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12. 
A 

pair 
of 

helical 
gears 

are 
to 

transmit 
15 

kW. 
The 

teeth 
are 

20° 
stub 

in 
diametral 

plane 
and 

have 
a helix 

angle 
of 

45°. 
The 

pinion 
runs 

at 
10000 

rpm 
and 

has 
60 

mm 
pitch 

diameter. 
The 

gear 
has 

a pitch 
diameter 

of 
320 

mm. 
If gears 

are 
made 

of 
cast 

steel 
having 

allowable 
static 

strength 
of 

100 
MPa; 

determine 
m
o
d
u
l
e
 
and 

face 
width 

from 
static 

stre-sth 
considerations 

and 
check 

the 
gears 

for 
wear, 

given 
o,, = 618 

MPa. 
(VIU- 

July 2007-15 
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P 
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15 

kW, 
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= 20°-stub 
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helix 
angle, 

(} = 45°, 
pinion 

speed, 
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10000 

rpm, 
pitch 

diameter 
of 

pinion, 
d, 

= 
80 

m
m
,
 

pitch 
diameter 

of 
gear,d,= 

320 
m
m
,
 

oy) 
= 

=
O
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100 

MPa, 
6,, 
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618 

MPa. 
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2 
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3 

dy 320 
i= 
4
 

8 0  
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Identifying 
weaker 

part 
(pinion/gean): 

We 
know 

that 
strength 

factor 
=
o
,
 

Since 
both 

pinion 
and 

gear 
are 

made 
of 

same 
material, 

the 
pinion 

is weaker, 
i.e. 

Oan-Y1 
< Fa2-Y2- 

Hence 
design 

is based 
on 

pinion. 
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Assume, 
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0
.
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v
=
4
1
.
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m
/
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C
=
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1
5
0
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'
m
m
 

(2
0.
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[(1
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x 
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x 
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45
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35
8]
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 c
os 

45 

(20
.67
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 4

1.8
9) 
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f (
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.75
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 1

9x
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* 

45)
 + 

35
8 | 

Fy 
= 
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a.
 
To

 f
in
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d
y
n
a
m
i
c
 
to
ot
h 
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ad
 
F,
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cance 
_ 

d\
bO

K 
| 
P
a
g
e
s
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l2
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J 

We
kn
ow
 
th

at
, 

_ 
Fy
 

= c
os
? 

B 

* 
Di 

in
io
n,
 

d,; 
= 
8
0
m
m
 

. 
Di

am
et

er
 

of
 p

in
io

n,
 

d; 
a
 

ae
ra
te
d]
 

‘ 
* 

Ra
ti

o 
fa
ct
or
, 

Q=
 
A
a
d
 

[
B
e
l
o
w
 
er
 

wi
s 

oa 
Ly

 
Li
) 

2 
1 

2x
 
32
0 

~ 
32
0+
80
 

Q
=
1
6
 

* 
He

re
 
B
H
N
 

is 
no
t 

gi
ve

n.
 
Si

nc
e 
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th

 
th
e 

ge
ar

s 
ar

e 
ma

de
 

of
 s

te
el

, 
as

su
mi

ng
 

E=
2.

1 
x 

10
° 
MP

a,
 
we

 
ha

ve
 

2 
eq 

12
02

 
s
e
c
a
 

] 
| 
Be

lo
w 

&@
 

= 
K
=
 

1
4
 

—
+
t
+
—
 

val
k 

a
 

-. 
Eq
. 

(ii
i) 

yi
el
ds
..
. 

F,
 

= 
35

8 
+ 

 
 

 
 

  

  
  

 

 



, 
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eq 12:22 
CD 

iL 
yyjo 

V
e
s
y
n
e
u
m
 

ooo 
° 

J 
me 

aaa 
7 

a
c
o
s
B
 

D
p
 

} 
au 

7 
e
e
l
 

 
 

 
 

= 
tan 

t a
m
e
n
’
 

tan 
20 

x 
cos 45 

CO, 
= 

14.43 
deg 

618? 
xsin 

(14.43) 
1
,
 

1 

° 
K= 

14 
21x10" 

21x10°| 
- 

K
=
0
.
6
4
7
4
 

g
0
x
1
9
x
1
.
6
 

x 
0.6474 

e
i
s
 

b
0
x
i
a
“
.
n
e
e
 

Eq. 
(iv) yields 

Fy 
= 

cos? 
45 

F,, 
= 
3
1
4
9
N
 

Since 
F,, 

> 
Fy, 

the material 
is safe 

against 
WE2r- 

uy 
The 

i. 
Power 

transmitted 
34 

k
W
 

at 
2800 

rpm of 
pinion 

ii. 
Speed 

ratio 
4.5, 

n
u
m
b
e
r
 

of 
teeth 

on 
pinion 

18 

iii, 
Helix 

angel 
25°, 

pressure 
angle 

a 
= 

20° 
stub 

iv. 
Material 

for 
both 

pinion 
and 

gear 
is 
m
e
d
i
u
m
 
carbon 

steel 
whose 

allowable 

stress 
may 

be 
taken 

as 
230 

MPa. 

vy. 
Pinion 

diameter 
is 

limited 
to 

125 
m
m
.
 

