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/ Example 5.19 | Design a'spur gg_abdnve to transmif 22.5 kW \af 900 r. p. m. Speed Qlo

P
reduction is_2.5.)Materials fO'- and Wheel) -are@and- grade 30

respectively. Take pressure angle of 20 cand working life of the gears as'10000 hrs. sem f

(Given Data) (= 22.5 kW ; @‘%Orpm &25 (@)=20°; ®=10000hrs l6Har«

* Piaon
- Desxgn a spur gear. on — C 15 gteel
4+ wWhee)» Cast 1fon Jade 50

&(Solution ?)Since the materials for pinion and wheel are different, therefore we have

1o des:gn tlze pmton Sfirst and cl:eck batl: pmmn and wheel.
~ 9 - Nl Ze

(1) Gear ratio : @ 2.5 : l; = W = = (Given)
0, M(l{grial selection :
Pinion : C15 steel, case hardened to 55 RC and core hardness <350, and

Wheel : C.I. grade 30. . ... (Given)
3) Gear life : ()= 10000 hrs ... (Given)

Gear life in terms of number of cycles is given by

N = 10000 x 60 x 900 = 54 x 107 cycles

4. Design torque [ M, ] : {0
» A5
[Ml] = M! . K - Kd 8

“l ’\l"‘ -




5 68 | Design of Transmissiy, S'ys e

o Butfrom Table 5.3, for C 15, (= 490 N/mm? and @)= 240 N/mm?. fx..

(“
, 5N
Gl e 60xP'\_ 60x22.5x107 23{73 N-m
where M, = mN, 21 % 900 . > and
’ _ 85
i (KK = 13) 4 My Mk o (assy

G AN AN :

Design torque, [ M, ] = 238.73x 1.3 = 31035 N-m

5. 'Calculation of F(,q,[ o, [ and [ q . b,
(:) To /‘ nd E\ Fnom Table 520 for pinion steel and cast iron (> 280 Nimy

‘ 3 18 4 X KX - A
.~ = x(o assummg rotatlon in one d:rectlon only
- [op] O%) \j rid

 Fachx Yor rerdr
¢z« v From Table 5.14, for steel (ﬁB < 350) and N > 107, ‘ 1.

21a v From Table 5.17, for steel case hardened, factor of safet)o= .
.19 v From Table 5.15, for steel case hardenedstress concentration f@g@_g;@ =12

19 v From Table 5.16, for forged steel,{c_3) = 0.25 (o, + 5,) + 50.)/ /J/J fare Hen

N o~ ensle Stionsth Jieid steer 3
&, = 025 (490 +240) + 50 = 232.5'N/mm?
14x1 .
Then, [ob] = 2—>"1<—2 x 232.5 = 135.625 N/mm2
L « R e _

(iii) Tofnd[ o, ] The@n c6ntact stress[ o, ] is given by
er') [UC] = CR HRC KCI Pln',oﬂ.
where ae @ = 22, for C 15 case hardened steel, from Table 5.18,

f’éx— 55 to 63, for C 15 steel, from Table 5.18, and

&Q = 0.585, for HB > 350, N =25 x 107, from Table 5.19.
L [o ] 22 x 63 x 0.585 = 810.81 N/mm?

6 Calcul(mon 0fcentre (llsf{mce (u) t_,':._;u.\\'“’J T
| = o : ' oy ¥
B 08 oo rr (074 )2 \E;t[M N
We know that, g > (i+1) (__) o =& ']
& Lo AT
i where \A w - é _ 0 3 ﬁl‘-\‘g e "j'v"_‘){ , L a”‘
Petn 8 a : v ... (assumed Init&™
3
a = 2.5+ 074 \*  1.7x105%31035 x 10°
1) x
| 810.81 25%0.3
A 2 13594 mm o @= 136 mm.

O - |25

s ) 0
o) 01 .



