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DESIGN OF FLAT BELT DRIVE
STEPS IN FLAT BELT DRIVE

Calculation of velocity ratio

Find the velocity of the belt

Take load correction factor(Ks) from DDB 7.53 based on given application
Calculation of Arc of contact from DDB 7.54 and take the value of correction
factor(K) for arc of contact from the table DDB 7.54

Calculation of corrected power

Calculation of belt rating from DDB 7.54

Calculation of width of belt

Calculation of length of belt from DDB 7.53

Design a flat belt drive to transmit 10kW at 1500 rpm to a line shaft to run at 500 rpm.
Approximate centre distance is m. the diameter of the larger pulley is around 750mm.

Solution
P-10kW N1=1500rpm N2=500rpm C=2m D=750 mm
, I
Velocity ratio = —= = d
|
-
500 d 750 x 500

1500 = 750 20 =W=225 mm

AN} 7 925 x 1500

Velocity of belt=V= =
yOLRe 60 - 60x1000

=17.67 m/sec
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Load correction factor (K,)

According to load classification, refer data book, Page No.7.53 and take f
value of Kg.

K,=13.... (forline shafts)

Correction arc of contact: K, refer data book, Page No.7.54.
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Arc of contact = 180 - 222 x 60~ 180 159 =225 . 60

= 164.25° = 165° Interpolation of K

From the databook, page No.7.54 170° - 104
Correction factor for oo 5

Arc ofcontact,}(a"e-lbs) for5°—?—0.04xib-=-0_02
Ke=1.06 160° - 1.08
5° -0.02
165 =1.06

Calcuiation of Corrected Power
K, - {(Given power in kW)

correc =
ted power K,
_13x10 _
=506 = 12.26 kW

Refer databook, page No. 7.52,

A.coord.ing to t}?e minimum pulley diameter and the maximum belt speec
assume the no. of plies, from table at v = 17.67 m/sec and d =225 mm;

Take, n =no. of plies =5

Calculation of Load rating:

Select high speed belt,

The load rating per mm width per ply at 10 m/sec =0.023 kw/mm/ply

0.023 x 17.67
10

= 0.0406 kW/mm/ply

Load rating at belt speed (atV = 17.67 m/sec) =

Calculation of width of the belt
Refer glatabook, page No.7.54
Millie meter plies of belt = Corrected load or Corrected power
‘ Load rating /mm /ply

. . 1 .
Width x no, of plies = 0.0242(?6 =301.97
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30197 ... .
g - 409 mm Since n =no. of plies =5

- Width of the belt =

Refer databook, Page No.7.52,

For 5 ply belt, the standard width of belt =76 mm
Calculation of length of the belt (L)

Refer databook, page No.7.53

_K (D -dy*
L—2(D+d)+2C+ ac
- 750 - 225)°
L=§(750+225)+2x2000+ 4 %2000 .

= 5565.97 mm

Width of Pulley

Refer databook, Page No. 7.54

up to including 125 mm belt width, pulley than the belt width by 13 mm

~width of pulley =76+ 13 =89 mm

Refer databook, page No.7.54

The recommended pulley nominal diameter =90 mm; with tolerance of
nominal diameter as 1.2

Design a fabric belt to transmit 10 KW at 450 rpm from an engine to a line shaft as 1200 rpm. The
diameter of the engine pulley is 6—mm and the distance of the shaft from the engine is 2m.
Solution:

P=10 kW N1=450 rpm N2=1200 rpm

D=600 mm C=2m
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N,
N,
1200 600
450 ~ d

600 x 450
1200

= Dia. of line shaft pulley =d = 225 mm.

mD N} xx 600 x 450
60 60 x 1000

(dia. of Driver pulley)
(dia, of Driven pulley)

D
d

d= =225 mm

+ Velocity of the belt=v= = 14,137 m/sec

Load correction factor (K,)

According to Load classification, refer databook Page No.7.53
Take the value of (X))

Ks=1.3 (for line shafts)

Correction factor for Are of contact (K,): Refer databook page No. 7.54.

Arc of contact=180 - DT—d x 60°

600-225
2000

= 168.75 take approximately 6= 170°

From the table, (refer page No.7.54)
Carrection factor (at 0=170°) =K, =1.04 for ARc of contact

=180 - 60
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Caleulation of Corrected Power

Corrected power = "

K,

K % (Given power in kW)

- 1.3%10
1.04

=125 kW

Refer Page No. 7.52
According to the mimmum pulley diameter npd the maximum belt speed,

assume the no, of ples

4 R
From the table, at v =14.137 m/sec and o =226 mm, n=n,= no.of plies =9

(alculation of Load rating

Select high speed belt.

The load rating per mm width per ply at 10 m/sec = 0,023 kW/mm/ply

0,023 x 14.137
Load rating at belt spread (at v=14137T m/se¢) == ;=

= 0.0325 kw/mm/ply .

Caleulation of width of the belt

Refer page No. 7.54

\ Corrected load or Corrected power
Millimeter plies of belt == = ating /mm/ply

. 12,5
Width x no.of plies = 0.03%5

=384.43

Since no. of plies n=5
43
- With of the belt = 222

=76.88 mm
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Refer P.No, 7.52

For 5 ply belt the standard width of helt = 90 mm
"
Caleulation of Length of the belt (L): Refer Databook Page No. 7.53,

<1 D-df
2<D+d)+20+§TC—L

“

x - 295)%
. =0 (600+429 (600-220),
L=5313.48 mm

Width of Pulley
Refer Databook Page No. 7.54

Upto and inclyd; b wi ‘
i b mmmcludmg 125 mm belt width pulleys to be wider than the belt

“ Width of the Pulley =90+ 13 =103 mm
Refer Databook, Page No. 754,

The recommendeq pulley nominal diameter = 119 mm

With tolerance on nominal diameter as +19
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DESIGN OF V-BELT DRIVE

STEPS IN FLAT BELT DRIVE

ok wd

Select the cross selection of the belt depending on the power to be transmitted.
Calculate the speed ratio.

Calculate the length of the belt from DDB 7.53.

Calculate the design power from DDB 7.64.

Find number of belts from DDB 7.70

Calculate new centre distance from DDB 7.61

A 30 kW 1440 rpm motor is to drive a compressor by means of V-belts. The Diameter of
the pulleys are 220 mm and 750 mm. the centre distance between the compressor and the
motor is 1440 mm. design a suitable drive.

Solution:
P=30 kw N1=1440 rpm d =220mm
D=750 mm C=1440 mm
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Step 1|

From databook, P. No. 7.58.
Seleet. Cross-gection of the belt.

Select ecither (C), (D) or (E) en)
Select (C) type Belt (Since min. pulley pitch dia = % mm, S]::
Load of drive =P = 22 FW~—150KW 23
Min. pulley pitch diameter =200 mm /\. ~
Nominal top width =W=22 mm 4
Nominal thickness =T =14 mm;
Weight/meter =0.343 Kgf/m length
=T tan20°
C.S. area of belt =%(W+b) T t;11‘4m':n 20°
=5[22+ 11,508 x 14 e
: b=W=2x
=236.66 mm?> =22 - 2 (5.095)
=11.808 mm

Step 2

Nominal pitch length =1 = g (D+d)+ LD—i'c-d):-&- 2c

X Dome (150 - 220)
=5 (750 + 220)% W+ 2 x 1440

=4452.439 mm

=4452 m
Take the nearest nominal pitch length from datahook.
Refer P.No. 7.60,
Take standard nominal pitch length =4450.mm; (Nearest)
The corresponding nominal ingide length =4394 mm
The Designation of V-belt C 4394 -152494
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Step 3 d =220 mm
Caleulation of Design Power N, = 1440 rpm

Refer Page No, 7.62

KW= (178" - 2T g5 107084 5

_TdN, %022 %1440

: 60 ~ 60 = 16.587 m/sec
de = Equivalent pitch diameter dp = pitch dia. of smaller pulley
=dpx Fy =220 mm
=220x1.14 D _750
d 220
=250.8 m.m =34 = Fp=1.14 (P. No. 7.62)

KW =[ 1.47 (16.587)" 49 — ;—g%% -2.34 x 10" x 16.587° ] 16.587

=8.4312 kW
Step 4
To find the no. of belts (n)

Refer page No. (7.70)

PxF,
No. of belts == W xF, x Fy

where P = given power KW
F,= correction factor (from Page No. 7.69)

Let the time period is upto 10 hr.
- F,=1 (for compressor)

kW = Power at the corresponding C.S. (1e at (C) - Cross section)

F,= Correction factor for length (P.No.7.60) = 1.04

F;= Correction factor for arc of contact
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= 158°
Refer page No. (7.68) 160° - 0.95
 for 158, Fg =094 157 094
3¢ .01
. o001x1
1°-1=5
=(.,0033
30x1 - 158°=0.94 + 0.0033
= no. of
B B, o ety T T
=3.63 =0.9433
=4 belts

~. No. of belts required =n=4
CALCULATION OF NEW CENTRE DISTANCE

C=A+VA*™-B (from P.No. 7.61)
Aol _o[Dtd ) L = nominal pitch length
2| —
i :
B=‘D;d22 = 4450 mm
A=4450_u(750+220

1 3 ] =731.58

2
p={15% ‘822" = 351125

C =1731.58 + \{731.58° - 36112.5
New centre distance C=1438.75 mm
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Calculation of T, and Ty

;'; = ‘7’:1 =M Wisn b ) 2'! =4
- gl 7

Semi-groove angle p=20°

Let K =0.25

=2.75 radians
Te= mu® =0.343 x (16.587)° m =0.343 Kggm length
=9436 N v=8=16.587 m/sec

Powerbelt = [T, - T] { 1 -;u—wl—‘..—‘a} v

8.3412x 10" =(T, - 94.36)[ 1 "Tzs—u._:m ]X 16.587
e

8.4312x 10" = (T, - 94.36) (14.348)
T,=681.9819 N

T,-T, = He/sin
T,-T,

681.9519 -94.36 = o026 X275/ sin 20°
T2 "‘94-36

587.8219
—_— e =T 464
(T, - 94.36)

T,=78.754 + 94.36
T,=173.114 N

To Find Stress )

T=(T\+T)=f, x area of belt

681.9819 + 94.36 = [i x 236.66

Permissible stress in the belt material
fi, =3.28 N/mm*

1
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2. Design a V belt drive to the following specification
Power to be transmitted -75 kW, speed of the driving wheel (N1)=1440 rpm, speed of the
driving wheel (N2)=440 rpm, diameter of the driving wheel (d) =300 mm, Centre
distance=2500mm, service =16hrs/ day.