Determine 
the 

axial 
thrust 

on 
the 

shaft 
and 

check 
the 

gears 
for 

dynamic 
and 

i 
wear 

loads. 
[VTU 

—Dec. 
2010 

— 20 
Marks.} 

Solution: 
P 

= 
34 

kW, 
pinion 

speed, 
N, 

= 
2800 

rpm, 
i = 

4.5, 
2; 

= 
18 

teeth, 
helix 

angle, 

B 
= 

25° 
@ 

= 
20°-stub 

teeth, 
pitch 

diameter 
of 

pinion, 
d, 

= 
125 

m
m
,
 

Gg, 
= 

Sy 
= 

230 
MPa, 

N, 
da. 

We 
know 

that, 
i= 
M
m
 

% 
N, 

h 

4
5
-
2
4
%
 

i 
d, 

125 
; 

d, 
= 

562.5 
m
m
 

and 
iz) = 4.5 

x 18 =8iteeth 
Identifying 

weaker 
part 

(pinion/gear): 
We 

know 
that strength 

factor 
= o,.y 

Since both 
pinion 

and 
gear 

are 
made 

of same 
material, 

the 
pinion 

is weaker, 
ie . 

Oay-1 
< 
O
p
-
 Yo 

Hence 
design 

is based 
on 

pinion. 
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number 

of teeth, 
z= 
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[
a
n
,
e
q
i
2
2
@
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ae 
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cos* 
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age 

_
_
%
 

_ 
«+18 

a
 

cos? 
Bp 

cos? 25 

+ 
t 

2
 

= 
2
4
.
1
7
 

e 
A
n
d
 

Z
2
>
=
 

1.2.4 
= 

2
4
.
1
7
 

x 
4
5
 

= 
1
0
8
.
8
1
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d
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p
T
 

is 
‘Og 

kY 

Is 
, 

ae 

% 
. 

page 
214, 

12-24 Cb 
Since 

the 
diameter 

is 
k
n
o
w
n
,
 
we 

have 
m. 

— 
| 

E
C
.
 
|
 

Q 
i
k
 

. 
1
!
 

) 

: 
a
~
 

wood 
se 

F 
ot 

i. 

p
a
g
e
N
o
-
e
)
 

nd\N, 
_%x0.125 

x 2800 
 
 

= 
18.33 

m/s 
v
D
=
 

s 
6
0
 

6
0
 

15.25 
. 

y} 
ge 

» For 1
0
<
v
<
2
0
 

/ms, C.= 
755-—— 

[
2
4
1
2
2
5
0
 ; 

_ a
 

15.25 
: 

~ 
4
5
.
2
5
 

+ 18.33 

C, 
= 0.4541 

1 
. 

«
]
 

° 
teat 

. 
p= 

(205, eq 
127%) | 

o
g
 

Assuming 
moderate 

shocks 
and 

8 — 10 hours 
service, 

service 
factor, 

C,=15 
..Tb.12.8/Pg 

_,DHB 

 
 

R
=
 

1000 
x 3

4
x
1
5
 

a
s
 

’ 
“ 

*~ 
=
:
 
18.33 

F, 
= 278232N 

12240) 
| 

se 
« 

Formfactor, 
H
e
r
e
Y
=
7
y
;
 

S 
r paper 

Bela. 
 
 

2 slo 
> 25) 

[. 204, 
C4: 

|2: stol—- 
1 

0.95 
~. 

2 
gloss 

: x{o 
- 

| 
Y 

= 
0.4263 

® 
A
s
s
u
m
e
,
 

k=b/m,, 
=15 

. 
&
4
|
 

« 
A
s
s
u
m
e
,
 

G
,
=
1
.
1
5
 

1
T
b
.
1
2
2
U
P
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,
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H
B
 

   

2782.32 
*1.15 
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x 
0.4541 

x 
15 

x 
0.4263 

224 
.
T
b
.
1
2
.
2
/
P
g
~
 

:, D
H
B
 

  
 
 

. 
Eq. 

(@ 
yields... 

mi, 
= 

mM, 
= 
219 

m
m
 

Therefore, 
standard 

module, 
m, 

= 
2.5 

m
m
 

* 
Face 

width, 
b= 

15m, 
=
1
5
x
2
5
=
3
7
5
m
m
 

 
 
 
 

Check for b: 
ms 

a
 

ie. 
Dain = 

G
1
5
)
,
 

[2!3, 
4
 
12-23Cb% | 

nt, THB 
sinB 

(1.15)xnx25 

- 
sin 

25 

Brin = 21.37 mm 
Since 

b > Bj, 
the 

calculated 
value 

of bis 
safe. 

® 
Check 

for 
oy: 

o,C,bYm, 
| 

. 
4
a
 

| 
aoe 

We 
know 

that, 
F,= 

f 
C 

7 
4
,
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D 
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i 
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D
E
B
 

wr 

G4, 
X 

0.4541 
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= 
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 c
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(
2
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at
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.5 
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HN
) 

—7
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2 
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g 
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8 
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= 
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© 
Here 

HUN 
dn 

nol 
piven 

lane 

ir 
Kg. 

(i) 
yields. 

