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Sixth Semester B.E. Degree Examin , June/July 2023
Design of Machine ﬂ; ents - Il

Time: 3 hrs. (b Max. Marks: 100
Note:1. Answer any FIVE full questions, ﬁ ONE full questmr@; each module.

g 2. Using design data hand book i.
é_ 3. Assume missing data suita. l%g ‘%’
g Module-l Q
2 1 a Discuss about the following(t ¢
4 g @) Active coils l Q
2 (i)  Deflectio
a3 (i)  Solid 1en;& o
; ic (iv) Freel P
I E,, °|L (v) Resi (05 Marks)
£4 b. Derive an exprgssion for energy stored i ing. (05 Marks)
E c. Design a lieli compress1on spring to a load of 500 N w1th a deflection of 20 mm.
25 The all shear stress in the g material is 350 MN/m? and the modulus of rigidity
g E is 82%7%10° MN/m’. The spring ifideX’is 6. & (10 Marks)
3
- >
§ ?';‘ 2 a. A leather belt 125 mm and 6 mm thlc mlts pow&ﬁ a pulley 750 mm
58 diameter which runs rpm. The angl is 150° and efficients of friction
g‘é between the belt and th ulley is 0.3. I@ﬁ density is 1000 kg/m” and the stress in the
RE 2.75 N/mn’, find

wer that ¢ smitted by the belt. Also
aif) (10 Marks)

g 0 drill pipe. Assume 200 N for

mm diameter and acceleration is
g the string of pipes using a FOS as
(10 Marks)

ump with the gear ratio of 3 : 1, the
and the gears are to be forged steel

he pinion 1S [

FDI. Check the¥design for dynamic and wear condition. (20 Marks)

teeth are 20° full depth in normal
: ;téeth and operates at 1000 rpm. The
steel [o, =50 MPa] and the gear is of
to 200 BHN. Design the gear pair.
i (20 Marks)
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straight tooth at le Ntmnsmxts kW at 1200 rpm of the
g :ml:oa:. %fle diameter of ﬂ?:;enlmg?:s sor:x‘;::::’s'elocny ratio is 3.5 to 1. The tooth form

is 14 % composite type. Both pinion and % made of CI [o =355 N/mm ] Determine

the face width and the required m the standpomt
equationandcheckﬁ)rdsignﬁom:%ﬁdpohofdynamlc

gth using Lewis
wear load.

L4 (20 Marks)

V. or S
6 Design a worm gear to m@k\ﬂu 1000 rpm, spa;&:o is 20 and centre distance is

200 mm.

N &

Mo:hle-4 ’
angle of 14 transmit 286 N-m of torque at a speed-of
X 5 250 mm, face width is 60 mm and
Axial force to transmit the torque (ii) Average
pressure. Assume uniform wear condition.
(10 Marks)
-3 m outer diameter and 0.16 m
i runs at 1000 Find the power
distribution if the allowable
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b. Ina simple band break, the length of the lever ’b

thet ht end of the hand is
attached to the fulcrum of the lever and the slack X :

a pin 50 mm from the fulcrum. The
diameter of the break drum is 1 mm and ar, is 300°, the co-efficient of friction
between the band and the drum js 0.35. th drum is attached to a honstmg drum of
diameters 0.65 m that sustains a load of 2 2. Q8(b)),

(1) Force required at the end of lever rt the load.
(i) Width of steel band if the tenslle 1s limited to 50 N/mm

'Q Fig. Q8 (b‘ QT : % (10 Marks)

% Modnle-é\
LI Derive Petroff’s equatg}‘o lightly loadedbea loadec (12 Marks)
1ﬁcat10

b. F o‘pa ﬁﬂljoumal bemng has the follov dlameter 45 mm, bearmg
00 N and absolute viscosity

¢ ratio 0. 0015
i nt of ﬁ'lctlon (c) Power loss.
7 (08 Marks)

ing pressure of
diameter to the

fartificial coolinfe required.

. } ; { 10 o
lubricating (oil, Tequired. if th

quired, It the difference between outlet and inlet

(10 Marks)
and thrust load of
0 hours/week for
00 mm. Select a
(10 Marks)
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1a) Discuss the following terms
1) Active coils

Active coils are within the spring. An inactive coil is at the end of the spring on each side,
therefore, active coils are all of the coils that aren't on the ends of a spring. If the spring
has an open end, meaning the coil at the end is cut in half, that means it has a half inactive

coil.