Solution :
P=75kw N1=1440 rpm N2=440 rpm d =300mm
C=2500mm service =16hrs/ day

To Find

Stress )
T=(T,+7)= fi, x area of belt
681.9819 4 94.36 = f, x 236.66
Permissible stress in the belt material
fi=3.28 N/mm* ,
Problem 2. Design a V-belt drive to the following specifications
Power to be transmitted = 75 kW
Speed of the driving wheel = 1440 rpm; (N1)
Speed of the driven wheel = 400 rpm; (Ng)
Diameter of the driving wheel =300 mm; ( d)
Centre distance = 2500 mm
Service =16 hours/day
Assume any other relevant data if necessary. (Oct. '97)
Given Data:
P=75%10" Watts
Driving Wheel Speed N, = 1440 rpm;
Driven Wheel Speed =N, =400 rpm
Driving wheel diameter =d =300 mm
Driven wheel diameter =D =7 3
Centre distance =C =2500 mm:
Service =16 hr/day.

Step 1 b=W-2«
Selection of Cross section; =22 -1019
From databook, Page No. 7.58 - =11.808 mm

Since minimum pulley dia. is 300 mm
Select (C) cross section
Nominal Width =W=22mm =5.095 mm
Nominal thickness= 7T =14 mm

Mass/kg =m = 0.343 kg/m length

x=T- tan 20° = 14 x tan 20°

1
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CS. area=1(W+4) 7

1
=75 (224 11.808) x 14 = 236,656 mm®

Step 2

Nominal Pitch length =L = % (D+d)+ Q;Tdﬁ + 2

M D 9

T R} =£ M.:.a.ggl B
Ny d 2(1080+3[)0)~|» 4% %500 +2 %2500
AL = 722853 mm

No

1440 L=7228m

= 400
= 1080 mm '

Take the nearest value of nominal pitch length (from databook) 7.60
L =6863 mm

*The Corresponding nominal inside length = 6807 mm
Step 3
Calculation of Design Power

From page No. 7.62 : for (C) C.S. of the belt

KW=|-14780% 1;27 234x107'6* |8

KdN: 7% 0.3 x 1440

W 50 =22.61 m/sec

S=

de = equivalent pitch diameter where
dp = pitch dia. of smaller pulley
=dp xFb refer page 7.62

~300x1.14 o g=3.s the value of Fy=1.14
=342 mm



&
SATHYABAMA

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
(DEEMED TO BE UNIVERSITY )
Accredited “A” Grade by NAAC | 12B Status by UGC | Approved by AICTE

www.sathyabama.ac.in

Rut the may. value of (dd,) in the formula is 300 mm for () Cross-section

5 Take d, = J00 mm

kW = [ 147 (22.61) """ - -’—‘%52 -2.84 x 10'4(22.61)"}22,51

Max. power transmitted by bell =11.643 kW
Step 4

To find the no. of belts

(Refer page No. 7.70)

PxF,

No. of belts =n=m

P=T5kW
F,=16 hrs/day Page No. 7.6

Select medium duty [Since specific application is not given|
W F =12
kW = 11,643 kW

F,=1.14 refer Page No. 7.60 at Cross-section C

Refer databook, Page No. 7.68.
Fy=095 9=180°-[2;—d]x60°

=180° - ( ——10820500300 J60°
=161.28°
Let 6 =160°
75 x1.2
11,643 x 1.14 x 0.95

=T.137

= n= no, of belts required =

n=§ belts

8 belts are required,
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DESIGN OF CHAIN DRIVE
STEPS IN CHAIN DRIVE

1. Calculate transmission ratio

2. Select number of teeth on sprocket pinion Z; from DDB7.74. calculate the number of teeth on
sprocket wheel Z,.

3. Calculate pitch from DDB 7.74 and select the standard pitch from DDB 7.71-7.73. and select

the std pitch with in Pmax and Pmin

Select chain number from DDB 7.71-7.73.

Check for breaking load from DDB 7.77

Check for actual factor of safety from DDB 7.78.

Find the length of chain from DDB.7.75

Find exact centre distance from DDB 7.76

Check for bearing stress from DDB 7.77

10 Calculate number of teeth on pinion and wheel (d1 and dz) from DDB 7.78

©oNo A

Problem

Design a chain drive to operate a compressor from a 15kW electric motor at 900 rpm. The compressor
is to run at a speed of 300 rpm, the minimum centre distance should be 550mm.

Solution:

P=15Kw n1=900rpm n2 =300 rpm C=550 mm

Step 1: Calculation of transmission ratio

Transmission ratio = 2 = i

2p hy
m_ 900 _
n2 300
Step 2: From Design data book, refer Page No. 7.74,

For i=2t03; 2,=25t027

i = Transmission ratio =

=3

t=3104; 2,=23t025
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odd no. ol teeth)
. =23 to 27 (select any
'ka' B

Select 2y =27 teeth (no. of teeth on sprocket pinion)
“we F4 R

:.,:I'.""' =3X27=81
- 82 (,;o, of teeth on sprocket wheel)
Step 3: From design data book, P.No.7.74
Optimum centre distance =a = (30 to 50) p

where a = approximate centre distance

550

(pitch), =p . = 30 =18.33 mm

o S—— —

50 = 11 mm
Select standarqg pitch from databook

Talk i
4ke any standard pitch between 11 ¢ 18.33 mm
. Select Pitch =P =15.875 mm

€p 4: Selection of Chain No.

(pitch)min =P iy 550

Select roller chain from Page No. 7.79
:I‘he available chain No.

: are 10A
S and 10B

2 Duplex Chain,
Pitch =p = 15875 mm

| W= Weight per m, length =

Q = Breaking Joaq - 4440 kg,
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From the above equation calculate Q' breaking load by considering
N = ven power
N=15 KW

ro PR 27 % 15.875% 900
60x1000 = 60x1000

=6.429 m/sec
n = Minimum value of factor of safety

(K;=1;2,=151030) from data book, P, No. 7.717,

Select n =11 for a pitch 15.875 mm and ny < 1000 rpm

Since ‘the specific conditions are not given, in the problem, assume

K,-"‘-KQ BKS‘K‘ =K3=Kﬂ =]
~K =1

15 = Q@ x6.429
102x11x1

Breaking load @ =2617.825 Kg; which is less f:han the selected chain
Breaking load (4440 Kg)
The selection of chain no, is satisfactory based on breaking load.
Step 6
(a) Ca_lculation of Length of chain -

(b) Final centre distance.
(a) Length of continuous chain in multiples of pitches

2
=2
| =2 *z,+z3_( = J
P “p 2 - a,
where a, = % Go= initially assumed centre distance in mm
550 _ =550 mm
=15.875 = 464
=34.64 p = pitch =15.875 mm
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No. of teath on sprocket wheel z2=82; (,,_z 2_ m
‘ [ 2n
ge of ‘m’ directly fn

No. -
0. of teeth on sprocket pinion z1=27 Read the " ~21)=81-27=54;

databook at (22

Refer databook Page No. 7.76, the value of m =176.6
27+82 766
b= 2346+ 55 506
=125.99
=126 (approximated to 126)
Length of chain =/ =0, p
=126 x 15.875 = 2000.25 mm
Take, 1= 2000 mm
(b) Final centre distance
o + Ve! - 8m
4 P
. 214
e=lp- 21tz m=76.6 (from distance)
=196 21 +82
2
109
=126 - -9
2
=715 mm

Final centre distance = g =%

| 4 x15.875
@ =549 98

Actual factor of safety = [n] = Q
| T Ip
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Q@ = Breaking load of the chain = 4440 Kg
zp = P, + P' + Pr

P, = Tangential force due to power Transmission = M2 N
102 x 16
=237.98 kg, V=6.429 m/sec

P. = Centrifugal fusion = w;’

_1.78x6.429% |W=178kgdm length

9.81 p = 15.875 mm
=T7.499 kgr 2,=21

Ps = tension due to sagging = kWa metres [k = Coeff of Sag databook 7.78

- 550 =6 (Horizontal)
6x 1.78 x 1000 4

=5.874 Kg @ =550 mm =0.55m

5p = 237.98 + 7.499 + 5.874 2,=82
=251.353 Kg,

n) = Q _ 4440
IP 251353

=17.66> 11

which is greater than allowable factor safety
~ The design is safe.

Step 8: Checking of Allowable Bearing Stress
From databook, (P.No. 7.77)

The allowable bearing stress =0 =224 Kg/mm*

(for a pitch of 15.875 and speed < 1000 rpm)
Refer databook, from Pg. no. 7.77
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D .
Power transmitted on the basis of allowable bearing stress

N= _1%’2&12 kW
15 = (8) X 1.4 x 6.429 N=15kW
102 x 1
(0) =169.98 Kggem?  (or) a=14cm’
(6) =1.69 Kgymm® v = 6.429 m/sec
(0) < [o] K,=1

< 2.24 Kggfmm?
Therefore the design is safe.

Step 9: Pitch dia. of small sprocket =d;=—b=oc

sin o7
=136.74 mm

Pitch dia. of large sprocket =d2=_._£1§f)7
sin

29

15875
= 180°
82

.k'.:*:’ur|r|:ar1.wn'r CamSeannar = 363.94 mm

sin
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Unit - 2 Spur Gear and Parallel Axis Helical Gear —- SMEA1601
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DESIGN PROCEDURE FOR SPUR GEARS

1. Selection of materials from DDB 8.4.

2. Calculation of life N in cycles

3. Calculation of equivalent youngs modulus From DDB 8.14

4. Calculation of design bending stress [op ] from DDB 8.18

5. Calculation of design contact stress [oc] from DDB 8.18

6. Calculation of design twisting moment [M¢] from DDB 8.15
7. Calculation of approximate centre distance (a) from DDB8.13
8. Calculation of Z1 and Z2.

9. Calculation of normal module (mn) from DDB 8.22, take nearest value fr DDM8.2
10. Re Calculation of centre distance from DDB 8.23

11. Calculation of face width b from DDB 8.14, table 10

12. Calculation of velocity

13. To find the constant K and Kgq

14. Recalculation of design twisting moment [M;] from DDB 8.15
15. Check for bending stress op

16. Check for contact stress cc

1. Calculation of gear ratio (i):

Ny Zp
== =
Ng 2,

where, Naand Ng=speed of the drive rand driven respectively, and
Zpand Zg=Number of teeth on driver and driven respectively.

