Al Ghae oyl 2 1Blal) (i de Al A yal) < Jld) £ A [ 538l ClilSia and

Bearing Jax-l!

A bearing is a machine element 4 s which
support as& another ¢ Al moving 4,
machine element 41 ¢ 323 known as Journal),
it permitsges a relative motion 4 S sy
between ¢ the contact surfaces g
duadiall of the element #1333, while caring
Jaad Al sthe load Jeadl,

Outer thrust bearing
(inner thrust bearing
remorned for clarity}

O3l Girculator
Journal Bearing

Labyrinth €nd Seal

Classification of bearing Jradll (il

1- Sliding contact bearing. & il Juasy) Jesse
2- Rolling contact bearing. s Juai¥) Jesa

1- Sliding contact bearing:
The sliding &Y 3! takes place <&~y along Jsk Jle the surface b of
contactdu=¥! between o= the moving elementd aiadl paill Guand the fixed
elementcwlll aixll 5 there are three types of sliding bearing; o« gl &3 clla
Y 5V Jenl

a) Full journal bearing: When the angle 45 Jlof contactu~>3ll of the bearing
Jesall with the journaldslsll &= is 360° as shown in Fig (a),

b) Partial journal bearing: When the angle4:s ¥l of contactu>dll of the
bearingd«s<ll with the journald«\sll &« is 120°, as shown in Fig (b),

c) Fitted journal bearing: the diameter of the journal and bearing are equal,

Fig (c).

= According 10 angle of contact of journal bearings (2]

Vi

120° 120°

(a)}Full (b} Partial (¢) Fintedd

1
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Load Moving Load Fixed

+ %/ element element

\
Moving element %\‘ Fixed % \—Moving
IR 7777777777777, clement clement
Fixed element
(@) Radial bearing; (b) Radial bearing. (¢) Thrust bearing.

Lubricants: < jal)
The lubricants < jllare used s233u3 in bearing to gaa! Juesill 3:-

1- Reduce Jisil the friction <SiaY) between ¢ the rubbing surfacesglawy!) dlisial,
2- Carry away 2=sthe heated generatedsal siall 3, all by friction<lSia¥) dau 5,
3- Protect bearing from corrosion.

There are <lua three &6 typesgls!! of bearing Jwsill on the base e eVl
thickness <l of layer 4ak of the lubricant < 3l between o the bearing Jwa3l and
journal el

1- Thick film bearing.<lew b Jasa

2- Thin film bearing. s Ak Jasa
3- Zero film bearing. (without lubricant) < 3 ¢ s»

Materials of sliding bearing (2¥ 3V Jsaaill daiuaal) 3 gall

Babbitt metal. <l A
Bronze — metal.
Phosphor — bronze.
Silver.

Cast iron.

Nonmetallic bearing.

N L el N
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7- Wood bearing.
8- Plastic material (Nylon, Teflon)

. .. ZN
Bearing characteristic number (7) 0.035 ay/
- - : :
a — b: Full journal bearing 2 0.030 /
. . . 2
Full film lubrication <+ 0.025 //
5 0.020 /
= d 4
. . & 0.015 /
b — c: partial journal bearing s NP4
T N~
S 0.005 | N A,
¢ — d: imperfect journal bearing (oiliness) 0 [
© ©0 © © © © o
O O O © ©O ©o O
-T N N < 1D O~
ZN
P

Note: viscosity of oilcu il 4531 decreases Jis with temperature increases a2 sl

EJ\);M_

Type of Absolute viscosity at temp (kg/m.s)
oil 30 35 40 45 50 55 60 65 70 75 80 90

SEA10| 0.05 ] 0.036 | 0.027 |0.0245| 0.021 | 0.017 | 0.014 | 0.012 | 0.011 | 0.009 | 0.008 [0.0055
SEA 20| 0.069 | 0.055 | 0.042 | 0.034 | 0.027 | 0.023 [ 0.025 | 0.017 | 0.014 | 0.011 | 0.010 [0.0075
SEA 30| 0.13 0.10 | 0.078 | 0.057 | 0.048 | 0.040 | 0.034 | 0.027 | 0.022 | 0.019 | 0.016 | 0.010
SEA 40| 0.21 0.17 | 0.12 | 0.096 | 0.18 | 0.06 | 0.046 | 0.04 | 0.034 | 0.027 | 0.022 | 0.013
SEA 50| 0.30 025 | 020 | 0.17 | 012 | 0.09 | 0.076 | 0.06 [ 0.05 | 0.038 | 0.034 | 0.020
SEA 60 | 0.45 032 | 027 | 020 | 0.16 | 0.12 | 0.09 | 0.072 | 0.057 | 0.046 | 0.040 | 0.025
SEA 70 1.0 069 | 045 | 031 | 021 | 0.165| 0.12 | 0.087 | 0.067 | 0.052 | 0.043 | 0.033

Design of sliding bearing:

1- Pressure P:

g F F

dalieg JshllL x Lhilld

38lF=PxLxd
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Where:
p= N
= pressure —

L= length of bearing (m)
d= diameter of shaft (m)
F= Force (N)

2- Calculation of heat generated (Qq) (watt)

Qg =uxFXv

Where:

p= coefficient of frictionall<ia¥) Jalas,

Z= absolute viscosity of lubricant (kg/m.s) < jll 4a 3
N= speed of shaft (journal) (r.p.m) il 4 ju

c= clearance

k= constant depend on the ratio L/d.<wb

k= 0.0025 for 90.75 < L/d < 2.8)b

3- Calculation of heat dissipated (Qd) 333l 3 ) adl ilbwa

Q=CXxXAXAt
Where:
C=heat dissipation coefficient (W/m3.k) saxmll 8 ) ad) il Jalaa
A: bearing area Jesxll 4alus

At: temperature difference between bearing and surrounding. Jesall o 3l sl G4l
Jaaall g

-

At == (t° — ta)

Where:
to= bearing temperature (oil temperature)
ta= ambient temperature (room temperature)
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Qd=C><A><%(t°—ta)

Note: if Qg salsidl 3, all > Qd sl 5, sl we must need zlss artificial cooling

Qg — Qd = heat must be removed J\ 5 &) a3l -l

Therefor 13 must be design ~«<3 machine vehicle <ULS <!l with water system s aUais
slally,

Ex:

Design a journal bearing from the following data:

Diameter if the journal (100 mm), Load on the journal (2000 N), Speed
of the journal (900 rpm), Type of oil SAE 10 for which the absolute

viscosity at 55°C is (0.017 kg/m.s), Ambient temperature (15.5°C),
Allowable bearing pressure (1.25 N/mm?) §= 1.6, Heat dissipation

coefficient (C=1232 W/m?2.°C), gz 0.0013 Also calculate the amount
of artificially cooling required.

Solution:
Qg =uXxXFXv
nXdXN TCX&X()OO m
_ _ 1000 _
v = - =471—
60 60 S
v=4.71m/s
33 ZN d+k
= —X—X—
K=708" P "¢
C—00013
d_ .
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d__1 = 769.23
C_ - .

0.0013
L
~ =16 k= 0.0025
d
_ 33 0017 X900 023 4 0.0025
=708 125 ' '
4 = 0.0055

» Qg = 0.0055 x 2000 x 4.71

Qg = 518 watt
1
Qd=C><A><At=C><L><d><E(t°—ta)

1232 160 LV 55—-15.5
= X X X = — .
1000 1000 2( )

Qd = 389.3 watt
~ Qg > Qd (518 > 389.3)
Qg — Qd =518 — 389.3 = 178.7 watt

We need artificial cooling

2- Rolling contact bearing

In this type of bearing Je=<ll the contact >3l between ¢ the bearing surface gl

Jwaill s rolling L) s», it consists of e o5

1- Inner race is connected on the shaft (journal).

2- Outer race is carried by the housing.

3- Balls are between the inner and outer race advantage of rolling contact bearing.
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Advantages of rolling contact bearing: ) sall Jasall L) ja
1- It can carry heavy over load for a short time without failure. 4 sesll Jead ¢Sy
Jid (533 yaal 5 il Al
2- Low cost of maintenance. iiluall 485 xleds)
3- Ability to withstand momentary of shock loads.laalll cileaall Jaad e 5 al)

Disadvantages of rolling contact bearing: ) sa) Jasall ;s gbwa
1- High cost.alal aassl) |
2- Noisier at very high speed.ias Lllall cle yudl vie HST i i gan
3- High accuracy in manufacture. sl 8 4lle 385

Types of rolling bearing:
1- Ball bearing. < Sl Jesa
2- Roller bearing. ) 52 Jesse
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Homework

(1) A full journal bearing of 50 mm diameter and 100 mm long has a bearing pressure
of 1.4 N/mm?, the speed of the journal is 900 rpm, and the ratio of diameter to

clearance (% = 1000), the bearing is lubricated with oil whose absolute viscosity at

the operating temperature of 75°C may be taken 0.011 kg/m.s, the room temperature is
35°C, and the heat dissipation coefficient (C=280 W/m?/°C).
Find the amount of the artificially cooling.

(2) A journal bearing with diameter 50 mm, the speed of the journal 2.36 m/s, the
absolute viscosity 0.011 kg/m.s. if the bearing load 7000 N and the bearing

characteristic number (Z?" = 707).
Calculate the length of the bearing.

(3) Sliding bearing for four kroke gas engine with diameter of journal 7.5 cm. If the
journal turns with 1440 rpm, bearing pressure 1.2 MN/mm?, external load 11.5 KN, oil
SAE2, the temperature of oil 60°C, heat dissipation coefficient 1232 W/m?/°C, the

diameter to clearance ratio (% = 1000), take viscosity 0.17 kg/m.s.
Determine:

a- Bearing length.

b- Heat generated.

c- Heat dissipated.
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Brake m\S4l

A brake is a device J%> by means of which artificial == friction <lSisl resistance

4. slisis applied Ll to a moving machine 4S il &Sl in order N to stop < s
the motion 4S > of a machine off & a4l | A brake J«l_dl absorbs u<is either Wl
kinetic energy 4S_~ll 48l of moving member 4S_aidl &) 23 or potential energy
4\l 43Ual), The energy 43Wall absorbed 4sicsl by brakedsl il 4aul s is dissipated 2
in surround air sl ¢ s,

The design of brake depends upon:- s i Jal il araua’

1- The pressure baxll between o» the break surfaces Jel_dll mhw

2- Coefficient Jsxs of friction <\Sis¥) between oxthe braking surfaces g
Jal ll,

3- The velocity 4c - of the brake drum .

4- The projected area 4ua_zill 4dhidl of friction surfaces SISia¥) xhaul

5- The ability 4.1 of the brake J«_dll to dissipated w3 heat 5=,

Leading shoe

af;ﬁ

Parking lever

b Trailing shoe
Adjuster lever
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Note: the major ~W functional &:&3) difference <Y between <= a clutch
and brake:-

1- Clatch is used g3 to keep LUsll the driving 48Lwdl and driven S_as
together =,
2- Brake J<J_dll are used #233u to stop <85l a moving member AS_aidl ¢l 2,

Materials for Brake Lining J« &l &lad o ga

The material 2 s<!) used 4siiwall for the brake lining Jo! &Y ¢ubill should have ¢ w2
¢ a3 the following characteristics 4l ailadll;

High coefficient of friction Jle il Jalaa,

Low wear rate Ji8 b Jaxs,

High heat resistance 4dle 3l a 4. 5las,

High J\e heat ¢~ dissipation 223 capacity 4,

Low coefficient of thermal expansion Ja8 (s y» 2043 Jalas,

Adequate «—l« mechanical strength 4SS0 4 jls,

It should not ¥ &) >z be affected 5% by moisture 4 sk b and oil <,

N s W

Types of Brakes:J«l_all ¢! il

1. Hydraulic brakes.
2. Electric brakes.
3. Mechanical brakes.

Energy Absorbed by a Brake: J«l_all daul g diaicall 48Ul

The energy 4l absorbed %<aisll by 4aul s a brake J«/ 4l depends upon e 2aias
the type g s of motion 4S =l of moving body <& aiall avall;

1- Translation (linear) 4dadll i< jal),
2- Rotation (angular) 4 3 4 ilall 48 al),
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1- Translation (E1):

1
E, = Em[(lﬁ)z - (172)2]

When v2=0 (if the moving body is stopped).

1
E, = Em(vl)z

Where: E1= Kinetic energy.
m=mass of the body (kg).

v=velocity of the body (m/s).

2- Rotation (E2):
! 2 2
By = Z1[(w))? = (wy)?]
When w2=0 (if the moving body is stopped).
1
E, = EI (w1)?

Where: E>= Rotation energy.

[= moment of inertia about axis.

When ethe motion 4S,all of the body s«allis a combination g s« of

(translation 4k and rotation 4i4Y) (E)

E=E1+E2

- Sometimes Ulsl, the brake J«l il has ) <> to absorb u=ii the potential
energy 4wl &l given up Wie Ji% by 4aul s objects pluaY) being lowered &

[PRS2EN by hoists <ilzdl Il ddasl g,

E; =m x g(h; —h;)
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- The work (W)

w=F XnXxdXNXxt

N; + N,
E=—_2
2

where Fi=frictional force
Ni=speed of the brake drum before J: the brakes J«|_4ll applied.
N2=speed of the brake drum after 2= the brake J«/_dll is applied.

N=Mean speed 4k sidl ie ullof the brake drum.