Deflection

Spring deflection is the action or motion that results from the application or release of a
load. It is the response to a force when it is applied or removed. Spring deflection is also
known as spring travel, which is a reference to the distance a spring moves between the

loaded and the preloaded position.

Solid length

i) Solid length : When the compression spring is compressed until coils
come in contact with each other, then the spring is said to be solid.

Solid length = i/d,
where i’ => Total number of turns
d = spring wire diameter

Free length
ii) Free length: The free length of a compression spring is the length of
the spring during unloaded condition.
Freelength = (i+n)d+y+a
Where, a=> clearance
1 = no. of active turns or coils

y = maximum deflection.

Resilience

Resilience of a spring is equal to the energy absorbed by it. The energy absorbed is equal to
the work done on it by the external force.



1b) Energy stored in a spring
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Given data

P =N =20kW
n; = 1000 rpm
n, =310 rpm

No. of teeth on pinion, z; = 31

Tooth profile : 20° Full depth

Material for pinion : C45 steel untreated

Material for gear: cast steel 0.2%C untreated.
We need the number of teeth on gear to find out Lewis form factor ‘y’.
Step 1: Identify the weaker member

Gear ratio
n  dy, 2z,
=——=——=—
n, d 7z
1000
i=ll= " —32258
ny 310

2, =iz, =3.2258 x 31 =99.999 = 100 tooth.
Lewis form factor for given tooth profile,

Using equation 23.116,

0.912
y =0.154 —

Z
v, = 0.12458 - for pinion with z = 31

¥, = 0.14458 - for gear with z= 100

From table 23.18 (page 23.71) , the value of allowable static stress ¢, is chosen.
Pinion - C45 Untreated (SAE1045 steel) - 6, = 207MPa
Gear - Cast steel 0.2% C untreated - ¢;,, = 138MPa

Particulars o~ y c.y Remarks
Pinion 091 =207MPa y, = 0.12458 o0, .yy = 25.788 MPa
Gear 0gp =138MPa y, = 0.14458 o0y, .y = 19.95 MPa Weaker

From the above values, it is found that gear is the weaker member and hence design should be
based on gear only.
Step 2: Design

1) Tangential tooth load, use equation 23.87 (page 23.17)



9550PC,
F, = ———(1000)
nr
P =20 kW (Given)
n=n,=310 rpm
r=r,= ﬂ=£00=50m

2 2
C, = service factor, Table 23.13 - Assume medium shock and 8-10 hrs/day => C,= 1.5

substituting the above values,

18483.87
F,= > (a)
m

i1) Tangential load using Lewis equation 23.93

F, = oybypk,
for weaker member
Fy, = oy y,bpk,

Co2- Yoo = 19.95 MPa

b = Equation 23.132 - Page 23.29 - Assume 10m

p =mm

k, — based on pitch line velocity of weaker member

_ ndyny, mwmzny  (x)(m)(100)(310)
"mT60000 60000 60000
Trial 1
From table 23.3
Choose module m = 4mm
v,, = 1.623(4) = 6.5m/s which is less than 7.5 m/s

using equation 23.134a, calculate k

=1.623m

k, = =0.316

3465
F, = (19.95)(10m)(2xm)(0.316) > (b)
from (a) and (b)

m3 .k, > 29.4887
(4)3(0.316) > 29.4887
20.224 > 29.4887

Not suitable.

Trial 2
From table 23.3 , Choose module m = Smm
v,, = 1.623(5) = 8.115m/s > 7.5m/s



Use equation 23.135a for calculating velo‘éitydfactor k,

k, = ——————=10.35672
4.5+8.115

F, = (19.95)(10m)(xm)(0.35672)
from Equations (a) and (b)
(5)3.(0.35672) > 29.4887
44.59 > 29.4887 (Suitable)

1i1) Check for stress
O-allowable = (0'02 % k‘,) = (138)(03 5672) = 49227MPa

Induced stress (o;,,) is calculated as follows,

18487.87
F, (15T

%l = by (10)(5)(0.14458)(m)(5)