2. Selection of material
Consulting Table8.4, knowing the gear ratio i, choose the suitable material.

3. If not given, assume gear life(say20000 hrs)
Life in cycles — life in hrs x 60 x RPM

4. Calculation of initial design torque:
[Mt]:Mt_K. Kd

where, [M¢]=transmission torque
K  =Load factor, Table5.11

1
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Kgq =Dynamic load factor, Table5.12
Assume K. K4=1.3 ( ifnot given)

5. Calculation of E¢q[6p]and[6]:
v'From table8.14,T.NO.9 Calculate E
v'Calculate Design bending stress [Gp]

v'Calculate Design contact stress [ ]by
[6c]=Cs. HB. Kq (or)
[6]=Cr. HRC. K
where, CgCr=Coefficient of surface hardness from table8.16,T.N0.16

HBHRC =Hardness number

6. Calculation of centre distance: (a):

. 74\2  Eed [Mt
o [

¢ =b/a from table5.21

7. Select number of teeth on gear and pinion:
»>On pinion,  Z;=Assumel8
»>On gear, Zy=ixZ4

8. Calculation of module:
2a
z2l+z2)

Choose standard module from table5.8
9. Revision of centre distance (m):

_ r z1-22)
B 2
10. Calculate b, d;, v and .

v’ Calculate face width, b=y.a
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v’ Calculatepitch dia, d =m.zy
v’ Calculatepitch linevelocity, v =(nd;N;)/60

v" Calculatevalueof Wp =b/d;

11. Selection of quality of gear:
Knowing the pitch linevelocityandconsultingtable5.22, select a suitable quality
Of gear.

12. Revision of design torque [My]:
Revise K:
Using the calculated value of wy, revise the K value by using table5.11

[M]=M; K. Kq

13. Check for bending:
Calculate induced bending sies:s.

(i £1)

6@?1; bY ]

v'Compare Gpand [Gy].
vIf 6,<[6y],then design is safe.

14. Check for wear strength:

Calculate induced contact st¥ .

b

6..0.74" f:”(\j 2V Eeq [Mt

v'Compare 6cand [©].
vIf 6.<[6],then design is safe.

15. If the design is not satisfactory(Gy, >[Gpland/orG>[G.]), then increase the module of face width
value of the gear material
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PROBLEM

Design a spur gear to transmit 22.5 kW at 900 rpm, speed reduction is 2.5, material for

pinion and wheel are C15 and Cast iron grade 30. Take pressure angle of 20° and
working life of the gears are 10,000 hrs.

Material Given: PINION- (5. Steel
Wheel - Cast iron grade 39
Speed reduction =;=95
ie, Gear ratio == % =92

g\
Power=P =226 kW
Pinion Speed =n =N, =900 rpm:
Life =N=10,000 hre

5

Step 1: Material properties
Refer P.No. 8.16; Table 16
Pinion: C15 (Given)
Assume C15 - Case hardened
HRC =55 to 63 assume HRC =60
ie, Surface hardness > 350 BHN
». core hardness < 350 BHN
Wheel: Cast Iron - GRADE 30
HB =200 to 260
Assume surface hardness HB = 2560 (Brinell hardness)

» Core hardness <350
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Step 2: Life required = 10,000 hrs
= 10000 x 60 x 900 cycles

Life required =N="54 x 10" cycles.
Step 3: Calculation of Equivalent Young's Modulus

Refer P.No. 8.14; Table 9

Pinion material - Steel - E,=2.15x10° Kg,/cm®

Gear (or) Wheel material - C.I Grade 30 - E,=1.4x10° Kg /em®

Therefore, equivalent young’s modulus =E = 1.7 x 10 Kg;/em®
Since g, >28 Kg/mm?

2 S
For CI Grade 30, the ultimate stress g, =30 Kgf/mm2 Kgfi/;m = —‘\;
: mm-®

(Convert into N/mm?)
E=17%10° N/mm®

Step 4: Calculation of design bending stress [o,)
(Refer P.No. 8.18)

. 1.
Design bending stress [o,] = :If -

9.
o

(assume rotation in one direction)
K, = .Life factor for bending = 1
Table (22); P.No. 8.20
(Consider core hardness)
=1 (for N> 10" cycles and BHN < 350)
n = Factor of safety
Table (20) P.No. 8.18
=2

(for case hardend)
kq = fillet stress con: ntration factor
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Refer Table (21) P,No. 8,19 for case hardened, (0<x<0.1)

s - X = Addendum modification coefficient.
0., = Endurance limit stress in bending for complete reversal of stresses
Refer P.No. 8.19; table 19
Assume C15 as forged steel, for forged steel =a_, =025 (g, +a,)+ 500
From P.No. 1.9 for C15 material, )

0, =37 049 Kg/mm®

a, = 24 Kg/mm* whete:
select o, = 40 Kg/mm® 0, = yield stress Kgdem®
=40x 100 Kg/em® 0, = ultimate stress Kg,/em®

0, = 24 x 100 Kg/em®
“+ 0.1 = 0.25 (40 % 100 + 24 x 100) + 500

= 2100 Kg; fem?
. . 1.
*- Design bending stress =[g,| = 4 Ry a_,
n K,
14x1

=5y 17 % 2100=1225 Kgjem®

(Convert into N/mm?)
[0yl =122.56 N/mm?
Step 5: Calculation of Design surface (Contact compressive stress) (o]
P.No. 8.16

Design surface (contact compressive stross)
=10, = Cy - HRC - K¢y - Kgyem®
Cr= Coeff. depending on surface hardness
Table 16 P.No. 8.16

¢y =220 (for C15, Case hardened)
HR.C = 60 (assumed)
K= Life factor (Consider surface hardness)

1
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Table 17: P.No. 8.17
=0.585 for N> 10" cycles and surface hardness > 350 BHN

[a,] = 220 x 60 x 0.585
o] = 7722 Kg/em® (Convert into N/mm®)
Design surface (Contact compressive) stress = [0,] = 772.2 N/mm?
Step 6: Calculation of design torque (M)
P. No. 8.15 kW = 225 kW
M) =M, K, K 8 = 900 rpm

© M, =97420 = kW

o 97420x 225
900
=2435.5 Kg;-cm
Initially assume, for symmetry scheme
Kd ’ K — 1.3
(M,] =2435.5 % 1.3 = 3166.15 Kgrcm (Convert into N-mm)
[M) =316615 N-mm

Step 7: Caleulation of Approximate centre distance ‘a’,
P.No.8.13

Centre distance =a 2 (i +1) '\/[r“ EWJ
ty

i=25
0] =7722 N/mm*  from Step (5)

E=1.7x10° Nfmm® from Step (3)

(M) =316615 N-mm from Step (6)

; where b = face width -mm :

e @ = centre distance -mm
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Assume z;= 0. of teeth on pinion =25 teeth.

(Refer P.No. 8.1)
(oo as R
Speed reduction t = 2

Zy= No. of teeth on wheel =i-2)
=25x%x25
=625 teeth

Ta'ke 22 = 63 teeth

‘Step 9: Calculation of module (P.No. 8.22)

Take, Module =m =

_2x142.74 _ 285.48
“T(25+63) 88
=3.24 mm

Take Standard module, from P.No. 8.2 Table (1)

* module =4 mm
Step 10: Recalculate centre distance ‘@’ and rounded to R10 series.
m(z, +2,)
e as
_4(25+63)
i 2
Centre distance =a =176 mm = Standard R10 series a =200 mm
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Step 11 Colenlation of face width (b)

b
v value already assumed s 0.3 but y = w03

fnoe wulth =bh =03 x200=60 mm

Step 12: Caleulation of PCD (d,) and PCD (dy)
PCD of pinion =(PCD), =d, =m 2,

=4 x25= 100 mm
PCD of wheel = (PCD)y =dymm - 2,

=4 x 64 = 252 mm
Step 13: Cal, of pitch line velocity: (v)

xd N
1'8—610—' m/sec

=nx0.1 x%ﬂ = 4,712 m/sec dy =100 mm

Step 14: Selection of Quality of Gear, ¥ =900 o

From table (2); P.No, 8.3
at v= upto 8 m/sec
Select the Quality of Gear - 1S Quality 8
Step 15: Find load concentration factor (k) for IS Quality 8 Gear,
P.No. 8.15; table (14)

b b, =528 mm
k depends on wpna-; value d, =100 rpm
60
=100 =0.6

at ), = 0.6; the value of k =1.03
Step 16: Find Dynamic load factor &y
Refer P, No. 8.16; Table {15}
for pitch line vel up to 8 misee, cylindrieal gears,
surface hardness > 360 BHN
K;=14
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gtep 17: Recalculate, [M,] design twisting moment, =
[M(l =A{‘ kd K M‘ = 2435-5 Kgr"'

=24355x1.4x1.03
(M, =3511.99 Kggem
[M,) =351199 N-mm.
step 18: Check o, induced bending stress

P.No. 8.13; table (8) ik wrariigs valon o7
% =a.m by ,‘;2 5 M <oyl 24 - 0.414
(M,) ;351199 N ' 26 —» 0.427
=i -mm
| ' 25 — 0.4205
i=25 ‘

a =200 mm

m =4 mm

b=60mm

y = form factor
(P.No. 8.18) table (18)
(y value depends X and z value)

for z, =25, X=0;
=(.4205
- OB %] - fmm® = 1225 N/mm*
%= 5% 60 0,420 351199 = 60.89 N/mm” < [a,) mm

Step 19: Check o, induced surface (contact compressive stress)
P.No. 8.13, Table (8)

i+1 fus
g.= 0.74 -l—b‘ —a— E [JV,]

25+1 25+1
=0.74 200 25 %60 x 1.7x 10" x 351199

=483.34 N/mm® < (o] = 772.2 N/mm®
~. The design of pinion is ssatisfactory.

