E\ample 5. 1 9 Des:gn Irtve 10 transmi 22 5 kat(900 r.p.n) Speed Qy\o

eduction is 2.5.) 2.5.)Materials fo and-are@and@ast iron) grade 30

espectively. Take pressure angle oj@nd working life of the gears as(10000 hrs)  Sem.

(Given Data) (P)=22.5 kW ; (N))= 900 rp.m. @=25 (@ 20°;(N)=10000 hrs. ~ 16Harw.

x Plvon = C 15 Steel !
( To find} Design a spur gear. v \Wheel 3 Casd Ifon 3k 30 |

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

to design the pinion first and check both pmton and wheel.

(v _ __g.__‘ -
1 Gear ratio : @:2\_5 (‘ \1;*/‘ ) ... (Given)

‘ 2 Material 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

Gear life in terms of number of cycles is given by

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

4. Design torque [M ] : ’ Be T:
" :
[M] M, & g

Iy

.. (Given)




Design of T ransmissic, Sy
- e
S.68 e ———— hny
o o \ 103 @ |
(G- & 0xP)_ 80x222x107 2. N-m
where M, = 2tN, | 2mx 900 > and
’ % -85
(W™ ( K- Kd =‘1—_y SA\J“S' M't - [M-HK.%K_CB (aSSUme)
W g\ S _ )
Design torque, [ M, ] = 238.73 x 13 = 31035N-m DR
« \5\60}:1&;;};); OfEeq o O'b] and [ 0(}_] ' FE&S-“\ N
: - d : l
@ To ﬁnd@: Fl})rm Table 5.20, f(s)n pmlozn Sti‘;l and cast iron (> 7g N/rnmz)’
¥, _equivalent Young’s modulus) ;1.7 x 10° N/mm2, g
@ To find [

o, ] :%design bendiE str@[ o, ]is »given by

ko ——

818

a = —
.1'4 ‘ . F‘_.—-—'-“: B - 7“',— T—— \
~\ [o,] = @® x assuming rotation In one directigp, 0@.,

- it - A ._—“\"\_,

feon \'\-—:mm,-—;:‘?q;:&l&w }’j“,"a Lije Fachx Ter Dﬂkllf\j (
$2o v From Table 5.14, for steel (ﬁlB <350)and N > 107, @

=1 -

3 v

|
From Table 3.17, for steel case hardened, factor of s
819 v

afety(iy= 2.
From Table 5.1 5, for steel case hardened

(stress concentration fagtvo; =12
19 ¥ From Table 5,16, for forged steel,{0_}) = 0.25 (0,+0,)+50) lotane Y
1 But from Taple 5.3, for CWIS,@=490 N/mm?2 and @= 240 N/mm2. (
) ) S Tensle Slonein e Sy A ’
5 S0, = 025 (490 +240) + 50 = 232.5'N/mm2 |
14x] . |
o ;:l“vhen, \h‘_\,_wfbj], = m X 7232.5 = 135625 N/mmz2
Toﬁnd[a /: The €sign contact stres [o.1is given by R
a6l [o,] = Cr-HRC. K
b
8 Ly =2 1,
Psr a - (assumed initially)
az(h_s-v-l) ‘ (0-74 £ L7 <105 42 03
| NG \0\10035_1_)
L 35, e 1 o
a “35 I or 9= 136 g,
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spm Gears 5.69
NTo ﬁnd % (llld 77 &y,
\ ) \v D —
) For o() full depth system, select@ 18. 0 Co?
D‘)L” =
”)Cl X“l) 2.5x%x18=45 -—)gbq K‘Ok\ o
hY
§) Calculation of moduleXm) : gee < ¢
8%~ 2a”_ 2x136
we know that, @— z tz, \= 18 +45 ~ 432mm
8.2 s
From Table 5.8, the nearest higher standard module, @ =5 mm. R —
{ 9\ Revision of centre distance : "é"; °
828 —m(z,+2,
New centre dlstance(a = [ ]2 2), 5(182+ ) _ 157.5 mm
(10) Caleulation of b, ()}?TJnTw;, -
LA
\/ i v = = ./l"
Face width((Q)) b=y - a)= 03 x 157.5 = 47.25 mm.
v Pitch diameter OfplnlOl = 5x 18=90 mm.
8\ — 7 N
7 md Ny 90 x10-3 x 90
v' Pitch line velocity@”; v = 610 L. X x60 adiil =424 m/s. = ®
85 b 4725 ..
/4‘ =7 J = 790 0.525 .
11 Selection of quality of gear :
~ From Table 5.22, %or@: 4.24 m/s, IS quallty 8 gears are selected. Sz
Z 2‘; Revision of design torque [ M /
v Revise K : From Table 5 ll for y,=0.525, K~1.03.
V" Revise K, : From Table 9.12, for IS quality 8 and v=4.24 m/s, K, = 1.4.
. = 238 73 x 1. 03 x 1.4 = 34424 N-m
1 3 Check for bendma
v Calculation of induced bending stress, 0 : o X
3V —— i+ 8.13 A
\ O'b = _J—_T [ M ]
a-m-b-y

—

where 4.8 y' — Form factor = 0.377, forz, = 18, from Table 5.13.