=32.488 <49.227

Hence design is safe
Step 3 Dimensions
Note: Only module and face-width to be calculated as we have to check for dynamic

load and wear also.

module m = 5mm
Face-width b = 10m = 50mm

Step 4 Check for Dynamic load and Wear load

1) Use equation 23.155 (Page no 23.33) for dynamic load

21y, (F,+ bC)

F‘I — F[ + m
21v,,+ \/(F,+ bC)
18483.87
F,= T =3696.774

b = 50mm
For calculation of ‘C’
From fig 23.35a Page 23.35, corresponding to pitch line velocity 8.115m/s,
error ‘f”=0.045 mm

From Table 23.32 (Page 23.74), for f = 0.045 mm, (between f=0.025 and f= 0.05)
we get two values of C
For Steel-Steel combination, 20 degree full depth,



£(0.025) => C = 290kN/m = 290 N/mm
£(0.05) => C =580 kN/m = 580 N/mm

By interpolation method, we need to find the actual value of ‘C’ corresponding to
£(0.045)

From figure,
X _(0.045 - 0.025)

(580 —290)  (0.05 —0.025)

0.02% 0.045 .08

x = 232N/mm
Therefore C =290+ x = 522 N/mm

Now, dynamic load can be calculated from the equation.
F, = 18499.51IN

i1) Use equation 23.160 for wear load calculation

F,=dbOK=mz;bQK

27
0= = 1.52672
Z +7

for safe design,
F,2>F,
dbQK > 18499.57
(5)(31)(50)(1.52672)(K) > 18499.57
K>1.5634
from table 23.37B (Page 23.80), corresponding to 20 Degree F.D tooth profile,
K =1.6069 > 1.5634, design safe

corresponding BHN for pinion and gear are as follows
BHN for pinion = 350
BHN for gear = 300

All the best



Given Data:
P = 15 kW; n; = 3200 rpm; f = 26°; 7, = 20; i = 4;
Pinion material : 0.4% Carbon Un-treated;

Gear material : High grade C.I

2, =1z = (4 (20) => z, = 80.

From Table 23.18, Allowable static stress for the given material,
09 = 69.6MPa (0.4% C untreated)

09p = 31MPa (High grade C.I)

Virtual number of teeth , (Equation 23.285)

Z
Zy —
" cos3p
for pinion, z;, = = 27.545
g Vo cos326
for Gear z,, = = 110.18
2 05326

Assume tooth profile along normal plane as 20° Full Depth

Lewis form factor is given by the equation 23.116

0.912
Z

y =0.154 —

(Usez=12z)



Lewis Form factor for pinion ,

2
y, = 0.154 — = 0.1208

Zlv

Lewis form factor for gear,

0.912

2y

y, = 0.154 — = 0.1457

Step 1 Identify the Weaker member

Particulars oc(MPa) vy c.y (MPa) Remarks
Pinion 69.6 0.1208 8.4077
Gear 31 0.1457 4516 Weaker

As evident from the above table, Gear is weaker and hence design should be based on gear
only.

Step 2. Design

ii) Tangential tooth load, (Equation 23.87b)

9550PC,
F,= ———X1000
nr

Tangential tooth load on the weaker member Gear

9550PC,
F,, = ——=X1000

nory

Assume medium shock and 8-10 hours per day duty cycle, C, = 1.5

d2 m,2; 80mn 44.5
P = — = = = Sm
272 7 2cosp 2cos26 "

n, = 3200/4 = 800 rpm

Substituting all above values,

_ 6035.8

m

12 > (a)

n



ii) Lewis equation for tangential tooth load (Equation 23.286)

O-()b.vpnkv

4
e
Since gear is the weaker member,

_ 602by2pnkv
t2 C

w

> (b)

0y, =4.516; b=10m,; p,=nrm,

" _ ”dznz _ Itngznz
"7 60000 60000cosp

Vv, = 3.7284m, m/s

C,, - Refer Table 23.37, Assuming Scant lubrication but frequent inspection,
C.= 1.25

from (a) and (b)

