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. Select the suitable combination of materials for worm and worm wheel, consulting
Tables 8.3 and 8.9.
Calculate the initial design torque/[ M, ]. Use [ M,]=M,x K x K. Initially assume

K-K;=1.
Selection of z; and z, :

v' Select the number of starts of worm depending on the efficiency requirement,

consulting Table 8.4.

!“-J

lad

v '-.l-‘]‘]en3 Zy = Ile.

4. Selection of [ 03] and [ o, ] :

Select the design bending stress and design contact stress of the worm wheel from Table
8.9 and 8.10 respectively. To select [ o ], initially take v, =3 m/s.

5. Calculate the centre distance (a) using the equation 8.31. Choose initially diameter

factor, g = 11. ¢ can vary from 8 to 13.
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‘o) Calculate the axial module (m,) using the relation m_ =
X

' =2al(q+z,). Then, choose the
pearest higher standard axial module from Table 58 (g + z,). Then, choos

=\ Revise centre distance (a) usin alail —

3 Calculate d, v, yand Ml

v Pitch diameter () : d, = gx m, and dy= -
v Pitch line velocity (1) : v, = n_‘_iﬁ_l(j& and v, = ndﬁzONz
v Lead angle/(y) : y = tan! (%)

v Sliding velocity : v, = C:; .

0 Recalculate the design contact srress[ o, [ for the actual'vs, using Table 8.10.
10, Revise K, K, and [ M, [ 'for the actual velocity of the worm wheel (vy).
|1) Check for bending : '

v" Calculate the induced bending stress using the equation 8.29.

v Compare the induced bending stress with the design bending stress.

v If db < [ o, |, then the design is satisfactory.

12, Ifo, > [ oy ], then the design is not satisfactory. Then increase the axial module.

13, Check for wear strength :
v Calculatg the induced contact stress using the equation 8.30.
v" Compare the induced contact stress with the design contact stress.
v Ifo, <[ o, ], then the d.esign is safe’and satisfactory.

|4 Check for efficiency :

¢ then the design is satisfactory.

If‘n(:aiculatcd Z MNdesired »
Y Othérwise increase the lead angley.
15, Calculate the power loss and the area required to dissipate the heat.

16) Calculate all the basic dimensions of the worm ani-worme waseh using the equations
lsted in Table § 2.

xa le 8.15 | A steel worm running at 240 r.p.m. receives 1.5 kW from its shafft.
The ee reduction is 10 : 1. Design the drive so as to have an efficiency of 80%. Also

eter,: — ; . erature rise is restricted to 45°C. Take
ermine ghe cooling area required, L

0
"“rall heat transfer coefficient as 10 w/m? °C.
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Given Data: N, =240 rpm. ;(P= 1.5 kW 5 (% 10 5 ngegireq )= 80% fo- fa= s
K,= 10 W/m?2 °C.

]

To find ; 1. Design the worm gear drive, and

2. The cooling area required (A).

© Solution; N, =N, /)= 240/10 = 24 r.p.m.

|. Selection of material : Worm - Steel . (Ging

Wheel — Bronze (sand cast), selected from Tables 83 andgy
2. \Calculation of initial design wheel torque [ M,] :

We know that, [M,] = M,xKxKj,
60 x 1.5 x 103
where ®= Wheel torque = o % 24
= 596.83 N-m

(K-K,; = 1,] assumed initially.
. Design wheel torque, [ M,] = 596.83 x 1 = 596.83 N-m

3. Selection of z; and z, ;

v" Forn =80%, z) =3 or 4, from Table 8.4. Here z; =3 is selected.
Y Then(z=ixz)=10x3 =30,

4,/ Selection of [ 0, | \and([ g, ] 3

ion it
Y' For bronze wheel, 5, <390 N/mm2, [ o, ] =50 N/mm? is selected, for rotate?
one direction, from Table 8.9,

v" From Table 8.10, [ o, ] = 159 N/mm? is selected, assuming v, = 3 M/s:

5.\ Calculation of centre distancqf&h

- [a+1] A [ 307 M
(z/9) [ o, ] 10

S 7y 11, initially chosen,

| 3 e D
[(30/11)+,]\/[\540 259683 x =
N @Go1ryise | ¢ 10

Q)= 168.6 mm

We know that,

Q
]
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/74 Calculation of axial module (m )

— 2 ¢ _
m.\= 2

5 (g + 22)

168.6
+30) ~ 822 mm

-2
(11

prom Table 5.8, the neavest higher standard axial module is 10
s 10 mm.