- Since 4 L the total energy 48l ddlklito be absorbed Leabaisl aal fll by 4ol 5
the brake J«!_dl must be o) w2 equal gstsito the work done Jsidl Jadll by
4l sithe frictional force d&iaY! s 68 | therefore;

E=w=F, XntXdXNXt

-F_ E
Tl rxdxNXt

The magnitude 4«8 of F depends upon e iz the final velocity (v2) dled) 4e
and on the braking time (t) Jel_dll <y e,

The torque (T)olusd s 3= absorbed u<i«: by the brake Jal il ddasi 5

d

where r=Radius of the brake drum.
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Heat to be dissipated during braking (Hd): Wb calll 3 ) jall
@SM c«\_u\

The energy 48kl absorbed by 4dawl »» <iai the brake z\S<ll and transformed ' Js=%
into heat )~ must be dissipated 4% to the surrounding air ksl ¢lsell in

order S to avoid wuafiexcessive 48 #is temperature 5, > rise @i, of the brake
lining Jal_dll a3lad,

The temperature rise depends upon: (e iz 3 ) all ds jo o1& )

1. The mass 4 of the brake drum z\S4ll,
2. The braking time Sl <,
3. The heat dissipation capacityuill 4, ) ,all 42l of the brake g\S<ll,

Notes:

1- When Waie the temperature 3./l increases 2123, the coefficient of friction
s Jalzadecreases Ji, and affect iss on capacity of torque sl 4z,

2- At high temperature 4l 5, ,all xie | there is rapid &~ wear L of friction
lining d\&iaY) 43y, and reduces the life of lining 4Uadl jee Jila3 5,

E=Hg = uXFyXv (J/s=Watts)
F=PxA

where: p=coefficient of friction

Fn=force acting at the contact surface (N).
V=velocity of the brake drum (m/s).
P=pressure between the brake surface (N/m).

A=Area of contact surface (m?2).
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Heat generated (Hg)

Hg = C,(t; — t,)A

Where:

C= Heat dissipated factor (heat transfer coefficient).
t1= heat radiating surface (°C).

t2= heat of surrounding air (°C).

A= Area of radiating surface (m?).

Calculation of rise in temperature

Hg =m; X C X At
H
'mz.CZ

Where: At= temperature rise of the brake drum (°C).
Hy= Heat generated by the brake (]).
mz= Mass of the brake drum (Kg).

C= specific heat for the material of the brake drum (J/Kg. °C).

Calculation of braking distance xSl 48lue il

where: E= Total energy (J/s), Ft= frictional force (N).
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Example (1): A vehicle of mass 1200 kg is moving down the hill at a slope of 1: 5
at 72 km/h. is to be stopped in a distance of 50 m. If the diameter of the tyre is
600 mm, determine the average braking torque to be applied to stop the vehicle,
neglecting all the frictional energy except for the brake. The brake drum 20 kg,
and determine the rise in temperature. Take the specific heat for the material
(C2=520]/kg°C. and determine the coefficient of friction.

Solution: m= 1200 kg ; Slope=1:5; v=72km/h =20 m/s; h=50m; d= 600
mm or r= 300 mm = 0.3 m ; mz= 20 kg ; C2= 520 J/kg°C.

T F d

= x —
Etomi

EF, =

‘ h

E =E, +E,
1

By =5my (v)?

1
E, ZEX 1200 x (20)?
E, = 240000 N
1
E, =m; X g x h X slop=1200X% 9.81 X 50 X T = 117720

E,ppq = 240000 + 117720 = 357720 N.m

_ 357720

Fo=——c—="71544N

600
o Ty = 71544 X - X 1073 = 214632 N.m

Calculation of coefficient of friction (p)

F, = pu X Fy
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Fy=mxg=1200x9.8=11772 N

_F, 71544
CFy 11772

u 0.6

Calculation the rise in temperature (At)
Hy, = m, X C; X At

Eiotar = Hg

357720 =20 x 520 x At

357720

= 20x520  oxAC

At
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Example (2): A vehicle of mass 1200 kg is moving at a speed 72 km/h. is to be
stopped in a distance of 50 m. If the diameter of the tyre is 600 mm, determine
the average braking torque to be applied to stop the vehicle, neglecting all the
frictional energy except for the brake. The mass of brake drum 20 kg, and the
specific heat for the material (C2=520 ]/kg°C.), and determine the rise in
temperature.

T, =F; x E

2
F, = E“;,LME
E=E.+E,
E,=0
Ecotar = Ex
by~ o7

1
By =5 x 1200 x (20)

E; = 240000 N
240000 oo
‘50

600
T; = 4800 x - X 1073 =1440N.m

Calculation of rise in temperature
Hy, = m, X C; X At

Hg = Etorar = Ex

240000 = 20 x 520 x At

240000

=—520><20=23'07 C

At
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Homework (1): A vehicle of mass 1000 kg is moving at speed of 60 km/h is to be
stopped in a distance of 10 m. if the diameter of the wheel is 300 mm. determine
the brake torque to be applied to stope the vehicle, neglect all frictional energy
except for the brake.

Homework (2): A vehicle of mass 800 kg is moving at speed of 40 km/h. if the
diameter of the wheel is 350 mm, and the coefficient of friction between the tyre
and road (u=0.6). determine the braking distance.

Homework (3): A vehicle of mass 1100 kg is moving down the hill at slope 1:5 at
60 km/h, is to be stopped. If the diameter of the tyre is 350 mm. if the mass of
brake drum 25 kg, and specific heat of drum material (C2=520 ]/kg.°C).
determine the rise in temperature in the brake.

Take the braking distance (20 m).

10
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Clutches

A clutch is a machine member 4 ¢ > used to connect J<ia driving shaft JWw
4S »alito a driven shaft so that the driven shaft may be started or stopped at will,
without stopping the driving shaft The, and which transmits the motion from
engine to the machine gradually.

Types of Clutches

The two main types of clutches commonly used in engineering practice are:
1- Positive clutches. < sl &)
2- Friction clutches. (SSiaY) &Sl

1- Positive clutches:

The positive clutches are used when a positive drive is required. It permits

one shaft to drive another through a direct contact of interlocking jaw, it

consists of two halves —lail,

- one of which is permanently fastened to driving shaft by a sunk key.

- The other half of the clutch is movable, and it is free to slide axially on
the driven shaft, but it prevented from turning relatively to its shaft by
square or spiral type.

-<«—Moving—»
[ N Feather
key

Ui

( ! =] % W11
‘ e A\ - i s T | e ot N
Driver/ ‘ 7] : ] \ Driven 2_ EE‘;J; ==sR==3=3

b
|
|
|
}
s

(a) Square jaw clutch. (b) Spiral jaw clutch.

Note:
- Jaw square @<l dillwill transmit power 48Ul Jiu in either direction. o3l
Al
- Jaw spiral s3]l ddlwill transmit power 48Uall Jiy jn left hand and right
hand. Jbedly aedll
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2- Friction clutch:

a- It dependsx<ix; for operation Js23lk on the friction developed <\SiaYy) aba )
betweencx the contact surfaces.iuw>tiall xlany!

b- Transmit power 4l Jisbetween o shaft Jssll  and machine Sl
which must be started and stopped frequently. Jezis s o) gy Al
il

c- Started 'wthe driven shaft & ~idl Jelall from rest osSwll (wand gradually
brought up 2125 to proper speed.dwtiall dc jull

d- The contact surface 4uwall =hu¥) picks up Ll and holds Jexiy the load
JwaYlwith low pressureddé laa: and the heat of friction.&\is) 3 ) ja as

Types of friction clutches @<l ¢3! e, TS SPRING
P N

CLUTCH PLATE

PRESSURE PLATE

1- Disk (Plate) clutch.
a. Simple disk clutch.

b. Multiple disc clutch. &\ = /Q (%

2- Cone clutch. =8 —

3- Centrifugal clutch. S el 3kl (s soisor e f é{ curer ror

FRICTION LINING

CLUTCH SHAFT

N

N

.
S+ —CLEARANCE

1- Disk (Plate) clutch:
A simple clutch lwallwith angle friction plates the part (1) is fixed to the
shaft and part (2) can move with part (1). This clutch operation when an
engine force (F) is applied. The final conditions of both parts are moving at
the same speed with no relative motion.

2- Multiple disc clutch:
It is used when a large torque is to be transmitted, the inside disc is fixed to
the driving shaft, the outside discs are fixed to the housing which is keyed
to the driving shaft. This type of clutch is used in a machine and motorcars.
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Outside discs

Inside discs

-
______________ AN
Driving J L Driven shaft
shaft ]
i ———
Clutch plate with friction lining
[ Springs
Flywheel _\ ............
Crank :
shaft s
\tﬁ e e Pressure plate
!7 I] » /—HUb _‘ﬁ Thrust
_— A [‘/ bearing
l' N\ £

Release lever
(withdrawl finger)

Materials of friction surfaces
The material used for lining of friction surfaces of a clutch should have the
following characteristics:

- It should have a high and uniform coefficient of friction.

- It should not be affected by moisture and oil.

- It should have the ability to withstand high temperatures caused by

slippage.
- It should have high heat conductivity.
- It should have high resistance to wear and scoring.
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Coefficient of friction

The coefficient of friction depends on:

1- Friction disc material.

2- Surface finishing of disc.

3- Temperature of disc surface.
4- The pressure applied on the disc.

5- Velocity of turn.

6- Degree of cleaner surface (inclusion, water, oil).

Materials of friction surface | Operation | Coefficient | Temperature | Pressure
condition | of friction °C N/mm?

Cast iron on cast iron or Dry 0.15-0.2 250-300 | 0.25-0.4

steel

Cast iron on cast iron or In oil 0.06 250 -300 0.6-0.8

steel

Bronze on cast iron or steel In oil 0.05 250 0.6-0.8

Powder metal on cast iron Dry 0.3 150 0.4

Powder metal on cast iron In oil 0.4 550 0.3

Design of a disc (plate) clutch

f Single disc or plate

p i
— B
Ko K r
g S i 1
e e
r,
— +— | —-———
W
— R
> ;.5:;: Sotel
p — B
— S

Friction surface

Force (F): effect 1 on the friction plan.

Pressure (P): P = g
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1-

In case of new clutch: pressure is uniform distribution on contact surface as
show in the figure above.
F

= n(r — 1))

In case of old clutch: the intensity of pressure is maximum at the inner
radius, and the pressure is minimum at the outer surface.

Prax X 12 =C

Prin X113 =C

Area of contact surface dA = 2nr

Force on thering 6F = P X A = P X 2nrdr

Friction force (u X 6F) = u X P X 2nrdr

Friction torque (T) = F X r = u X P X 2nrdr X r = u X P X 2nr?dr

The design of friction clutch must be done on the two cases.

1- Uniform pressure: r1

_ 2 _ (" 2.9, _ 3" _ P —ry
(T) =2nuPredr =T = | 2muPr<dr = Zn,uP? = 2muP

T2 7y 3
F
Sub that P = D)
T =2 G L ok PP s k| P
= ATT = = — = =

H n(r?—7r4)| 3 3# 1l — 1) #

3_..3
R=2 [rlz rzz](The mean radius of friction surface)

3Llry—-ry

2- Uniform axial wear:
When the friction surface is new the pressure is distributed over the
contact surface, but the pressure will reduce when the sliding velocity is

maximum, the continuous until (P.r = constant).

C

Pxr .......Pxr=0C .......,P =;

§F = P x 2mrdr by sub that P = =

T2

C "
§F = —x 2mrdr = 2nCdr = f 2nCdr = 2nC[r]:
T2

F

F=2nC(r, — >C=r—7—"-—<
n (rl TZ) zn_(rl _Tz)
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1

C
T = 2nuPr?dr = 27T,ll77'2d7' = 2nuCrdr = f 2nuCrdr

T2

r2" ré — 13
T = 2mucC 2| = 2mtuC

2
T2

_ 2 _ .2 _ F

T = nuClr{ —ry] bysub C = p—
F 2 _ .2

T = ﬂ#m[ﬁ —r3] = EMF(H —13)
T = uFR

Tt

2
T = nuFR n=2 for single disc clutch
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Example (1): Determine the power that can be transmitted by frictional disc
clutch turn with 1000 rpm, the outer and inner diameter of the contact surface of
disc clutch are 100 mm and 50 mm respectively, the coefficient of friction
(n=0.3). If the maximum pressure on disc is 0.25 N/mm?2. Assume that the clutch
working at uniform wear condition have been reached.

Solution:
2nNT
60
T = nuFR

R_r1+r2_100+50_150_75
Ty T g Ty T omm

F = 21 pax12(ry — 132)

F=2x3.14x0.25x 50 x (100 — 50) = 3987.8 N
T =2x%x0.3%x3987.8%x75=179451 N.mm

T =179451 X 1073 N.m

2 % 3.14 X 1000 X 179451 X 103
b= 60

= 18782.52 W

P = 18782.52 Kw
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Example (2): Determine the maximum and minimum and average pressure in a
plate clutch when the axial force is 4 KN, the inner and outer diameter of the
contact surface are 100mm and 200mm respectively. Assume uniform wear
condition.