60358  (4.512)(10m,)(zm,)(k,)
- - 1.25

12

mn

On simplifying the above equations,

m3k. > 53.171 > (¢)

nvy =—

Trial 1
Assume module m, = 5 mm (Table 23.3)

v, = 3.7284m, = 3.7284 x 5 = 18.642 m/s < 20 m/s

Velocity factor is given by the equation 23.289a

6

k. = -
" 6+4v, 6+18.642

= 0.2435

(5)%(0.2345) > 53.171

29.3125 > 53.171 (Not suitable)



Trial 2

Assume module m, = 6 mm

v, =3.7284m, = 3.7284 x 6 = 22.3704 m/s > 20 m/s
5.6

k, =
C 564/

from equation (c),

= 0.542

(6)°0.542 > 53.171
117.072 > 53.171 (Suitable)
Hence,
Normal module m,, = 6 mm
ii) Check for stress
Allowable stress for gear,
o1 = (66K ,) attowanie = (31 X 0.54) = 16.74MPa

Induced stress for gear,

) 1 3 F,Cw . Ft2CW
Oind = (o v)induced _byp a by,p
n 2Fn

603;)5.8 X125

~ (10X6)(0.1457)(67)

= 7.63MPa

Since (GOkv)aII()wable > (GOkv)induced

Design is safe.

Normal Module m, = 6mm



Step 3 Dimensions

Normal Module m, = 6 mm

m
Transverse module m, = —— = 6.6756 mm
cosf

Face width b = 60mm

min tan /}

But p, = 7#m, (Equation 23.213/Page 23.48)

Therefore,

m
b, = L = 43 mm < 60 mm, so safe
min tanﬂ

Transverse pitch = p, = 7m,=20.972 mm

Normal pitch p,, = mm, = 18.85 mm

.. m,z2,
PCD of pinion d, = = 133.5 mm
cosf
m,zZ
PCD of gear dy = ——= = 534 mm
cosf
. d, +d,
Centre distance ‘@’ = = 333.75 mm

Other dimensions to be calculated as per table 23.1
Step 4: Check for Dynamic and wear load
i) Dynamic load is given by equation 23.309a

21V(F, + bCcos*B)cosp
21V + \/(F, + bCcos?p)

where

v=y, =22.3704 m/s

m

b = 60 mm

i (Equation 23.277/Page 23.53)



6035.8
F,=——=1006 N

From Figure 23.5a, for v,, =22.3704 m/s, error f’ = 0.015mm
From Table 23.32, for 20 Degree FD teeth and Steel-C.I combination,

£(0.0125), C = 99.57 N/mm

0.0125 99.57
0.015 X
99.57X0.015
X = ———— = 119.484 N/mm
0.0125

i.e C=119.484 N/mm

Now F,; = 6155.27 N

ii) Wear load is given by equation 23.310
dibQK mz;bQK

cosf  cosp

0=0=—2 16
S Zi+2,
For safe design,
dbQK
1bQ > F,
cos’f
1330 i
( )(60)(1.6)(K') > 6155.27
cos?26
K >0.388

From table 23.37B, corresponding to @ = 20 Degree and K>0.388
Surface hardness of Pinion = 200 BHN

Surface hardness of Gear = 150 BHN



“TTwsval Chgineering Design - 1

- 1/3 |
Diameter of Pinion shaft D= (%)
nT

1 173
. (M}

Data : 3= 9qe » N=5kw, n, = 1200 rpm, d, =80mm, ;= 35.. ‘a= 1415°,
0, =0, =55 N/mm?

Solution :
T 5 R : ; n, d,
ransmission ratio =TS Ak e~ (2.393)
n, 1
n, 1200
Speed of the gear n, = o K 342.857 rpm

Pitch diameter of gear d, =id =3.5x80=280 mm

The pinion and gear are made of same material, the pinion is the weaker member. Therefore
the design is based on pinion strength.

Pitch cone angle of pinion, tan 6, = T DG et e PR LI (2.402)
.8, = 15.95°
Pitch cone angle of gear 6, = Z- 6, =90-15.95 = 74.05°
z .
Formative number of teeth on pinion z = U el Rl e L (2.418)
% c0os.0,
B 80 83203 ( . =inx)
"~ mcos 8,  mcos1595 m !
0.684 2.97)
Lewis form factor for 14140 tooth form y =0.124 — TS S R 2.
B o ot xm 8.2209 x 1073 m

83.203






v TTmemep aswvoipn - )

Allowable stress

Oar = 0, C,=55x%0.5248 = 28.864 N/mm?
Tangential .force F i’

R-b
= 60,C bYm (T) =0, brym (T) ..... (2.426a)

ie., 994.8 = 0, x 48 x 7 (0.124 ~ 8.2209 x 10~ x 4) x 4 x 0.6703
. Induced stress 0. = 27 N/mm?

in

Since the induced stress is less than the allowable stress, the design is safe.

