
£ AN v E ST RN
= 1.06 A2 LAl B 7 1.06 =Gt NN
- 1:;/:// [ 1> 2 Z S Q
2104 2 iy B Z 1 R IANN
2 = e .
= L2 E 1.02 When f,, > 64. N
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02 46 8101214161820 180200 250 300 350 400

Single-reduction gear ratio, my; Brinell hurdness of the gear, HB,;




Specify the reliability factor (Ky) Reliability Ky
from Table (9-8) page (396) (412 o
pdf): 0.90, one failure in 10 0.85

. 0.99, one failure in 100 1.00

0.999, one failure in 1000 1.25

0.9999, one failure in 10 000 1.50

Specify the stress cycle life (Y,) e T e T

. NOTE: The choiee of Yy, in the shaded area s influenced H
° by the following il
from Figure (9-8) page (395) o A
= Pitch line velocity 1
(4 I I do. | l ” Gear matenal cleanliness
p ° 30 b b ] - ; i Residual stress
:‘r'”"H; M~ "N J o= L L, ¥ Material ductility und fracture toughness
TABLE 9-7 Recommended design life - SN l
g L d S PALL LIS
<, | Nitrided LTS Y e |
Design life g1 T ~y-HT h"\\\/‘r\\. 1 ||HH l
Application (h) s 160 HB 111 B ||y = 35178 0
2 <3 M~ i = Tt
s : g T iRy
Domestic appliances 1000-2000 ] g quv .. R :‘:;ZL: V= 1,35SEN, IS
Aircraft engines 1000—4000 ? T M“ﬂj ] LI
Automotive 1500-5000 10 i 11 e
. 0.9 . LU o0
y al & > 3000- :
F.\grll.ullural equipment . ' 3000-6000 Yo T Tl o
Elevators, industrial fans, multipurpose gearing 8000-15 000 : N ){ II (:J\JII\IJ\M_L_ ;
; 2 p 0. = PR 0
Electric motors, industrial blowers. general : Y i
industrial machines 20 000-30 000 L ) | e
Pumps and compressors 40 000-60 000 05 - 0.5
Critical equipment in continuous 24-h operation 100 000200 000 Lz 10’ 1o 14 1 1o I I 107

Number of load cycles. N,
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Choose material for pinion and gear or (S,_, S,,) from figures [(9-10) page (379)
(395pdf), (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4)
page (385) (401 pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].




Mechanical Engineering Design I
Twentieth Lecture

Design of Helical Gear



Power Transmission Proposed solution
Problem (Helical Gear)

1T ST T

Motor Motor

| Advantages
| 1. It transmuts exact velocity ratio. v
[t may be used to transmit large power. | _F—"Saw drive

2

3. Itmay be used for small centre distances of shafts.
4. It has high efficiency.

5. It has reliable service.

6. It has compact layout.

Disadvantages
1. Since the manufacture of gears require special
tools and equipment, therefore it is costlier than
other drives.




Gear Manufacturing
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(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
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Modes of Gear Tooth Failure
N\

1. Bending failure.
Root failure P
S D
2. Pitting. 7,
S,
R
“’ 0
o n
: = >
3. Scoring. c o
=
(¢ Q
00
c
()
Q Povsgad 4 . 3
4. Abrasive wear. NS
2. Corrosive wear.)




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

Helical Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

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

Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.




Flowchart for spur gear desighing process:

Transmitted Power , Input and Output speed, Center

distance, Type of driver and driven load

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

Driven Machine

Light Moderate Heavy
Power source Uniform shock shock shock
Uniform 1.00 1.25 1.50 1.75
Light shock 1.20 1.40 1.75 2.25
Moderate shock 1.30 1.70 2.00 2.75

|

Compute the design power
Design Power=K , x transmitted power

o




10.0

Design power transmitted, 2, (hp) |F,. =K P|

1200 1800 2400 3000 3600
Pinion speed, np (rpm)

Design power transmitted, P, (kW) [P, =K P|



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

Compute the nominal velocity ratio VR = ?
G

\
Compute the approximate no. of teeth for Gear N; = Np X VR

|
Compute the actual velocity ratio VR = %
P
|
. N
Compute the actual output velocity n; = np N—P
G

Np Ng
Compute the pitch diameters D, P— ,Dg = » o center
d d

Ll N N L3 ° D Ll o
distance ¢ = L, pitch line speed v, = z 6’;np , axial pitch
. __ 60P
P, = = tamp s Pg = P4, cosy and tangential force, W, = 7Dy

3



Compute the face width:F =2 P,

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

Quality Quality
Application number Application number
Cement mixer drum drive 3-5 Small power drill 7-9
Cement Kiln 56 Clothes washing machine 8-10
Steel mill drives 5-6 Printing press 9-11
Grain harvester 5-7 Computing mechanism 10-11
Cranes 5-7 Automotive transmission 10-11
Punch press 5-7 Radar antenna drive 10-12
Mining conveyor 5-7 Marine propulsion drive 10-12
Paper-box-making machine 6-8 Aircraft engine drive 10-13
Gas meter mechanism 7-9 Gyroscope 12-14