1
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Step 20: Check the stresses in the wheel:

fa) Gear Material
CGiven - cast iron - Grade (30)

Sinee contaclt arca 18 same,

6 =a  =483.34 Nimm®
wilyee| “pinkn

(Already ealculatad)
. T
Life of Wheel =(V) g = —5oe =542"’;” =216 % 107 eyeles

J'!|.F

From P.No. 8.16,
[o.] = design surface contact compressive stress

=EH HB-KEL
for CI - Grade (30) HB = 200 to 260 BHN take HB = 260 BHN Cp=123:

HE =280
Kpy, = from table (17); P.No. 8.17

- fq,’;li’ 3 .flll' 107
N 21.6x 107 =/l

lo] = 24 % 260 x 05992 = 3583.218 Kg,/cm®

Convert into (N/mm?)
= 358.3216 N/mm®
=q,> [l:l"_i )

The design of wheel is not satisfactory,
Therefore, change the material of whee]l and recalculate [o,] and o, <[q)

Select another material, Ky = Surface hardness > 350
From P.No. 8.16; Table 1§ =N<265x10
Select either C40 or (45 Steel: = %

=0.5882

Heat Fre&hnent = Burface hardened.
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Select C40 - Surface hardened
HRC =40 to 55 -
Assume HRC=50; Cp=230; K =05992

Design surface [0,] = Cp HRC Ky
Contact Compressive stress = 230'% 50 x 0.5992 = 6890.8 Kg; /cm”
(0] = 689.08 N/mm®

-~ o< o]

Therefore the selecﬁm of material C40, Surface hardened is satisfacto

* Checkup of 0, induced bending stress;
Gy, - (induced bending stress)

G5, Y1=00,)>
[0,]; - design bending stress of wheel b, Unduced bending stress),,
LKy ' ¥1= (form factor) i,y = 0.42
Kn ‘n -1 Yo = (form faCtOT)whwl = ().4¢
%, < [93)s ., at z=63 ;ix=0 by interpo
Find [Gblzmm) :
Design bending stress 0.,=025 (o, +a,) +500
1.4 KN - for C40 material, P.No. 1
= [Op) wheel === 0-1
| o 0, =58 to 68 =1054.66 Kg
ky=1 table (22
i ) Assume ¢, =60 Kg;/mm®

<350 BHN core hardness; N > 10’

- 2
n=25 table (20). REL er!
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Wheel

by = Induced bending stress
(to be cal.)

y1 = 04205

vy =0.4927

OpYi=Cpys

& = 77.49 x 0.4205
by~ 0.4927

=66.13 N/mm?
Oy, < 03], = 105.46 N/mm?

Gear design is satisfactory.
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DESIGN PROCEDURE FOR HELICAL GEARS

Selection of materials from DDB 8.4.
Calculation of life N in cycles
Calculation of equivalent youngs modulus From DDB 8.14
Calculation of design bending stress [o, ] from DDB 8.18
Calculation of design contact stress [o¢] from DDB 8.18
Calculation of design twisting moment [M¢] from DDB 8.15
Calculation of approximate centre distance (a) from DDB8.13
Calculation of Z1 and Z2.
Calculation of normal module (mn) from DDB 8.22, take nearest value fr DDM8.2

. Re Calculation of centre distance from DDB 8.23

. Calculation of face width b from DDB 8.14, table 10

. Calculation of velocity
To find the constant K and Kg

. Recalculation of design twisting moment [M;] from DDB 8.15
Check for bending stress op

. Check for contact stress oc

©CoOoNoOOA~EWDdDE

el
N R O

g

5 &

1. Calculation of gear ratio(i):

Ny Zp
== =
Ng Z,

where, Naand Ng=speed of the driver and driven respectively, and
Zpand Zg=Number of teeth on driver and driven respectively.

2. Selection of material
Consulting Table8.3, knowing the gear ratio i, choose the suitable material.

3. If not given, assume gear life(say20000 hrs)
Life in cycles — life in hrs x 60 x RPM

4. Calculation of initial design torque:
[Mt]:Mt_K. Kd

where, [M¢]=transmission torque
K  =Load factor, Table
Kgq =Dynamic load factor, Table

Assume K. Ky=1.3 (if not given)
1
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5. Calculation of E¢q[6p]and[6]:
v'From table8.16 Calculate Egq
v'From table8.16 Calculate Design bending stress [Gy]
v'Calculate Design contact stress [ ]by
[6]=Cs. HB. K (or)
[6c]=Cr. HRC. Kq
CgCr=Coefficient of surface hardness from table8.16

HBHRC =Hardness number

6. Calculation of centre distanc & {a):

. 74\2  Eeq|[Mt
a>(i+ 1) J(.ﬁ.} T

¢ =b/a from table5.21

7. Select number of teeth on gear and pinion:
»On pinion, Z;=Assume> 17
>On gear, Zy=ixZy

8. Calculation of module:

=—"_X cos 5]
m= z2l+z2)

Choose standard module from table5.8

9. Revision of centre distance (m)

m ( 21422)
cos fi 2

a—

10. Calculate b, dy, v andw,,.

v" Calculate face width, b=y.a
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v’ Calculate pitch dia, d =(mn.z1)/ cos B
v’ Calculate pitch line velocity, v =(md;N;)/60

v" Calculate value of Wp =b/d;

11. Selection of quality of gear:
Knowing the pitch line velocity and a consulting table, select a suitable quality
Of gear.

12. Revision of design torque[M]:

[M]=M; K. Kq

Check for bending:
Calculate induced badirig siress,

0.7 (i +1)

65:&71‘. bY I'{ff]

v'Compare Opand [Gy].
vIf 6p<[6p],then design is safe.

14. Check for wear strength:

Calculate induced contactis s

( i+1)( [ ix1) :
607 L2 [ L2 g [y
v'Compare Ocand [©].

vIf 6.<[6],then design is safe.

15. If the design is not satisfactory(Gy, >[Gpland/orG>[G.]), then increasethe module of
face width value oft heg earmaterial.

16. Check for gear:
c. Check for bending:

Using 6b1.y1 andi-’rl ¥1.

bil.y1
W2

Opo=
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v'Compare ©prand [Opy].
v If6,,,<[0y,],then design is safe.

d. Check for wear strength:

Calculate induced contact stress will be same for pinion and gear, So,

602= 6c

v'Compare ©and [©]
v If 6.<[6.],then design is safe
PROBLEM
Design a pair of helical gears for the following data:
Power- 7.5 kW, speed of pinion -1440 rpm, speed reduction -3, pressure angle-20°, Helix angle — 10°.
Select the materials and heat treatment.
Solution:
Step:1
Selection of material and heat treatment fromDDB.8.16, assume same material for both pinion and
wheel
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Select Alloy steel with case hardened neat treatment (Refer P. No. 1.14) .
40 Cr 1 MO 28 - Material, o, =70~ 85 Kg,-/mm

Take o, =80 Kg;/mm*

HRC =55 to 63 and Cj, = 280

Step 2: Life in cycles. : '
Assume life of the gear drive =N =10,000 hrs
SN= IOOOOXGOXRPM 10000)(60)(1400
=84 x 107 :

Step 3: Equivalent young’s modulus (refer. databook P.No. 8. 14) Since tk
material for the pinion and wheel is same, .

E =2:15 x 10° Kgf/cm A
Step 4: Calculatmn of deslgn bendmg stress [abl
(Refer databook_P: No 8.18)

Design bendmg st.ress K(,z- foe factor for bendmg (P.No. 8.20)
' V9 cRncarbaiate s i
T ‘°‘” e
BB X (Conslder core hardnees ), :
: e & - 1 -
: g A-" yid opl & Endurance hmxt stress (P. No. 8. 19)
o =525, (4000) =030 1200)

=1866.66 Kg,/m 20 035 (sooo) " 1200

= 4000 Kgf/cm
Take [04] = 1867 Kge/em?® [ 1= factor of safety (P, No. §.19)
i R A
Ko = Fillet stress concentration (P. No. 8.19)
=15
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Step 5: Calculation of design surface (contact compressive) stress. (Refer databook,

P.No. 8.16) ;
Design surface (contact compressive stress) = [0 = Cp HRC Kar

(0] = 280 x 60 x 0.585 Cr=
[o:) = 9828 Kgr/em® HRQ =60
Kei = Life factor (P. No. 817
~ (Consider surface. _hérdn&s)
= 0,585 it |

Step 6: Calculatxon of Design tmsung moment (M) (Refer databook P. No. 8.15)

Design twisting moment Initinlly asspme
=(M)=Mi-Ka-K .

=521.89'xlv.3‘_" 277 974203‘1’

- 67846 Kgr-cm 97420><75 %
[M.‘] o Kg iy 1400

= 521 89 Kgf. o '

Step T Calcu]atlon of apprmumate oentre distance (@)
(Refer databook Page No 8 13)

! RN 0.4 EM]
Centredistpnce a2_(¢+1) {["J} w

e [k 215x10‘x67846
62(@3+1) {9828 3x03

az2807 em ~ . (Open type gearing)

(Refer P.No. 8.14)
i=3

i b
assume y=""

=03
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(Centre distance ghould be rounded to R10 series)
Refer databook, Page No. 7.20
Take, Centre distance =g =80 mm
Step 8: Calculation of z, and 2,
Assume, 2, = No. of teeth on pinion = 20
No. of teeth on wheel F2y=i-2,=3x20=60teeth
Step 9: Calculation of Normal module (m,)
(refer page No. 8.22)
m, = Normal module = 23508 B
2tz

_ 280 x cos 10° :
m, == 20+60 = 1.9696 mm

Select recommended value of module, (from P.No, 8.2)
Select, module =m,=26mm .

(For safe design, always sglectlm,, slighﬂy greater than required)
10: Recalculate the centre 'djstancév(d.}'

My (242 X '
cosf. 2 e 73

=25 (20+60)
cos 10 2

@ =101.54 mm

Step

a=

. Take, g = centre distance = ]

| 00 mm (nearest |
(from R10 series) | o

itep 11: Calculation of face width

. b,
w=;=0,3

~b=03xq =0.3x100=30 mm

Face width =b=30mm
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Step 12: Calculation of pitch line velocity, v in m/sec,

Refer P. No., 8.22

ndiny d1 = pitch circle dia of pinion

Pitch line velocity v = ~60 Mone

= 3.7216 Mhec dy <
1="0s B -

__25
cos 10

x 20

=50.77 mm

Selection of Quality of gears:
(Refer page No. 8.3)
Select IS Quality - Medium
Preferred Quality - 8
Step 13: To find the constants K and K.

K = Load correcti :
ction factor V=di=%=0-59
=1.03aty=06 | v =06
Ka= Dynamic load factor velocity upto 3 m/sec, > 350 BHN
= 1.3(For IS-8 Quality, and surface hardness)

Step 14: Recalculation of [M|]
M) =M, K, K
=521.89 x 1,03 x 1.3 = 698.81 Kgp-em
Step 15: Checking of bending stress.