(25+1)><344”4><10J
Op = 157.5 x5 x47.25x 0377

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

= 85.89 N/mm?

Te—— _ e e —
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Destgn of Inmmuss,,m S

’()’)”
|

4. (heck for wear strength Poly

. A3
Calowlarion of indwced contact sfress, o, . 8

1t Pl
- 0.74 =5 \/l/v h “,|M|

254 2.5+ | .
074 | 57 ) \/( YTVIEL 4725) < 17 %105 234424 , 15

684 76 N/mm?

We tind o, < | o_]. Therefore the destgn is mfe and sattsfactory

S, Check for wheel :
O \Calculation of [ 0y [wnee and [ 0. ] opeer ©

Wheel matenial @ Cl grade 30.
Wheel speed : N, = — = 55 = 360 r.p.m.

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

2 \E 14XK[7[

(o) Jahea = ——n K X O_j ,) assuming rotation in one direction only.

’ 107 / 107
¥~ From Table 5.14, for cast iron wheel, (K;) = 21.6 =0.918.

_ . ¥ From Table 5.17, for cast iron, @)= 2.
7 ¥ From Table 5.15, for cast iron, @ =1.2.

¥ From Table 5.16, for cast iron, =0450c,.

But from Table 5.3, for cast iron, o, = 290 N/mm?2.

aler G, = 0.45x290 = 130.5 N/mm?
1.4 x 0918
Then, (04 wheet = —o 15 X 1305 = 69.88 N/mm?
Tofml[ o.]

Tof wheet © The des1gn contact stress for wheel is glven by 7 B

@ o [A c ]whecl = CB HB K
where (Cy) = 2.3, for cast iron grade 30, from Table 5.18,

» '« HB = 200 to 260, for cast iron, from Table 5.18. and
I 107 107 |
50 (550 - \’ \/ 21.6 x 107~ 0.879, for cast iron, from Table 5.19
[ O, Jwheet = 2-3%260x0.879 = 525.64 N/mm2



all

Y s ( ;"("’x - R j'zl,—
i)\ neck for bending :
Calculation of induced bending stress for wheel o, :
O XN = Op X))
where  op and oy = Induced bending stresses in the pinion and
wheel respectively, and
y, and y, = Form factors for pinion and wheel respectively.
prom Table 5 13, ¥y, = 0471, for z;=45.
op = 85.89 N/mm?andy, =0377 ... (already calculated)
85.80 x0.377 = . ‘
O O'b2><047l K Q’b'a — VE\H\ )

o)

68.75 N/mm? e 2

v We ﬁnd Op2 <| ) ]whcel Therefore the design is sattsfactory

— e -~

,,,) Check for wear strength Smce contact area is same, therefore G; ypeer = Oc pinion

- 684.76 N/mm2. Here 6, yheet > [ O¢ Jwheel - It means, wheel does not have the required

wear resistance. So, in order to decrease the induced contact stress, increase the face width

1) value or in order O increase the design contact stress, increase the surface hardness, say to

,40 HB. Increasing the surface hardness will give [ 6. ] = 2.3 x 340 x 0.879 = 687.34
\'mm2. Now we find o < [ o, ]. So the design js safe and satisfactory.

8. Calculation of basic dimensions of ptmon and wheel : Refer Table 5.10.
i Module : (m)=5 mm
Face width : (b= 47.25 mm

Height factor : G 0)— 1 forafuy depth teeth.
2

Bottom clearance : (&) =- 0.25 x 5 =1.25 mm.

Tooth depth : (h=2 225m m) 2%2.25 x 5=11.25 mm.
Pitch circle %meter d, = m-z| \= 3 X 18 =90 mm ; and
<)

'\'\\\\\

pet\ d, = m- 2 5 x 45 =225 mm.
7 Tip diameter : 4 = @2 fom=(18+2x1)5=100 mm ;and
o)l dy = @r2fgm=(5TIxD)s =2 mm
v Root diameter : dey = (zl—ZfO)w 3.2
=) B 2% = (18 2x1)5-2x125= 775mm,and

@2= (22~2fo)pL;2_c/apu |
2 T (

= (45-2x1)5-2x125=212.5mm |
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