Machine tool drives and drives for other high-quality mechanical systems

Pitch line speed Pitch line speed
(fpm) Quality number (m/s)
0-800 6-8 04

800=-2000 g=10 4-11
20004000 10-12 11-22
Over 4000 12-14 Over 22

o



Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode
Bending Stress Number Contact Stress Number
WiPa Yy WK, KKK ZyC
K, KK, KgK, <S8, 5——— § = tRolsTmly _ ¢ NCH

Find the values of factors
(],I,KS,Km, KB'Kv'Cp'YN'ZN'CHIKR! SF) as in
the following steps



Specify the type of material for the gears to find the Elastic Coefficient
C, fromTable (9-9) page(400) (Pdf 416)

Gear material and modulus
of elasticity. £ Ib/in® (MPa)

Modulus of Malleable Nodular Cast Aluminum Tin
elasticity. Ep. Steel iron iron iron bronze bronze
Ib/in? 30 x 10/ 25 % 10° 24 x 10° 22 x 10° 17.5 x 10° 16 % 10°
Pinion material (MPa) 2x10% (1.7x10% (1L.7xX10%  (L5SX105 (12x10 (1.1 %10

Steel 30 % 10 2300 2180 2160 2100 1950 1900
(2 % 10°) (191) (181) (179) (174) (162) (158)
Mall. iron 25 % 10° 2180 2090 2070 2020 1900 1850
(1.7 % 10%) (181) (174) (172) (168) (158) (154)
Nod. iron 24 < 10° 2160 2070 2050 2000 1880 1830
(1.7 X 10%) (179) (172) (170) (166) (156) (152)
Cast iron 22 % 10° 2100 2020 2000 1960 1850 1800
(1.5 % 10°) (174) (168) (166) (163) (154) (149)
Al bronze 17.5 % 10° 1950 1900 1880 1850 1750 1700
(1.2 X 10° (162) (158) (156) (154) (145) (141)
Tin bronze 16 x 10" 1900 1850 1830 1800 1700 1650
(1.1 % 10°) (158) (154) (152) (149) (141) (137

Source: Extracted from AGMA Standard 2001-C95, Fundamental Rating Factors and Calculation Methods for Involute Spur and Helical Gear
Teeth, with the permission of the publisher. American Gear Manufacturers Association, 1500 King Street, Suite 201, Alexandria. VA 22314.
Norte: Poisson's ratio = 0.30: units for C, are (Ib/in*)"* or (MPa)"*,




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

Generating rack

Y
J= K,
Y = Lewis factor

Tooth hcighLJ

Value tor J is for an element of indicated
numbers of teeth and a 75-tooth mate.
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(@) Geometry factor (/) for 15° normal pressure angle and indicated addendum 0.90 4 —— T ; ]
085 L ' 15 ’

0° g 10° 15° 20° 25° 30° is®
Helix angle,

o (b) J factor multipliers



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

Generating rack

>

Tooth height

L.

Value for J is for an element of indicated
numbers of teeth and a 75-tooth mate

0.70 .
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'E 0:50 T s e e e 3 §ah b = a finishing hob in the mating element.
E B athe e n S fEaY s = = NN R 500 = as the final L = | . : '
oy o e e g b | " Y ) - - v Y | | g WO { U o s .
£ T Y0 £ machinmg R T s
6 S DL - o D1 8 L L 2 I 0 0 . 60 S operation T - - - bttt T 500
S ] | = N = I 0 6 A 5 ) AR G e Dot ) 090 0 e g o — 150
133 . FE R e L0 , ! e L
w2 S | H " L 3d : L P3N 20 - ok gt o S0 o ey 0 o 8 e G i e e :.,. 0 | o
. - b X i c “ - gy T T . T - [
M Sy e A 3 ! ) = § L)
010 = ' =1 : 1 * 1 Lo + ' + E e g = — . 1 3 .:-I :0 E
5 BY iy R B o - b g R Fa R R R A T AR A B P B RN P e g ¥
# @ | - T - - - 4
Helix angle, - A L ] F A 5
’ 3 = 0 e o 1T 2 =
(a) Geometry factor (/) for 20° normal pressure angle, standard addendum. and finishing hob g dobgiod et fe ! | = \
L i ) -
T 0 o ) e X |
0° 5° 10° 15* 20° 257 io® 35°

0.85

Hehlix angle, U

9 (b) J factor multiphiers

mating element



Geometry factor, J

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

Generating rack

— \—c
= 1.
: s
= 22°
2
=
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1 5
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(a) Geometry factor (/). for 22° normal pressure angle, standard addendum, and pre-shave hob
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0.85

Helix angle, U



A. Helix angle & = 15.0°

Giie Pinion teeth

teeth 17 26

17 0.124
21 0.139
26 0.154
35 0.175
55 0.204
135 0.244

B. Helix angle ¢ = 25.0°

Pinion teeth

Gear
teeth 14 26

14 0.123
17 0.137
21 0.152
26 0.167
35 0.187
55 0.213
135 0.248




A. Helix angle & = 15.07

Pinion teeth
Gear

teeth 14 21 26

14 0.130
17 0.144
21 0.160
26 0.175
35 0.195
55 0.222
135 0257

B. Helix angle s = 25.0°

Pinion teeth

Gear
teeth 12 21

12
14
17
21
26
35
55
135




SPECify the size factor (KS) from Table(9-6) page Diametral Melric Size factor,
(389) (293 pdf) pitch, P, module, m K,