Solution:

Ppox X1 =C

Ppin Xry =C

F=2nC(ry —1y)

F = 2mPpax12(r1 — 12)

4% 103 =2x314 X Pgx X 50 X (100 — 50)

4 % 103

P .= = 0.25N 2
max = 3314 % 50 x (100 —50) . 02> N/mm

F = 2nPpinry (1 — 12)

4 x 103 =2 X 3.14 X P,;,, X 100 X (100 — 50)

P, = 4 x 107 =0.127 N 2
min = 57314 x 10 x (100 — 50) fmm
P _ Total force _ F o 4x10° 017 N ,
average = T oa = nGZ—12)  m(100% —502) _ 017 N/mm
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Homework (1): A single disc clutch with both sides of the disc effective to
transmit 10 Kw power at 900 rpm. The axial pressure is limited to 0.85 N/mm?2.
The outer and inner diameter of the disc clutch are 300mm and 150mm
respectively. If the clutch has been uniform wear axial force on disc clutch.

Homework (2): A plate clutch having a single driving plate with contact surfaces
on each side. The outer and inner diameter of the contact surface are (300 mm,
150 mm). the coefficient of friction (u=0.4).

a- Assume a uniform pressure of 0.17 N/mm?, determine the maximum torque
can be transmitted.
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Gear:

A gear or gearwheel

IS a rotating machine part typically used to
transmit rotational motion and/or torque by
means of a series of teeth that engage with
compatible teeth of another gear or other part.
The teeth can be integral saliences or cavities
machined on the part, or separate pegs inserted
Into it. In the latter case, the gear iIs usually
called a cogwheel. A cog may be one of those
pegs or the whole gear. Two or more meshing
gears are called a gear train.



Gear.

Advantages

1- It transmits exact velocity
ratio.

2- It may be used to transmit
large power.

3- It has high efficiency.

4- 1t has reliable service.

5- It has compact layout.

Disadvantages

1- The manufacture of
gears require special tools
and equipment.

2- The error Iin cutting teeth
may cause vibrations and
noise during operation.



Type of Gears:

« Straight gears

In a cylindrical spur gear or straight-cut gear,
the tooth faces are straight along the direction
parallel to the axis of rotation. Any imaginary
cylinder with the same axis will cut the teeth
along parallel straight lines.

The teeth can be either internal or external. Two
spur gears mesh together correctly only if fitted
to parallel shafts . No axial thrust is created by
the tooth loads. Spur gears are excellent at
moderate speeds but tend to be noisy at high
speeds.




Type of Gears:

« Helical gears

In a helical or dry fixed gear the tooth walls are
not parallel to the axis of rotation, but are set at
an angle. An imaginary pitch surface (cylinder,
cone, or hyperboloid, depending on the relative
axis positions) intersects each tooth face along
an arc of an helix. Helical gears can be meshed
In parallel or orientations. The former refers to
when the shafts are parallel to each other; this is
the most common orientation. In the latter, the
shafts are non-parallel, and in this configuration
the gears are sometimes known as "'skew gears".




Type of Gears:

« Bevel gear

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, known as a pitch cone. Bevel
gears change the axis of rotation of rotational
power delivery and are widely used iIn
mechanical settings




GGear Materials.

« The material used for the manufacture of gears
depends upon the strength and service conditions like
wear, noise etc.

 The gears may be manufactured from metallic or
non-metallic materials. The metallic gears with cut
teeth are commercially obtainable in cast iron, steel
and bronze.

« The nonmetallic materials like wood, raw hide,
compressed paper and synthetic resins like nylon are
used for gears, especially for reducing noise.

« The cast iron is widely used for the manufacture of
gears due to its good wearing properties, excellent
machinability and ease of producing complicated
shapes by casting method.




Gear Train;:

Simple gear train

2o 1)
N, T,
“(Wpor)  dergear  COTRET
Y2_ 5 (2) Simple gear trai
L ™ T ius mus mms wms m riramn
N3 Tz imple gear trai
salal) LY G s Jals salaal) g g il il 592 2ae

N, T; N T3

Ni. TNy T,
salaal) LY e Jhals slal) g g i)l 5 ga 2ae



Gear Train:

Let:
n; = Speed of driver in r.p.m.,
n2 = Speed of intermediate gear in r.p.m.,

n3 = Speed of driven or follower in r.p.m.,
T7 = Number of teeth on driver,

1> = Number of teeth on intermediate gear, and
73 = Number of teeth on driven or follower.

Since the driving gear 1 is in mesh with the intermediate gear 2, therefore speed
ratio for these two gears 1s:

N3 T,
Ny T3



Gear Train:

Compound gear train

N, N; T, T,
—_— % — = — % —
N, Ny, Tp; Tj;

N2:N3

N, T, T,
oy —m — *k
Ny, T, Tj

Compound gear




Gear Train.

Reverted gear train

Ny, T, T,
S— = — % —

Ny, T, Tj
di+d,=d;+dy...... (1)
di+d,=d;+dy...... (2)
d = m XT sshalis ik M =

d,
m1=T_1 d1=M1XT1
d,
m2=T_2 d2=M2XT2
m3=$ d3=M3XT3

m=module
dy
my = —
4 T4




Gear Train:

Reverted gear train

MIKTI—FMEXTE :MEXT3+M4XT4
if My = My, My = M,
Mi(T; +Ty)=M3(T3+T,)

m, (T +T;) =mg(T3 +T,)
if m1 — mg

(Ty +T3) = (T3 +Ty)



EX:-

For the following fig. of gear-train. Find:

=
0

Gy

T —

1. The speed of the driven shaft. i
2. The center distance.
3. The direction of the driven shaft. %
I
Sol. '
T1 - 50

1000 _ 25 N3; = 2000 rpm
N; 50

C=d1+d2+d3

d=m xXT

di=m XT; =4 x50=200mm
d,=m XT, =4 x20=80mm

d; =m XT3 =4 X225 =100mm
~ C=100+80+50 =230mm

I
Tz = 20
N; =1000rpm

m=4mm

|

T3=25




T, = 100
T, = 40
T; = 80

T, =20

N, =200rpm
m=4
m3=ﬁ
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Belt Drivers 48Ul 4. aY)

The belt 4 »Ylused Jarius to transmit J&l the power 4kl from one shaft 25« to
another ,AY by 4wl & the pulley 3% which rotate _sx A at the same speed s
dc yullor ) at different speeds 4dlisa &y,

Types of belts:

1- Flat belt: zhwdll »13a1l in the flat belt the width o=+ is larger S than
thickness <l (with rectangular Jiaies cross sectionsae ghic), The
center distance JS_<ll 43l between ox two center (nS < of shafts ¢ seall is
not more Jssi Y than 8mm. It is used Jexiw to transmit Jil a
moderate b sis amount of power 4daw gie 4,

2- V-belt: it has v-cross section =2l #hidll, also it have toothediue cross
section = e ahis, [t is used Jexind to transmit Jil power 48all more than
O flat belt ghassal) ol 30

3- Circular belt (rope belt) s #3 ») 32l : it has circular cross section e ahais
@A, [t is used Jexius to high power 4dle 48l with high speed 4l 4e s,

Types of Belt

Bandply

ubbe
n.;,Q:)_ ed _/
Round Belt V Belt Flat Belt Toothed Belt *E
e s

/ 1. Flat belt 2. V- belt 3. Circular Belt

Circular belt

Rectangular belt Pulley

(c) a4
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Materials of the belts: 4« a¥) & deaiiiall o) sall

the materials 3 sdlused 4exdiwdimust be 058 o) < strong 458 flexible 4,
durable 4iie and have a high coefficient of friction e <lSial Jalas cllias,

1- Leather belt ¢alall o) )l it gives = a more transmitted Jiu contact Jusi¥!
between o belt »/ = and pulleys i\,

2- Cotton ¢hidll and canvas <¢lww zsd: it is waterproof sWll slas and it is cheaper
and suitable in warm & climates u«ik in damp atmospheres.

3- Rubber kUadll: it is very flexible lax ¢« but is quickly 4e - destroyed -l if
allowed g~ to contact g« Juai¥uwith heat 3 al), oil<u ), or grease s~

4- Balata: it is acid-proof and waterproof.

Types of belt drives 4 a¥! g1

1- Open belt drive: ¢ sidall J8) Al 3al)

It is used Jexiw to transmit J&! powerdS jall ) 4l between o= two parallel
O seaxis (o sswand turning Jessin the same o«éh direction o3y,

T ~ Slack side ‘M
‘ ‘ l “ e
Driver / LA ‘ — s - !\‘ Driven

H—— - ——————  —{ |-
\ ; ZZ
|
‘ - a
1 B IR
{ Tight side
I

2- Crossed belt drive: ahliiall J3LY ) )
It is used for transmitting power between parallel axis, turn in Jex
opposite uSlxis direction o3l The wear ! is high Jle.
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3- Belt drive with idler pulley: 4w 3 S ga JiU ol a
[t is used Jexisi to increase 3L 3 arc o«s8 of contact ol between = the
pulley Sl and belt & =),

[dler pulley

4- Compound belt drive: Sl JiL al 32l
It is used 233 when power 48l s transmitted JiS from one shaft 2 to
another A through J>a a number 22 of pulleys <l _S3ll,

,Tj??----“------“---a-_ﬁ
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Total length of an open belt drive is equal to:

L =GJE+EF + FKH + HG
= [JE+EF + FK] ... ... ... ... (1)
From O; draw line O,M || EFon 1L O;F

From triangle M0201 we get:

ArcJE =R z R —Rjrr 3
rc JE = ><§+ Xa = (E+a)()

T T
A'rcFKz'rXE—rxa: =r(§—a) e (4)

EF = 0,M = Jx2 — (R — 1)? =Jx2(1—Rx_2r)2 = xJ(l _k _r)z o (5)

By expanding nominal theorm ....... MO201

EF:xll—%(R;r)z"' ------- ]:x_(Rz_xr)

By substituting equation (3, 4, 5) in equation (1)

L= Z\R(g+a’)+x—(R2_xr)2+'r(g—a)]

By substituting equation (2) in this equation

e ) e () 615

R—r (R —1)? T R-—r
+2x —2——+ 2r——2r
X 2x 2 X

T
L=2RE+2R

L (2R 4+ 20 ) 4 (2R B0 0 B2y gy (BT
_( §+ r§)+( X —er X )+ X 2x
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R—r R —1r)?
L=;:z(R+-;~)+;:T(R—-r)+2x—u

R —1r)? R—r
szr(R+'r)+2x—( ) + 2 (R—r)
X X

L=;rr(R+'r)+2x—(R;r)2

(D —d)*

T
L==—(D+d 2x —
2( +d)+ 2x "

Length of Cross belt drive

M
1 R
// FOE,«" \\ R

s T 5
| ‘ <L [\
S I S e v
J—f k S Mo OgT
1 ‘ \ / &~ \ :
\ \ /J‘ "‘M,_,..,/—— :n\j» o;
\\ i \‘\ // 4__.__7——""" 4
s \ o
— - Nl
-G
r
ol x .

r —l‘

By the same way of open belt drive

R —; 2

L=n(R+r)+2x0— B

D — d)?

L=+ d)+2x- L=
2 Ax

Velocity ratio of a belt drive

V _TfDlNl

1 60 m /s
D, N

Vs 620 2 m/s
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When threr is no slip then V1=V
nDlNl . TED.'ZNZ

= D1N1 - D2N2

60 60
N, Dy
N, D

In case of compound belt drive:

N, DiD;  speedof lastdriver _ product of diameter of driver

N, D,D, or speed of first driver  product of diameter of driver

N, D+t
N, D,+t

t = the thickness of belt

N, D+t C
N =5+l Tool

S=5+S5,
Where:
S1=sliding ratio on driver pulley

S2= sliding ratio on fixed pulley

Ratio of driving tension for flat belts

T1= tension of belt on the tight side.
T>= tension of belt on the slack side.

6= Angle of contact between belt and pulley.

T
7] =—X06°
rad 180

I
— = e = for flat belt
Ty

¥~ V-grooved

6 \Af:p\k/ pulley
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1o
L = ¢5MB - for V belt
T

Where: p= coefficient of friction

Power transmitting by a belt

P=(T,—T,) =V Wattor N.m/s
Where: T1 and T2 =tension in the tight and slack side of the belt (N)/

V= Velocity of the belt (m/s).

Centrifugal Tension (T.)

When the belt runs over the pulleys, some centrifugal force is caused and effect to
increase the tension on both tight and slack side.

T,, =T, +T,

T, =T, +T,

Where T.= centrifugal tension.
Tm1= total tension in the tight side.
Tm2= total tension in the slack side.
T.=mx*V?

m = Area x Length % density
A=bxt

Where: m= mass of belt.

V= linear velocity of belt.

A= Area of belt.
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L= Length of belt.

m=bx txLxp

Power (p) = (T + T2) *V

C ()= (T +T) = (T +T)]+V
p={T+T)=V

Maximum Tension in the Belt (Tmax)

Tnax = Tma
Thax = Omax * A

Where:

Tmax= maximum tension in the belt.
A=Db * t = cross section area of the belt.

b= width of the belt.

t= thickness of belt.
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Example (1): an engine running at 150 rpm drives a line shaft by belt. The engine
pulley is 750mm in diameter, and the pulley on the shaft is 450mm diameter. A
900mm diameter pulley on the shaft drives a 150mm diameter pulley keyed to a
dynamo shaft. Find the speed of dynamo shaft, when there is no slip, and when

slip 2% at each drive.
900 __‘ 150
rﬁ@ Tl
|
[

750 |
m | |
|
[

]
T Dynamo _/;Er @

I
| shaft

@ LU\ Engine shaft (i)-l Line shaft

Solution: 1- when there is no slip.