Refer Page No. 8.13 . yu= form factor
Refer P.No. 8.18
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i+l
= M. < [ob) ‘Zy= (P. No. 8.22
ob 0'7a-b-mn'yu[ ] o e 8 )
(3+1) ; . 20
=0.7 {03 % 0.25 x 0,3055 (©28:81 P10
- =659.64 Kgr Jem? < [op] =20.93
= 21 teeth

Design is satisfactory based on yy=0.3955 at 2z, = 21 teeth
bending stress

Step 16: Checking of Surface (contact compressive) stress
refer databook, P. No. 813

oc=0.7-tt+l'\’ﬂb‘ M) <o,

._ 3+1 3+1 ‘ V 5
=0.7 10 3)(3><2.15x'10 %698.81

=17235.45 Kg;/em® < [o,)

. Therefore, the design is satisfactory based on sarface (contact con
stress.
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Unit 3 BEVEL AND WORM GEAR DRIVES - SMEA1601
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Bevel gears are gears where the axes of the two shafts intersect and the tooth-
bearing faces of the gears themselves are conically shaped. Bevel gears are most often
mounted on shafts that are 90 degrees apart, but can be designed to work at other angles

as well. The pitch surface of bevel gears is a cone.

TYPES

e Straight bevel gears have conical pitch surface and teeth are straight and tapering
towards apex.

e Spiral bevel gears have curved teeth at an angle allowing tooth contact to be
gradual and smooth.

o Zerol bevel gears are very similar to a bevel gear, but the teeth are curved: the
ends of each tooth are coplanar with the axis, but the middle of each tooth is swept
circumferentially around the gear. Zerol bevel gears can be thought of as spiral
bevel gears, which also have curved teeth, but with a spiral angle of zero, so the
ends of the teeth align with the axis.

e Hypoid bevel gears are similar to spiral bevel, but the pitch surfaces are
hyperbolic and not conical. The pinion can be offset above or below the gear
center, thus allowing larger pinion diameter, longer life, and smoother mesh. If the
beveled surface is made parallel with the axis of rotation, this configuration
resembles a worm drive. Hypoid gears were widely used in automobile rear axles
MITER GEAR

Miter gears are a special case of bevel gears that have equal numbers of teeth. The
shafts are positioned at right angles from each other, and the gears have matching
pitch surfaces and angles, with a conically-shaped pitch surface. Miter gears are

useful for transmitting rotational motion at a 90-degree angle with a 1:1 ratio
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MITER GEAR
APPLICATIONS

The bevel gear has many diverse applications such as locomotives, marine
applications, automobiles, printing presses, cooling towers, power plants, steel

plants, railway track inspection machines, etc.
For examples, see the following articles on:

e Bevel gears are used in differential drives, which can transmit power to two
axles spinning at different speeds, such as those on a cornering automobile.

e Bevel gears are used as the main mechanism for a hand drill. As the handle
of the drill is turned in a vertical direction, the bevel gears change the
rotation of the chuck to a horizontal rotation. The bevel gears in a hand drill
have the added advantage of increasing the speed of rotation of the chuck
and this makes it possible to drill a range of materials.

e The gears in a bevel gear planer permit minor adjustment during assembly
and allow for some displacement due to deflection under operating loads
without concentrating the load on the end of the tooth.

e Spiral bevel gears are important components on rotorcraft drive systems.
These components are required to operate at high speeds, high loads, and
for a large number of load cycles. In this application, spiral bevel gears are
used to redirect the shaft from the horizontal gas turbine engine to the

vertical rotor. Bevel gears are also used as speed reducers
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ADVANTAGES

e This gear makes it possible to change the operating angle.

e Differing of the number of teeth (effectively diameter) on each wheel
allows mechanical advantage to be changed. By increasing or decreasing
the ratio of teeth between the drive and driven wheels one may change the
ratio of rotations between the two, meaning that the rotational drive and
torque of the second wheel can be changed in relation to the first, with
speed increasing and torque decreasing, or speed decreasing and torque
increasing.

DISADVANTAGES

= One wheel of such gear is designed to work with its complementary wheel

and no other.

= Must be precisely mounted.

= The shafts' bearings must be capable of supporting significant forces.

DESIGN PROCEDURES

1. Calculation of gear ratio from psg data book pg 8.6

2. Selection of materials. from psg data book pg 1.40

3. Selection of gear life based on given data.

4. Calculation of initial design torque from psg data book pg 8.15. table no13

5. Determination of equivalent young’s modulus from psg data book pg8.14. table
no.9

6. Calculation of design contact stress from psg data book pg 8.16. table no.15

7. Calculation of design of bending stress from psg data book pg 8.18.

8. Calculation of cone distance from psg data book pg8.13. table no.8

9. Selection of Z1 and Z2 assume Z1 initially as >17.

1
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10.Calculation for transverse module psg data book pg8.38 table no31.
11.Revision of cone distance psg data book pg8.38 table no.31.
12.Calculation of face width from psg data book pg8.15 table no. 13
13.Calculation of reference diameter from psg data book pg8.38 table no. 31.
14.Selection of quality of gear from psg data book pg8.3 table no. 2
15.Revision of design torque from psg data book pg8.15

16.Check for contact stress from psg data book pg8.13

17.Check for bending stress from psg data book pg8.13 A.
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Problem:

A pair of 20° full depth involute teeth bevel gear connects two shafts at right angles
having a velocity ratio of 3.2: 1. The gear is made of cast steel with an allowable static stress
as72 N/mm?, and the pinion is made of steel having a static of 100 N/mm?. The pinion
transmits 40kW and at 840 rpm. Find the module, face width, and pitch diameter from the
stand point of the beam strength, and check the design from the stand point of wear.

Given data:
©=90°,4=20°,i=3.2,[0b2] =72 N/mm? [ob1] = 100 N/mm? P =40 kW,
N1=840 rpm

To find:
Module, face width, and pitch diameter of the gears.

Solution:

Step: 1: Selection of materials
Material for gear : Cast Iron
Material for pinion: Steel

Step: 2: Assume Z1=20,thenZ;=ixZ1
2;=3.2x20=64
2, =64

Step : 3: Calculation of pitch angle [ (ie) 61 and 62 ] and the virtual number of teeth (ie) Zp;
and Zp: using the following relations,
tan8,=i=3.2 or &,=tan!(3.2)=72.64"
then &:1=90°-62
6;=90°-72.64°=17.36°
The virtual number of the teeth on the gears is given by

Zvl = Z1 = 20
Cos 81 cos 17.36°
Zvli=21
Zv2 = Z2 = 64
Cos 62 cos 72.64°
Zv2 =215
Then form factors based on virtual number of teeth are given by
Y1=0.154 - 0.912
Zvl
¥1=0.1106
Y2 =0.154 - 0.912
Zv2
Y2 =0.1497

For pinion: [ob1] x y1 =100x.0116 = 11.06 N/mm?
Forgear: [ob2]xy2=72x 1497 =10.78 N/mm?
Hence the value of gear is less than pinion. Thus we have to design for gear only.

Step : 4: Calculating the tangential load using the relation We know that,
Ft= P x Ko
v
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I

where v=1T7dl N1 I x N1 x{mtxZ1)
60 60 1000

= JI x 840 x[mt x20) 879 mt
60 1000
Ko =1.25, assuming medium shock

Ft = 40 x 103 x1.25= 56841

0.879 mt mt
Step :5:
Fd = _Et
Cv where Cv = 5.6
5.6 +VvV where V=5 m/s

Cv=0.715
Fd= 56841 x 1
mt 0.715

Fd = 79497.9
mt
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Step: 6: Calculating the preliminary value of dynamic load using the relation

Fs = TT xmtxbx[Ob]xyx[R—b]

R

Where b=10mt ; ¥2=0.1497

[ob2] = 72 N/mm? ; R=0.5mt x v(Z12+72%)= 33.53 mt

Fs = TT x mt x 10 mt x 72x 0.1497x [33.53 mt - 10 mt]

33.53 mt
Fs = 237.62 mt?
Step :7:
Calculation of transverse module mt
We know that Fs = Fd

237.62 mt2 > 79497.9
mt
mt = 6.94 mm

Step : 8:

Calculate the values of b, d1 and v
Face width b=10mt = 10x 7= 70 mm
Pitch circle diameter dl= mt xZ1 =7 x20=140 mm
Pitch line velocity V2 =V1 =JIIdN = 6.61lm/s

60

Step : 9:

Recalculation of the beam strength

Fs = 23762 xmt? = 11643.38N

Step: 10:
Calculation of the dynamic load , using Buckingham’s equation ,

Fd= Ft + 21Vvibc+Ft)
21 V +V( bc +Ft)

Ft = _P = 40x10' = 6493.55N
v 6.16

c = 11860 x 0.017 = 201.62 N/mm

Fd= 64935 + 21 x6.16x 10! x (70 x201.62 +6493.5)
21 x6.16 x 10° +V( 70 x 201.62 + 6493.5)

Fd =27077.55 N

Step :11:
Check for the beam strength or tooth breakage, but Fd >> Fs
Taking module as 14
Face width b=10mt = 10x 14 = 140 mm
Pitch circle diameter dl= mt xZ1 =14 x20 =280 mm
Pitch line velocity V2 =Vl=]I1d = 12.315m/s
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Fs =237.62 x mt? = 237.62 x 14 = 46573.52 N

Ft= _P = 40x105 = 3248N
v 12.315

¢ = 11860 x .025 = 296.62 N/mm

Fd= 3248+ 21x12.315x105 x (140 x296.5 +3248)

21 x 12.315 x 105_+V(140 x 296.5 + 3248)
Fd = 47969.4 N
We find Fs > Fd , now the design is safe and satisfactory against the tooth failure.

Step: 12:
Calculation of wear load (Fw)

Fs=0.75 xd1 xb x Q x Kw

Cos 61
Q=RatioFactor= 2 x7Zv2 = 2 x215 = 1.822,and
Zvl tZv2 21+ 215

Kw =0.919 N/mm? , for steel gears hardened to 250 BHN ,

Fs = 0.75 x 280 x 140x 1,822 x 0.919 = 51578.25 N
Cos 17.36°

Step : 13:

Checking for wear , we found that Fw > Fd , it means the gear tooth has adequate
wear capacity and will not wear out. Thus the design is safe against wear failure also.
Step: 14

Module mt = 14 mm

Face width b=10x mt =140 mm

Pitch diameter d1=mt x Z1 =14 x 20 = 280 mm

d2=mtxZ2 =14x 64 =896 mm
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Problem on bevel gear:

Design a cast iron bevel gear drive for a pillar drilling machine to transmit 1875 W, at 800
Rpm, to a spindle at 400 rpm. The gear is to work for 40 hours per week for 3 years.
Pressure angle is 20°.