=5 =5 .00
4 6 1.05
3 S8 1.15
2 2 1.25
LAY 20 | 40

Specify the rim thickness factor (Ky) from

Figure (9-20) page (392) (408 pdf) i /TW
B : 2242 hy
o Nl
Z t
E :": \_] V ’”b“_'f
T A\
& [
Formp>12.Kg=1.0
0 1 1 1 1 1 | LN
05 06 08 1.0 1.2 2 3 4 ¥ WO & 91

Backup ratio, my




Mesh alignment factor, C,,,,

Face width. F, mm

Face width, Fin

Face width, F, mm
200 300 F/D,
1 | ratio Dy = Pimon diameter

{
i 200 For F/1Dy, < 0.50. use curve for

T I 150 FIDy = 050
: - 100

0.50) When F< 1.0in. (F<25mm)

(e
==L ~(.025
o, 0.0
When 1.0 < F<15,
3 10 Cw = _E _ 00375 + 0.0125F
' ; 10D,
Face width, F, in

Pinion proportion factor. €,

| Open gearing  C,,,, = 0.247 + 0.0167F - 0.765 < 10*F°

Commercial enclosed gear units €, = 0,127 + 0.0158F - 1093 = [07F
Precision enclosed gear units €, = 0.067 5+ 0.0128F — 0,926 < 107F2

Extra-precision enclosed gear units - C,,,, = 0.0380 + 0.0102F - 0.822 = 10°F*




Dynamic factor, K,

Pitch line velocity. m/s

// e
// //Q*”
// / //F"
I 2 e
/

Piteh hine velocuty, v, . (/min

/4,: = l“ S
0, =11
Very accurate gearing
1 1
0 2000 ! s000 ! 600 ! 000 T j00m
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Specify the safety factor (S.F) typically from | to 1.5

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

pdf)
.16 '\\ Surface finish of pinion. f,{
114 (micromches), R, y
el s e = o e 1.7 .l r II
- ' o) O ) =16
=112 H when 28r )2 <le gl |
t 5 hen HB(,<I // 316 TIT o \\_\% \l\
= = © S LI0 )
= 110 1 use Cpy=1 1.3 e S o fp=32'N
-3 -
= 108 14 4 2 o8 L ININ
£ AN v z ST RN
2 106 2 A ks B 2 1.06 fp =% NN
- 1//:/’ o 1> 2 @ a9 o
Z 1.04 S I - E 10 R TANN
2 3 = N
Z 1 3 1.02 When f, > 64. N
= use Cp = L
[ () ~/ |.00) el | AL
02 4 6 8101214161820 180200 250 300 350 400

Single-reduction gear ratio, my, Brinell hurdness of the gear, HB,;




Specify the reliability factor (Ky)
from Table (9-8) page (396) (412
pdf):

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

(411 pdf):

TABLE 9-7 Recommended design life

Reliability

Kk

0.90, one failure in 10

0.99, one failure in 100
0.999, one failure in 1000
0.9999, one failure in 10 000

0.85
1.00

1.2

1.50

Z

LB RRLL EEE A EEREAL]
by the following
Pitch hine velocity

Gear matenal cleanhiness

Residual stress

Material ductility und tracture toughness

T T T ToT
NOTE: The choiee of Yy in the shaded area s influenced H

Y

7

Application

Design life
(h)

e
=
74
v 4
\

pa
I}

Domestic appliances

Aircraft engines

Automotive

Agricultural equipment

Elevators, industrial fans. multipurpose gearing

Electric motors, industrial blowers, general
industrial machines

Pumps and compressors

Critical equipment in continuous 24-h operation

1000-2000
10004000
1500-5000
3000-6000
8000-15 000

20 000-30 000
40 000-60 000
100 000200 000

Stress cycle factor, ¥y
1 e

Ky

: LU

10 10°

Number of load cycles. N,

1.0

m R
] 0.8
1 E
Vy= 0.7
|
6
0.5

1"



Stress eycle factor, Zy

T Zn o= 124980038 T

10° 10’
Number of load cyeles, N
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Choose material for pinion and gear or (S,_, S,,) from figures [(9-10) page (379)
(395pdf), (9-11) page (380) (396pdf)] with tables [(9-3) page(381) (397pdf) , (9-4)
page (385) (401 pdf)] and see also Appendix 3 to 5 [p(A-6) to (A-11)].




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

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.

Solution:

Given data:

P = transmitted power = 48.47 kW (65 hp)

Power source = electric motor, driven machine = milling machine

n,= 3450 rpm, n;=1100 rpm

Initial assumptions:

P, =12,N, =24, =15°,¢ = 20°,Q = 8



Basic dimensions computations:

P; =Pg,cosyp =12 cos(15°) =11.59 mm
T

P, tany T 11.59 tan(15°)

¢, = tan"1(tan ¢, /cos P) = tan"!|tan(20°)/cos(15°)| = 20.65°

P, = = 25.7mm

N

_'p _ 24 _ :
D, = /Pd— /11_59—2.07m—52.6mm
F=2P,=2(25.7)=51.41mm = 2.25in

Gear kinematics computations:

_ mDynp  m(52.6 x 1073)(3450) 9 5™
Vt= 60 60 — 0%

60P 60(48.47 x 103)
Wt =

= = =5.1kN = 1146 Ib
nDpn, m(52.6 x 10~3)(3450)