N, Dy XDs
N, D, xD,

N, 750 x 900
150 450 x 150

= N, = 1500 rpm

2- when there is slip

N, D;xDs
N, D, xD,

[1-5]

N, _750x 900
150 450 x 150

[1—0.04] = N, = 1440 rpm
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Example (2): Two pulleys, one 450 mm diameter and the other 200 mm
diameter, on parallel shafts 1.95 m apart are connected by a crossed belt. Find the
length of the belt required and the angle of contact between the belt and each
pulley. What power can be transmitted by the belt when the larger pulley rotates
at 200 rev/min, if the maximum permissible tension in the belt is 1 kN, and the
coefficient of friction between the belt and pulley is 0.25.

Solution:
R—r 2
L=n(R+r) +2x+%
(0.225 — 0.1)2
L =7(0.225+0.1) + 2(1.95) +
1.95

L=497m
0 =m+ 2a

_ o Rtr 0225401
a =SsSin " = 195 = Y,
6 = 180 + 2(9.6°) = 199.2°
9 0° % = 1992° x o1 _ 347 rad

— % — = . * = o. '

rad 180 180 ra

P=(T,+T,)*V
7D N,  3.14 x 0.45 x 200
V= _ = 4713 m/s
60 60

T, 1 x 103 1000
= — pub - — 0.25x347 - = 2.385
T, ° T, T,
#T,=419N

P = (10004 419) x 4.713 = 2738.25 watt = 2.73 Kw

10
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Example (3): A leather belt 9mm*250mm is used to drive a cast iron pulley
900mm in diameter at 336 rpm. If the active arc on the smaller pulley is 120° and
the stress in tight side is 2 MPa. The density of leather on cast iron is 0.35.
determine the power can be transmitted by the belt and show how the
centrifugal tension has no effect on the power transmitted.

Solution:
P=(T,+T,) =V

T, =T, +T,

w Ty =Ty — T

m=AxL x p=bx*xtxLxp
m = 0.25% 0.009 *980 = 1
m=22kg/m

V . TszNz . ﬂ*09*336
60 60

= 15.8m/s

T.=2.2 x (15.8)2 =549.2N
Th1=0max * A>T = Opax *bxt =T, =2x250%9
Ty, = 4500 N

T, =Ty, —T.= T, = 4500 — 549.2 = T, = 3950 N

% = el — % = 80'35*1200*%

2 2

3950 _ o3s.z200 _, 3950 _, oo
T, I

T, = 1898.4 N

P = (3950 + 1898.4)  15.8 = 32415.28 watt = 32.4 Kw
Tppy = 4500 N

Ty =To + Tp = Tppp = 1898.4 + 549.2 = T, = 2447.6

11



Al (lse o) gl 3 1Bl (i pde A Alda yali\ s dliilSia ) £ 43 \3 ) lilSia andd

P=(Tyy—Tpy)*V = P = (4500 — 2447.6) * 15.8
P = 324279 watt = 32.4 Kw

.. There is no effect of centrifugal tension on the power transmitted.

12
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Homework (1): an engine shaft running at 120 rpm is required to drive a
machine shaft by means of an open belt. The pulley on the engine shaft is of 2Zm in
diameter and that of the machine is 1m diameter. If the belt thickness is 5mm,
determine the speed of the machine shaft/

1- There is no slip.
2- There is a slip of 3%.

Homework (2): A pulley is driven by a flat belt running at a speed of 600 rpm.
The coefficient of friction between the pully and the belt is 0.3 and the angle of
contact 160° and the diameter of the pulley (30 cm). if the maximum tension in
the belt is 700 N. find the power can be transmitted by a belt.

Homework (3): Two pulleys with diameter 450 mm and 200 mm, and center
distance between two pulley (1.95 m). if we use open belt driven. Determine the
length of belt and angle of contact between the nelt and two pulleys and the
power can be transmitted by the belt, if the large pulley turn with speed of 2000
rpm and the maximum tension in the belt 1000 N and the coefficient of friction
between the belt and two pulleys (u=0.25).

Homework (4): Two parallel shafts whose center lines are 4.8 m are connected
by an open belt drive, the diameter of larger pulley is 1.5 m and that of smaller
pulley (1 m). the velocity of the pulley is (21 m/s), and the stress in tight side is
(2 MPa), the density of the belt is (980 kg/cm?3), and the coefficient of friction
between the belt and the pulleys is (u=0.3), and the contact angle of large pulley
(120°), and small pulley (65°). Determine the power can be transmitted by the
belt. If the cross-section area of the belt (200 * 1.5) mm?2.

How:

1-when the speed of belt increases.
a- The coefficient of friction increases.
b- The power transmitted will decrease.
c- The coefficient of friction decreases.

d- The power transmitted will increase.

13
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Shafts

A shaft is a rotating %52 machine element 4 < > used Jexius to transmit Jslpower
force 58l 4l from one placec« ¢« to another LA A\ The power 4l delivered alud
to the shaft by some tangential force and resultant torque (twisting moment) and cause
bending to the shaft.

Materials used for shafts: 3 ga) auiual 8 daddical) 3 gal)
Materials used for the shafts should have the following properties;
1- It should have high strength. ¢ 8 ¢S O
2- It should have good machinability. Jsiall L& & o cans
3- It should have good heat treatment properties. 4l s dalas (al & iy ) aay
4- It should have a high wear resistance. <\Sia¥) 5l Ll da slie elliag o) g

1y

concentrated stress

Point of maximum
bending moment

Typey of shafts:
1- Transmission shafts.iS_all i s 5l saeci
2- Machine shafts.i¥) ) ssa ) 3aac

1- Transmission shafts: the shafts 25!l transmitJis power 4S_all 48 between ¢
the shaft s>l and machinesi¥ly . These shafts _sssll s3acarryd«si machine
partsl¥) ¢ ) such as Jis pulleys and gears«sills <l Sdl | therefore 13¢! they are
subjected ¢ =25 to bending <Ls¥) ) in addition 48L=YUL to twisting ¢ s3Y),




Al (lse o) gl 3 1Bl (i pde Al Alda i\l dliilSia ) £ 43 \3 ) lilSia andd

Stress in shafts: dgadl Ao Silalgal)
1- Shear stress =il Jea) due to J 4aui the transmission of torque ool ae Jo
(torsional loadds sY) Jeall),
2- Bending stress sl alga) (tensile or compressive stress Ll i aill sleal) due
to J 4xuti the force 558l acting L5 5% machine elements &Sl ¢l ja) e,
3- StresshleaY) due tod dasi combined aess torsional .4l s JwaY! and bending
loads. st Jlaal)

T T Go
] R L
Where:

J: polar moment. aJje (e Gire 8 Guki dic o) SV daglia sl guSe o anall 308 i
RREWY JJM‘_AL 4:11{: U\JJJJ‘

T shear stress. s s sine Jsha e GY 3V 3yl oo Balall o0 (3 cundl) ) Joai 358
el Jarall 4 ) g0 O e,

R: radius of shaft. )<l ki Caias

G: modulus of twist.s! s¥1 Jalxs

0: angle of twist. .¢) 5I¥) 444

L: length of shaft.2 sl J sk

- Shafts subjected to twisting moment only. h& &l 53 2 3e (A 2 gazll (a j25 ddaal

T = % X TXd3 for solid shaft el 3 saxl
_ T 3 4 .
T_Exrxdo [1 — K*] for hollow shaft <isae sl
K =1
do

- Shafts subjected to bending moment only.haé clisil o je ) 3 garll (a jad ddaal

M = % X b X d3 for solid shaft il 3 sl
M = % X ob x d3[1 — K*]for hollow shaft s sas 3 sesl
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Shaft subjected to combine twisting and bending moment. .
;‘Jﬂ‘?}J ct&;’:\e‘}c ‘;\ J‘yud\ u.a‘)ﬂ:&}a;‘

a. Maximum shear stress theories:
T, = 126 XTXd3 for solid shaft

Jm? + 12

b. Maximum normal stress:
M, = % X ob X d3 for solid shaft

Te

1
Me =E[M+Te]

2- Machine shaft: 4% 3 e
Cardan shaft2)sll 3ae) | crank shaft Al &l jia¥) & jaal (o 2l 3 5e2ll for complex
cardan shaft.

Cardan shaft: 2 Sl 8aas)

It transmits power 4Sall 4all J&y from ¢ the gearbox 4S_all Ji to the rear
axle A ) saadll this shaft 2l Mamust be o) <= starting 2w to resist #s& the
twisting ¢/ si¥) that acting 3% 3 during 1) torque o'usd o e it should —xbe
asSsresilient o« to absorb u<iad the torsional shocks ¢ s dava,

% The calculated speed 4 swsall 4= il of cardan shaft 2SI s~ is about 60
percent higher Sl than the engine speed 4SWll 4e ju at maximum
power ¢ sl d3lal) xic,

Te= engine torque. &Sl ;i )53 2 e

G= overall gear ratio. 48! (5 yill 4

Ti= torque transmitted by the cardan shaft 2se &k oo J8b 3 Gl a3
Ola S

T, =T, %G

The frictional force <<ia¥l & develops dicbl<i horizontally L&) and the
weight 0Jss on the axle s~ developsaclai vertically b2 s«e in the axile L s>l

This intensity 3241 o34 of stress 2= is_zero s= » at the surface gkl Je and
maximum 4«8 =85 at the center L s~ Jleof the axle o,
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0585 o3 Jaxaall Bad gl & Ll el e sl acliatip Gal SlSiaY) 38 aclal
el S s e Bl 2l o) e |

Example 1:

Shaft rotating at (200 rmp) is to transmit 20 kw, the shaft may be assumed to be

made of mild steel with allowable shear stress 42 Mpa. Determine the diameter of

the shaft, neglect the bending moment on the shaft.

Solution:

T—nx X d3
“ 16"

2nNT P x 60
60 2N

20 x 10° x 60
T 2xmx200

=955 N.m = 955 X 103N.mm

T
955 x 103 = — x 42 x d3
16

, , :(955 x 103
955 X 10° = 8.25d° = d = W = 48.7 mm

Example 2:

A pair of wheels of railway wagon4:uasll éiSull 4, e carries a load of 50 KN on each
axle box acting at distance of 100 mm outside the wheelbase. The gage of the rail
is 1.4 m. find the diameter of the axle between the wheels. If the stress is to
exceed 100 Mpa. Take the maximum bending moment 5*106 N.mm.

Solution:
M=%><ab><d3 50 KN 50 KN
YA
5x106:§x100><d3 l 14m _l
5x 10° = 9.82d3 )
— e
4 3|5 x 100 0.79
= [T9gz ~ 7 mm
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Example 3:

An automobile engine develops a maximum torque of 162 N.m, the overall ratio
(G=2.75*4.25). the effective wheel radius is 0.325m and the coefficient of friction
between the tire and the road surface is (0.6). If the permissible shear stress is
32372*10% determine the maximum diameter assuming that the load is tortional,
and the maximum load on each wheel.

Solution:
Torque can be transmitted by the Carden shaft

T,=T,x G =162 x 11,687 = 1893.4 N.m

T T

T_ T
JTR Ege d
2

1893.4 32373 x 104
T 4 d
324 >

d=31mm

The same amount of torque is transmitted to each wheel.

Tractive effort = —— = 5825.8 N Tp = Ttotal
0.325 R
Load on each wheel = 2222 = 9709.7 N F = g
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Homework 1:

Calculate the maximum intensity of shear stress and the angle of twist in degree
for length of 10 m for a solid shaft of 10 cm diameter transmitting 150 kg.cm/min
at 150 rpm. Take (G=0.82*106 Kg/cm?) for the material of the shaft.

Homework 2:

A solid shaft is transmitting 1 MW and 240 rpm. Determine the diameter of the
shaft if the maximum torque (47.7*103) N.m, and the maximum allowable shear
stress (60 Mpa).

Homework 3:

An engine develops 29.5 kw at 200 rpm when the torque is maximum. The low
gear ratio is 3:1 and the back axle reduction is 4.5:1. The load on each driving axle
is 7357.5 N. when the car is fully loaded. Diameter of road wheel over the types is
0.71 m. and the coefficient of adhesion between the type and road is 0.6. if the
permissible stress in the material of the shaft is not exceed 22072.5*104. Find the
diameter of the axle shaft.

Homework 4:
A solid circular shaft is 60 cm in diameter. Find the H.P transmitted at 120 rpm. If
the permissible shear stress is 62.5 kg/cm?2.

Homework 5:

A solid circular shaft is subjected to a bending moment of 3000 N.m and torque of
10000 N.m. the shaft is made of steel have allowable tensile stress of 116.7
N/mm?, and allowable bending stress 83.3 N/mm?2. Determine the diameter of
the shaft.



Spring Lecture Car mechanic By: - Ali Jasim atiyah

1- Introduction: -

A spring is defined as an elastic body, whose function is to distort ( il s
(42543 when loaded and to recover its original shape when the load is
removed (Jasl J) 55 any Leall IS5 salainl),

applications of springs are as follows (<l juul i),

1. absorb or control energy (48Wll s=baial) due to either shock or vibration
as in car springs, railway buffers, air-craft landing gears (& J=l s LS

L gl Clae 5l i) Jasga 5 <l sl (ail )

2. To apply forces, as in brakes, clutches and spring.

3. To control motion (3wl 2 &x3ll by maintaining contact between
two elements (crraic o 3okl e LU,

4. To store energy, etc. (A8Uall ladal),

2-Material for Helical Springs: -

The material of the spring should have high fatigue strength, high ductility,
high resilience and it should be creep resistant. It largely depends upon the
service for which they are used i.e. average service or light service.

