Study of Ball bearing mountings and its selection preloading of bearings.

The inner race of the bearing is fi tted on the shaft by means of an interference fit. It
prevents the relative rotation and the corresponding wear between the inner race and the shaft.
Tolerances for shaft diameter, corresponding to this type of interference fit, are given in the
manufacturer’s catalogue. Care should be taken to select the fi t in such a way that it provides
sufficient tightness to give a firm mounting and at the same time, it is not too tight a fit to cause
deformation of the inner race and destroying clearance between the rolling elements and the
races. The outer race is also mounted in the housing with interference fi t, but to a lesser degree
of tightness than that of the inner race. Insufficient tightness of the outer race in the housing seat
may cause ‘creep’. In bearing terminology, creep is slow rotation of the outer race relative to its
seating. It is caused when the shaft is subjected to external force that rotates and changes its
direction. When two bearings are mounted on the same shaft, the outer race of one of them
should be permitted to shift axially to take care of axial deflection of the shaft caused either by
thrust load or by the temperature variation. It is necessary to position inner and outer races
axially by positive means. There are several methods such as providing shoulders for the shaft or
the housing, lock nut, snap ring or cover plates as shown in Fig.. The basic principle is to restrict
the displacement of inner as well as outer race in axial direction by positive means. Figure
shows the mounting suitable for a long and continuous shaft. It consists of an adapter sleeve,
which is provided with a small taper. The bearing is press fi tted on this adapter sleeve. Because
of the taper, the displacement of the inner race to the left side is restricted. A washer and lock nut
is provided to restrict the displacement of the inner race to the right side. Two methods of
restricting the displacement of the inner race are illustrated in Figs. In both the cases, the shaft is
provided with a shoulder to restrict the displacement of the inner race to the left side. In Fig. , the
displacement of the race to the right side is restricted by a plate, which is bolted to the shaft. In
Fig. a snap-ring is used in place of the plate. In Fig. the housing is provided with a shoulder to
restrict the displacement of the outer race to the left side. A circular ring of the cover plate
restricts the displacement to the right side. The cover plate is bolted to the housing. Commercial
oil seal unit is used to prevent the leakage of lubricating oil. The shoulders for the shaft and
housing bore have standards dimension, which can be obtained from the manufacturer’s

catalogue. Shafts and spindles in machine tools and precision equipment should rotate without



any play or clearance either in axial or radial direction. This is achieved by preloading the ball
bearings. The objective of preloading is to remove the internal clearance usually found in the

bearing. Preloading of cylindrical roller bearing is obtained by the following methods:

(1) The roller bearing is mounted on a taper shaft or sleeve, which causes the inner race to
expand and remove the radial clearance.
(i)  The outer race is fi tted in the housing bore by an interference fit. It causes the outer race

to contract and remove the radial clearance.
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Ball bearings, such as angular contact bearing, are preloaded by axial force by
tightening the lock nut during the assembly. It is essential to use the correct method of mounting
and to observe cleanliness if the bearing is to function with satisfaction and achieve the required
life. The precautions to be taken during the mounting operation are as follows:

(i) Mounting should be carried out in a dust free and dry environment. Machines which
produce metal particles, chips or sawdust should not be located in the vicinity of the mounting
operation.
(ii) Before assembly, the shaft and the housing bore should be inspected. The burrs on the shaft
and the shoulders should be removed. The accuracy of the form and dimensions of the shaft and
bearing seat in the housing should be inspected.
(i) The bearing should not be taken out from its package until before it is assembled. The rust-
inhibiting compound on the bearing should not be wiped except on the outer diameter and bore
surface. These inner and outer surfaces are cleaned with white spirit and wiped with clean cloth.
(iv) Small bearings are mounted on the shaft with the help of a small piece of tube or ring.
Blows are applied by means of a hammer on this tube or ring. Direct blows should never be
applied to the bearing surface, otherwise the race or the cage may get damaged. The tube or the
metallic ring is placed against the inner race and the blows are applied with an ordinary hammer
all around the periphery of the ring.
(v) Medium size bearings are mounted on the shaft by pressing the tube or the metallic ring by
means of a hydraulic or mechanical press. Large size bearing is mounted by heating it to 80° to
90°C above the ambient temperature by induction heating and then shrinking it on the shaft. The
bearing should never be heated by direct fl ame. The interference fi t between the outer race and
the housing is obtained by similar methods, viz., by applying hammer blows on a metallic ring
or tube which is in contact with the outer race or by using hydraulic or mechanical press or by

heating the housing.