_Ng, _mp, _ 3450 _
VR ="/, ="/ng=>"""/1100 = 3-14,
Ng = Np(VR) = 24(3.14) = 75.3 = 75 teeth



/p from ]Vp=24 andIVG=75 [ﬁgure 10’6}.’ Generating rack

{
.|

Tooth heigh

le

Value for J is for an element of indicated
numbers of teeth and a 75-t00th mate

0.70 Y ‘ ~— ™ v
- -t L o T -La-, Lol TR S "Tl =4 = - e
4 e b 4+ 4 b A e e L o e b= d oy Lo
7 gl bod red _._:..,.., | bdd b bbb bd b g
4 ',ro' '-1—#-0--.—-, -+ p - l‘.14¢ .L jl.. | e
0.60 Fr—+—7+4— = 11
0.48 -t-j—-—“p_#ﬂ-r- T O e o Y T Ot -4 4 Factors are for
— O S = | - = £ a3 = - o b | 5. S 5
]p . R o [ 3 S pp >~ ‘SEEIRSES teeth cut with
1 i ;4#—:—'..-»5 ! PO o ' § =t =g a fimishing hob

Number of teeth

— | as the final
. - - '.'?'h".‘.‘:. - L4 - Sm i .. &
_,-:_1., e - - ’ j'_%_... o~ 150 machining
- - - = (o o = XS SRR S B 'S b
AT R eape i B B e O e et i I act el e S G —-..l.. _60 Owranon
0.40 — e 30
e e W - 8 - . . v -4 - v & 4 J 4 > .T - - ’0
S EDER B 45 LRI ' 1 A L & s pa & - s b L o o R e .
The modifying factor can be applied to the ¥R T | T 1 ~t=} L it + t . v b R B B : Los
J factor when other than 75 teeth are used -t e et 0 ooy th : il i T B o e B B L s : : -
in the mating element. 0.30 Py - S - 5
105 =7 EITEEE 22 L BT 0% BF rI-.A o° 5 10° 15 20° 25 30 35
1'.1" "I.'"" 1[14 e tl, ’?'f‘i()()
O I T R Ry rr Iy ot 130 Helix angle,
100 = — —_— — - -
- 15 ! p—o — - - . 4 e = -
P shang s8=t=tan it AR RoR ottt g, :g it (a) Geometry factor (/) for 20° normal pressure angle, standard addendum. and finishing hob
- "2 Th - P [ Jad + =1 — f - 'H_ L3
& - — e b e t — T id0 5™
e 095 I T T L P || 2;_“
£ S 3 e R i G ) B M EE
2 dups tgdnkalpugiadal Ly 2
= 090 . ! : R | : [
L iy, LTS ' ap iy
i ] ! | " ; !
o 0° 5 10° 15° 20° 25° 308 A

Helix angle.
(b} J factor multipliers



K, from power source (electric motor) and driven machine (milling machine)(table 9-5):

Driven Machine

Light Moderate Heavy
Power source Uniform shock shock shock
Uniform 1.00 1.25 1.50 1.75
ight shock 1.20 1.40 1.75 2.25
Moderate shock 1.30 1.70 2.00 2.75
K. fromP,=11.59 > 5 (table 9-6):
Diametral Meltric Size factor.,
pich, P, module, m K.
T 5 = 5 I imy
4 6 ] 05

"

1.15
2 1.25
1 40

—
| g

N

‘J —_—
- o O




K, from F=51.41mm & D,=52.6 mm, F/D,=0.977 (figure 9-18 & 19):

Km =10+ Cpf T Cma Face width, F, mm
=1+009+017=126 & 0 100 200 300

% F/Dp ,
: ratio Dy = Pimon diameter
£ 040
_:,: 2.00 For F/D, < (.50, use curve for
= 030 .50 FID, = 0.50
£ .00
C _0 09 5 020 (.50 When F< 1.0in. (F<25mm)
f— Y > — = E
P. 2 Co =_E _0.025
=t 10D,
2 = When 1.0 < F<I5,
& 0 G v
0 5 10 15 Cor =_£ _ 0.0375 + 0.0125F

¥ ; < 10D,
Face width. F, in
Face width. F. mm

0 100 200 300
0.60

Open gearing  C,,, =0.247 + 0.0167F - 0.765 = 107 F*

nw

0.50——
0.40 / Commercial enclosed gear umits €, = 0.127 + 0.0158F - 1.093 = |07F
" / Precision enclosed gear units  C,,, = 0.067 5 + 0.0128F —0.926 < 107 F2

h alignment factor, C,,,

/ et
0.20 -
8 4 Extra-precision enclosed gear units €, = 0.0380 + 0.0102F - 0.822 = 107 F
C =0.17/z‘/’7 = ; .
m. 0.10

0.0

0 5 10 15
Face width, F in



K, =1 from (solid gear) (figure 9-20):

24 Formpg < 1.2 =

) /1
ol 2 5 (2242 hy
20 N K= 160 (5) -
£ 13 AN
p e i
f 1.6 N Ir /“__\
2 1.4 AN V ",B,__'l"
2 02 AN i
2 12
g Lo Pitch Tine velocity. m/s
£

Formg>1.2.Kg=10 0 10 20 30 40 50
| | 1 ] |
0 I 1 1 1 1 (== Py /(." -
05 06 08 10 12 2 3 33 6L BIN 1.8 - A