1 

Since 
F
<
 

Fy, 
the 

pinion 
hardened 

lo 
higher 

BUN, 

en 
e
N
O
 

E
I
 

8 

© 
120 

S
a
 
[
2
7
8
 

» (120) 
70] 

| 
Gq 

2 200) MPa, 
a 

" 
L 

Slave 
both 

the 
Beard 

a
r
c
a
d
e
 

of 
steel, 

AssUNing 
» 

Le 
21% 

10" 
MPa, 

we 
have 

Ke 
oF, 

win 
7
 

| 
Q
\
4
,
 

B
e
l
o
w
 

CQ. 
2
8
0
)
 

1
4
 

Ly 
Ly 

vet 
4 

Ay 
Lang, 

cou 
[b 

p
a
g
e
 

QY 
1
2
-
9
0
6
 

)
]
 

{ 
an 

20 
« 

con 
25 

E
 

4 
by) 

} 
hy 

18,26" 
  

Ko 
20 xwin B26 

d
d
 

14 
21410" 

2.110" 
K = 0.1441 

125 
x 

37.5 
%1.04 

%0,1441 

con a5 
My? 

1348.65 
N 

: 
is 

subjected 
to 

rapid 
wear 

and 
hence 

has 
to 

be 
surface 

ee 
Bee 

Fy 
,bOK 
MOO 

21071 
x10? 

cos® 
[} 

1
2
5
 % 

37.5 
ie 

1.04% 

cos" "25 
 
 

 
 

K = 
210.71 

x 
10" 

K 
21,144 

Therefore 
for 

steel —  steel 
combination, 

having, 
& 

= 20° 
and 

K 
21.788, r

e
e
 

BHIN, = 
B
L
N
;
 

= 300 
d: 

Axdalor 
thrust 

f
o
r
c
e
,
 £ 

  
Tb. 

12.161 Pe”, 
DHB 

"=F, 
lan 

fs 
C pouge 

212) 
wd, 

ode 
Vig 808, 

GRAD 

"= 2782.32 x tan 25 
£,= 

129742N, 

  

45.A 
ompressor 

running 
at 

359 
rpm 

is 
driven 

by 
a 120 

k
W
 
motor running, 

at 1400 

rpm. 
The 

center 
distance is 

400 
m
m
 

and 
helix 

angle is 
25°. 

The 
motor 

pinion 
is 

made 
of 

forged 
steel 

and 
the 

driven 
gear 

is 
cast 

steel 
design 

the 
gear 

using 
20° 

FDI 
system. 

N,= 
350 

r
p
m
,
 

P = 
120 

kW, 
cente: 

we 
400 
m
m
,
 

f 
= 

25°, 
a = 20° 

FDL. 

Design 
tthy 

B, Fas Fens 
Fev- 

 
 

! 

We know 
that, 

it m
e
a
g
e
e
 

N
,
 

Z; 

i
e
 

NM 
00 wg 

| 
N, 

350 

d, +d, 
Also, 

center distance 
= 

2 

: 
400 L

t
d
 

\ 
2 

d, + 4d,= 
800 

. 
a
 

160 
m
m
 
and 

d,\= 
640 

mm — 

Material 
properties 

' 

Pinion: 
forged 

steel: 
on F 

220 
MPa, 

BHN, 
= —
 

2
3
4
 

Gear: 
Cast 

steel: 
Ta 

193.2 
MPa, 

B
H
N
,
 = 

..1b.12.7/Pg 
,DHB 

* 
Assume 

"
z
=
 

20 

x 
ak 

iz,=4 
x 20=80 

[222 
(e. 

* 
Virtualnumber 

ofteeth, 
z= 

= 
f
o
u
,
 

C4 
e
e
 

4, U
8
 

cos” 
B 

i 
2
 

2
0
 

e
t
 

cos’ 
B 

cos? 25 

Z_ 
= 

26.86 
= 27 

and 
* 

Z9 
= 
i
z
,
 

= 27 
x 4=108 

j 
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- 2
03

 
Mp
a 

LQ
20

MP
A,

 
 
 

:
 

Fo
ce

 
co
ia
th
 

b=
 
7s

no
ny

 

©
 

D
y
r
o
m
i
c
 

s
l
o
a
d
 

(
t
a
 

e
s
t
 

   

 



  

         
 

 
 

  
 
 

  
   
 

 
 

@
v
>
1
0
m
/
s
 

For 
a 

= 
20° 

FDI 
and 

steel 
— 

steel 
c
o
m
b
i
n
a
t
i
o
n
 

@
c
=
0
.
0
3
 
m
m
 

C
=
3
4
3
.
4
N
/
m
m
 

..Tb. 
12.12/ 

Pg’ 
_., D

H
B
 

¢ = 
0.0386 

m
m
 

C
=
?
 

0.0386 
x 343.4 

at 
v
=
1
1
.
7
2
m
/
s
.
C
=
 

0.03 
= 441.84 

N
/
m
m
 

2. 
Eq. 

(iii) yields... (20.67 x 11.72) x[ (441.84 x 75 x cos” 25) + 15.36 x 10° |x cos25 
-Ej=— 

"(20.67 
x 11.72) +, f (441.84 x 75 x cos? 25) +15.36 

10° | 

F, 
= 

3
6
.
2
 

x 
103>N 

d.To find 
endurance 

strength 
(F,) 

| 

We 
know 

that, 
F, = GenbY ttt, 

fais, 
12-26C b) 

e
r
y
 

G
B
s
 

; 
@ 
B
H
N
,
 

= 
200, 

‘Gen = 
345 M

P
a
 

...1b.12.15/ 
P
g
 

+,DHB 

‘ 
F,= 345 x 75 x 0.4104 

x5 
3 

F,=53.1 
x 10°N 

= 

Since 
F, 

> 
Fy, 

the 
material 

is 
safe 

against 
static 

tooth 
load. 

e.To f
i
n
d
 
dynamic 

tooth 
load 

(F,,) d,bQK 
. 