Construction of Gear

Depending on the purpose and the size, there are different constructions for gears. These constructions
are broadly classifi ed into the following three groups: (i) Small size gears; (ii) Medium size gears; and (iii)
gears with large diameter. In this article, we will consider the salient features of these constructions.

(i) Small Sized Gears :

A pinion with root diameter near to the required diameter of the shaft is made integral with the shaft.
This type of construction is shown in Fig.. The rule of thumb for making integral gear is as follows: ‘If the
diameter of dedendum circle (df) exceeds the diameter of the shaft (ds), at the point where the pinion is
fi tted, by less than (ds/2), the pinion is made integral with the shaft

(ii) Medium Sized Gears :

There are two methods to manufacture medium size gears. They include machining from bar
stock and forging. Gears of addendum circle diameter up to 150 mm are machined on rolled steel bars.
The gear blanks in this case are turned on lathe. Gears of addendum circle diameterfrom 150 mm to 400
mm are mostly forged in open or closed dies. It again depends upon the volume of production. Even
small diameter gears are forged, if the volume of production is large. Forged gears offer the following
advantages: (a) The factor of material utilisation is equal to (1/3) when the gear is machined from bar
stock. In case of forgings, material utilization factor is (2/3), which is twice. This reduces the cost of the
material. (b) Forged gear has lightweight construction which reduces inertia and centrifugal forces. (c)
The fi bre lines of the forged gears are arranged in a predetermined way to suit the direction of external
force. In case of gears, prepared by machining methods, the original fi bre lines of rolled stock are
broken. Therefore, the forged gear is inherently strong compared with machined gear. The limiting
factor governing the choice of forged gears is their high cost. The equipment and tooling required to
make forged gears is costly. Forged gears become economical only when they are manufactured on
large scale.
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Gears with Large Diameter :

Forged Gear

There are two varieties of large size gearslIsolid cast gears and rimmed gears. When the addendum
circle diameter is up to 900 mm, a solid cast iron gear with one web is recommended. When the
addendum circle diameter is more than 1000 mm, two webs are provided. A solid cast gear with two
webs is shown in Fig. Solid cast iron gears are extensively used due to low cost. Though cast iron gears
are cheaper than steel gears, their torque transmitting capacity is low. The dimensions of cast iron gears
are determined by thumb rules and principles of casting design

b —

Ll e Cast Iron Web Type Gear

A rimmed gear consists of a steel rim fi tted on the central casting with hub, arms or webs. The rim is
forged from alloy steel. There are two varieties of rimmed gears, which are illustrated in Figs and (b). In
the fi rst case, the rim is press fi tted on the casting and setscrews are used to prevent displacement of
the rim with respect to casting. In the second type of construction, the rim is bolted to the central
casting. Rimmed gears save costly high strength material, but they are more expensive to manufacture.
The thickness of the rim from the inside diameter to the root circle diameter of tooth is usually taken as
(7m) to (8m).
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STANDARD SYSTEMS OF GEAR TOOTH

14.5°full  20°full  20° stub

depth depth system

sysiem sysiem
Pressure angle 14.5° 20° 20°
Addendum m m 0.8m
Dedendum 1.157 m 1.25m m
Clearance (0.157 m (0.25m 0.2m
Working depth 2m 2m 1.6 m
Whole depth 2157 m 225m 1.8 m
Tooth thickness  1.5708m 15708 m  1.5708 m

14.5° Full Depth Involute system :

The basic rack for this system is composed of straight sides except for the fi llet arcs. In this
system, interference occurs when the number of teeth on the pinion is less than 23. This system is
satisfactory when the number of teeth on the gears is large. If the number of teeth is small and if the
gears are made by generating process, undercutting is unavoidable.