Backup ratio, my : / ﬁ =6
1.7 /
n 1.6 V ‘
K =135 W T PR

fromQ,=8 & v,=9.5m/s (figure 9-21):

Dynamic factor, K
[~
5
N

N
\

& //}/// e

3 i —
/ ____,__—--—-"h-—'_____—_- Q. =1l
1.1
Very accurate gearing
| l
1.0 T T : T 3 T T
0 2000 4000 6O ROOO 1O (N

Pitch hine velocity, v, . (/min



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

Reliability

Kx

0.90, one failure in 10

0.99, one failure in 100
0.999, one failure in 1000
0.9999, one failure in 10 000

0.85
1.00
1.25
1.50

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,

N, = (60)(L)(n,)(@)

= (60)(10000)(3450)(1) = 2.1 X 10%cycles i wmime

(9) = number of load applications per revolution

TABLE 9-7 Recommended design life

Application

Design life
(h)

Aircraft engines

Automotive

Agricultural equipment

Elevators, industrial fans, multupurpose gearing

Electric motors, industrial blowers. general
industrial machines

Pumps and compressors

Critical equipment in continuous 24-h operation

1000-2000
10004000
1500-5000
3000-6000
8000-15 000

20 000-30 000
40 000-60 000
100 000 200 000




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

Stress cycle factor, ¥y

Number of load cycles. N,

5'0 LA S N EEER AL I | BB EARLL) ] LI LA
NOTE: The choice of Yy in the shaded area w influenced H
30 by the following: |
: Yy =94518N, 0138
- ‘ ‘

dhulidi = Pitch Iine velocity H
10 Gear matenal cleanhiness
e Case-carb. N = 6.15 14N D 1192 Residual stress

g 1 N LYY =0 w4 A Material ductility und tracture toughness
H250 HB - hﬁ\
:'I I 'I \ ) ™ \ Y\ =4"4"4;r -“"N‘
20 Nitrided - =5 i : ‘
- M Ny
P ~ L :"'r\ I‘L'*-.
~
160 HB hils S— \\"-\.M N }'\ =R | 7:\', -1IR17
S -~ - = ; : i
........___\-- ! ; f\," .:'\L
/ ) TSR -"'=~h-"" | 355 :\:':; E" Yo = 1.3558N 0178
Yy=23194N, - \'""‘h--::~~:. \ N = 139000,
llh.\
1.0 — L 1.0
0.9 T ”l)
0.8 n T 0.8
LI AL
0.7 Y= LOKIIN |23 0.7
0.6 0.6
0.5 0.5
10- I()3 |l)‘J l(l"' I"H 1y “)-‘ Inr I"IH



The bending stress in the pinion can now be computed:

WP, KpXS.F
Stp = F—]pKoKsKmKBKv( Yy )

_ (1146)(11.59)
"~ (2.25)(0.48)

1.25x%1

0.85

Specify the type of material for the gears
to find the Elastic Coefficient C, from

Gear material and modulus
of elasticity. E,.. Ib/in® (MPa)

(1.5)(1)(1.26)(1)(1.35) (—) — 46.145ksi = 318.

16 MPa

Table (9-9) page(400) (Pdf 4] 6) Modulus of Malleable Nodular Cast Aluminum Tin
elasticity, Ep. Steel iron iron iron bronze bronze

Ib/in’ 30 < 10f 25 X 10° 24 x 10° 22 X 10° 17:5"%-107 16 % 10

Pinion material (MPa) (2 % 10% (1.7 x 10%) (1.7 x 10%) (1.5 % 10°) (1.2 X 107) (1.1 X 10%)
Steel 30 % 10" 2300 2180 2160 2100 1950 1900
(2 % 107 (191) (181) (179) (174) (162) (158)
Mall. iron 25 % 10° 2180 2090 2070 2020 1900 1850
(1.7 x 10%) (181) (174) (172) (168) (158) (154)
Nod. iron 24 % 10° 2160 2070 2050 2000 1880 1830
(1.7 x 10°) (179) (172) (170) (166) (156) (152)
Cast iron 22 X 10° 2100 2020 2000 1960 1850 1800
(1.5 % 10°) (174) {168) (166) (163) (154) (149)
Al. bronze 17.5 < 10° 1950 1900 1880 1850 1750 1700
(1.2 X 10% (162) (158) (156) (154) (145) (141)
Tin bronze 16 > 10" 1900 1850 1830 1300 1700 1650
(1.1 % 107) (158) (154) (152) (149) (141) (137)

Source: Extracted from AGMA Standard 2001-C95, Fundanmental Rating Factors and Calculation Methods for Involute Spur and Helical Gear
Teeth, with the permission of the publisher, American Gear Manufacturers Association. 1500 King Street, Suite 201, Alexandria, VA 22314

Nowe: Porsson’s ratio = 0.3): units for C, are (Ib/in)"* or (MPa)"*.