0. 
eco 

| 

We 
know 

that, 
Fi= 

most 
[
I
 

4; 
[20-2 

Beeeah 
cat 

de 
os, 

OS, 

* 
D
i
a
m
e
t
e
r
 

of pinion 
4, 

= 4
5
0
m
m
 

2d, 
low 

e 
jp 2

6
M
)
 , 

Zit 
L
n
 

_ 
* Ratio factor, 

Q= 
ree 

|
 
Below 

69'S 
T
e
e
 
S
u
i
z
a
 

2x 640 

= 
640+ 

160 

 O=1.6 
e 

Since 
given 

BHN 
combination 

is notavailable 
in Tb 

12.16/ 
Pg 

193, 
DHB, 

E = 
2.1 

x 10° MPa, 
we 

have 

 
 

 
 
 
 

assuming 

o2, 
sin 

o 
S
|
 — 

+ 
Load 

stress 
factor, 

K
=
 
~ 

74 
E, 

& 

tana, 
= 

tanacos 
B 

F
a
i
t
 
1
2
:
2
2
)
 

| 
Tet, 

B
U
R
 

= tan 20 
x cos (25) 

|
 

,, 
= 

18.26 
deg 

(345)? 
x sin 

8
2
)
 

1 
1 

] 
K
=
 

21x10° 
21%x10° 

14 
* 

K = 0.2537 

cor 
160 

x 
75 

x 1.6 
< 

0.2537 
Eg. 

(iv) 
yields... 

Fp 
= 
—
—
—
_
_
-
—
—
_
 

ar 
E
R
E
 

cos? 
25 

F,, = 5.9 x 10?N E 
1] 

[P 
914, 

Beloo 
eq, 

122602] 

——— 3 

: poet   
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ra
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d 
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d 
he
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e 
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s 

to
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rf
ac

e 
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rd
en
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to
 h

ig
he
r 

BH
N.
 

. 
i
e
,
 

F
a
 

= 
F
y
 

d,
bQ

K 

co
s?

 B
 

16
0 

X7
5 
1
.
6
K
 

co
s?
 
25

  
 

2 
36
.2
 

x 
10
3 

7 

 
 

2 
36
.2
 

x 
10

3 

K2>
 1
.5

48
 

22
4 

AN
 

Th
er

ef
or

e 
fo
r 

st
ee

l 
— 

st
ee
l 

co
mb
in
at
io
n,
 
ha

vi
ng

 
20

° 
an
d 

K 
2 

1.
54

8,
 
we
 
ha
ve
 

B
A
N
,
 

= 
35

0 
an
d 

B
H
N
,
 

= 
30

0 
.-
 T

b,
 
12
.1
6/
 
Pg
 

,
D
H
B
 

4.
44

 
PR

OB
LE

MS
 
BA
SE
D 

ON
 
U
N
K
N
O
W
N
 

DI
AM
ET
ER
 

16
. 
A 

he
li
ca
l 

ca
st

 
st
ee
l 

ge
ar

 
wi

th
 

30
° 

he
li

x 
an

gl
e 

ha
s 

to
 
tr
an
sm
it
 
35
 
kW
 

at
 
15
00
 
rp
m.
 

If 
th

e 
ge
ar
 h

as
 2

4 
te
et
h,
 d

et
er

mi
ne

 
th
e 

ne
ce

ss
ar

y 
mo
du
le
, 

pi
tc
h 

di
am
et
er
 a

nd
 
fa

ce
 

wi
dt

h 
fo
r 

20
° 

fu
ll

 
de
pt
h 

te
et
h.
 
Th
e 

st
at

ic
 
st
re
ss
 

fo
r 

ca
st
 
st
ee
l 

ma
y 

be
 
ta
ke
n 

as
 

56
 
MP
a.
 
Th
e 

wi
dt
h 

of
 t

he
 
fa

ce
 
ma
y 

be
 
ta
ke
n 

as
 

3 
ti

me
s 

th
e 

no
rm

al
 

pi
tc
h.
 
Wh

at
 

" 
wo

ul
d 

be
 
th

e 
en
d 

th
ru
st
 
on

 
th
e 

ge
ar

? 
Th
e 

to
ot
h 

fa
ct

or
 f

or
 2

0°
 
fu
ll
 
de

pt
h 

in
vo
lu
te
 

ge
ar

s 
ma
y 

be
 
ta
ke
n 

as
 
0.

15
4 

~ 
S
 

, w
he

re
 

z, 
is 

th
e 

eq
ui

va
le

nt
 
n
u
m
b
e
r
 

of
 
te
et
h.
 

_I
VT

U-
 J

une
! fu

ly 
26 

‘ s ;  
M a y !  

Ju
ne
 2

01
0-
15
 M

ar
ks
} 

So
lu
ti
on
: 

he
li
x 

an
gl
e,
 

B 
= 

30
°,

 
P 

= 
35
 
kW
, 

pi
ni
on
 
sp

ee
d,

 
N,

 
= 

15
00
 
rp
m,
 

Z;
 

= 
24
 

te
et
h,
 

0.
91
2 

z
,
 

.-
 

        

 
 

a 
=3
0°
- 

FD
I 

te
et

h,
 

b 
= 

3p
,,

, 
6,
 

=.
Gj
, 

= 
56
 
MP

a,
 
y=

0.
15

4-
 

a.
 
tt
, 
=?

 
b
.
b
=
?
 

c. 
En
d 

th
ru
st
, 

F,
 
=?
 