- Revision of centre distancd (a) }

a = 05m,(g+2))= 0.5x 10(11+30) = 205 mm
8. Calculation of d, v, y and v )
v Pitch diameters : C d,)= ;‘;;,:, - 11 %10
S — x

———

= szmx=30x]0

@,

- ndiNp)_ mx 110 x 10-3 x 240

n

110 mm ; and
300 mm.

I
I

|
l
|

v Pitch line velocity : (v, = 6 €0 — 1382 m/s; and
ﬂ _ mx300x103x24 _
60 = 0.377 m/s.
z
v Lead angle : y = tan—l(—ql') = tan*l(%) = 15.25°
- , 1.382
v Sliding velocity : = o8 158 250 = 1.432 m/s

77
o Recalculation of design contact stress [ 0. 1:

For®= 1.432 m/s, 172 N/mm?2, from Table 8.10.

10, Revision of [ M, ].:

v For V2<3ﬂ'ljs, Kd=1
= 596.83x 1 x 1 = 596.83 N-m

E

11} Check for bending : We Kknow that the induced bending stress,

1.9[M,]
mi' x g X2y % Yy
r based on virtual number of teeth, from Table 5.13.

Where y, = Form facto
30
BN = ¥ 3
Z)= cosiy) cos®1525°
R "able 8.7
y, 0.452, for z, = 34, from Table 5./
1.9 x 596.83 x 103 — 76 N

Then, cp = (10P x 11 % 30 x 0.452

We find "G, < [ 0, J) thus the desi8" is satisfactory against bending.
Ve L5 b1
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Design of Transmission System

12.Check for wear : We know that the induced contact stress,

506 83 « 107
540 [Lom)ﬂ] ) 596.83 x 10
(30/11) 205 10
118.59 N/mm?

We find o< | o_],thus the design is satisfactory against wear.
|3, Check for efficiency :

o

e e

il tan Y
@ma‘ = 0B X+

where u = 0.05, for v,= 1.432 m/s and bronze wheel, from graph 8.7,
p = tan! (p) = tan’! (0.05) =2.862°
tan 15.25°
Then, Nactwal = 096 X w

tan (15.25° +2.862°) ke |
We find @acm, = ndm@ thus the design is satis}'acmry.
14, Calculation of cooling area required (A) We know that,
(1 —m) x Input power = 1( x A (¢, @
(1-0.8)x 1.5x 103 = 10 x A x 45°
Cooling area required, A} = 0.666 m2 |

or

15. Calculation of basic dimensions of the worm and worm gear : Refer Table 8.2
v Axial module : @= 10 mm

o\

18]

o0 U
®

v" Number of starts : @p= h

v" Number of teeth on worm wheel @— 30

v Length of worm : @ > (12.5+0.09 x z,) m,, from Table 8.5.
2 (12.5+0.09x30) 10 = 152 mm

v" Centre distance : (a)= 205 mm

v Face width : (D= 075d, = 0.75x 110 = 82.5 mm

v Height factor - @= 1

v' Bottom clearance - (@)= 025m,_= 025x 10 = 2.5mm

v Pitch diameter -

(@)= 110 mm ; and (dy= 300 mm.
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v Tip diameter :

v"  Root diameter :

oy 45
FAr

()= d;+2fo-m, = 110+2x1x10=130 mm ; and
= (zy+2 f)m, = (30+2x1)10 = 320 mm

"—“ di-2fy-m—2xc

= 110-2x1x10-2 x2.5=85 mm ; and

= (-2 fp)m,—2xc

= 30-2x1)10-2x25 = 275 mm

Lo =2 R S IBREBRE A SN
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