Aalle 455 a5 ccmnndl e A8 5 el Alle Do gliag & 4 3 Bale wilali O Cany
30l Laadll 5f clelal e ardins il daodl) e ju€ an ) @lld aaiey 5 Con 3l D gl
Jadl) Aaadl) of Ao giall daadl)

3- Types of Springs: -

1- Helical springs: -

The helical springs are made (4531l (2 51l xus5) up of a wire coiled in
the form of a helix and is primarily intended (fxbluaiy! Jlaadll diaiais)
for compressive or tensile loads.

The two forms of helical springs are (s all sadl sill &1 5).

v Compression helical spring (&sba al)

v tension helical spring (2yéa gab)



(@) Compression helical spring. (b) Tension helical spring.

The helical springs advantages. (4&giall gyl gl (pulaa)

(1) easy to manufacture. (arisill Jew)

(2) available in wide range. (g5 (3ais 3 4 5ic)

(3) These are reliable. (Aulle 4 54)

(4) These have constant spring rate. (<ul el yu Jaray i)

(5) Their performance can be predicted more accurately. ( aelal sl <oy
A&y i JSi)

(6) Their characteristics can be varied by changing dimensions. ( xS (S
V) i 505k o)

2. Conical and volute springs (A ie o2l 5)

The conical and volute springs, as shown in Fig blew, are used in special
applications. with a spring rate that increases with the load is desired ( Jaxs
< sthaall Jeall aa 212 ). The conical spring, as shown in Fig. (), is a uniform
pitch whereas the volute springs, as shown in Fig. (b), with constant pitch

“"\JL*@

(a) Conical spring. (b) Volute spring.




3. Torsion springs.

These springs may be of helical or spiral type as shown in Fig. a. The

helical type may be used only in applications where the load tends to wind
up the spring and are used in various electrical mechanisms.

Not: - The major stresses produced in torsion springs are tensile
and compressive due to bending.
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() Helical torsion spring. (b) Spiral torsion spring.

4. Laminated or leaf springs.

The laminated or leaf spring (5! 5 &80 i jedl) (also known as flat
spring or carriage (bl o/ 4oell &L pu)

consists of a number of flat plates (known as leaves) lengths held together
by means of clamps and bolts ((s&!» ol g b s Ll o5 J) oal| s shown in
Fig. 23.4. These are mostly used in automobiles. (<! & Llle aaitus)

Not: - The major stresses produced in leaf springs are tensile
and compressive stresses.

Jrzall 5 aill Cilalga) & @)Y Gl 51 (8 i Al Al Slalga)
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Fig. 23.4. Laminated or leaf springs.

Fig. 23.5. Disc or bellevile springs.




Terms used in Compression Springs: -

The following terms used in connection with compression springs are
important from the subject point of view.

g s gall Hhidea g (e ol (il 6 (ads Lad aadiud Slalladl)

1. Solid length. When the compression spring is compressed until the coils
come in contact with each other, then the spring is said to be solid.
Mathematically, Solid length of the spring.

where's

LS=n"d

n' = Total number of coils, and

d = Diameter of the wire.

2. Free length.

The free length of a compression spring, as shown in Fig. is the length of
the spring in the free or unloaded condition.
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Fig. 23.6. Compression spring nomenclature.

Free length of the spring.

Lf = Solid length + Maximum compression + *Clearance between
adjacent coils (or clash allowance)
Lf=n".d + y mix + 0.15 y max
The following relation may also be used to find the free length of the
spring, i.e.
Lf=n".d+ymax+(n'—1) x 1 mm

In this expression, the clearance between the two adjacent coils is taken
as 1 mm.



3. Spring index. The spring index is defined as the ratio of the mean
diameter of the coil to the diameter of the wire. Mathematically, Spring
index,

C=D/d
Where's
D = Mean diameter of the coil, and
d = Diameter of the wire.

4. Spring rate. The spring rate (or stiffness or spring constant) is defined
as the load required per unit deflection of the spring. Mathematically,
Spring rate,

k=W/y
where's
W = Load,
y = Deflection of the spring.

5. Pitch. The pitch of the coil is defined as the axial distance between
adjacent coils in uncompressed state. Mathematically Pitch of the coil.

_ freelength

n-—1

The pitch of the coil may also be obtained by using the following relation,
I.e.
ILif — LS
= —1d
p -

Where's

Lf = Free length of the spring.
Ls = Solid length of the spring.
n' = Total number of coils.

d = Diameter of the wire.



Stresses in Helical Springs of Circular Wire: -

Consider a helical compression spring made of circular wire and
subjected to an axial load W, as shown in Fig. 23.10 (a). Let

D = mean diameter of the spring coill,
d = Diameter of the spring wire,
n = Number of active coils,
G = Modulus of rigidity for the spring material,
W = Axial load on the spring,
T = Maximum shear stress induced in the wire,
C = Spring index = D/d
p = Pitch of the coils, and

0 = Deflection of the spring, as a result of an axial load W.

(a) Axially loaded helical spring. (D) Free body diagram showin
1s subjected to torsional she¢
direct shear.

The load (W) tends to rotate the wire due to the twisting moment (T) set
up in the wire. Thus torsional shear stress is induced in the wire.

Few«2 ol rag
= X —_— = — % *k
2 16

_16*W*D 8xw=xD

T 2xmxd3  mwxd3

T1




We know that direct shear stress due to the load W,
load

Cross — sectional area of the wire

Ty, =

w 4w
T —_— —_—
27 mxd? mxd?

4
We know that the resultant shear stress induced in the wire: -
Maximum shear stress induced in the wire = Torsional shear stress +
Direct shear stress
T=1T11+7T,

KS = Shear stress factor =1 + %
¢ = spring index

Example.1. A compression coil spring made of an alloy steel is having
the following specifications. Mean diameter of coil = 50 mm; Wire
diameter = 5 mm; Number of active coils = 20. If this spring is subjected
to an axial load of 500 N; calculate 1- Shear stress factor 2- Total
maximum shear stress.

Solution. Given: D=50mm; d =5 mm; *n=20; W =500 N

_D_50_
‘T4 5~

Shear stress factor ks =1 + Tl + L —1.05
2C 2*%10

Tt=T1+T2

8xw=xD
4w
T, = =

T * d?



Example.2. A helical spring is made from a wire of 6 mm diameter and
has outside diameter of 75 mm. If the permissible shear stress is 350 MPa
and modulus of rigidity 84 kN/mmz2, Find the axial load which the spring
can carry and the deflection per active turn.

Solution. Given: d =6 mm; Do = 75 mm; T = 350 MPa = 350 N/mm2;
G =84 kN/mm2 = 84 x 103 N/mm?2

We know that mean diameter of the spring

D=Dyp—d=75—6=69mm

Spring index
D 69_115
c=g=—p=11

1
Ks=1+—=1+ = 1.043

2c 2+%11.5

maximum shear stress induced in the wire (7).

8xw=xD
= T * d3
350_8>!<W>!<69_ _350*3.14*63_430N
T Y=TT8w69
w 430
K=—=1043=—————vy=412mm



Example.3. Design a compression spring if you know that outer diameter
(200 mm) iner diameter (80 mm) and umber od spring (N=7) if diameter
of coil (10 mm)

Find: -

1- number of active spring.

2- pitch —P of the coils spring.

3- mean diameter —-Dm.

4- Spring index.

4- drawing of spring.

SLO: -

1- number of active = N-1.5=7-1.5=5.5

2- pitch= 2.5*d= 2.5*10=25mm

Do+D; _ 100+80
2 2

3- mean diameter - Dm = =90mm

. . D 100
4- Spring index — == 30 = 1.25

)
\A g
{8

\l
\

oS

il
:

W\

0

Di 80
Do 100




Example.4. Design a compression spring if you know that outer diameter
(110 mm) iner diameter (90 mm) and umber of spring (N=10) Deflection
of the spring (212 mm) Spring rate (2 N).

Find: -

1- number of active spring

2- pitch —P of spring

3- mean diameter —-Dm

4- Lf = Free length and Ls = Solid length of the spring.
5- load acting compression one side and two side.

Sol: -
1- number of active— N,.= N-1.5=10-1.5=8.5

2- pitch —P of spring
(Lghall Jshall 5 L sall Jshall 5 ghadll (56 adai o 5 S5 431 Laj)

o Li=N,*d=85%10= 85 mm
% Lg = Nace * d + Yax + 0.15 * ypax
L, =85%10+4+212+4+0.15% 212 = 328.8 mm

(5 o)) o) (il 58 Gunbals 2 5é7 2Y)
o __Lf _ 3288
1" Nact—1 85—1 -oermm
P _Lf—LS+ —328.8_85+10—38682
27 Nact B 8.5 = 20.00cmm

5- load acting compression one side and two side

w w
k=—>2=——->w=2%212 =424 none side
y 212

424 x 2 = 846 n two side
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Bearing Jax-l!

A bearing is a machine element 4 s which
support as& another ¢ Al moving 4,
machine element 41 ¢ 323 known as Journal),
it permitsges a relative motion 4 S sy
between ¢ the contact surfaces g
duadiall of the element #1333, while caring
Jaad Al sthe load Jeadl,

Outer thrust bearing
(inner thrust bearing
remorned for clarity}

O3l Girculator
Journal Bearing

Labyrinth €nd Seal

Classification of bearing Jradll (il

1- Sliding contact bearing. & il Juasy) Jesse
2- Rolling contact bearing. s Juai¥) Jesa

1- Sliding contact bearing:
The sliding &Y 3! takes place <&~y along Jsk Jle the surface b of
contactdu=¥! between o= the moving elementd aiadl paill Guand the fixed
elementcwlll aixll 5 there are three types of sliding bearing; o« gl &3 clla
Y 5V Jenl

a) Full journal bearing: When the angle 45 Jlof contactu~>3ll of the bearing
Jesall with the journaldslsll &= is 360° as shown in Fig (a),

b) Partial journal bearing: When the angle4:s ¥l of contactu>dll of the
bearingd«s<ll with the journald«\sll &« is 120°, as shown in Fig (b),

c) Fitted journal bearing: the diameter of the journal and bearing are equal,

Fig (c).

= According 10 angle of contact of journal bearings (2]

Vi

120° 120°

(a)}Full (b} Partial (¢) Fintedd

1
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Load Moving Load Fixed

+ %/ element element

\
Moving element %\‘ Fixed % \—Moving
IR 7777777777777, clement clement
Fixed element
(@) Radial bearing; (b) Radial bearing. (¢) Thrust bearing.

Lubricants: < jal)
The lubricants < jllare used s233u3 in bearing to gaa! Juesill 3:-

1- Reduce Jisil the friction <SiaY) between ¢ the rubbing surfacesglawy!) dlisial,
2- Carry away 2=sthe heated generatedsal siall 3, all by friction<lSia¥) dau 5,
3- Protect bearing from corrosion.

There are <lua three &6 typesgls!! of bearing Jwsill on the base e eVl
thickness <l of layer 4ak of the lubricant < 3l between o the bearing Jwa3l and
journal el

1- Thick film bearing.<lew b Jasa

2- Thin film bearing. s Ak Jasa
3- Zero film bearing. (without lubricant) < 3 ¢ s»

Materials of sliding bearing (2¥ 3V Jsaaill daiuaal) 3 gall

Babbitt metal. <l A
Bronze — metal.
Phosphor — bronze.
Silver.

Cast iron.

Nonmetallic bearing.