Id
en
ti
fy
in
g 

we
ak
er
 
pa

rt
 
(p
in
io
n/
ge
ar
) 

We
 
kn
ow
 

th
at
 s

tr
en

gt
h 

fa
ct
or
 =

 o
,-
y 

Si
nc
e 

bo
th
 
pi
ni
on
 
an

d 
ge
ar
 
ar

e 
m
a
d
e
 

of
 s

am
e 

ma
te

ri
al

, 
th

e 
pi
ni
on
 

is
 
we

ak
er

, 
Le

. 
O
u
r
 1 

< 
Cu

z 
Yo
 

oa
 

He
nc

e 
de

si
gn

 
is 

ba
se

d 
on
 
pi

ni
on

. 

z 
; 

7 
* 

Vi
rt
ua
l 

nu
mb
er
 o

ft
ee
th
, 

z=
 

—3 
f
o
n
,
 

12 
2
2
0
)
 

a
 

co
s”

 
B 

Z 
24

 

Za
 

= 
co
s*
B 

ca
s?

 3
0 

2
q
 

= 
37

 

 
 

od
 
y
y
 

de 

 
 

4.
To
 f

in
d 

mo
du
le
 

(m
,)
 

- 
Si

nc
e 

th
e 
d
i
a
m
e
t
e
r
 

is
 u

nk
no
wn
, 

we
 
ha

ve
 

%
 

L 
21
4,
 

[
2
2
4
 
c
)
|
 

g 
_| 

2M
.C
, 

co
s 

fi
 

3 
7 

= 
x 

My
 

= 
Si
C 

kY
z 

wo 
B 

Ky 
de 

ay 
Po 

ta
, 

Oe 

2n
N,
M,
 

60
 

 
 

© 
. 

P
=
 

 
 

i i | 
.f
 

 
 

 



 
 

I 
. 

. 

| 
4350102 

2X 
150% 

M, 
m
s
 

60 
M, 

= 
222.82 

N-m 
= 

222.82 
x 

10° 
N
-
m
m
 

: 
but, 

k= 
bfit, 

- 

b= 
3p, 

...(data) 

; 
.. 

W
h
e
 

ae 
Po 

= 
A
M
,
 

L
o
n
,
 

2-14 
|
 

“
b
e
 

3
x
A
m
N
 

ne 
me 

kei b_ 
= S

A
H
 

7" 
Mn 

6 
pm 

s
u
m
 

rE 
dee 

“a 
* 

s
e
 

   

 
 

« 
Assume, 

4) 
« 

Assume, 
C,, = 

1.15 
T
b
.
 

12.21/ 
Pg 

386, 
DHB 

* 
Form 

factor, 
Y= 

ry, 

= x[oass— aa 
..ddata) 

Ze1 

n{oasa— 2222) 
37 

Y 
= 

0.4064 

 
 

ea: 
Gorvield 

_ 
[
2
2
2
2
.
8
2
 

x10? x 1.15 x cos 30 
™ 

4.) 
ICIS... Mn = 

56 x 0.5 x Sm x 0.4064 
X 24 
(here 

z — 
w
e
a
k
e
r
 
m
e
m
b
e
r
)
 

234 
..Tb, 12.2/ Pg $82, DHB 

=166.27mm=168mm 
[211,124 

Cer] 

Mt, 
= 

5.57 

Therefore, 
standard 

module 
m,= 

6
m
m
 

M,Z, 
6X24 

“ 
P
C
D
 

of 
pinion, 

d, 
= 

of 
pinion, 

d ,  
cosB 

*
 

cos30 
 
 
 
 

e
e
e
 
o
e
 

s
o
p
.
 

t 
o
r
e
 

d
a
o
y
s
e
 

* 
Face width, 

b= 
3p, 

= 3(am,) 
=3 

x 1 
x 6 = 56.55 mm 

=57 
mm 

b. 
Check 

for 
b: 

(1.15) 7am, 
a 

ve 
bay S

I
 

[213,12 axa} 

(1.15) xm 
x6 

= 
s
m
 

Bin 
= 

43.35 
tm. 

    

> 
Duin, 

the 
calculated 

value 
of 

is 
safe. 

T
P
M
T
 

SOP 
e
b
 
t
t
 
R
e
 

eee 

« 
Since 

C, was 
assumed, 

Check 
for 64): 

6,C,bYm, 
p
e
t
s
,
 
A
l
=
 

2
a
 
a) 

| 
We 

know 
that, 

F
=
 

C, 
as 

Tae 
: 

. 
_
%
 
a
 

= 72016621500 
i
i
o
 

. 

[
2
2
5
¢
c
)
 

| 
1525 

| 214, 
A
 

¢ 
F
o
r
1
0
<
v
<
2
0
m
/
s
.
 

C
=
 

i
s
a
s
e
d
 

i 

_ 
15.25 

~ 
15.25 

+13.19 

C
,
 = 

0.5361 

. 
R= 

[306 
,|2-8(a) 

ia. 
Pgtes, 

3 

= 
2
2
9
0
 
82 x

1
0
"
 

(here 
d— 

weaker 
member) 

F, 
= 
2
6
5
2
.
6
2
 N G4; 

X 0
.
5
3
6
1
 

x 57 
x 
0.4064 

x6 

 
 

“ 
Eq. 