Given Data:
P= 1875 W, N1= 800 rpm, N2= 400 rpm, a= 20°

To find:
Design a bevel gear dive

Solution:
Since the materials of pinion and gear are same we have to design only the pinion
s Gear ratio:

( 60 x 1875

Mt = ) =22.38 N-m and
2 x800

K.Kq = 1.3 ( as per assumption)
[Mt] =22.38 x 1.3 =29.095 N-m
5. Calculation of Eeq , [6b], [6c]:

To find Eeq: Eeq = 1.4 x 10° N/ mm? for cast iron, 6u > 280 N/ mm? PSG 8.14

2 14K
To find [6b] =— K”‘x 0_, , for rotation in one direction PSG 8.20
 Kg
107
K =" ,T: 0.8852, for Cl
K6=12; PSG 8.19
n=2, PSG 8.19
6-1=0.45 6u PSG 8.19
Bu=350N / mm? PSG 1.40

B-1=0.45 x 350 = 157.5 N/ mm?
i=N1/N2=800/400=2
pitch angle : for right angle bevel gear,tan 62 =1=2
or82=tan™'(2) =63.43°
and 61 =90-062 = 26.57°

2 Material for pinion and gear:
Cast iron grade 35 heat treated

Bu = 350 N/ mm?, from PSG 1.40
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Then [6b] = (1.4 x 0.8852 x 157.2 / (2x 1.2) ) = 81.33 N/ mm?
To find [6¢] :

[6¢] = Cb x HB x Kcl

Cbh=23 P5G 8.16

Hb = 200 to 260 PSG 8.16

G ’107 g 107
N 29952 x 10

=0.833,forC|

6¢] = 2.3 x 260 x 0.833 = 498.08 N/ mm?

6. Calculation of cone distance (R):

7
We know that R = y (\/(iz-l- 1)) [ZJ[W+-ZSIGC] erq@}

=3

o | =

Yy =

R 250.2

R=51 mm

7. Assume Z1=20, ThenZ2 =1xZ1=2x20=40

Virtual number of teeth Zvy = Z; / cos &, = 20 / (cos 26.57°) = 23

And Zv, = Z, / cosé, =40 / ( cos 63.43) = 90

8. Calculating the transverse module (mt):
Mt = mw = 2,28 MM take as 2.5 PSG 8.2
{05 VZitt zzlj



CED)
SATHYABAMA

INSTITUTE OF SCIENCE AND TECHNOLOGY
(DEEMED TO BE UNIVERSITY)
Accredited "A” Grade by NAAC | 12B Status by UGC | Approved by AICTE
www.sathyabama.ac.in

9. Revision of cone distance R:
we know that,

R = (0.5Mt VZ17+ Z2%) = 0.5x 2.5,/(20% + 40%)=55.9 mm

10. Calculation of b, Mav, dlav, v, and y:

Face width (b) ; b=R/y=55.9/3 =18.63 mm
Average module (Mav) : m¢—( b sin &/ Z1) = 2.0863 mm

Average pcd of pinion ( d: av) =dlav=Mavxz1=2.083x20=41.66 m

d N
Pitch line velocity v : 1"‘:+‘= 1.745m /s

Wy =b /diav=18.63 /41.66 = 0.477

14. Check for wear strength :We know that the induced contact stress,
1
2

x Eeq [Mt]

/072 (Z+ 1)°
g (R- O.Sb) (ixb)

K= 1.1tor b/diav £1,P5G8.15
Kd =1.35 PSG 8.16

[Mt] =22.38x1.1x1.35=33.24 N-m
13. Check for bending stress

We know that the induced bending stress

- RJ(i? + 1)[Mt]
" |((R —0.5b)2x b x mt xY,;)
Where Yv;=0.408 for Zvy =23 ., PSG 8.18

Bb =100.75 N/ mm?

Which is not satisfactory
Recalculate with various b, da, ,v, Yy ma,
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=439.33 N/ mm?

We find that 6¢ < [6c], thus the design is safety

15. Calculation of basic dimensions of pinion and gear :

Transverse module : mt =3 mm

Number of teeth : Z1 =20, 72 =40

Pitch circle diameter : d1= mt x Z1 = 3 x20 = 60 mm and
D2=MtxZ2=3x40=120 mm

Cone distance R =67.08 mm

Face width b =22.36 mm

Pitch angle = 6, =26.57°, and &, = 63.43"

Height factor:fo=1

Clearance:c=0.2

Virtual number of teeth : Zvy= 23, and Zv,= 90
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1. DESIGN OF WORM AND WORMWHEEL

When the shafts are non-parallel and non-intersecting worm and worm wheel drive
Is used. It can be treated as screw and nut pair. Since the sliding occurs the

materials used should have low coefficient of friction.

A worm gear is a species of helical gear, but its helix angle is usually somewhat
large (close to 90 degrees) and its body is usually fairly long in the axial direction.
These attributes give it screw like qualities. The distinction between a worm and a
helical gear is that at least one tooth persists for a full rotation around the helix.

Worm : It is made of steel. The threads are grounded and polished to reduce the surface
hardness as low as possible.

Worm wheel: They are made of bronze and cast iron.
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DESIGN PROCEDURE OF WORM GEARS

STEP-1: Selection of Material

STEP-2: Calculation of Initial Design Torque

[Mt]=Mt x K x Kd.
Initially, Assume K x Kd = 1.
Mt=60 x p / 2MN.

STEP-3: Selection of Z1&75.

Select Z1 FOR VARIOUS EFFICIENCIES
Z2=ix21.

STEP-4: Selection of [ob] & [oc]
STEP-5: Calculation of Centre Distance
a = [(z/q)|+1] x 3V[540/(2/q) x [ac]]2 x [Mt] / 10

STEP-6: Calculation of Axial Module
m=2a / (q+z)

STEP-7: Calculation of Revised Centre Distance
a=0.5m (q+Z2)

STEP-8: Calculation of d, v, y, Vs.

d=gx m

v =mndn / 60

y = tan™ {Z/q}

Vs =v/cosy
STEP-9: Recalculation of Design Contact Stress Using Vs.
STEP-10: Revise K, d, Mt Values.

STEP-11: CHECK FOR BENDING STRESS
[ob] =1.9[Mt] / m3xqxzxy

STEP-12: Check for Wear oc

PSG. 8.5

PSG. 8.46

PSG.8.45

PSG.8.44

PSG.8.43

PSG.8.43

PSG.8.45

PSG.8.44

PSG.8.44
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STEP-13: Check for Efficiency
n=0.95 x tan y/tan (y+p)
p=TAN-1(y)

STEP-14: Calculation of Cooling Area Required
(1-n) x INPUT POWER = Kt x A (to-ta)

STEP-15: Calculation of Basic Dimensions PSG.8.43

PROBLEM ON WORM GEARS

A steel worm running at 240 rp , receives 1.5 kw from its shaft. The speed reduction is 10:1,
design the drive so as to have an efficiency of 80 %, also determine the cooling area
required, if the temperature rise is restricted to 45° C, and take overall heat transfer co
efficientas 10 W /m?°C.

Given data:
N1= 240 rpm, P= 1.5 kW, I= 10, n desired = 80%, to —ta = 45°C, Kt = 10 W/ m? °C.

To find:
1. Design the worm gear drive
2. The cooling area required

Solution:

STEP-1: Selection of Material
Worm — Steel
Wheel — Bronze ( sand cast), selected from Table PSG. 8.5

STEP-2: Calculation of Initial Design Torque

[Mt]=Mt x K x Kd.
Initially, Assume Kx Kd =1.
Mt=60 x p / 2NN.
Mit=(60x 1.5 x 103/ 2niN2) = 596.83 N-m

KKd=1

[Mt]= 596.83 N-m
STEP-3: Selection of Z1&Z>.

Select 71, n desired = 80%,,Z1=3 PSG. 8.46
Z;=ixZ;.=10x3=30
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STEP-4: Selection of [ob] & [oc] PSG.8.45
For bronze wheel 6u < 390 N / mm?, [6b]= 50 N/ mm? is selected in one rotation in one
direction

[6¢c]= 159 N / mm? is selected

STEP-5: Calculation of Centre Distance PSG.8.44
a =[(z/q)|+1] x 3V[540/(Z/q) x [oc]]2 x [Mt] / 10

a =[(30/11)]+1] x 3V[540/(30/11) x [oc]]2 x [596.83x 10%] / 10

a=168.6 mm
STEP-6: Calculation of Axial Module PSG.8.43
m=2a / (q+2)
m= 2168.6/ (11+30) = 8.22 mm
STEP-7: Calculation of Revised Centre Distance PSG.8.43

a=0.5m (q+Zy)
a=0.5x 10 (11+30) = 205 mm

STEP-8: Calculation of d, v, y, Vs.
d=gx m

dl=qx m=11x10=110 mm
d2=7Z2x m=30x10=300 mm

vi=mdn/ 60=1.382m /s
v,=T1dn ;/60=0.377m /s

y=tan'{z/q}=15.25"°
Vs=v/cosy=1.432m/s

STEP-9: Recalculation of Design Contact Stress Using Vs.
Forvs=1.432m /s, [6c] =172 N/ mm? PSG.8.45

STEP-10: Revise K, d, Mt Values.

[Mt]=Mt x K x Kd.
=596.83x 1 x1 = 596.83 N-m
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STEP-11: CHECK FOR BENDING STRESS PSG.8.44
[cb]=19[Mt]/m3xgxzxy
[ob] =1.9x596.863 x 10° / 10° x 11 x 30 x 0.432
=7.6 N/ mm?
STEP-12: Check for Wear oc
bc =540/ (Z2/q) v(( 22/ q) +1) / a )* x ( Mt / 10)
=118.59 N / mm?

STEP-13: Check for Efficiency
n=0.95 x tan y/tan (y+p)
p=TAN-1(p) =2.862°
n=0.95 x tan y/tan (y+p) = 80%

STEP-14: Calculation of Cooling Area Required
(1-n) x INPUT POWER = Kt x A (to-ta)

(1-0.8)x1.5x10°=10x A x 45°
=0.666 m?

STEP-15: Calculation of Basic Dimensions PSG.8.43
Axial module = Mx = 10 mm

Number of starts =71 =3

Number of teeth =Z2 = 30

Length of worm 152 mm ( L= (12.5+0.09 xZ2 ) mx = 152 mm
Center distance = a = 205 mm

Height factor=1

ASSIGNMENT PROBLEMS

1. Design a pair of straight bevel gears to transmit 10 kW at 1000 rpm between
two perpendicular shafts. A speed ratio desire is 3.5; Select
suitablematerials.