N L el N
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7- Wood bearing.
8- Plastic material (Nylon, Teflon)

. .. ZN
Bearing characteristic number (7) 0.035 ay/
- - : :
a — b: Full journal bearing 2 0.030 /
. . . 2
Full film lubrication <+ 0.025 //
5 0.020 /
= d 4
. . & 0.015 /
b — c: partial journal bearing s NP4
T N~
S 0.005 | N A,
¢ — d: imperfect journal bearing (oiliness) 0 [
© ©0 © © © © o
O O O © ©O ©o O
-T N N < 1D O~
ZN
P

Note: viscosity of oilcu il 4531 decreases Jis with temperature increases a2 sl

EJ\);M_

Type of Absolute viscosity at temp (kg/m.s)
oil 30 35 40 45 50 55 60 65 70 75 80 90

SEA10| 0.05 ] 0.036 | 0.027 |0.0245| 0.021 | 0.017 | 0.014 | 0.012 | 0.011 | 0.009 | 0.008 [0.0055
SEA 20| 0.069 | 0.055 | 0.042 | 0.034 | 0.027 | 0.023 [ 0.025 | 0.017 | 0.014 | 0.011 | 0.010 [0.0075
SEA 30| 0.13 0.10 | 0.078 | 0.057 | 0.048 | 0.040 | 0.034 | 0.027 | 0.022 | 0.019 | 0.016 | 0.010
SEA 40| 0.21 0.17 | 0.12 | 0.096 | 0.18 | 0.06 | 0.046 | 0.04 | 0.034 | 0.027 | 0.022 | 0.013
SEA 50| 0.30 025 | 020 | 0.17 | 012 | 0.09 | 0.076 | 0.06 [ 0.05 | 0.038 | 0.034 | 0.020
SEA 60 | 0.45 032 | 027 | 020 | 0.16 | 0.12 | 0.09 | 0.072 | 0.057 | 0.046 | 0.040 | 0.025
SEA 70 1.0 069 | 045 | 031 | 021 | 0.165| 0.12 | 0.087 | 0.067 | 0.052 | 0.043 | 0.033

Design of sliding bearing:

1- Pressure P:

g F F

dalieg JshllL x Lhilld

38lF=PxLxd
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Where:
p= N
= pressure —

L= length of bearing (m)
d= diameter of shaft (m)
F= Force (N)

2- Calculation of heat generated (Qq) (watt)

Qg =uxFXv

Where:

p= coefficient of frictionall<ia¥) Jalas,

Z= absolute viscosity of lubricant (kg/m.s) < jll 4a 3
N= speed of shaft (journal) (r.p.m) il 4 ju

c= clearance

k= constant depend on the ratio L/d.<wb

k= 0.0025 for 90.75 < L/d < 2.8)b

3- Calculation of heat dissipated (Qd) 333l 3 ) adl ilbwa

Q=CXxXAXAt
Where:
C=heat dissipation coefficient (W/m3.k) saxmll 8 ) ad) il Jalaa
A: bearing area Jesxll 4alus

At: temperature difference between bearing and surrounding. Jesall o 3l sl G4l
Jaaall g

-

At == (t° — ta)

Where:
to= bearing temperature (oil temperature)
ta= ambient temperature (room temperature)
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Qd=C><A><%(t°—ta)

Note: if Qg salsidl 3, all > Qd sl 5, sl we must need zlss artificial cooling

Qg — Qd = heat must be removed J\ 5 &) a3l -l

Therefor 13 must be design ~«<3 machine vehicle <ULS <!l with water system s aUais
slally,

Ex:

Design a journal bearing from the following data:

Diameter if the journal (100 mm), Load on the journal (2000 N), Speed
of the journal (900 rpm), Type of oil SAE 10 for which the absolute

viscosity at 55°C is (0.017 kg/m.s), Ambient temperature (15.5°C),
Allowable bearing pressure (1.25 N/mm?) §= 1.6, Heat dissipation

coefficient (C=1232 W/m?2.°C), gz 0.0013 Also calculate the amount
of artificially cooling required.

Solution:
Qg =uXxXFXv
nXdXN TCX&X()OO m
_ _ 1000 _
v = - =471—
60 60 S
v=4.71m/s
33 ZN d+k
= —X—X—
K=708" P "¢
C—00013
d_ .
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d__1 = 769.23
C_ - .

0.0013
L
~ =16 k= 0.0025
d
_ 33 0017 X900 023 4 0.0025
=708 125 ' '
4 = 0.0055

» Qg = 0.0055 x 2000 x 4.71

Qg = 518 watt
1
Qd=C><A><At=C><L><d><E(t°—ta)

1232 160 LV 55—-15.5
= X X X = — .
1000 1000 2( )

Qd = 389.3 watt
~ Qg > Qd (518 > 389.3)
Qg — Qd =518 — 389.3 = 178.7 watt

We need artificial cooling

2- Rolling contact bearing

In this type of bearing Je=<ll the contact >3l between ¢ the bearing surface gl

Jwaill s rolling L) s», it consists of e o5

1- Inner race is connected on the shaft (journal).

2- Outer race is carried by the housing.

3- Balls are between the inner and outer race advantage of rolling contact bearing.
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Advantages of rolling contact bearing: ) sall Jasall L) ja
1- It can carry heavy over load for a short time without failure. 4 sesll Jead ¢Sy
Jid (533 yaal 5 il Al
2- Low cost of maintenance. iiluall 485 xleds)
3- Ability to withstand momentary of shock loads.laalll cileaall Jaad e 5 al)

Disadvantages of rolling contact bearing: ) sa) Jasall ;s gbwa
1- High cost.alal aassl) |
2- Noisier at very high speed.ias Lllall cle yudl vie HST i i gan
3- High accuracy in manufacture. sl 8 4lle 385

Types of rolling bearing:
1- Ball bearing. < Sl Jesa
2- Roller bearing. ) 52 Jesse
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Homework

(1) A full journal bearing of 50 mm diameter and 100 mm long has a bearing pressure
of 1.4 N/mm?, the speed of the journal is 900 rpm, and the ratio of diameter to

clearance (% = 1000), the bearing is lubricated with oil whose absolute viscosity at

the operating temperature of 75°C may be taken 0.011 kg/m.s, the room temperature is
35°C, and the heat dissipation coefficient (C=280 W/m?/°C).
Find the amount of the artificially cooling.

(2) A journal bearing with diameter 50 mm, the speed of the journal 2.36 m/s, the
absolute viscosity 0.011 kg/m.s. if the bearing load 7000 N and the bearing

characteristic number (Z?" = 707).
Calculate the length of the bearing.

(3) Sliding bearing for four kroke gas engine with diameter of journal 7.5 cm. If the
journal turns with 1440 rpm, bearing pressure 1.2 MN/mm?, external load 11.5 KN, oil
SAE2, the temperature of oil 60°C, heat dissipation coefficient 1232 W/m?/°C, the

diameter to clearance ratio (% = 1000), take viscosity 0.17 kg/m.s.
Determine:

a- Bearing length.

b- Heat generated.

c- Heat dissipated.
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Brake m\S4l

A brake is a device J%> by means of which artificial == friction <lSisl resistance

4. slisis applied Ll to a moving machine 4S il &Sl in order N to stop < s
the motion 4S > of a machine off & a4l | A brake J«l_dl absorbs u<is either Wl
kinetic energy 4S_~ll 48l of moving member 4S_aidl &) 23 or potential energy
4\l 43Ual), The energy 43Wall absorbed 4sicsl by brakedsl il 4aul s is dissipated 2
in surround air sl ¢ s,

The design of brake depends upon:- s i Jal il araua’

1- The pressure baxll between o» the break surfaces Jel_dll mhw

2- Coefficient Jsxs of friction <\Sis¥) between oxthe braking surfaces g
Jal ll,

3- The velocity 4c - of the brake drum .

4- The projected area 4ua_zill 4dhidl of friction surfaces SISia¥) xhaul

5- The ability 4.1 of the brake J«_dll to dissipated w3 heat 5=,

Leading shoe

af;ﬁ

Parking lever

b Trailing shoe
Adjuster lever



Al (lse o) gl 3 1Bl (i pde A Alda yali\ s dliilSia ) £ 43 \3 ) lilSia andd

Note: the major ~W functional &:&3) difference <Y between <= a clutch
and brake:-

1- Clatch is used g3 to keep LUsll the driving 48Lwdl and driven S_as
together =,
2- Brake J<J_dll are used #233u to stop <85l a moving member AS_aidl ¢l 2,

Materials for Brake Lining J« &l &lad o ga

The material 2 s<!) used 4siiwall for the brake lining Jo! &Y ¢ubill should have ¢ w2
¢ a3 the following characteristics 4l ailadll;

High coefficient of friction Jle il Jalaa,

Low wear rate Ji8 b Jaxs,

High heat resistance 4dle 3l a 4. 5las,

High J\e heat ¢~ dissipation 223 capacity 4,

Low coefficient of thermal expansion Ja8 (s y» 2043 Jalas,

Adequate «—l« mechanical strength 4SS0 4 jls,

It should not ¥ &) >z be affected 5% by moisture 4 sk b and oil <,

N s W

Types of Brakes:J«l_all ¢! il

1. Hydraulic brakes.
2. Electric brakes.
3. Mechanical brakes.

Energy Absorbed by a Brake: J«l_all daul g diaicall 48Ul

The energy 4l absorbed %<aisll by 4aul s a brake J«/ 4l depends upon e 2aias
the type g s of motion 4S =l of moving body <& aiall avall;

1- Translation (linear) 4dadll i< jal),
2- Rotation (angular) 4 3 4 ilall 48 al),
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1- Translation (E1):

1
E, = Em[(lﬁ)z - (172)2]

When v2=0 (if the moving body is stopped).

1
E, = Em(vl)z

Where: E1= Kinetic energy.
m=mass of the body (kg).

v=velocity of the body (m/s).

2- Rotation (E2):
! 2 2
By = Z1[(w))? = (wy)?]
When w2=0 (if the moving body is stopped).
1
E, = EI (w1)?

Where: E>= Rotation energy.

[= moment of inertia about axis.

When ethe motion 4S,all of the body s«allis a combination g s« of

(translation 4k and rotation 4i4Y) (E)

E=E1+E2

- Sometimes Ulsl, the brake J«l il has ) <> to absorb u=ii the potential
energy 4wl &l given up Wie Ji% by 4aul s objects pluaY) being lowered &

[PRS2EN by hoists <ilzdl Il ddasl g,

E; =m x g(h; —h;)
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- The work (W)

w=F XnXxdXNXxt

N; + N,
E=—_2
2

where Fi=frictional force
Ni=speed of the brake drum before J: the brakes J«|_4ll applied.
N2=speed of the brake drum after 2= the brake J«/_dll is applied.

N=Mean speed 4k sidl ie ullof the brake drum.

- Since 4 L the total energy 48l ddlklito be absorbed Leabaisl aal fll by 4ol 5
the brake J«!_dl must be o) w2 equal gstsito the work done Jsidl Jadll by
4l sithe frictional force d&iaY! s 68 | therefore;

E=w=F, XntXdXNXt

-F_ E
Tl rxdxNXt

The magnitude 4«8 of F depends upon e iz the final velocity (v2) dled) 4e
and on the braking time (t) Jel_dll <y e,

The torque (T)olusd s 3= absorbed u<i«: by the brake Jal il ddasi 5

d

where r=Radius of the brake drum.
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Heat to be dissipated during braking (Hd): Wb calll 3 ) jall
@SM c«\_u\

The energy 48kl absorbed by 4dawl »» <iai the brake z\S<ll and transformed ' Js=%
into heat )~ must be dissipated 4% to the surrounding air ksl ¢lsell in

order S to avoid wuafiexcessive 48 #is temperature 5, > rise @i, of the brake
lining Jal_dll a3lad,

The temperature rise depends upon: (e iz 3 ) all ds jo o1& )

1. The mass 4 of the brake drum z\S4ll,
2. The braking time Sl <,
3. The heat dissipation capacityuill 4, ) ,all 42l of the brake g\S<ll,

Notes:

1- When Waie the temperature 3./l increases 2123, the coefficient of friction
s Jalzadecreases Ji, and affect iss on capacity of torque sl 4z,

2- At high temperature 4l 5, ,all xie | there is rapid &~ wear L of friction
lining d\&iaY) 43y, and reduces the life of lining 4Uadl jee Jila3 5,

E=Hg = uXFyXv (J/s=Watts)
F=PxA

where: p=coefficient of friction

Fn=force acting at the contact surface (N).
V=velocity of the brake drum (m/s).
P=pressure between the brake surface (N/m).

A=Area of contact surface (m?2).



Al (lse o) gl 3 1Bl (i pde A Alda yali\ s dliilSia ) £ 43 \3 ) lilSia andd

Heat generated (Hg)

Hg = C,(t; — t,)A

Where:

C= Heat dissipated factor (heat transfer coefficient).
t1= heat radiating surface (°C).

t2= heat of surrounding air (°C).

A= Area of radiating surface (m?).

Calculation of rise in temperature

Hg =m; X C X At
H
'mz.CZ

Where: At= temperature rise of the brake drum (°C).
Hy= Heat generated by the brake (]).
mz= Mass of the brake drum (Kg).

C= specific heat for the material of the brake drum (J/Kg. °C).

Calculation of braking distance xSl 48lue il

where: E= Total energy (J/s), Ft= frictional force (N).
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Example (1): A vehicle of mass 1200 kg is moving down the hill at a slope of 1: 5
at 72 km/h. is to be stopped in a distance of 50 m. If the diameter of the tyre is
600 mm, determine the average braking torque to be applied to stop the vehicle,
neglecting all the frictional energy except for the brake. The brake drum 20 kg,
and determine the rise in temperature. Take the specific heat for the material
(C2=520]/kg°C. and determine the coefficient of friction.

Solution: m= 1200 kg ; Slope=1:5; v=72km/h =20 m/s; h=50m; d= 600
mm or r= 300 mm = 0.3 m ; mz= 20 kg ; C2= 520 J/kg°C.

T F d

= x —
Etomi

EF, =

‘ h

E =E, +E,
1

By =5my (v)?

1
E, ZEX 1200 x (20)?
E, = 240000 N
1
E, =m; X g x h X slop=1200X% 9.81 X 50 X T = 117720

E,ppq = 240000 + 117720 = 357720 N.m

_ 357720

Fo=——c—="71544N

600
o Ty = 71544 X - X 1073 = 214632 N.m

Calculation of coefficient of friction (p)

F, = pu X Fy



Al (lse o) gl 3 1Bl (i pde A Alda yali\ s dliilSia

) eal) £ 8 \5 B liilSaa i

Fy=mxg=1200x9.8=11772 N

_F, 71544
CFy 11772

u 0.6

Calculation the rise in temperature (At)
Hy, = m, X C; X At

Eiotar = Hg

357720 =20 x 520 x At

357720

= 20x520  oxAC

At
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Example (2): A vehicle of mass 1200 kg is moving at a speed 72 km/h. is to be
stopped in a distance of 50 m. If the diameter of the tyre is 600 mm, determine
the average braking torque to be applied to stop the vehicle, neglecting all the
frictional energy except for the brake. The mass of brake drum 20 kg, and the
specific heat for the material (C2=520 ]/kg°C.), and determine the rise in
temperature.