Spur Gears 5.69
o\ Tofind 7, and 2, :

(i) For20° full depth system, select (z )~ 18 \ '

R oE-

= ixz)= 2.5x 18=45 »(F) ‘

(i) 22 1 Pon %

8. Calculation of module ym): B8Be& < /

ge” __2a 7 2x136
We know that, m) = 2 tz, 18445 432 mm

8.2
From Table 5.8, the nearest higher standard module, (/) = 5 mm. £
Psln

9 Revision of centre distance : gee
8% m(z,+z +
New centre distance, a = ( ]2 2 = 2 (]82 2) 157.5 mm
10. Calculation of b, d 1 vand y, : = ®
v Facewndtl. b y-al=03x157.5 = 47.25 mm. 7
v' Pitch diameter of pmlOl @ 5x 18=90 mm.
]S
nd| N, mx 90 x103x900 _ ~
v" Pitch line velocity@: V=""1¢0 = 60 24 m/s. > W
B b 4725
/@:d—l = 90 0.525 -

—— ..__4

12, Rewswn of des:gn torque [ M ]

v’ Revise K : From Table 5 11 for y,=0.525, K~ 1.03.
v Revise K, : From Table 5 12 for IS quality 8 and v =4.24 m/s, K; = 1.4.

Y
v’ Revise [M,] : (_ [M] = M K- K)

= 238 73 x 1.03 x 1.4 = 344.24 N-m

] 3. Clyeck for bendmg
v" Calculation of induced bending sress; % o

(.j\’s ___(Li—_l)— [M] &.13 A
@ S " a-m-b-y

Form factor = 0.377, for z, = 18, from Table 5.13.

where a8 y =

- (2.5+1 x344.24 x 100 _ 85.89 N/mm?
Op = 1575 x5 x47.25x0.377

Y We find o, <|[op]- Therefore the design is satisfactory.



Design of Transmissioy, i
Ty,

3.70
4. Chak for wear vrrrngth fol
- y 813
v (alculatmn of induced contact Stress, G -
[s B '
ant "R S L S /
‘ o. = 07\ 7p B [ M, |
& - sl
= 25 +1 2.5
- 0 (573 ) '\/(2.5x47.25) X 17X 10°x 34424

684.76 N/mm’
v We hnd o. < [ c. | Theremre the descgn is safe and sansfacmry

is Clca:k tor W llcd
(l)(alt ulation of[O;l.M and [ 0. [ yheei *

Wheel material : CI grade 30.
00

o

N,
ra = 360 r.p.m.

rJ
N

Wheel speed : N, =
Life of wheel = 10000 hrs = 10,000 x 60 x 360 = 21.6 x 107 cycles

To find | 0, ],.,..; © The design bending stress for wheel is given by

3@ L4 x Ky . o —
‘ [O8 Jaheat = Tl\o_ X §_, , assuming rotation in one direction only.
2-° v From Table 5.14. for cast iron wheel, 107 =098
21. 6 X 107

¥ From Table 5.17, for cast iron, )=
" From Table 5.13, for cast iron, 1\} =1.2.
NS

¥ From Table 5.16, for cast iron, | o) =0450,.
But from Table 5.3. for cast iron, 6, = 290 N/mm?.
i = = 0.4 + % '
s &t = U = ﬁfﬁ o, = 0.45x290 = 130.5 N/mm?

— -1
1.4 x0918
Then, (05 Johea = T2x12 X 1305 = 69.88 N/mm?

.~

Tofind[ o ], heel - The desngn contact stress for wheel is given by

%.‘r [0" ]“*Ktl = CB HB K
—
Cy' = 23, for cast iron grade 30, from Table 5.18,

v\

2 »HB = 20010260, for cast iron, from Table 5.18. and

K) = {/E . 107 9
g U d N 216 ~10 0879, for cast iron, from Table 5!

o [0 Jwheed T 2.3 X260 x 0879 = 525.64 N/mm?

where




” years
Spur O .

(@Check for bending :
~ v Calculation of induced bending stress for wheel o,
h2 -
L Op1 XY = Opp X))
J »2)

where o, and = :
b1 Opa Induced bending stresses in the pinion and

wheel respectively, and
yyand y, = Form factors for pinion and wheel respectively.
From Table 5.13, v, = 0471, for z,=45.

o, = 85.89 N/mmZandy, =0377 ... (already calculated)
85.89 x 0.377 = o, x 0.471 T - Tmyl)
, = A

or 68.75 N/mm?

v We find o, <[ 6} lyneet - Therefore the design is satisfactory.

@ C;h_ecpk\jiorrwea{sﬂ:e_ngthj: Since contact area is same, therefore G, ypeet = Oc pinion
- 684.76 N/mm?2. Here O, yneer ~ [ Oc lwheel - It means, wheel does not have the required
wear resistance. So, in order to decrease the induced contact stress, increase the face width
(b) value or in order to increase the design contact stress, increase the surface hardness, say to
340 HB. Increasing the surface hardness will give [ o, ] = 2.3 x 340 x 0.879 = 687.34

N/mmZ. Now we find 6, <[ o, ]. So the design is safe and satisfactory.