2. Design a suitable worm and wonn wheel drive to transmit 10 kW at 1000
rpm of worm. Select suitable materials. The speed of wheel is to be around
40rpm.

3. Design a bevel gear drive to transmit 7.4 kW at 1440 rpm for the following
data: Gear ratio=3 ,Material for pinion and gear :C45 steel
,Life=10,000nrs.7
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Unit 4 GEAR BOXES - SMEA1601
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Geometric progression - Standard step ratio - Ray diagram, kinematics layout -Design of sliding mesh

gearbox -Constant mesh gear box. - Design of multi speed gear box.

Gear boxes are employed to convert input from a high speed power sources to low speed (Eg. Lift, Cranes
and Crushing Machine) or into a many of speeds (Lathe, Milling Machine and Automobiles).A gearbox that
converts a high speed input into a single output it is called a single stage gearbox. It usually has two gears
and shafts.
A gearbox that converts a high speed input into a number of different speed output it is called a multi-speed
gear box. Multi speed gear box has more than two gears and shafts.
Requirements of Gear Box:

» Provides the designed series of spindle speeds

»  Transmits the required amount of power to the spindle

»  Provides smooth silent operation of the transmission

» Simple in construction

*  Mechanism of speed gear boxes should be easily accessible so that it is easier to carry out

preventive maintenance
Law of speed in Multispeed Gear box

«  ARITHMATIC PROGRESSION

+ GEOMETRIC PROGRESSION

«  HARMONIC PROGRESSION
ARITHMATIC PROGRESSION: The difference between and two successive spindle speed is constant.
GEOMETRIC PROGRESSION: The ratio of any successive spindle speed is constant.
HARMONIC PROGRESSION: The difference between reciprocal of any two successive speed is constant.

Advantages of Geometric Progression

* Inorder to get a series of output speeds from a gearbox.

* The speed is reduced uniformly in different stages.

» The speed loss is minimum i.e., Speed loss = Desired optimum speed — Available speed

*  The number of gears to be employed is minimum

» G.P. provides a more even range of spindle speeds at each step

» The layout is comparatively very compact.

« Productivity of a machining operation, i.e., surface area of the metal removed in unit time, is
constant in the whole speed range.

* G.P. machine tool spindle speeds can be selected easily from preferred numbers. Because
PREFERRED NUMBERS are in geometric progression.

» Geometric progression, also known as a geometric sequence
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Standard progression

When the spindle speed are arranged in geometric progression then the

ratio betwéeH 'thétwo éﬁj'acentspeeds as stép ratio or progressionratio

[ AS Mg 5y
A= A - B o, = N7 )= constant = ¢

(

Step ratio

» The ratio between the two adjacent speeds is known as step ratio or progression ratio. It is
denoted by ¢.

Basic Step ratio

series (o)
R5 1.58
R10 1.26
R20 1.12
R40 1.06
R80 1.03

Preferred basic series (or) Preferred Numbers:

» Preferred numbers are the conventionally rounded off values derived from geometric series.

* There are five basic series, denoted as R 5, R 10, R 20, R 40 and R 80 series.

» Each series has its own step ratio i.e., series factor.

» The series of preferred numbers is obtained by multiplying a step ratio with the first number to get
the second number. The third number is obtained by multiplying a step ratio with the second

number. Similarly the procedure is continued until the series is completed

Basic series Preferred number

RS (¢=1.6) 1.00, 1.60, 2.50, 4.00, 6.30,10.00
R10 (¢=1.26) 1.00, 1.25, 1.60, 2.00, 2.50, 3.15, 4.00,
5.00, 6.30, 8.00, 10.00
R20 (¢=1.12) 1.00, 1.06, 1.25, 1.18, 1.60, 1.25, 2.00,
2.24,2.50, 2.80, 3.15, 3.55, 4.00, 4.50,
5.00, 5.60, 6.30, 7.10, 8.00, 9.00,
10.00
R40 (¢=1.06) 1.00, 1.06, 1.18, 1.25, 1.32, 1.18,
1.40,1.60, 1.70, 1.25,1.80, 1.90, 2.00,
2.10, 2.24, 2.36, 2.50, 2.65, 2.80, 3.00,
3.15, 3.35, 3.55, 4.00, 4.25, 4.50, 4.75,
5.00, 5.30, 5.60, 6.00, 6.30, 6.70, 7.10,
7.50, 8.00, 8.50, 9.00, 9.50, 10.00
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Design of gear box

1. Selection of SpindleSpeed:
Find thestandardstep by using therelations,= ¢n-1

2. Structuralformula
It can be selected based on the number of speed:

Number of speed Structural formula
3(2) 2(3)
6 2(1) 3(2)
2(1) 2(2) 2(4)
8 4(1) 2(4)
3(1) 3(3)
9
3(1) 2(3)2(6)
12 2(1) 3(2)2(6)
2(1) 2(2)3(4)
3(1) 3(3)2(5)
14 4(1) 2(4)2(6)
15 3(1) 3(3) 2(6)
4(1) 2(4)2(8)
16 2(1) 4(2)2(8)
2(1) 2(2)4(4)
3(1) 3(3)2(9)
18 3(1) 2(3)3(6)
2(1) 3(2)3(6)

3. Ray Diagram
The ray diagram is the graphical representation of the drive

arrangement in general from. In other words, The ray diagram is
the graphical representation of the structural formula.

The basic rules to be followed while designing the gear box as
v" Transmissi n ration (i):
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Nmin / Ninput =
imax = Nmax / Ninput <2

For stable operation the speed ratio at any stage should not be greaterthan 8.

Nmax / Nmin <8

1973
1573
1254

O OF¥00-0-9-9

Stage ¥ Scage T Szage O

4. KinematicLayout:
The kinematic arrangement shows the arrangement of gears in a gear box.

Formula for kinematic arrangement,

n = pi(X1) . p2(X2)

ML E E—

Shafl - 3 1 brieemedain

Shaft - & | Caapet

5. Calculation of number of teeth.

In each stage first pair,

Assume, driver Zmin 2 17,
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Assume Z = 20 (driver)

SOLVEDPROBLEMS:
1. Design a 12 speed gear box with a minimum and maximum speed of 100 rpm and 355 rpm.

Draw the ray and kinematic diagram and calculate number of teeth in each gear.
Given Data:
Z =12, N1 =100 rpm, N2 = 355 rpm
To Find: Design a Gear Box

Solution:
Step 1: Calculation of Step Ratio (¢) :
N max - cpr.-—l
Nmin
-'3‘5'_5' — ¢II
Joo
¢ = 1-19,

STEP 2: Selection of Intermediate speed from DB: 7.2

Based on the Step ratio 1.12 select the values

N, = Joo rpm. N = 200 pmm
No = 112 TPm. 2
¢ Ng = 224 ypm,
Nz = 125 M. Ng o5
= O Ypm
N4 = 40 rprm. Nie = 280 Yprm
N5=-,bOYPm. YN = 3I15. vpm

Ne = 180 rpm.

Nl:l.:: 855 '—Pm

~ra—— Al C =

Step 3: Formation Of Structural Formula

For 12 speed 3 x 2 x 2
Speed Space.
2=3x2x2 P=3 X, =1
P2=2 x2=R=3
P3=2 XB: P,XP:):é

No. of Speed, Z = P1 (X1) . P2 (X2) .P3(X3)
Z=3(1) .2(3) .2 (6)
I 1 i STAGE
Step 4: FORMATION OF RAY DIAGRAM
U — No. of Stages + 1 =3 +1
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STEP 5: CONSTRUCTION OF KINEMATIC DIAGRAM

=14 T2 =10
_{—- DRI\WWE =2
L] = x
— == DRIVER
< ] = I_ [ == - RE—
i DRIV ) ! 2'2¢>t21ven?[1_
= L= '—‘_—i‘ i ’ i
= E -3 D‘;\VE; :
- L 5
e = |
f I [ DRIVEN
Z =
STEP 6:Calculation of No. of Teeth:
1
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(Note: In every Stage Driver Speed should be constant)
[lird Stage:

Driver Speed (C) = 125 rpm
N2 = N4 =125 rpm
Driven Speed (A, B) : N1 (A) =100 rpm, N2 (B) = 200 rpm

Cared) : [ 15t pair ‘Ac’]

N, _ =22
-_—N:z =z NOTE :

ames, Zo = 20.

progen | e
o5

=, =25,

Caredi> : L2 Palr Be
Ng =4

B e—
—— —

N4 =8
2 00 _ =4

S —— - S

125 zZz

we Khow -Hheats
Z) +Z2 = Z3+ =4,
20+25 = Zaxl-bZzg
2-bzg =45

° 2_1__-:.1-{:::1:}. = o8 .

Sriver Geor = 20
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Unit V — CLUTHES AND BRAKES - SMEA1601




CLUTCHES:

A clutch is a device used to engage and disengage the driving shaft to the driver shaft
according to the requirement. In case of automobiles, the clutch is required during
changing of gears. By operating a lever, the clutch engages and disengages the driver and
driven shafts. While changing gears, the driven shaft should be disengaged from the driving
shaft.

Classification of Clutch

Clutches are classified in two ways, based on

1. Method of energy transfer (actuation).

2. Method of engagement.

According to the method of energy transfer, the

clutches are categorised into

1. Mechanically actuated clutches.

2. Hydraulically actuated clutches.

3. Pneumatically actuated clutches.

4. Electrically actuated clutches.

According to the method of engagement, clutches are

categorised into

1. Friction clutches.

2. Positive contact clutches.

3. Over running clutches.

4. Magnetic clutches.

In this book, mechanically operated clutches,

especially friction clutches are discussed.

The actuating force or the force required to engage

the clutches is supplied mainly by springs.

Working principle of friction clutch

The principle of transmission of power is by contacting friction surfaces, to develop
frictional force and this frictional force is used to start the driven shaft from rest and
gradually increases the speed without slipping. In case of automobiles, the friction clutch is

used to engage the ngine shaft to the driven shaft.

1



Material for friction surface

The materials used for lining of friction surfaces should have the following properties.

1. The material should have high coefficient of friction.

2. The material should withstand high temperatures caused during operation.

3. The material should have high heat conductivity, high resistance to wear and should not be
effected by moisture or oil.