T, =F; x E

2
F, = E“;,LME
E=E.+E,
E,=0
Ecotar = Ex
by~ o7

1
By =5 x 1200 x (20)

E; = 240000 N
240000 oo
‘50

600
T; = 4800 x - X 1073 =1440N.m

Calculation of rise in temperature
Hy, = m, X C; X At

Hg = Etorar = Ex

240000 = 20 x 520 x At

240000

=—520><20=23'07 C

At
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Homework (1): A vehicle of mass 1000 kg is moving at speed of 60 km/h is to be
stopped in a distance of 10 m. if the diameter of the wheel is 300 mm. determine
the brake torque to be applied to stope the vehicle, neglect all frictional energy
except for the brake.

Homework (2): A vehicle of mass 800 kg is moving at speed of 40 km/h. if the
diameter of the wheel is 350 mm, and the coefficient of friction between the tyre
and road (u=0.6). determine the braking distance.

Homework (3): A vehicle of mass 1100 kg is moving down the hill at slope 1:5 at
60 km/h, is to be stopped. If the diameter of the tyre is 350 mm. if the mass of
brake drum 25 kg, and specific heat of drum material (C2=520 ]/kg.°C).
determine the rise in temperature in the brake.

Take the braking distance (20 m).

10
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Clutches

A clutch is a machine member 4 ¢ > used to connect J<ia driving shaft JWw
4S »alito a driven shaft so that the driven shaft may be started or stopped at will,
without stopping the driving shaft The, and which transmits the motion from
engine to the machine gradually.

Types of Clutches

The two main types of clutches commonly used in engineering practice are:
1- Positive clutches. < sl &)
2- Friction clutches. (SSiaY) &Sl

1- Positive clutches:

The positive clutches are used when a positive drive is required. It permits

one shaft to drive another through a direct contact of interlocking jaw, it

consists of two halves —lail,

- one of which is permanently fastened to driving shaft by a sunk key.

- The other half of the clutch is movable, and it is free to slide axially on
the driven shaft, but it prevented from turning relatively to its shaft by
square or spiral type.

-<«—Moving—»
[ N Feather
key

Ui

( ! =] % W11
‘ e A\ - i s T | e ot N
Driver/ ‘ 7] : ] \ Driven 2_ EE‘;J; ==sR==3=3

b
|
|
|
}
s

(a) Square jaw clutch. (b) Spiral jaw clutch.

Note:
- Jaw square @<l dillwill transmit power 48Ul Jiu in either direction. o3l
Al
- Jaw spiral s3]l ddlwill transmit power 48Uall Jiy jn left hand and right
hand. Jbedly aedll
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2- Friction clutch:

a- It dependsx<ix; for operation Js23lk on the friction developed <\SiaYy) aba )
betweencx the contact surfaces.iuw>tiall xlany!

b- Transmit power 4l Jisbetween o shaft Jssll  and machine Sl
which must be started and stopped frequently. Jezis s o) gy Al
il

c- Started 'wthe driven shaft & ~idl Jelall from rest osSwll (wand gradually
brought up 2125 to proper speed.dwtiall dc jull

d- The contact surface 4uwall =hu¥) picks up Ll and holds Jexiy the load
JwaYlwith low pressureddé laa: and the heat of friction.&\is) 3 ) ja as

Types of friction clutches @<l ¢3! e, TS SPRING
P N

CLUTCH PLATE

PRESSURE PLATE

1- Disk (Plate) clutch.
a. Simple disk clutch.

b. Multiple disc clutch. &\ = /Q (%

2- Cone clutch. =8 —

3- Centrifugal clutch. S el 3kl (s soisor e f é{ curer ror

FRICTION LINING

CLUTCH SHAFT

N

N

.
S+ —CLEARANCE

1- Disk (Plate) clutch:
A simple clutch lwallwith angle friction plates the part (1) is fixed to the
shaft and part (2) can move with part (1). This clutch operation when an
engine force (F) is applied. The final conditions of both parts are moving at
the same speed with no relative motion.

2- Multiple disc clutch:
It is used when a large torque is to be transmitted, the inside disc is fixed to
the driving shaft, the outside discs are fixed to the housing which is keyed
to the driving shaft. This type of clutch is used in a machine and motorcars.
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Outside discs

Inside discs

-
______________ AN
Driving J L Driven shaft
shaft ]
i ———
Clutch plate with friction lining
[ Springs
Flywheel _\ ............
Crank :
shaft s
\tﬁ e e Pressure plate
!7 I] » /—HUb _‘ﬁ Thrust
_— A [‘/ bearing
l' N\ £

Release lever
(withdrawl finger)

Materials of friction surfaces
The material used for lining of friction surfaces of a clutch should have the
following characteristics:

- It should have a high and uniform coefficient of friction.

- It should not be affected by moisture and oil.

- It should have the ability to withstand high temperatures caused by

slippage.
- It should have high heat conductivity.
- It should have high resistance to wear and scoring.



pad gliae o il 3 Balal) (e

A0 A jallfe) o ilSin

) eal) £ 8 548 dLilSan andd

Coefficient of friction

The coefficient of friction depends on:

1- Friction disc material.

2- Surface finishing of disc.

3- Temperature of disc surface.
4- The pressure applied on the disc.

5- Velocity of turn.

6- Degree of cleaner surface (inclusion, water, oil).

Materials of friction surface | Operation | Coefficient | Temperature | Pressure
condition | of friction °C N/mm?

Cast iron on cast iron or Dry 0.15-0.2 250-300 | 0.25-0.4

steel

Cast iron on cast iron or In oil 0.06 250 -300 0.6-0.8

steel

Bronze on cast iron or steel In oil 0.05 250 0.6-0.8

Powder metal on cast iron Dry 0.3 150 0.4

Powder metal on cast iron In oil 0.4 550 0.3

Design of a disc (plate) clutch

f Single disc or plate

p i
— B
Ko K r
g S i 1
e e
r,
— +— | —-———
W
— R
> ;.5:;: Sotel
p — B
— S

Friction surface

Force (F): effect 1 on the friction plan.

Pressure (P): P = g
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1-

In case of new clutch: pressure is uniform distribution on contact surface as
show in the figure above.
F

= n(r — 1))

In case of old clutch: the intensity of pressure is maximum at the inner
radius, and the pressure is minimum at the outer surface.

Prax X 12 =C

Prin X113 =C

Area of contact surface dA = 2nr

Force on thering 6F = P X A = P X 2nrdr

Friction force (u X 6F) = u X P X 2nrdr

Friction torque (T) = F X r = u X P X 2nrdr X r = u X P X 2nr?dr

The design of friction clutch must be done on the two cases.

1- Uniform pressure: r1

_ 2 _ (" 2.9, _ 3" _ P —ry
(T) =2nuPredr =T = | 2muPr<dr = Zn,uP? = 2muP

T2 7y 3
F
Sub that P = D)
T =2 G L ok PP s k| P
= ATT = = — = =

H n(r?—7r4)| 3 3# 1l — 1) #

3_..3
R=2 [rlz rzz](The mean radius of friction surface)

3Llry—-ry

2- Uniform axial wear:
When the friction surface is new the pressure is distributed over the
contact surface, but the pressure will reduce when the sliding velocity is

maximum, the continuous until (P.r = constant).

C

Pxr .......Pxr=0C .......,P =;

§F = P x 2mrdr by sub that P = =

T2

C "
§F = —x 2mrdr = 2nCdr = f 2nCdr = 2nC[r]:
T2

F

F=2nC(r, — >C=r—7—"-—<
n (rl TZ) zn_(rl _Tz)
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1

C
T = 2nuPr?dr = 27T,ll77'2d7' = 2nuCrdr = f 2nuCrdr

T2

r2" ré — 13
T = 2mucC 2| = 2mtuC

2
T2

_ 2 _ .2 _ F

T = nuClr{ —ry] bysub C = p—
F 2 _ .2

T = ﬂ#m[ﬁ —r3] = EMF(H —13)
T = uFR

Tt

2
T = nuFR n=2 for single disc clutch
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Example (1): Determine the power that can be transmitted by frictional disc
clutch turn with 1000 rpm, the outer and inner diameter of the contact surface of
disc clutch are 100 mm and 50 mm respectively, the coefficient of friction
(n=0.3). If the maximum pressure on disc is 0.25 N/mm?2. Assume that the clutch
working at uniform wear condition have been reached.

Solution:
2nNT
60
T = nuFR

R_r1+r2_100+50_150_75
Ty T g Ty T omm

F = 21 pax12(ry — 132)

F=2x3.14x0.25x 50 x (100 — 50) = 3987.8 N
T =2x%x0.3%x3987.8%x75=179451 N.mm

T =179451 X 1073 N.m

2 % 3.14 X 1000 X 179451 X 103
b= 60

= 18782.52 W

P = 18782.52 Kw
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Example (2): Determine the maximum and minimum and average pressure in a
plate clutch when the axial force is 4 KN, the inner and outer diameter of the
contact surface are 100mm and 200mm respectively. Assume uniform wear
condition.

Solution:

Ppox X1 =C

Ppin Xry =C

F=2nC(ry —1y)

F = 2mPpax12(r1 — 12)

4% 103 =2x314 X Pgx X 50 X (100 — 50)

4 % 103

P .= = 0.25N 2
max = 3314 % 50 x (100 —50) . 02> N/mm

F = 2nPpinry (1 — 12)

4 x 103 =2 X 3.14 X P,;,, X 100 X (100 — 50)

P, = 4 x 107 =0.127 N 2
min = 57314 x 10 x (100 — 50) fmm
P _ Total force _ F o 4x10° 017 N ,
average = T oa = nGZ—12)  m(100% —502) _ 017 N/mm



A (e &) il 3 B alal) G ta Al Ada yalife) i dliilSia ) £ A f3 08 LilSia and

Homework (1): A single disc clutch with both sides of the disc effective to
transmit 10 Kw power at 900 rpm. The axial pressure is limited to 0.85 N/mm?2.
The outer and inner diameter of the disc clutch are 300mm and 150mm
respectively. If the clutch has been uniform wear axial force on disc clutch.

Homework (2): A plate clutch having a single driving plate with contact surfaces
on each side. The outer and inner diameter of the contact surface are (300 mm,
150 mm). the coefficient of friction (u=0.4).

a- Assume a uniform pressure of 0.17 N/mm?, determine the maximum torque
can be transmitted.
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Gear:

A gear or gearwheel

IS a rotating machine part typically used to
transmit rotational motion and/or torque by
means of a series of teeth that engage with
compatible teeth of another gear or other part.
The teeth can be integral saliences or cavities
machined on the part, or separate pegs inserted
Into it. In the latter case, the gear iIs usually
called a cogwheel. A cog may be one of those
pegs or the whole gear. Two or more meshing
gears are called a gear train.



Gear.

Advantages

1- It transmits exact velocity
ratio.

2- It may be used to transmit
large power.

3- It has high efficiency.

4- 1t has reliable service.

5- It has compact layout.

Disadvantages

1- The manufacture of
gears require special tools
and equipment.

2- The error Iin cutting teeth
may cause vibrations and
noise during operation.



Type of Gears:

« Straight gears

In a cylindrical spur gear or straight-cut gear,
the tooth faces are straight along the direction
parallel to the axis of rotation. Any imaginary
cylinder with the same axis will cut the teeth
along parallel straight lines.

The teeth can be either internal or external. Two
spur gears mesh together correctly only if fitted
to parallel shafts . No axial thrust is created by
the tooth loads. Spur gears are excellent at
moderate speeds but tend to be noisy at high
speeds.




Type of Gears:

« Helical gears

In a helical or dry fixed gear the tooth walls are
not parallel to the axis of rotation, but are set at
an angle. An imaginary pitch surface (cylinder,
cone, or hyperboloid, depending on the relative
axis positions) intersects each tooth face along
an arc of an helix. Helical gears can be meshed
In parallel or orientations. The former refers to
when the shafts are parallel to each other; this is
the most common orientation. In the latter, the
shafts are non-parallel, and in this configuration
the gears are sometimes known as "'skew gears".




Type of Gears:

« Bevel gear

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, known as a pitch cone. Bevel
gears change the axis of rotation of rotational
power delivery and are widely used iIn
mechanical settings




GGear Materials.

« The material used for the manufacture of gears
depends upon the strength and service conditions like
wear, noise etc.

 The gears may be manufactured from metallic or
non-metallic materials. The metallic gears with cut
teeth are commercially obtainable in cast iron, steel
and bronze.

« The nonmetallic materials like wood, raw hide,
compressed paper and synthetic resins like nylon are
used for gears, especially for reducing noise.

« The cast iron is widely used for the manufacture of
gears due to its good wearing properties, excellent
machinability and ease of producing complicated
shapes by casting method.




Gear Train;:

Simple gear train

2o 1)
N, T,
“(Wpor)  dergear  COTRET
Y2_ 5 (2) Simple gear trai
L ™ T ius mus mms wms m riramn
N3 Tz imple gear trai
salal) LY G s Jals salaal) g g il il 592 2ae

N, T; N T3

Ni. TNy T,
salaal) LY e Jhals slal) g g i)l 5 ga 2ae



Gear Train:

Let:
n; = Speed of driver in r.p.m.,
n2 = Speed of intermediate gear in r.p.m.,

n3 = Speed of driven or follower in r.p.m.,
T7 = Number of teeth on driver,

1> = Number of teeth on intermediate gear, and
73 = Number of teeth on driven or follower.