(ii) yields... 
2652.62 

= 
a
S
 

On 
= 

41 
M
P
a
 

<56 
M
P
a
 

_.hence 
safe. 

Since 
calculated 

values 
are 

< 
permissible 

values, 
the 

a
s
s
u
m
e
d
 
values 

are 

: 
satisfactory. 

c. Axial 
ot 

thrust force 

F, =F, tan B 
= 2652.62 

x tan 30 
o 

F, = 1531.5N. 

. 1%, 
A 

helical 
gear 

is 
required 

to 
transmit 

35 
k
W
 

at 
1500 

rpm. 
The 

helix 
angle 

is 
30° 

and 
20° 

FDI 
system 

is 
used. 

Both 
gears 

are 
made 

of 
same 

material 
having 

design 

\ 
stress 

of 
56 

M
P
a
 
and 

B
H
N
 

= 
200. 

The 
starting 

torque 
is 

20% greater 
than 

the 

m
e
a
n
 

torque. 
The 

drive 
is 

to 
be 

safe 
for 

continuous o
p
e
r
a
t
i
o
n
.
 The 

speed 

reduction 
is 3:1. 

Specify 
the 

details 
of 

the 
drive. 

Use 
24 

teeth 
on 

pinion. 

_ 
Solution: 

P 
= 

35 
kW, 

pinion 
speed, 

N, 
= 

1500 
rpm, 

helix 
angle, 

B 
= 30°, 

a= 20°- FDI 

teeth, 
Gg, 

= 
Gq 

= 
56 

MPa, 
BHN, 

= 
BHN; 

= 
200, 

Mymax 
= 

1-2 
M,, 

i = 
3:1, 

service 
- 

continuous 
operation, 

z, = 24 teeth. 

Identifying 
weaker 

part 
(pinion/gear) 

W
e
 
k
n
o
w
 
that 

strength 
factor 

= 
04-Y 

Since 
both 

pinion 
and 

gear 
are 

m
a
d
e
 

of 
s
a
m
e
 
material, 

the 
pinion 

is 
weaker, 

Le. 
G
y
-
Y
1
 

< O42" Y2 
_. 

Hence 
design 

is based 
on 

pinion. 

 
 z_ 

Tan, 
12.20(a) | 

cos° 
B 

~ 
ay 

Z 
24 

¢ 
Virtual 

n
u
m
b
e
r
 

of 
teeth, 

z,= 

 
 

“= 
cos?B 

cos? 30 

\ 
\ 

\ 
Z
a
 

= 
37 

=e 
>   
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 f
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th
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un
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, 
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3 
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,k
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Ls
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gg 
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m
m
 

 
 

; 
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m
e
 

ey 
S
i
n
c
e
 

b > 
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, 
the

 c
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alu

e o
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e. 

—
a
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k 
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o
r
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e 

P
=
 

2
n
N
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,
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3
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4
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2
4
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i
e
s
e
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: 
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00
 

x 
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3
5
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n
a
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3 

c
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.
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[
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Eq
. 
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My
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2 

x 
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x 
10
° 

* 
Fo
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s.
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= 
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n 

My
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= 
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m 

oe 

* 
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5 
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¢ 
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, 
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.5
 

2
4
|
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+ 
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.1

9 
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Fo
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n 
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, 
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15

 
T
b
.
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1 
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. 
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/
D
H
B
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= 

0.
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ac
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, 
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a.
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I
e
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a
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e 
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o
t
,
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o
x
 

0.
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~ 
 d 
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fo 

v
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2
0
4
,
 
E
4
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2
5
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a
4
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op
er
at
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d; 
= 

 
 

W
e
 
k
n
o
w
 

th
at

, 
i=

 

 
 

 
 

 
 

  

      

 
 

  
  

  
 
 

 
 

 



      

a 
Eq. 

(iv) yields... 

(20.67 x 13.19) * [ (377.63 x 90x cos 
20)+ 4774.64] xc0539 

F,= 4774.64 + 
(20.67 x 13.29) + 

[
e
7
7
8
 

% 90 x cos? 30) + 
4774.64] 

F,= 20.78 
x 10°N 

d. To find 
or 

s
t
r
o
n
g
 

.
 ? 

Teg 
V
y
 

L
i
a
 

4 
\2-26 

w
)
 

° 
(
2
s
)
 

We 
k
n
o
w
 

that, 

@ 
BHN, 

= 
200, 

Sen 
= 345 

M
P
a
 

..Tb.12.15/ 
Pg’* 

D
H
E
 

F, = 
345 

x 
90x 

0.4064 
x 

6 

F,= 
75.71 

kN 

Since 
F, 

> 
Fg, 

the 
material 

is 
safe 

against 
static 

tooth 
load. 

e.To f
i
n
d
 
dynamic 

tooth 
load 

(F,,) 

 
 
 
 
 
 

W
e
 
k
n
o
w
 

that, 
F
,
=
 

cost 
B 

+ 
S
o
e
 

ge 
| 

5 

* 
Diameter 

of pinion, 
d,= 

1
6
8
m
m
 

_ 
2 

B
e
l
o
w
 

ea, 
(2-26 

c
o
]
 

* 
Ratio factor, 

Q= 
a 

LP 
4 

Me ee 
et 

d, 
+d, 

~ 
o
s
e
 

2
5
0
4
 

= 
504 

+ 168 

Q
=
1
5
-
 

2
3
 

* 
Fora = 

20° 
and 

steel—steel 
combination 

having 
BHN, 

= 
B
H
N
,
 

= 
200/ 

 
 

 
 

 
 

K
=
0
.
5
3
9
 

..Tb.12.16/Pg 
 -,DHB 

Eq. 
(o) 

yields... 
F, 

168 
x 

90 
X1.5 

x0.539 

os 
- 

(0. 
elds... 