B d, 80
Number of teeth on pinion 41y e 20

d, 280
Number of teeth on gear =M= =0

Dynamic load :

T
Assume the drive uses carefully cut gears, from fig. (2.29), corresponding to 4 mm module,

the expected error fis 0.025 mm. From table (2.35), for f=0.025 mm, the value C = 139.7 kN/m
£=139%7 Nlmm : | :

% 21, (F,+bC) - \
sl SR e (21483)
Et+ 21vm+1’F; +bC

Kb SORBEES T o A
21x5026(9948+48x1307)




Solution : :
_" J’l%’ ,: 153

i) Dimension of worm and worm gear
no_ o e

Velocity ratio i=—" 3 = e | oes
n‘ 1000
Speed of worm gear I, =

A €F2. 2%587‘5/:—'

Pitch di ameter of worm d
3{5f$3 =& f‘(l‘.l\‘f‘?, :
Centre dlstance in meters O 2 m

——2.519b(DDH

where Ae=
 Tande “__,M ‘habad

iy (-
02 0875 e ERCLE S RIS
-—————( )5 — = 0069876m—69876mm~70mm

B

mr jbased onxthe first estnmate

30} ———
; frii

—
-

-:ﬁ’f b aﬁ‘:\

SRR Tt gsg},eg* ¢ standard module from Table 23]
/

'
e
3
3
Jeww /vr" e 43t

{352



Bsonwor™” Zge 2
wonnwheel z,=iz,=20x2=40
mz, 8%x2

\
;:{ A = o q13r°

=tan
v"sk Y d, 80

|

Nam']“‘od“]e m_ = mcosy=8xcos11.3]

; ’&mmworm Zy = D)
' mu-ofworm d, = 80mm

mzss (DDHB)
hgthof worm L,

(45+0.022)mm

presl“'e angle @ = 20° full depth involute,

=7.8446 mm

e (45+0.02x2)tx8=114.1 mm=115mm
: 'gpq‘,‘dmftoom h, = 0.6867Tm=0.686x1x8=17.24mm
- Addendum h_ = 0.318mm=1m=1x8=8mm

er of worm d =d, +2h =80+2x8=96mm

2388 80 L

- -)g«‘gjs;, e ey 3

Stmsayb bols miiies oill nodi’1o1s
( mgu:r! y ot ol bati
Yoy nwoq sititazim

= (22cosy—1)m=(2.2cos 1131-1)8=9.26 mm
= d, ;h eg-@xms =6148mm »

eyt 34 b

cos 1131=1]=7-7mm -
x7.7=3354mm

0. °&u3]]a96lllll'l

B et ———
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ii) Check the gear for gear tooth strength
~ From Lewis equation permissible transmitted load F‘ =0,bYm C
Assume hardened steel worm and phosphor bron}ze wofm Wheel n
- Fl'om Table 2. 106 (DDHB) for phosphor bronze worm wheel 002 =55 N/mm?
CORIR &
i~
Approx1mate Ya=HO! 154“'0"‘? 12_o1312

am8 = m slubom i
" e YH"MMWJ“Q lﬁmu%’@zutﬁm m olubom lsmo¥

nd,n, 7©x320x50 %
Sadui; Mean pitch line velocity of worm wheel v, = iDZIC[] =0.838 m/sec T
p ty g 3 o

T : 53z 10 1
§ SEEendaind shodaiaat’ SR gl

H

Y sians
i

"

6 6
. ; ; By i sl =k oy, 8775
ConSIdenng dynamic effect, velocity factor%%_ 6+v, 6+0838 FHA

i Penmss:bletmnsnuttedload F (55)(: ) O‘Q@)‘ﬂ &4.46)(0 8775)-9363.5 N_ .
: ;;955@@90%955%1(3)3832 _23875N :