20° Full Depth Involute System :

The basic rack for this system is also composed of straight sides except for the fi llet arcs. In this
system, interference occurs when the number of teeth on the pinion is less than 17. The 20° pressure
angle system with full depth involute teeth is widely used in practice. It is also recommended by the
Bureau of Indian Standards and adopted in this chapter. Increasing pressure angle improves the tooth
strength but shortens the duration of contact. Decreasing pressure angle requires more number of teeth
on the pinion to avoid undercutting. The 20° pressure angle is a good compromise for most of the power
transmission as well as precision gearboxes

20° Stub Involute System

The gears in this system have shorter addendum and shorter dedendum. The interfering portion of the
tooth, that is, a part of the addendum, is thus removed. Therefore, these teeth have still smaller
interference. This also, reduces the undercutting. In this system, the minimum number of teeth on the



pinion, to avoid interference, is 14. Since the pinion is small, the drive becomes more compact. Stub
teeth are stronger than full depth teeth because of the smaller moment arm of the bending force.
Therefore, the stub system transmits very high load. Stub teeth results in lower production cost, as less
metal must be cut away. The main drawback of this system is that the contact ratio is reduced due to
short addendum. Due to insuffi cient overlap, vibrations are likely to occur



Project | Problem Statement-

It is required to design a gear train for two roller sugarcane crusher. The gear train reduces
the speed in two stages. The gear train receives power from a four stroke Engine. The force
of failure of sugarcane for rate of 15 Kg/hr is 140 N. Consider factor of safety of 1.75 for
failure force. Consider factor of safety 2 for gear design. Choose suitable material for gear
and design the components of the unit such as gears, shaft key also select suitable bearings

belt and pulleys.

Given:
m= 15 kg/hl’, (F)fa“ure: 140 N, (FOS)crusher: 175,
(FOS)geardesign= 2, (Moutput =35 rpm, (D)crusher = 130 mm

Belt drive reduction = 4:1

Solution:
I]First we determine torque.
1) Force required for crushing (Pc) = (F)saiture * (FOS)crusher = 140*1.75 = 245 N
2) Let us consider 4 sugarcane passes through rollers,
Total crushing force (P;) = 4*P, = 980 N
3) Torque (My) = Pt * (R)erusner= 980%*(130/2) = 63700 Nmm
4) Power required for crushing = (2n*n*M;)/(60*10°) = (2r*35%63700)/(60*10°)
= 0.23347 kW
5) Let ()motor = 80%
6) Power of motor required = 0.23347/0.8 = 0.29184 kW

I1] Selecting standard motor of 1 HP = 0.7457 kW
1)Input Speed at gear train = 1440/4 = 360 rpm (Due to belt reduction)



Output speed at gear train = 35 pm
2) Transmission ratio (i”) = 360/35 = 10.2857
3) Gear ratio =1 = Vi’ = 3.2017

1]
1)We select first CI material(FG260) with Sy= 260 n/mm?
2) Designing Gear pair for First stage
ny= 360 rpm, n,=nz= 112.25 rpm, ns= 35 rpm,Z,=18, Z,= 58, Z3= 18,Z,= 58

n;=360,7,=18

ns=112.5,75=18

Nz=Nsz

n;=112.5,7,=58

n4=35 ,24:58

For 20° Pressureangle,
Z,=18 ,Z,= i*Z, = 58

Assume pitch line velocity (v) =5 m/s



Cy= 3/(3+V) = 3/(3+5) = 0.375

From table 17.4, For heavy shock and uniform, Cs = 1.75
Lewis form factor for 18 teeth (y) = 0.308
For First stage,
m = {(60*108/m)*(P*Cs*FOS)/[Z1*ny*C,*(b/m)* (Su/3)*y]}*
= {(60*106/m)*(0.7457*1.75*2)/[18*360*0.375%10*(260/3)*0.308] }/®
m=5mm
d;’ =5*18 =90 mm
dy’=5*58 =290 mm
b =10*5 =50 mm

IV] By using Buckingham’s Equation

Sp = m*b*cp*y = 5*50*(260/30)*0.308 = 6673.33 N

Tangential Force,

Torque = (60*108*P)/(2n*n;) = (60*108*0.7457)/(2n*360) = 19780..3Nmm
P= (2*Toque)/d;” = (2*19780.3)/90 = 439.56 N

Now dynamic load

1) Pinion (grade 8)

e = 16+1.25¢,

but, ¢ = m+0.25Vd;’

ep=16+1.25(5+0.25V90) = 25.214 pm

2) Gear
Here, ¢ = m+0.25Vdy’
eg= 16+1.25(5+0.25V290) = 27.57 ym



now,

e = epteg = 52.7856 pm = 52.7856*103mm

Deformation factorC for CI material is 5700.
v = (w*d; *n;)/(60*10%) = 1.6964 m/s

Pg= {21*v*(C*e*b+Py)} /{2 1%v*(C*e*b+P)}
= 6919.54 N

Pet = (Cs*Py)+Pg = (1.75%439.56)+6919.54 = 7688.77 N
But Pe#>Sp, Hence design is not safe.