6. Calculation of basic dimensions of })ihif)n"ahd;bﬁéél"}'Réfé;rTAB'léﬂ 5.10.

o A
e — ——_ & S
5 - _—

o v Module : (m=5 mm

“ v Face width : (= 47.25 mm
v Height factor : r_’flo =1 for_‘fu}’l depth teeth. R} e
v Bottom clearance : (¢ =@f2__€@= 025 x 5 =125 mm. .t
v Tooth depth : ( =,@f;““ 2.25 x 5=11.25 mm. Ps
v

o et 4;,11’149): 5 x 45 =225 mm.

/dy ;V#r(?;—;ifo)k;ﬁ =(18+2x1)5=100 mm ; and

Pitch circle q&meter : CI; m-z,\= 5x18=90mm; and

v Tip diamet{ej_:

a ' _
5 & daZ - (22

+ 24f_p_),,”}'= (45+2 % 1)5=235 mm

v" Root diameter : Qd“ 7 le 2f9) m=2¢ %2
& ver = (18-2x D)3 ~2x1.25="77.5 mm; and

(dp = (-2fom=2e)8 2"
= (45-2% 1)S-2x125=212.5mm

S{UR



/ . 7 - V
m It is desired to determine the

——

rransmit!zf kW from a shaft rotating (1(—1200 r

proportions of (@drive to

; p-m)to a low speed shaft, with a reduction of
3: 1. Assume that the teeth are 20° full depth involute, with (24 teeth)on the pinion. The

\pini»on_ is to be of 40°C 8 normalized steel and gear of 30 C § normalized steel, Assume that
the starting torque is 130% of the rated torque.)

@8 kW ()= 1200 r.pm. (3 G 20° @)= 24 S R
Starting torque = 1.3 x rated torque.

Design a spur gear.
(© Solution )

@ Gear ratio '/\Tf 3 ... (Given)
@M[It(.’l‘i(l

I selection :  Pinion = 40 C 8 normalized steel ; and

Gear = 30 C 8 normalized steel. ... (Given)
@Gﬂ_l_’:!!fe : Assume 20,000 hours.
== 20000 x 60 x 1200 = 144 x 107 cycles

- ] \S
D Design torgue [M,]: _[M,] = M,xKxK,

— 60xP\ 60x8x103
where "--M’% N, = omx1200 63.66 N-m, and

K'Kd =13 g5 ... (Assume)

@% 63.66 x 1.3 =82.76 N-m
@ Qlj_{cu{atiqn o and [@] i

U Toﬁnd@,@ From Table 5.20, E,, =2.15 x 105 N/mm? for stecl.

) [ 14xK,, 38
(i) T"ﬁnd[@' :  Design bending stress,f\[M,] T n. K. X%
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Dexign of Transmisyjo, )
\ \“\:\‘ :

\}\“ 1. for steel HB < 350 and N2 107, from Table 5.14,

: . . -
v (O = 2, forgsteel normalized, from lable S 17,

N o 1S for steel normalized, from Table 8,13
Q\} - 1S, for steel normalized, fron '

o, = 0350, 120 ) tor alloy steel, trom lablo 5.16

\ A

S 035X 7204 120 = 372 N/mm?, ey - f’.‘(wmm,

\
. "\\ \\\\‘ ‘

(o ]
|\ }\\‘ E" \ﬁ \l 2

x 1.5

]‘L l‘f‘-‘\—l <172 = 173.6 N/mm?

-

(@) Te rmckn ]\ Design contact stwss.(l o.]=Cy~ HB X Ny

whisie \:\ 2.5, for alloy steel normalized, from Table 518,

QEB < 350, from Table 5.18, and
@ = 1, forsteel, HB = 350 and N 2 107, from Table 5.0
[o.] = 25x300x 1 = 750 N/mm?

@ Centre distance (a) : Assume Ln— 0.3,

N

) 3, )7
8 e o (32
® ¢

v

oy \‘/ () >

= 1072 or (@= 110 mm

Fo IM, ]
oy

205N 10Y N 82,76 10!