= 
y 

. 
cos” 30 

. 

F,,= 
16.3 

kN 

Since 
F,, 

< 
Fa, 

the 
pinion 

is 
subjected 

to 
rapid 

wear 
and 

hence 
has 

to 
be 

surface 

hardened 
to higher 

BHN. Le. 
F
 

2 
Fy 

d,bOK 
4 

Q 
> 20.78 

x 10° 
cos’ 

B 

1
6
8
%
9
0
%
1
 
5
8
 

> 
20.78 

x 
103 

cos“ 
30 

K 
> 

0.687 

Therefore, 
for 

steel 
—steel 

combination, 
having 

o 
= 

20° 
and 

K2 
0.687, 

we 
have 

BHN, 
= 250and 

BHN,= 
200 

_...Tb.12.16/ Pg” 
*DHB 

18. 
D
e
s
i
g
n
 

a 
helical 

gear 
pair 

to 
transmit 

a 
p
o
w
e
r
 

of 
15 

k
W
 
f
r
o
m
a
 

shaft 
rotating at 

1000 
rpm 

to 
another 

shaft 
to 

be 
run 

at 
360 rpm. 

A
s
s
u
m
e
 
inualute profile 

with 
4 

1030 
whose 

pressure 
angle 

of 20°. The 
material 

of 
the 

pinion 
is forged 

steel 
SAE 

_Gz= 
172.375 

MPa 
and 

the 
material 

for 
gear 

is cast 
steel 

0.2% 
C 

untreated 
with 

5 

# 

-137.4MPa. 
The 

gears 
operate 

under 
a condition 

of medium 
shocks 

fora 
period 

of 
10 

hours Per day. 
Check 

for 
dynamic 

Joad, 
if 

load 
factor 

C 
= 

580 
N
/
m
m
 

and 

also 
S
E
E
 

7
 

, 
[VIU —Dec. 

2010-16 
Marks] 

golution: P = 
| 

, pinion 
speed, 

N, 
= 

1000 
rpm, 

driven 
speed, 

Nz 
= 360 

rpm, helix 

engl, 
& 

= 
20 

-FDI 
teeth, 

G4, 
= 

172.375, 
GO, 

= 
137.4 

MPa, 
service 

7 mmediven 
shock, 

continuous 
operation 

10 h 
per 

day, 
C= 

580 
N/ 

mm. 

N,_ 
d 

th 
t, 

jo 
=
 
2
a
”
 

W
e
 

know 
tha 

i 
Ny 

dy 
2 

,_ 
1000 

{
=
 
—
 

= 
3 

2.78 

|dentifying 
weaker 

part 
(pinion/gear) 

We 
know 

that 
strength 

factor 
o4-y 

e 
Assume 

§=25° 

e 
Assume 

Z, 
= 

20 

o 
R
=
 

iz, 
= 2.78 

x 
20 

= 55.6 
=56 

z 
7 p
a
g
e
s
,
 
en, 12-22(a) 

3
8
s
 

 
 

 
 

 
 

 
 

 
 

© 
Virtual 

number 
of 

teeth, 
z,= 

—3 
cos 

Bp 
~~ 

_
 
a
 

20 

cos? 
cos? 

25 

Ze = 26.86 = 27 

and 
Zp 

= 
IZ, 

=
2
7
%
2
.
7
8
=
7
5
 

u
s
 

; 
eh 

2-<t4d 
| 

° 
0912 

[ 
Ze 

_4, 

« 
Fora=20° 

FDI 
tooth, 

y= 
0.154- 

ae 
: 

i 
J 

z 

: 
0.912 

| 
: 

ie. 
yy = 0.154———— 

or y= 0.154- 0.912 _ 9.1202 
Ze 

27 

0.912 
0.912 

yp = 
0.154———— 

OF 
yp = 0.154 

T
E
 

= 0.1418 
Z
z
 

73 

.. 
for pinion, 

Gara 
= 

172.375 
x 0.1202 

= 20.72 
MPa 

for 
gear, 

Cn't2= 
137.34 

x 
0.1418 

= 
19.48 M

P
a
 

Since 
6,n'y2 is less, design 

is based 
on gear. 

 
 

a.To find 
module 

(n,) 

  
 
 

. 
: 

i 
ehave,=* 

Since the diameter 
is unknown, 

we 
Have 

lll, 
GyC,kYz 

2nN,M, 

60 

2 
x 360 

x M, 

60 

e 
P
=
 

 
 
 
 

1
5
x
1
0
=
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10

° 
N
e
m
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As
su
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b
/
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15
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24
 

* 
Fo
rc
on
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ou
s 

op
er

at
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n 
(d

at
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, 
Cy 

= 1
.1
5 

Th
. 
a
p
e
.
 

et
 

* 
Fo

rm
 

fa
ct

or
, 

Ye
 
my
e .
 