Hence we need to increase the module.

Let us consider m =8

d;’ = 8*18 = 144 mm

d,’= 8*58 = 464 mm

b =8*10 =80 mm

By using Buckingham’s Equation

Sp = m*b*op*y = 8*80*(260/30)*0.308 = 17083.73 N
Torque = (60*10%*P)/(2n*n;) = (60*10°*0.7457)/(2n*360) = 19780.3 Nmm
P= (2*Toque)/d;’ = (2*¥19780.3)/144 =274.72 N

Now dynamic load

1) Pinion (grade 8)

e = 16+1.25¢,

but, ¢ =m+0.25Vd;’

e,= 16+1.25(8+0.25V144) = 29.75 um



2) Gear

Here, ¢ = m+0.25Vdy’

eg= 16+1.25(8+0.25V464) = 32.73 um
now,

e = epteg = 62.48 um = 62.48*103mm

Deformation factor C for Cl material is 5700.

v = (w*dy’*n1)/(60*10%) = 2.714 m/s

Pg= {21*v*(C*e*b+Py)}/{21*v*\(C*e*b+Py)}
=7235.1249 N

Pett = (Cs*P)+Pg = (1.75*%274.72)+7235.1249 = 7715.8849 N
FOS =Sy / Pessr = 2.214 > 2.  Hence design is safe and acceptable.

Also, Sy= FOS*Ps = 7715.88*2.214 = 17083.719 N

But Sw= b*q*d,” *k = 80*(2*58/58+18)*144*(BHN/100)?*0.16
(BHN/100)? = 6.072

BHN =246.41

Now mass of gear and pinion,

P = 7000 kg/m?

Mp=n*(d;")?*b*p/4 =9.12 kg = 89.72 N

Mg = *(d2’)2*b*p/4 = 94.69 kg = 928.92 N

V] Design for second stage
n3=112.25 rpm, ny= 35 rpm, y = 0.308
Cs = 1.75, Cy= 3/(3+v) = 3/(3+5) = 0.375



m = {(60*10%/7)*(P*Cs*FOS)/[Z1*n1*C*(b/m)*(Su/3)*y]}*3
= {(60*108/m)*(0.7457*1.75%2)/[18*112.25*0.375*10*(260/3)*0.308]} 1/
m =6.2697 ~ 8 mm

d3’ = 8*18 = 144 mm
ds’= 8*58 = 464 mm
b =8*10=80 mm

By using Buckingham’s Equation

Sp = m*b*c,*y = 8*%80*(260/30)*0.308 = 17083.73 N

Torque = (60*10%*P)/(2n*n3) = (60*10°*0.7457)/(2n*112.25) = 63437.95Nmm
P= (2*Toque)/ds’ = (2*63437.95)/144 = 881.08 N

Now dynamic load

1) Pinion (grade 8)

e = 16+1.25¢,

but, ¢ =m+0.25Vds’
ep=16+1.25(8+0.25V144) = 29.75 um

2) Gear

Here, ¢ = m+0.25Vd,’

eg= 16+1.25(8+0.25V464) = 32.73 ym
now,

e = epteyg = 62.48 um = 62.48*103mm

Deformation factor C for CI material is 5700.

v = (*dy *n3)/(60*10°%) = 0.84635 m/s



Pg= {21*v*(C*e*b+Py)}/{21*v*\(C*e*b+Py)}
=2759.8 N

Petf = (Cs*Py)+Py = (1.75*881.08)+2759.8 = 4301.69 N
FOS = Sp/ Pesr = 3.9713> 2. Hence design is safe and acceptable.