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

A. Helix angle & = 15.0°

24 Pinion teeth

Gear
teeth 17 2] 26 35 35
17 0.124
21 0.139 0.128
26 0.154 0.143 0.132
35 0.175 0.165 0.154 0.137
75 55 (0.204 0.196 0.187 0.171 0.143
135 (0.244 0.241 0.237 0.229 0.209

0.202

B. Helix angle ¢ = 25.0°

Pinion teeth

Gear
teeth 14 17 21 26 35 55
14 0.123
17 0.137 0.126
21 0.152 0.142 0.130
26 0.167 0.157 0.146 0.134
35 0.187 0.178 (). 168 0.156 0.138
55 0.213 0.207 0.199 (. 189 0.173 0.144

135 0.248 0.247 0.244 0.239 0.230 0.210




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

20 . .
l |

Zy = 2 466N

= | 448R N33

L
1.0

6 E—\
Nitnded \
08 F———+1i- EANEL Zn = 1. 24N 018 | EREEREE - ! .

0.7 }—+HH+

Stress cyele factor, 2,

l
0.6 st
|

0.5

10° 10? 107 10° T 1’ 10* 10" 0"

Number of load cycles. A

HBp

forHB =1 wuse Cy=1
G




Allowable bending stress number, s,

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

W¢K,K;KnK, Kgr(S.F)
S — C tHhohsimfry
¢ p FD,lI ( ZNCy )

_ (1146)(1.5)(1)(1.26)(1.35) /1.25%1
_(2300)\/ (2.25)(2.071)(0.202) (0.89><1)

= 180 ksi = 1241 MPa

- L B
= S S
gl = =
= = 1300 §
60 ——— L
400 s =102 HB + 16 400 r
s / w 1200 Grade 2: 5, = 349 HB + 34 300
350 2
Ry =
£ 1100 /
2 S(
300 / Z o Bl
= 1000
40 // v
= il - £ g p
3 125 F/
5 — =
200 + 30 =zl \ = 800
el Grade 1: :5
S =773 HB 4 12 800 2 /
150 : 700 |- 100 — 7 Grade 1: 5,, =322 HB + 29 100
20 /
100 600
75
]0120 150 00 250 300 350 400 450 150 200 250 300 350 400 450

Brinell hardness. HB Brinell hardness, HB



Mechanical Engineering Design I
Twenty-one Lecture

Design of Bevel Gear



Power Transmission Proposed solution
Problem (Bevel Gear)

]
e i
dw nve

I [ Y 4
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Ring gear

Hypoid bevel

A\
Ay - - ~ -

I {
1

,," /4"' '8

f /
/
’ﬁ [l

L

- =

Spiral bevel

Straight bevel ———




Basic bevel Gear Geometry and force Kinematics

Pitch angle

XK

Pitch angle clearance

I .
/ ‘*_ UniformBig
\

\‘ Back ;
\< cone 7/

;

*4. Pitch diameter Dj; ;

Back-cone
radius, r),

Noies: Shaded area is

pitch cone surface.
Considering magnitudes:

W,,, = WiG
Wep = Wig
Wep =W

11

=—R

4

R

~]

() Free-body diagram: gear

y

(b) Free-body diagram: pinion



Modes of Gear Tooth Failure

N
1. Bending failure.

Root failure

J
(s D
2. Pitting. 7
S,
a |8
® 0
) »
. — =)
3. Scoring. = o
@ 7 G T
& TR
8 ' _ m)m

4. Abrasive wear.

@. Corrosive wear .,




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

Bevel Gear Design

The power to be
transmitted

Type of driver and
driven load

The gear teeth should have
wear characteristics so that

their life is satisfactory.
The speed of the

driving gear
The use of space and material

The center distance should be economical.

The speed of the
driven gear or the
velocity ratio

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

Designer

Other information

related to problem The lubrication of the gears
specification must be satisfactory.




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 (K,) from
Table (9-5) page(389) (405pdf)

Driven Machine

Light Moderate Heavy
Power source Uniform shock shock shock
Uniform 1.00 1.25 1.50 %S
Light shock 1.20 1.40 ¥ 4 2.25
Moderate shock 1.30 1.70 2.00 275

|

Compute the design power
Design Power=K , x transmitted power

o




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

Standard_diametral_pitches (teeth/in)
1.25

1.5

iS5

2

2.5

u:ooqa\u\.pv_.uu
w

120

300

200

100 F

70
50

30

10.0

7.0
5.0

Design power transmitted, P, (hp) |F,. = K P|

1.0

0.7
0.5

et

\\

0

150

70
60

50
40

30

20
15

10.0

7.0
6.0

5.0
4.0

30
2.0

1.5

1.0
0.7

0.5

600 1200 1800 2400 3000 3600

Pinion speed, np (rpm)

oy

Design power transmitted, P, (kW) [P, =K P|



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

Compute the nominal velocity ratio VR = ?
G
|

Compute the approximate no. of teeth for Gear N; = Np X VR

|
. . N
Compute the actual velocity ratio VR = N—G
P
|

. N
Compute the actual output velocity n; = np N—P
G
| N
o ° N
Compute the pitch diameters D, = - ,D; = —5,
Pg4 Pg4
Dp _ Dg

. — i 10 _
face width F = min(0.34,,1/p,) , A, = 5= = 75
pinion mean radius r,,, = D”/Z — (F/2)siny where y = tan‘l(Np/NG) ,

gear mean radius R,,, = DG/Z — (F/2)sinT whereT = tan"1(N;/Np),
2Tr,np 60P T

and tangential force, W, = =
60 ’ g ’ 5 2ATrmny, Ty

pitch line speed v, =

O



©

Analyzing of gear tooth failure mode

Root (Bending) Failure Surface (Pitting, Scoring,...)
Mode Failure Mode
Bending Stress Number Contact Stress Number
W.P;K,K;K Y
5, = LelaloRolm g Y o e [WeColm_ o Zuc
F] KU KR(S. F) C P b FDpI Cv ac KR(S. F)