[ B
el

ow
eq

, 
12
54
08
) 

192
.4 

= 
1x
 
0.
14
18
 

¥ 
= 

0.
44
55
 

2 
x 
3
9
7
.
8
8
 

x 
10

° 
x 

1.15 
x 

co
s 

25
 

| 
13
7.
34
 

x 0
.5
 x

 1
5 

x 0
.4

45
5 

x 
56 

m,
, 

= 
3.

18
 
m
m
 

2
2
4
 

Th
er
ef
or
e 

st
an
da
rd
 
mo
du
le
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m
,
 
=
4
m
m
 

«T
b,
 

12
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/ 

Pg
. 
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D
H
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4x
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co
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s 
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Eq
. 

(A)
 
yi
el
ds
..

. 
1
m
,
 = 

 
 
 
 

[P
 

D o
f 

pin
ion

, 
4, 

= 
= 8
8
.
2
7
 

mm
 =

90
.m
m 

ai
e 

(a
le
 

PC
D o

f 
ge
ar
, 

d, 
= 

id, 
= 2

.78
 x

 9
0 

= 2
50 

mm
 

e 
Fa
ce
 
wi
dt
h,
 

b 
= 

15
m,
 
=
1
5
x
4
=
6
0
m
m
 

Ch
ec

k 
fo
r 

b: 

 
 

_ 
(1
.1
5)
am
, 

[p
ag
e 
2
2
 y
OA
e\
22
 

2 
cb
 

e
s
 

si
nB

 
st
ee
d 

& 
qa
l 

_ 
(1

.1
5)

nx
4 

~~ 
si
n 

(2
5)
 

B
n
i
n
 

= 
3
4
.
2
 
m
m
 

Si
nc
e 

b 
> 

b,
,;
,,
 
th
e 

ca
lc
ul
at
ed
 
va
lu
e 

of
 b

is
 s
af
e.
 

© 
Ch
ec
k 

fo
r 

64
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“p
ag
e 

2
4
 

ev
 
12
-2
40
 

| 
We
 
kn
ow
 
th
at
, 

F,
= 
e
s
 

[
"
 

oo
bi
, 

=
e
 

Ti
 

ss,
 

so
r 

Ww 

td
,N
,_
 
2x
0.
25
0x
 

36
0 

60
. 

60
 

-=
4.
71
] 

m
/
s
 2
0
2
5
 

0 
| 

* 
 F

or
v<

5m
/s

, 
c,
= 

48
 

[.
 p
a
g
e
d
,
 

eA
 

Es
 

Ca
) 

ly
 

45
8+
 

. 
e
e
e
 

__ 
45

8 
~ 

4.
58
+4
.7
1 

C,
 

= 
0.

49
28

 
t 

5 

2M
, 

ao 
4
1
2
9
8
 

«|
 

: 
. 

Fi
= 

+
x
,
 

| 
P
a
g
e
 

2
0
6
,
 
N
h
e
 

z 
_ F

or
 
me
di
um
 
sh
oc
ks
 
an
d 

op
er
at
in
g 

10
 h 

pe
r 

da
y,
 
C,
=1
.5
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Tb
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12
.8
/ 

Pg
” 
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DH
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2 x
 3
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8 
x 1

0?
 

A
A
 
23
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= 
47
74
.6
5N
 

 
 

 
 

e 
v
=
 
 
 

 
 

 
 
 
 

—
—
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o 
Fy

= 
47
74
.5
6 

+ 

d.
To
 
fi

nd
 
en
du
ra
nc
e 

st
re
ng
th
 

(F
,)
 

We
 
kn
ow
 

th
at

, 
F,
=6
,,
bY
m,
, 

¢. 
Ta
 f

in
d 

dy
na
mi
c 

to
ot
h 

lo
ad
 

(F
,,
) 

W
e
k
n
o
w
 

th
at
, 

F,
= 

nee
 

. 
pe 

de
ng
ue
 
e
e
 

w
e
n
 

E 
Eq
. 

(i
i)
 yi

el
ds
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4
7
7
4
5
6
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2 

X0
.4
92
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x6
0 

x 
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5 
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m
e
e
 
w
e
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5 
x
4
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15
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4.
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M
P
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34
 
M
P
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.. 
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e 

sa
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To 
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m
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nd
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—
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t
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 c
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he
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= 
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58
0 

N
/
m
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80
 x

 6
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x c
os?

 2
5)

 + 
47

74
.5

6 | 
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29 

x 1
0°
N 

 
 

i o
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B
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e 
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@ ex
 i
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20
00
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* 
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r 
fo
rg
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st
ee
l-
 p

in
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n,
 
BH
N,
 

= 
15

0 
an
d 

2 
Bt
 

ge
ar
- 

ca
st
 
st
ee
l 

0.
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C 
un
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te
d,

 
B
H
N
,
 = 

18
0 

T
b
,
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g
:
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D
H
B
 

. 
= 

70
 

ar 
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D
H
 

Su
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ac
e 

e
n
d
u
r
a
n
c
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t,
 
G
e
n
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.7
5 

x 
(
B
H
N
)
 — 

70] 
(
4
g
 

2
8
 
£
0
4
,
 

(D
el
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G
 
4)
 

(B
HN
) 

= 
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+ 
BH

N,
 

. 

 
 2 
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0 
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0 

= 
—
—
-
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65
 

- 
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