MubnshbA

= b anow toystamaid e
= d mubirebol:
&

S ’ R @ grow o™

"m\ﬂmw smisib

RHa) 0.5 2ids]

'laadw aviow lo ! ybiw
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Data: N=2kW, n =1200rpm, i =30, a=160 mm
Solution :

Speed of worm gear n, == —;0— =40 rpm
From table (2.98), for 160 mm center distance and transmission ratio of 30, the values of
2,12,/ qIm=1/30/10/8
ie., Number of threads on worm z, =1
Number of teeth on worm gear z,=30

d
Diametral quotient =1 =10
m

q
Module m

]
(o]

mm

- Pitch diameter of worm d, =g m =10 x 8 =80 mm

Pitch diameter of worm gear d, = m z, = 8 x 30 = 240 mm
d+d, 80+240 _

Correct center distance @ = — " =~ =160 mm
nd
Speed ratio | = ,‘)2 ..... (2502)
7t x 240
ie 30 =~ P a
Z
Lead p, = 25.13 mm
p
Lead angle, tan y = T;l ..... (2.527)
e (25.13 .
Y = tan 77 %80 =5.7
9550N
Torque on worm gear M, = n,
9550x2
R =477.5N-m=477.5 x 103 N-mm
2M 3
Tangential load on worm gear F = d;z = “‘W;% =39792 N
) 7 dyn, 7 X 240 x 40
Mean velocity v, = m = W =0.5026 m/sec
Velocity f; :
elocit |l =
ity factor C, 6+v, (2.542b)
6
iy rrerg 1010

6+0.5026

I pwic snuatine Fac a1 3



Take the face width b

= 50 mm
Dynamic load F,=CF,
= 0923 x 3979.2 = 3672.8 N
Wear load F,=dbk (2.557)
From table (2.111), corresponding to the materials steel-phospor bronze and the lead angle
of 5.7°, the load stress factor K = 0.414 MPa = 0.414 N/mm?.
Wear load F =240 x50x0.414 = 4968 N
Since F > F 4> the design is safe
Length of worm L, =11+006z)m . Table (2.104)
= (11 + 0.06 x 30) x 8 = 102.4 mm
Efficiency :
p— ) ndn,
Rubbing velocity .vr = "60 % 1000 X cos y e (2.544)
’ 7 %80 % 1200
= 60%x1000% cos5.7 = >-05 m/sec
v"
Coefficient of friction u = 0.025+ 05 e (2.543 b)
5.05
= —— =0:041
0.025 + 305 0.0416
“tan y (cosq, cos Y — M sin ¥)
Eﬁ‘iciency ‘n = cos an Sin Y +u COSY ..... (2587)
tan 5.7 (cos 20 c0s5.7—-0.0416 X sin 5.7)
- . (let ¢ = @)
cos 20 sin 5.7 +0.0416x cos 5.7 n
= 0.6897 = 68.97 %
Thermal capacity :
M, 2.546)
Normal force ; ¥ = d, cosy cosa 77 o
2x4775%10°
— S =42
= 240%cos 5.7 cos 20 — 1233-6N
wEv, 2.576a)
Heat generated H, = 000 (
= 0.0416 x 4255.6 X 5.05 — 0.894 kKW
1000

41 AF
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Data: i=2, D,=03m=300mm, D,=0.16m=160mm, p=02, n=1000pm,
p = 0.08 MPa = 0.08 N/mm?

Uniform wear :

Mean diameter D

Axial force F

a

Torque transmitted M,=

Power transmitted N

Uniform Pressure :

D

m

Mean diameter

Axial load

—_——
C e S el A

B P S0 G o B re o o (19.85b)
1

T AR R L (19.83)
1

5 X 7 0.08 x 160 (300 - 160) = 2814.87 N

o o - (19.84)

1
2 x 5 x 0.2 x 2814.87 x 230 = 129484 N-mm = 129.484 N-m

M,n  129.484x1000
= B TS 6l AN 19.3¢
9550 9550 (19.3¢)
3 3
21 2 = A S (19.85a)
3 D22 =D
3 -160°
—2— 3002 5l = 237.1 mm
3 | 300% —160
PR DR o e (19.86a)
4
7% 008(300* =1607) _ 4046 4N