Types of friction clutches

1. Disc or plate clutches.

(a) Single disc clutch

(b) Multiple disc clutch

2. Cone clutches.

3. Centrifugal clutches.

Advantages and Disadvantages of friction clutch.

Advantages of friction clutches.

1. They have a very little shock during engagement as they can slip relative to each other.
2. It can be used for high speed engagement applications.

Disadvantages of friction clutches

1. They are not suitable for application that require positive transmission because they do slip.
2. Replacement of friction material is often required as they wear out. Cams, Clutches and
Brakes

Design considerations for friction clutches

1. Sufficient torque transmitting capacity.

2. Light weight.

3. Smooth engagement without shock and fast disengagement with drag.

4. Proper friction material (high co-efficient of friction) that should not be affected by
moisture and oil, etc.

5. Provision for taking up wear of the contact surfaces.

6. Provision for transmission of heat which is generated during operation.



PROBLEM 1:

A single dry plate clutch is to be designed to transmit 10 HP. at 900 rpm. Find (a) diameter of

the shaft, (b) mean radius and face width of the friction lining assuming the ratio of the mean

radius to the face width as 4, (c) outerand inner radii of the clutch plate. Take cy for the shaft

material as 38 kg/mm?2

Power =10 HP =7.36 kW

Speed =N = 900 rpm

Refer P.5.G Data book, page No. 7.89

(a) Diameter of shaft =d= ﬁ\/

where

195000 X FW Xk

N [1]
EW = rated power =7.36 kW
N= rpm of the drive N =900 rpm
k,= factor based on working conditions

:}?14‘?324';{’34-;24

[t] = Allowed shear stress

Since working conditions are not given,

Assume kq, ko, kg, and ky values

From P.5.G Data book, Page No. 7.90 take

k1=05:ky=125:k3=032 andk,=0.75
}fr;,:k1+}32+}€3+;24

k,=05+125+0.32+0.75=282

Assume, material of shaft as C50;

o, =38 kgf‘mm2 : FOS =2

[tf] = Allowable shear s:tres:s|
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a8
X
kry

x

(o]
'-°|u;
L2 | =

=95 kggmm?

[1] = 950 kgdc m°

Diameter of cluteh shaft

495000 = 7.36 x 2. 82
=d= '\3/ e - =229%9cm or2.3 cm
900 x 950

d =23 mm
(b) Let b= face width

r, = mean radius

Q—d
Il
rl‘-h|§h’

(given)

Refer PSG data book Page No 7.89

[M,]

R —
™ om Pybnu ri
Wkt For single plate clutch i,, =2

where, i,, = Number of friction surfaces

From PSG data book, Page No. 7.89, allowable
pressure =P, =k P,

where & = speed factor = 1{assume)

and P, =hasic pressure =25to03 kgffcmz ( for dry
running)



Take P, = 3 kgdem?

u = coefficient of friction = 0.25 (Assume)
From PSG Databook, Page No. 7.8

71620 HP 71620 x 10 ___
.= N = 500 =T95.77 kgg—cm

Design torque = [M,] =M, x k5 795.77 x 2.32 = 224407

= 2244 kg, —cm

M,
i, = 5
2m Ppbury,
2244
2 =
T s
2xmx3 XTXD_Qa I
3 2244 x4 P —
ro = =r, = V95238117

T 2mx3x025x2
r, =935 cmor 93 mm
Mean radius =r, =98 mm
(e) To find r;= inner radius and r, = outer radius

b= face width of the plate

rm
210_.?'!:?
93
ro—r1-=?=24.5
b=245 mm (1)
ro+r:
o i -
But r, = 5 =093

L r,+r; =93 x2=106 C(2)
By solving eq. 1 and eq. 2 we get r, = 110.25 mm and
r;=58575 mm
Inner radius of the clutch plate r;=85.75 mm

Outer radius of the clutch plate =r,=110.25 mm



PROBLEM 2:

A multiplate clutch is to be designed to transmit a power of 50 kW at 500 rpm. Assuming
suitable materials and data, determine the main dimensions of friction lining used in that
clutch.

Given data
Power (P)=50 kW ;: Speed (N)= 500 rpm

Assume service factor =125

Let P;= Design Power
Design power = Rated power x service factor
ie., P; = P x Service factor

=50x 10% % 1.25
= 62500 W
Now caleulate design torque that is to be transmitted.

_60xP; 60 x 62500
T 2N T 2mx 500

=119366 N —m
=1193.66 x 10° N — mm



Let,

T= Permissible shear stress for shaft material.

7 =60 N/mm? (Assume)

and d = diameter of clutch shaft.

Then
- 1/3
7| 18T }
TT
_ 1/3
d- 16 x 1933660
’ m X 60
_ 1/3
d - 20933560
i 155 49
d > [164134.15)/3
d=>54.75
~od =355 mm
Let
r; = Inner radius : r,= Outer radius

r;=2d =2 x55

=110 mm

r,=15r,=15x110

=165 mm



n; = Number of driving plates =5 (Assume)

ns = Number of driven plates =6 (Assume)

Wkt

Sn=n;+n,-1=56+6-1=10

Let the friction material be ashestos based material.

Assume, p=0.35

Allowable pressure =0.21 to 0.56 N/mm?

Now
IT'=nuWr,
_ r;+r, 110 +165
P, = > = ) =137.5 mm
 w__T __ 1193660
" npr, 10x0.35x1375
W=243033 N
Now
I | A
Pmax™5 4 ri(r,—T;)

2430.33
x 7 x 110 (165 — 110)

[

- 0.06 N/mm?2 < allowable pr. (0.21 memz}

Since the pressure is less than allowable pressure,
our design is safe.

Now find face width
b=r,—r;=165 - 110
b =55 mm
Thickness
t =5 mm (Assumed)
Hence, the main dimensions of friction lining are

1. Inner radius =110 mm

2. Outerradius= 165 mm
3. Face width =55mm
4. Thickness =5 mm



CONE CLUTCH
PROBLEM:
An engine is developing 50 kW at 1200 rpm by using a cone clutch. The cone angle is 30°. The

mean radius is 300 mm; The coefficient of friction is 0.25; The normal pressure should not
exceed 0.2 N/mm?2; Determine (1) face width of the cone (2) axial force required to engage
the clutch.

P=50kW:N=1200 rpm; 2a = 30°; o = 15°

p,=02 N/mm?; u=0.25:r =300 mm Let; b = face width

Assume uniform wear, Refer PSG data book Page.No. 7.89

9400 kW
J.h\r

M, = Transmitted torque =

97400 = 50 i
=" 1o00 = 4058.33 kegr—em
(or) M, = 405333 N - mm

Frictional torque =F,=2nnup, -b - r?

405333 = 21 x 0.25 x 0.2 x b x 300°
Face width =b = 14.35 mm
Let (W,)engage = Axial force required to engage the
clutch

W,, = Normal force on the contact surface

=p,-2nr-b

=02 x 2 xmx 300 x 14.35

=5409.32 N

.. Axial force required 1 . .
=(W =W_ (s + 5

to engage the clutch | (Wa)engage n (SIn @+ cosa)

= 540982 [ sin 15% 4+ 0.25 cos 157 ]

(F )engage = 2707.17 N



BRAKES

Introduction:

Brake is a device which is used to stop the motion of a machine or retard its motion. It is
due to the friction between contact surfaces. The factors required in the design are:

1. Coefficient of friction between the braking surfaces.

2. Unit pressure between braking surfaces.

3. The projected area of the braking surfaces.

4. Heat dissipating capacity.

PROBLEM:

A single block brake shown in the diagram has the diameter 300 mm. The angle of contact is
120°. The coefficient of friction is 0.3; If the torque transmitted by the brake is 80 N - m, find
the force P required. Assume lengthof the lever (I) = 300 mm and distance between centre of

wheel to fulcrum (x) = 150 mm.



Tg =80 Nm

=30 x IL[]:3 N.mm

Diameter of drum

d =300 mm l(or) radius of

drum = 150mm

Let P= Force
required to operate the

brake

{a) Clock - Wise Rotation

Taking moments about O

R".\rxszf

Pl P x300 .,

Ry=— P
N7 x 150
Ry=2(P)
Since angle of contact is greater than (or) equal to
60°
W= 4psinB
' 26+sin 26

4 » 0.3 x s1n 60°
"~ 120° + sin 120°

4 %« 0.3 % sin 60°

i .
— + sin 120°
1.5

_ 1.03923
T 296042

pu' =0.351

Braking torque Tg=uR,r
30 % 10% = 0.351 = [2 (P)] x 150



PROBLEM :

Design a differential band brake for a crane lifting a load of 50 kN through a rope wound
round a barrel of 550 mm diameter, as shown in Fig. The brake drum keyedto the same shaft
be 650 mm in diameter and the angle of lap of the brake band over the drum is 240°.

Operating arms of the brake are 45 mm and 210 mm. Operating lever is 1.5 m long. Take

pn=0.25.

| Load I

Fig.

Barrel radinus = 225 mm
Brake drum diameter = 650 mm
Brake drum radius =325 mm

Angle of lap (8) = 240°

b
=240° % rad

150
=4.188 rad
Length of lever =15 m
u=025
Designing differential band brake by following steps.
Step 1
Find braking torque

Tz =Load x Barrel radius
Ty =50x 10° N x 225 mm
Ty = 11250 x 10° N-mm

Tz =11250 N.m



Step 2
Find Tension T; & T

. . 1 Ty = Tight side tension
Tension ratio 7= et ®

9 T; = Slack side tension

. %: 025 X418 _ 5 aug
or[;=23849 T, 1
Now,
Ig=(T1-Ty)xr
11250 Nm = (T} - T5) x 0325 m
T1-T,=346154 N ()

Comparing and solving both equation 1 and 2, we get

Ty=53336.5 N and

T9=1872114 N

Step 3
Thickness of band brake

t=0.005 x D
=0.005 x 650
t=23.25 mm

Now find band width (w)

Assume Induced tensile stress o, =60 N/mm?



Iy

g, =
P owxt

53,3365

22777 2 60 Nfmm2
w = 325

Band Width w =273.5 mm

w=273.5 mm

Step 4
Calculate the bearing pressure
I,
Prax= wr
53,3365
2735 x 325

P ax=0599 Nimm?

[P] for Metal drum = 1.5 N/mm?2
Since P__ < [P],
The design iz satisfactory.
Step 5
Force applied at the end of lever.
From the figure.
Taking moments about O, we get
F x 1500 + T x 45 = Ty x 210

F %1500 + 53336.5 x 45 = 18721.14 x 210

F=1020.85 N