Find the values of factors
J LK K,,, K,,C,,Cp,Co,C0n,Cy ,YN,Zy,Cy,Kp, S.F)
as in the following steps

@



Specify the type of material for the gears to find the Elastic Coefficient
C, fromTable (9-9) page(400) (Pdf 416)

Gear material and modulus
of elasticity. E. Ib/in® (MPa)

Modulus of Malleable Nodular Cast Aluminum Tin
elasticity, Ep. Steel iron iron iron bronze bronze
Ib/in* 30 x 10f 25 x 10° 24 x 10° 22 X 10° 17.5 x 10° 16 X 10°
Pinion material (MPa) 2x10%  (17x10% (L7X105  (L5X 10 (12X 105 (1.1 X 10%

Steel 30 10" 2300 2180 2160 2100 1950 1900
(2 % 10°) (191) (181) (179) (174) (162) (158)
Mall. iron 25 % 10° 2180 2090 2070 2020 1900 1850
(1.7 X 10%) (181) (174) (172) (168) (158) (154)
Nod. iron 24 % 10° 2160 2070 2050 2000 1880 1830
(1.7 x 10°) (179) (172) (170) (166) (156) (152)
Cast iron 22 X 10° 2100 2020 2000 1960 1850 1800
(1.5 % 10°) (174) (168) (166) (163) (154) (149)
Al bronze 17.5 % 10° 1950 1900 1880 1850 1750 1700
(1.2 X 10%) (162) (158) (156) (154) (145) (141)
Tin bronze 16 x 10" 1900 1850 1830 1800 1700 1650
(1.1 % 10°) (158) (154) (152) (149) (141) (137)

Source: Extracted from AGMA Standard 2001-C95. Fundamental Rating Factors and Calculation Methods for Involute Spur and Helical Gear
Teeth. with the permission of the publisher, American Gear Manufacturers Association. 1500 King Street, Suite 201, Alexandria. VA 22314.
Norte: Poisson's ratio = 0.30: units for C, are (Ib/in*)"* or (MPa)"*,




036 038 040

0.34

7080 90100 |

030 032

Number of teeth in mate
25 30 35 40 4550
0.28
Geometry factor, J

024 026

20

0.22

0.20

=t

0.18

0.16
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Specify the pitting geometry
factor ( | ) with 20° normal
pressure angle and 90° shaft
angle from Figure (10-14) page
(474) (490pdf):

Number of teeth in pimon

| T

TTTTL

In . + '.1".‘ - - - ‘l ~ b= —f ¢ S
i S R BN PRGN B W B Number of teeth in gear —-—- —{ - LT
T v+ '-I. .’-. R - 4 ' W ' + 4 4 4 s 44 - [
A RS S [F=3s0 60 70 80 90 100+ -4+ r—{—1+=
50 bt 2 KR R Lt . 1
oot rbt e I A I T | - 1% -&:Jn F4=44 IBRGSE) B
isa[FaIpaRe tadan Fedii b REpAiEs W BR sl AR nky dbpdy sapd
‘..‘-»-71 -1 v 4 + 4y \ —1 13- 2 1 41 + + o
4 4 s i —t — 1 - .45 4 =1 4 +— - R - | - f— e
—Tt . — 1 4 .. -~ + e
-3 44 .--.i ,I;. ot e d —s 4 4 o . 1t | R A e )|
- ™ i‘—l“ ‘v"lﬂi"" 1 P e v - 'I ™ J . -} -
T.‘ - — -4 = 13 - - . - +- 484 + — —-- . 4 - ‘--’.I
— v bt + F— - - s 4()‘ - by - + 3 - _:_
40 , A :
| e I i 11! 1 v + + + 12 IR <+ - - rI ¥ =4 i
- b b tr i | " - -1\ - - e ‘ + - . -
t 4 I -4 + | »-_‘-q i H =4 =l §= S f AL ’_:r,;
G SN { : 5 - e ) T -+ 4+ 4 — b . -
L. + | ] ! AN —t , }
4 4t — ! 3 .\. A 4 1 ’L;“4 - -‘ B 4 4-1L-+_
pedd ipd g dcd e |4 e - i S ol o 4 | (S CEMEMERER (54 )
44 +-44-d. . i :.--1‘ L,tu QLolara-—- i e »—.—I_;....
T et = SUEPE .la - »--30- 1 - - »{»I $T|w--q’q»0-o—L——¢L-
30 + 1+ T . 1+ g
) obh B R by ) e - b4 " .\ . ‘ 51“ - ;‘..:- r,..,r t.._
4 - - -—— ' Pe——— § -t v - 3 - ] - 0+ - i e e -—
F i 2 3 s ¥ g I TN Lf‘ I | ER AR EXSOS TN O
J:A. .,1 1 4 [n. .251 - - - o ‘0—-4%-*’%%‘—*"-‘-**‘—*‘—
]I. v 49 . tld-lﬂ .a‘11 S o B {-- ; + - - T L -";+
. .1 } | v $d . = L,‘L_?,T.-‘. | LS B S W S
...... i. 23 -~ — =l A 4 +H + P 4 D W W W By S - et
1[} e & 4--1— (SRR = e S 20vg - . + &-:1- - - I IR e AR =
- T . T - /‘ =
- p— — v = | - b - 4 + - -+ ] §o- - s o —* -4
[ A ) [ S 0 s T e Y }.;4.- / 1 1. 7. Shaft angle: 90° 1L
-+ 4+ vt o | vt | =t =— L “+ - — . - b P + o s L
L dasa Lk DR SR T - : & ressure angle: 20
L Sa “? -+ £ E e e s aam
2w B TR o T e S
._I +—44—4 ,..{.4 -_1 I R !‘{C : ot gt 1.4 L L = V—J‘ 44 bt e
T s 1 N S .- e v g =t g . -+ -—4 v - tﬂ-—l — e
IU — 4 I,.ta«I.. 41_4-1.,_.. i .is, 41 4= —p - "f' -.T».r ,..4;-._'