Drum

. Fig.Q6(b)

K=360 mwm

Given data:

a =360 mm; b = 540 mm; ¢ = 40 mm; r = 360 mm;
n = 1000 rpm; N = 23.5 kW

Solution:

Torque transmitted ,

N
M, =9550X1000X—
n

N-mm

23.9
= 9550 X 1000 X ——
1000

= 224425 N-mm
i) Normal force on the shoe (F))
M, =FyXr
224425 = F,X 360
Fy =623.40
Again, Fy =uF,
623.40= 0.25X F),
F, =2493.60N
ii) Tangential force (Fj)
From previous step,
F, = 623.40N

iii) Operating force for CW rotation
From table 19.4, Equation 19.147

0]

(Assume p = 0.25 and 26 < 60°)

a 1 ¢
Applied f F = F,. —+—
pplied force (}((a+b))(/,l a)
360 1 40
F =623.40( )(

+
(360 +540) 0.25 360

F =1025.15N
iv) Operating force for CCW rotation

From table 19.4, Equation 19.148
a

1 c
ji=—==1

)

v) The value of ‘¢’ for the brake to be self locking

Applied force F = Fy.( @+b) 'u a for self locking, = <u
P
360 1 40 360
F =623.40 ( N — —2) — <025
(360 +540) 0.25 360 ¢ 360
_ >
F 969.73 N €= 025

¢ > 1440 mm
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Data: a= =
a —440mm, b=50mm, D=1m=1000 mm, D, =0.65 m = 650 mm, 6=300"°,
p#=035 W=20kN=20x 10°N, 0, =50 N/mm?

Solution :

WD,
2

Torque on hoisting drum M, = WR, =

20%10° X 650
= T =6.5 x 10° N-mm
The hoisting drum and the brake drum are mounted on same shaft.

-, Torque on brake drum M, =6.5 x 10° N-mm
M, 2M,

1

Braking force Fy = R - D

_ 2x65%10° _ 13000 N
- 1000

T

. . ) 3
Ratio of tensions .~ = et =
2

e0.35 %300 x 7180 _ 625

Clockwise direction :

E,b 1
Force at the end of lever F= —— [ = _1] ..... (19.151)

13000 x 50
- 440 625-1

Counter clockwise rotation :

Fb | €’
Force F=—"— Lye_l} ..... (19.152)

:I =281.38 N

a

13000%50 | 625
= 440 625-1

Thickness of band h = 0.005D
— 0.005 x 1000 =5 mm

] =1758.66 N

T 1
_ L 1——
Braking force Fo=T,-T,=T,- 0= T, ( e"")

1
T, (1‘6.'23)

. Tight side tension T, = 154762 N

ie., 13000
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1. Petroff’s Equation

Petroff’s equation is used to find the coefficient of friction in journal

bearings.

Journal Bearing

il
o T

Consider a vertical shaft rotating in a guide bearing as shown in figure.
Assumptions:

Let

1. The bearing is lightly loaded.

2. The clearance ‘c’ is completely filled with oil.

3. There is no end leakage.

4. Viscosity of oil used is very high.

5. The journal rotates at very high speed.

6. There is no eccentricity between the journal and bearing.

d = diameter of journal or shaft

¢ = diametral clearance

n’ = Speed of the journal or shaft in rev/sec
n

|

n=—
60
L= Lgngth of the bearing

Y o= 7 = diametral clearance ratio

n = Viscosity of oil , Pas
v = velocity = ndn’, m/s



/

y mdn

2rdn . n’
shear stress, 7 = 1. 7 =7. =

= c
2
Surface area A = ndL
Therefore,
27%d’n'n . L
Force, F = 7A =
c
Torque, M, = Fxr
= E( d)
2
B 7%d’n'n. L
(%)
m*d*n'y . L
M= >(a)
174
d -
ButM, = (u. W)(E) ((u . W) = Frictional Force)
and W = PA = PL.d = Load
where P = Bearing Pressure in Pa
d
M, = (,u.PL.d)(E) > (b)

Equating (a) and (b)

d n*d’n'y.L
(u.PL.d)(7) =
2 W

ol i -2
p=2x4

Y

The above equation is Petroff’s Equation
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