Als0, Su= FOS*Pg;; = 3.9713*4301.69 = 17083.301 N
But Sw= b*q*d,” *k = 80*(2*58/58+18)*144*(BHN/100)2*0.16
(BHN/100)? = 6.072

BHN = 246.41

V1] Design for third stage
Ns=35rpm, ng=35rpm,y =0.308, Zs = Zs = 37,
Cs =1.75, C,= 3/(3+Vv) = 3/(3+5) = 0.375
m = {(60*10%/)*(P*Cs*FOS)/[Z5*ns*C,*(b/m)* (Su/3)*y]}*
= {(60*108/m)*(0.7457*1.75%2)/[37*35%0.375*12*(260/3)*0.308]}*"3
m = 6.3802~ 7 mm

ds’ =7*37 =259 mm

de’=7*37 =259 mm

b=7*12=84 mm

M= n*(ds’)?*b*p/4 = 30.97 kg = 303.90 N

By using Buckingham’s Equation
Sp = m*b*c,*y = 7*84*(260/30)*0.308 = 19137.33 N
Torque = (60*10%*P)/(2*ns) = (60*10°*0.7457)/(2n*35) = 203454.58 Nmm



P= (2*Toque)/ds’ = (2%203454.58)/259 = 1571.07 N

e = 2*e,= 2*[16+1.25(7+0.25Y259)] = 59.55 um = 5955*10°3
v = (m*dy *ns)/(60*10%) = 4.746*10 m/s
Pg= {21*v*(C*e*b+Py)}/{21*v*(C*e*b+Py)}

=1.5817 N

Pett = (Cs*P)+Pg = (1.75*1571.07)+1.5817 =2750.95 N
FOS =Sy / Pessr = 6.95> 2. Hence design is safe and acceptable.

Als0, Su= FOS*Pg;; = 6.95%2750.95 = 19119.1025 N

But Sw= b*q*d, *k = 84*[(2*37)/(37+37)]*259*(BHN/100)2*0.16
(BHN/100)? = 5.4927

BHN = 234.36

V1] Design of Pulley

Motor speed = 1440 rpm

® = 27nN/60 = 150.79 rad/s

Motor torque = Motor Power / @ = (0.7457*10%)/150.79 = 4.9450 Nm

Motor pulley diameter (D) = 58*(Motor torque)® = 58*(4.9450)'2 = 98.8136 ~ 100mm

Now,

Dm/Ds = N2/N; ... (where Ds is shaft diameter).
100/Ds = 360/1440

Ds =400 mm

Let weight of pulley =26 N



VI11] Belt Design
Let thickness of belt =11 mm ...(selected B pulley)

Center distance (C) = 0.55*(D1+D,)+t, = 0.55*(100+400)+11 = 286 mm
Length of belt (L) = 2*C+[n*(D1+D5)/2]+[(D1+D,)/4*C]?
= 2*286+[1*(100+400)/2]+[(100+400)/4*286]2
=135/ m

From standard catalogue,

L=137m

Angle of wrap(a):

Sin(B)= (r-11)/C = 0.5244

B=231.63°

1)For motor pulley, oy = 180-2 = 116.73°
2) For shaft pulley, a, = 180+2p = 243.262°

Belt tension,

(T1-T2)*D2/2 = Torque = 19780 Nmm
(T1-T2) =19780*2/400 = 98.9 N
Also,

To/T, = ek

Let u=0.24 and 0 = 243.26° = 4.246°
T1/T, = g024"4.246 = 2 7703
T,=2.7703*T,

Hence,

(2.7703-1)*T, =98.9

T,=55.8654 N



T:=111.7308 N

IX] Design of Shaft
1) Shaft 1

Weight of Pulley

x

Weight of Gear

360

140

Let material of shaft is 50C4

Sut = 700 N/mm?

Syt = 460 N/mm?

Permissible Shear stess,
=0.3*S,=138 N/mm?
=0.18*Sy; = 126 N/mm?

Tmax = 0.75*126 = 94.5 N/mm?