0.020

0.040

0.060

0.080
Geometry factor, /

0.100

0.120

0.140



Diametral Metric Size factor,
pitch, P, module, m K,

1.00
6 1.05
8 115
2 1.25
1.40

=5

12 ' 4

Straddle mounted gears

Both gears One gear Neither gear

straddle- straddle- straddle- Beanng © 7 Bearing A
Type of gearing mounted mounted mounted : ;
General T
commercial-quality 1.44 1.58 1.80 o
High-quality,
commercial gearing 1.20 1,32 1.50




Quality
Application number Application

Cement mixer drum drive 3-5 Small power drill
Cement kiln 56 Clothes washing machine
Steel mill drives 5-6 Printing press

Grain harvester 5-7 Computing mechanism
Cranes 5-7 Automotive transmission

Punch press 5-7 Radar antenna drive
Mining conveyor 5-7 Marine propulsion drive
Paper-box-making machine 6-8 Aircraft engine drive
Gas meter mechanism 7-9 Gyroscope

Machine tool drives and drives for other high-quality mechanical systems

Pitch line speed Pitch line speed
(fpm) Quality number (m/s)

0-800 6-8 04
800-2000 810 4-11
20004000 10-12 11-22
Over 4000 12-14 Over 22




Choose material for pinion and gear or (S,_, S,,) from figures [(9-10) page (379)

ac )’

(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)].

Determine the dynamic factor (K,) from the following equation:

— KZ -

ey

8 125

= (z)—OSQ — Sat [EPTEG] and KZ = 85 — 10(11)
if u=negative value thenuse u=20.0

u

For checking K, must be greater than (K, . = %tan_l("t/333)), 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 safety factor (S.F) typically from | to 1.5

\

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

pdf)
1.16 '\\ Surface finish of pinion. f,{
114 (micromches), R, )
114 2 = e (= = 17 &= = rt:‘
-z o = s ”Bfl ) :‘15 '\J ll: \ ’,.=
o 1,12 g When HB(' < 1.2 // lbl.h I.t o \\\} \l\
= 110 use Cy=1 1.3 § Z w5 fp=32"N
- -
< LO8 14 3 2 1ot N TN
= 1.06 A L4132 7 1.06 ™ 0% N
- 1?’// 1> 2 Z S Q
210 Vo aVa e B ERT A SUANN
2 3 = N
= L2 E 1.02 When f,, > 64. N
= use Cpy= 1L
02 46 8310121416182 180200 250 300 350 400

Single-reduction gear ratio, my; Brinell hurdness of the gear, HB,;




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

dn: 0.90, one failure in 10 0.85

P f)° 0.99, one failure in 100 1.00

0.999, one failure in 1000 1.25
0.9999, one failure in 10 000 1.50

Specify the stress cycle life (Y,) e T e T

. NOTE: The choiee of Yy, in the shaded area s influenced H
° by the following il
from Figure (9-8) page (395) 40 i
= Pitch line velocity 1
(4 I I do. | l ” Gear matenal cleanliness
p ° 30 b b ] - ; i Residual stress
:‘r'”"H; M~ "N J o= L L, ¥ Material ductility und fracture toughness
TABLE 9-7 Recommended design life - SN l
g L d S PALL LIS
<, | Nitrided LTS Y e |
. = - N ~
Design life £ T~ -HI ST 1 ||HH l
Application (h) s 160 HB 111 B ||y = 35178 0
2 <3 M~ i = Tt
- 5 g T~ N NN
Domestic appliances 1000-2000 ] g quv .. R :‘:;ZL: V= 1,35SEN, IS
Aircraft engines 1000—4000 ? T M“ﬂj ] LI
Automotive 1500-5000 10 i 11 e
. 0.9 . LU o0
y al & > 3000~ :
F.\grll.ullural equipment . ' 3000-6000 Yo T Tl o
Elevators, industrial fans, multipurpose gearing 8000-15 000 : N ){ II (:J\JII\IJ\M_L_ ;
; 2 p 0. = PR 0
Electric motors, industrial blowers. general : Y i
industrial machines 20 000-30 000 L ) | e
Pumps and compressors 40 000-60 000 05 - 0.5
Critical equipment in continuous 24-h operation 100 000200 000 Lz 10’ 1o 14 1 1o I I 107

Number of load cycles. N,




Stress cycle factor, Z,

|
STATATY

1 --@“

| ’

10"
Number of load cycles, N
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