Ix03

Oleenthat @ 24 Sn=inN= IN24=72,

2

(‘\Mﬂdule (}") Som= «4d - 1 X l l()

- = 79
itz T 24472 T 22%mm

From Table 5.8, the neares

- 3 pRe] . .
() Revised centre distance + ¢ ~ - .('I ')

@ Calculation of U’Xm )aml (w}

v Face width (b) :

b
v' Pitch diameter of pinion ()

- v
v Piteh line velocity (v) |y o ) N,

oA h“
” 16

VW T a0 06

(iD Quality of gear : From Tange 4 Jotory -

Cdy = mog

- 2324+ 72)

st higher standard module, ch)'- 2.5 mm,

= 120 mm.

I»-\|n\u = 03x120 = 36 mm

N\ ¢

P 25524 = 60 mm

OO0 10 Yy 1200

w P
o0 ‘

j \ !\"‘I‘
‘ ,’f ‘"1\‘\, L\ ‘l“““'\’ N H(‘lll" “|‘\ N\l\



A\‘!?’{I. (Ai_t_‘.‘I’/':? ——— — ~ 5 . 75
' . : 213
@ Revised design torque [ M, ] : Ul
T oble 5.1, f — Dy
prom Table 5.11, 101‘@:— 0_(,‘®_: 1.03. ) )A
il € s Ta . R § ot
prom Table 5.12, for 1S quality 8, HB <350 and v =3.77 m/s K,=1.55 3|

[M,] =M, K.k,

= 63.66 x 1.03 x 1.55 = 101.63 N-m
(EM Check for bending :

. 1 ?).\39 }\p( ‘.

Induced bending stress.. - il oz

! ° N a-m-b-y [M,] @
where @ = 0.414, for @= 24, from Table 5.13.

_ (3+1)
120 x 2.5 x 36 x 0.414 * 101:63 10> = 90.9 N/mm?

We find o, <[ o, ]. Thus the design is satisfactory.

@ Check for wear strength : Induced contact stress is given by - hecx

- i+ 1 i+ 1 B3
c, = 0.74 a4 b xE,, [M,]

3+1 3+1
- 0_74(-—12—0) \/(3)(36) x2.15 % 105 x 101.63 x 103

= 701.71 N/mm?

We find o, <[ o, ], thus the design is safe and satisfactory.

(I5.) Check for plastic deformation :

= Rated torque = 63.66 N-m ... (already calculated)
Given that starting torque is 130% of rated torque.
[M,]),.x = Maximum instantaneous torque = 1.3 x M,

= 1.3 x 63.66 =282.758 N-m

(i) Check for bending : Induced bending stress due to maximum instantaneous torque is

givenby
2\
[Mr]maxe( 82758 _ |1 17 N/mm2
Spmax = Op M’ = 90.9 x 63.66 B : mm [ Op = 90.9 N/mm3]

From Table 5.23, for steel HB < 350, permissible bending stress is given by
[0y lmax = 080, = 0.8 x 540 = 432 N/mm?

Since Op max < [ o5 lmax > the design is satisfactory. [ o,= 540 N/mm?]

[



Design of Transmission &
(i) Check for wear strength : Induced contact stress due to maximum '""‘tamaﬂerm;

torque 1s given by
'\

[ M lpax Y

O. max \W“ & T\‘l,
82.758 . 0.—_ -
_ - — ’) 2 [} 70].7] N vA
= 70171 X "3 66 912.22 N/mm [ @ Jmm?,

From Table 5.24. for steel HB < 350, permissible contact stress is given by
= 310, = 3.1 x540 = 1674 N/mm?

[G;]ma\ e
Since 0, < [ 0. s » the design is safe and satisfactory against plastic deformaioy

aiso. %-2?’

\If. )Bascc dimensions of pinion and gear : Refer Table 5.10.

Module ; (m = 2.5 mm

Face width : 36 mm

Height factor .= 1

\/

v

v

v Bottom clearance : @— 025m = 0.25%x2.5=0.625 mm
v

v

Tooth depth : (=225 m = 2.25x2.5 = 5.625 mm

Pitch circle dlamete/r z]‘ = 2.5%x24 = 60 mm ; and
= m-z,)=25%x72 = 180 mm.

v Tip diameter: | :/;'(— +2f0)m = (24+2x1)2.5 = 65mm; and
(+2fo)m/—(72+2><1)25 185 mm.

\@a2)=
@i (z) 2fq)m 20
- (

?

24-2x1)25-2%0.625=53.75 mm : and
(Zz-2fo)m 2d=(72- 2xl)25 2 x 0.625

h_‘__“_(_l‘]} 75 mm. - ( R,

e e—————





{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