I)Horizontal Plane



P1+P,=167.59 N Pr=99.98 N

' A B '
C ' ' D
Taking Moment about D,
(-167.59*700)+(500*RA)+(Rg*140) = 0

Rg*140 = 117313-500*Ra
But,

RatRg =267.57 N

Rg =45.75 N and Ro =221.81 N

Bending moment at A = 167.59*200 = 33518 Nmm
Bending moment at B = 99.98*140 = 13997.2 Nmm

if) Vertical Plane

26 N P++Wt=364.44 N

|

D

O
i
-

RatRg =390.44 N

Taking Moment about A,
(364.44*500)-(Rg*360)-(26*200) = 0
Rg =491.72 N



Hence, Ra =-101.28 ... (It means Ra is in opposite direction).
Ra=101.28 N

Bending moment at B = 364.44*140 = 51021.6 Nmm

BMpax =51021.6 Nmm

3 = {(16/1* Tmax) *N[(1.5¥BMmax) >+ (1.5* Torquemax) 2]}
= {(16/1*94.5)*\[(1.5%51021.6)>+(1.5*19780)4]}

= 4423.72

Hence, d = 16.41 mm

From standard catalogue d = 20 mm

2) Shaft 2

I)Horizontal Plane



P1=320.68 N

| .

=

P=99.98 N

l

Taking Moment about C,
(99.98*500)-(360*Rp)-(320.6*40) = 0

Rp =103.23 N

But,

Rc+Rp =420.66 N

Rc=317.4211 N

Bending moment at C = 12827.2Nmm

Bending moment at D = 99.98*140 = 13997.2 Nmm

if) Vertical Plane

9708 N

et
O
w!

1203.64 N

l

Rc+tRp =2174.44 N

Taking Moment about C,
(1203.64*500)-(Rp*360)-(970.8*40) = 0

Rp =1563.85 N

Hence, Rc = 610.58 N

Bending moment at C = 970.8*40 = 38832 Nmm



Bending moment at D = 1203.64*140 = 168509.6 Nmm
BMmax = 168509.6Nmm

d® = {(16/1*Tmax)*V[(1.5*BMuma) >+ (1.5*TOrquemax)?]}
= {(16/1*94.5)*[(1.5%168509.6)2+(1.5*63437.95)*]}
= 4423.72

Hence, d = 24.41 mm

From standard catalogue d = 25 mm

3) Shaft 3

Pt

25

Crusher roller material is stainless steel.
P = 8000 kg/m®
Roller diameter = 130 mm

Mass of roller = (m/4)*(0.130)>*0.3*8000 = 31.85 kg = 312.5 N

i)Horizontal Plane



99.98 N 571.82 N

t .

Re+Re=671.8 N

Taking Moment about E,
(571.82*390)-(R¢*350)-(99.98*40) = 0
Rr=625.74 N

Re =46.055 N

Bending moment at E =99.98*40 = 3999.2Nmm
Bending moment at F = 571.82*40 = 22872.4Nmm

if) Vertical Plane

1.04 N/mm
1810 N ‘ 1874.97 N
' Emrv ‘\:’“‘-F“\F '
' 300 mm

Re+Rr = 3684.97+(1.04*300) = 3996.97 N

Taking Moment about E,
(1874.97*300)-(R*350)+(1.04*300*175)-(1810*40) = 0
Re =2038.39 N

Hence, Rg = 1958.57 N

Bending moment at E = 1812*40 = 72400Nmm

Bending moment at F = 1874.97*40 = 74998.8 Nmm
BMmax = 74998.8Nmm



Torque = 203454.58 Nmm

d® = {(16/7*Tmax) *V[(1.5*BMma)?+(1.5* Torquema)?]}
= {(16/1*94.5)*\[(1.5*74998.8)2+(1.5*203454.58)*]}
Hence, d = 25.97 mm

From standard catalogue d = 30 mm

4) Shaft 4

300

G H

Weight

40

1) Horizontal Plane

P=571.82N

l

Rec+Rn=571.82 N



Taking Moment about G,

(571.82*390)-(R4*350) = 0

Ry =67.17 N

Hence, Rg =-65.35 N ... (It means Rg Is in opposite direction).
Rc=65.35N

Bending moment at H = 571.82*40 = 22872.8 Nmm

if) Vertical Plane

1.04 N/mm 187432 N
G r’“\r’!‘v’“\ﬁ H '
300 mm

Re+Ry = 1874.32+1.04*300 = 2186.32 N

Taking Moment about G,

(1874.32*390)-(R4*350)+(1.04*300*175) = 0

Ry = 2244528 N

Hence, Rg = - 58.208 N ... (It means Rg is in opposite direction).
Re = 58.208 N

Bending moment at H = 1874.32*40 = 74972.8 Nmm

BMmax = 74972.8 Nmm

Torque = 203454.58 Nmm

d3 = {(16/m*Tma) *V[(1.5*BMma)? + (1.5*Torquema)?]}
= {(16/1*94.5)*\[(1.5%74972.8)? + (1.5*203454.58)]}
= 17528.56
Hence, d = 25.97 mm



From standard catalogue d = 30 mm

X] Bearing Selection [We use single row deep groove ball bearing]
1) Shaft 1

n =360 rpm, d =20 mm, Ljon =20000 hrs, Load factor = 2.5
From shaft design,

Pua =221.81 N, Pug=45.75N

Pva=101.25N, Pyg=491.72N

Pa = V[(Pra)? +(Pva)?] = V[(221.81)? +(101.25)2] = 243.83 N

Pg = V[(Pug)? +(Pvg)?] = V[(45.75)2 +(491.72)%] = 493.84 N

This Bearing reaction are in radial direction, Axial reactions =0

L1o = (60*N*L014)/10 = (60*360*20000)/10° = 432 million rev.

Dynamic load carrying capacity,
Ca = Pa*(Load factor)*(L10)*® = 4608.09 N
Cg = Pg*(Load factor)*(L10)*® = 9332.99 N

At A, bearing n0.16404 with C = 7020 N and
At B, bearing n0.6204 with C = 12700 N are selected.

2) Shaft 2

n=112 rpm, d =25 mm, L;o, =20000 hrs, Load factor =1.4
From shaft design,

Phc=317.42N, Pup=103.23 N

Pvc=610.58N , Pyp=1563.85 N

Pc = V[(Puc)? +(Pvc)?] = V[(317.42)2 +(610.58)?] = 688.15 N

Ppo = V[(Php)? +(Pvp)?] = V[(103.23)? +(1563.85)%] = 1567.253 N



This Bearing reaction are in radial direction, Axial reactions =0
L1o = (60*n*L1014)/108 = (60*112%20000)/106 = 134.4 million rev.
Dynamic load carrying capacity,

Cc = Pc*(Load factor)*(L1o)*® = 4934.89 N

Cp = Pp*(Load factor)*(Ly0)*® = 11239.15 N

At C, bearing n0.16005 with C = 7610 N and
At D, bearing n0.6205 with C = 14000 N are selected.

3) Shaft 3

n=35rpm, d=30 mm, Lign =20000 hrs, Load factor =1.4
From shaft design,

Pue=46.05N, Pur=625.74 N

Pve=1958.57 N, Pyr=2038.39 N

Pe = V[(Pre)? +(Pve)?] = V[(46.05)% +(1958.57)2] = 1959.11 N
Pe = V[(Pue)? +(Pve)?] = V[(625.74)2 +(2038.39)%] = 2132.27 N
This Bearing reaction are in radial direction, Axial reactions =0

L1o = (60*n*L10n)/108 = (60*35*%20000)/10° = 42 million rev.

Dynamic load carrying capacity,
Ce = Pe*(Load factor)*(L1)*® = 9533.88 N
Cr = Pe*(Load factor)*(L10)¥® = 10376.55 N

At E, bearing n0.16006 with C = 11200 N and
At F, bearing no.16006 with C = 11200 N are selected.



4) Shaft 4

n=35rpm, d=30 mm, Lign =20000 hrs, Load factor =1.4
From shaft design,

Pne=65.35N, Puny=637.17 N

Pve=58.208N, Pyy =2244528 N

Pg = V[(Phe)? +(Pvc)?] = V[(65.35)% +(58.208)?] = 87.51 N

Pu = V[(Pun)? +(Pyn)?] = V[(637.17)% +(2244.528)7] = 2333.21 N
This Bearing reaction are in radial direction, Axial reactions =0

L1o = (60*N*L1014)/10° = (60*35*20000)/10° = 42 million rev.

Dynamic load carrying capacity,
Ce = Pe*(Load factor)*(Ly0)*® = 425.8619 N
Ch = Pr*(Load factor)*(Lo)Y® = 11354.42 N

At G, bearing n0.61806 with C =3120 N and
At H, bearing n0.6006 with C = 13300 N are selected.
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