Since the driving gear 1 is in mesh with the intermediate gear 2, therefore speed
ratio for these two gears 1s:

N3 T,
Ny T3



Gear Train:

Compound gear train

N, N; T, T,
—_— % — = — % —
N, Ny, Tp; Tj;

N2:N3

N, T, T,
oy —m — *k
Ny, T, Tj

Compound gear




Gear Train.

Reverted gear train

Ny, T, T,
S— = — % —

Ny, T, Tj
di+d,=d;+dy...... (1)
di+d,=d;+dy...... (2)
d = m XT sshalis ik M =

d,
m1=T_1 d1=M1XT1
d,
m2=T_2 d2=M2XT2
m3=$ d3=M3XT3

m=module
dy
my = —
4 T4




Gear Train:

Reverted gear train

MIKTI—FMEXTE :MEXT3+M4XT4
if My = My, My = M,
Mi(T; +Ty)=M3(T3+T,)

m, (T +T;) =mg(T3 +T,)
if m1 — mg

(Ty +T3) = (T3 +Ty)



EX:-

For the following fig. of gear-train. Find:

=
0

Gy

T —

1. The speed of the driven shaft. i
2. The center distance.
3. The direction of the driven shaft. %
I
Sol. '
T1 - 50

1000 _ 25 N3; = 2000 rpm
N; 50

C=d1+d2+d3

d=m xXT

di=m XT; =4 x50=200mm
d,=m XT, =4 x20=80mm

d; =m XT3 =4 X225 =100mm
~ C=100+80+50 =230mm

I
Tz = 20
N; =1000rpm

m=4mm

|

T3=25




T, = 100
T, = 40
T; = 80

T, =20

N, =200rpm
m=4
m3=ﬁ







Al (lse o) gl 3 1Bl (i pde A Alda yali\ s dliilSia ) £ 43 \3 ) lilSia andd

Belt Drivers 48Ul 4. aY)

The belt 4 »Ylused Jarius to transmit J&l the power 4kl from one shaft 25« to
another ,AY by 4wl & the pulley 3% which rotate _sx A at the same speed s
dc yullor ) at different speeds 4dlisa &y,

Types of belts:

1- Flat belt: zhwdll »13a1l in the flat belt the width o=+ is larger S than
thickness <l (with rectangular Jiaies cross sectionsae ghic), The
center distance JS_<ll 43l between ox two center (nS < of shafts ¢ seall is
not more Jssi Y than 8mm. It is used Jexiw to transmit Jil a
moderate b sis amount of power 4daw gie 4,

2- V-belt: it has v-cross section =2l #hidll, also it have toothediue cross
section = e ahis, [t is used Jexind to transmit Jil power 48all more than
O flat belt ghassal) ol 30

3- Circular belt (rope belt) s #3 ») 32l : it has circular cross section e ahais
@A, [t is used Jexius to high power 4dle 48l with high speed 4l 4e s,

Types of Belt

Bandply

ubbe
n.;,Q:)_ ed _/
Round Belt V Belt Flat Belt Toothed Belt *E
e s

/ 1. Flat belt 2. V- belt 3. Circular Belt

Circular belt

Rectangular belt Pulley

(c) a4
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Materials of the belts: 4« a¥) & deaiiiall o) sall

the materials 3 sdlused 4exdiwdimust be 058 o) < strong 458 flexible 4,
durable 4iie and have a high coefficient of friction e <lSial Jalas cllias,

1- Leather belt ¢alall o) )l it gives = a more transmitted Jiu contact Jusi¥!
between o belt »/ = and pulleys i\,

2- Cotton ¢hidll and canvas <¢lww zsd: it is waterproof sWll slas and it is cheaper
and suitable in warm & climates u«ik in damp atmospheres.

3- Rubber kUadll: it is very flexible lax ¢« but is quickly 4e - destroyed -l if
allowed g~ to contact g« Juai¥uwith heat 3 al), oil<u ), or grease s~

4- Balata: it is acid-proof and waterproof.

Types of belt drives 4 a¥! g1

1- Open belt drive: ¢ sidall J8) Al 3al)

It is used Jexiw to transmit J&! powerdS jall ) 4l between o= two parallel
O seaxis (o sswand turning Jessin the same o«éh direction o3y,

T ~ Slack side ‘M
‘ ‘ l “ e
Driver / LA ‘ — s - !\‘ Driven

H—— - ——————  —{ |-
\ ; ZZ
|
‘ - a
1 B IR
{ Tight side
I

2- Crossed belt drive: ahliiall J3LY ) )
It is used for transmitting power between parallel axis, turn in Jex
opposite uSlxis direction o3l The wear ! is high Jle.
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3- Belt drive with idler pulley: 4w 3 S ga JiU ol a
[t is used Jexisi to increase 3L 3 arc o«s8 of contact ol between = the
pulley Sl and belt & =),

[dler pulley

4- Compound belt drive: Sl JiL al 32l
It is used 233 when power 48l s transmitted JiS from one shaft 2 to
another A through J>a a number 22 of pulleys <l _S3ll,

,Tj??----“------“---a-_ﬁ
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Total length of an open belt drive is equal to:

L =GJE+EF + FKH + HG
= [JE+EF + FK] ... ... ... ... (1)
From O; draw line O,M || EFon 1L O;F

From triangle M0201 we get:

ArcJE =R z R —Rjrr 3
rc JE = ><§+ Xa = (E+a)()

T T
A'rcFKz'rXE—rxa: =r(§—a) e (4)

EF = 0,M = Jx2 — (R — 1)? =Jx2(1—Rx_2r)2 = xJ(l _k _r)z o (5)

By expanding nominal theorm ....... MO201

EF:xll—%(R;r)z"' ------- ]:x_(Rz_xr)

By substituting equation (3, 4, 5) in equation (1)

L= Z\R(g+a’)+x—(R2_xr)2+'r(g—a)]

By substituting equation (2) in this equation

e ) e () 615

R—r (R —1)? T R-—r
+2x —2——+ 2r——2r
X 2x 2 X

T
L=2RE+2R

L (2R 4+ 20 ) 4 (2R B0 0 B2y gy (BT
_( §+ r§)+( X —er X )+ X 2x
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R—r R —1r)?
L=;:z(R+-;~)+;:T(R—-r)+2x—u

R —1r)? R—r
szr(R+'r)+2x—( ) + 2 (R—r)
X X

L=;rr(R+'r)+2x—(R;r)2

(D —d)*

T
L==—(D+d 2x —
2( +d)+ 2x "

Length of Cross belt drive

M
1 R
// FOE,«" \\ R

s T 5
| ‘ <L [\
S I S e v
J—f k S Mo OgT
1 ‘ \ / &~ \ :
\ \ /J‘ "‘M,_,..,/—— :n\j» o;
\\ i \‘\ // 4__.__7——""" 4
s \ o
— - Nl
-G
r
ol x .

r —l‘

By the same way of open belt drive

R —; 2

L=n(R+r)+2x0— B

D — d)?

L=+ d)+2x- L=
2 Ax

Velocity ratio of a belt drive

V _TfDlNl

1 60 m /s
D, N

Vs 620 2 m/s
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When threr is no slip then V1=V
nDlNl . TED.'ZNZ

= D1N1 - D2N2

60 60
N, Dy
N, D

In case of compound belt drive:

N, DiD;  speedof lastdriver _ product of diameter of driver

N, D,D, or speed of first driver  product of diameter of driver

N, D+t
N, D,+t

t = the thickness of belt

N, D+t C
N =5+l Tool

S=5+S5,
Where:
S1=sliding ratio on driver pulley

S2= sliding ratio on fixed pulley

Ratio of driving tension for flat belts

T1= tension of belt on the tight side.
T>= tension of belt on the slack side.

6= Angle of contact between belt and pulley.

T
7] =—X06°
rad 180

I
— = e = for flat belt
Ty

¥~ V-grooved

6 \Af:p\k/ pulley
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1o
L = ¢5MB - for V belt
T

Where: p= coefficient of friction

Power transmitting by a belt

P=(T,—T,) =V Wattor N.m/s
Where: T1 and T2 =tension in the tight and slack side of the belt (N)/

V= Velocity of the belt (m/s).

Centrifugal Tension (T.)

When the belt runs over the pulleys, some centrifugal force is caused and effect to
increase the tension on both tight and slack side.

T,, =T, +T,

T, =T, +T,

Where T.= centrifugal tension.
Tm1= total tension in the tight side.
Tm2= total tension in the slack side.
T.=mx*V?

m = Area x Length % density
A=bxt

Where: m= mass of belt.

V= linear velocity of belt.

A= Area of belt.
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L= Length of belt.

m=bx txLxp

Power (p) = (T + T2) *V

C ()= (T +T) = (T +T)]+V
p={T+T)=V

Maximum Tension in the Belt (Tmax)

Tnax = Tma
Thax = Omax * A

Where:

Tmax= maximum tension in the belt.
A=Db * t = cross section area of the belt.

b= width of the belt.

t= thickness of belt.
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Example (1): an engine running at 150 rpm drives a line shaft by belt. The engine
pulley is 750mm in diameter, and the pulley on the shaft is 450mm diameter. A
900mm diameter pulley on the shaft drives a 150mm diameter pulley keyed to a
dynamo shaft. Find the speed of dynamo shaft, when there is no slip, and when

slip 2% at each drive.
900 __‘ 150
rﬁ@ Tl
|
[

750 |
m | |
|
[

]
T Dynamo _/;Er @

I
| shaft

@ LU\ Engine shaft (i)-l Line shaft

Solution: 1- when there is no slip.

N, Dy XDs
N, D, xD,

N, 750 x 900
150 450 x 150

= N, = 1500 rpm

2- when there is slip

N, D;xDs
N, D, xD,

[1-5]

N, _750x 900
150 450 x 150

[1—0.04] = N, = 1440 rpm
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Example (2): Two pulleys, one 450 mm diameter and the other 200 mm
diameter, on parallel shafts 1.95 m apart are connected by a crossed belt. Find the
length of the belt required and the angle of contact between the belt and each
pulley. What power can be transmitted by the belt when the larger pulley rotates
at 200 rev/min, if the maximum permissible tension in the belt is 1 kN, and the
coefficient of friction between the belt and pulley is 0.25.

Solution:
R—r 2
L=n(R+r) +2x+%
(0.225 — 0.1)2
L =7(0.225+0.1) + 2(1.95) +
1.95

L=497m
0 =m+ 2a

_ o Rtr 0225401
a =SsSin " = 195 = Y,
6 = 180 + 2(9.6°) = 199.2°
9 0° % = 1992° x o1 _ 347 rad

— % — = . * = o. '

rad 180 180 ra

P=(T,+T,)*V
7D N,  3.14 x 0.45 x 200
V= _ = 4713 m/s
60 60

T, 1 x 103 1000
= — pub - — 0.25x347 - = 2.385
T, ° T, T,
#T,=419N

P = (10004 419) x 4.713 = 2738.25 watt = 2.73 Kw

10
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Example (3): A leather belt 9mm*250mm is used to drive a cast iron pulley
900mm in diameter at 336 rpm. If the active arc on the smaller pulley is 120° and
the stress in tight side is 2 MPa. The density of leather on cast iron is 0.35.
determine the power can be transmitted by the belt and show how the
centrifugal tension has no effect on the power transmitted.

Solution:
P=(T,+T,) =V

T, =T, +T,

w Ty =Ty — T

m=AxL x p=bx*xtxLxp
m = 0.25% 0.009 *980 = 1
m=22kg/m

V . TszNz . ﬂ*09*336
60 60

= 15.8m/s

T.=2.2 x (15.8)2 =549.2N
Th1=0max * A>T = Opax *bxt =T, =2x250%9
Ty, = 4500 N

T, =Ty, —T.= T, = 4500 — 549.2 = T, = 3950 N

% = el — % = 80'35*1200*%

2 2

3950 _ o3s.z200 _, 3950 _, oo
T, I

T, = 1898.4 N

P = (3950 + 1898.4)  15.8 = 32415.28 watt = 32.4 Kw
Tppy = 4500 N

Ty =To + Tp = Tppp = 1898.4 + 549.2 = T, = 2447.6

11
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P=(Tyy—Tpy)*V = P = (4500 — 2447.6) * 15.8
P = 324279 watt = 32.4 Kw

.. There is no effect of centrifugal tension on the power transmitted.

12
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Homework (1): an engine shaft running at 120 rpm is required to drive a
machine shaft by means of an open belt. The pulley on the engine shaft is of 2Zm in
diameter and that of the machine is 1m diameter. If the belt thickness is 5mm,
determine the speed of the machine shaft/

1- There is no slip.
2- There is a slip of 3%.

Homework (2): A pulley is driven by a flat belt running at a speed of 600 rpm.
The coefficient of friction between the pully and the belt is 0.3 and the angle of
contact 160° and the diameter of the pulley (30 cm). if the maximum tension in
the belt is 700 N. find the power can be transmitted by a belt.

Homework (3): Two pulleys with diameter 450 mm and 200 mm, and center
distance between two pulley (1.95 m). if we use open belt driven. Determine the
length of belt and angle of contact between the nelt and two pulleys and the
power can be transmitted by the belt, if the large pulley turn with speed of 2000
rpm and the maximum tension in the belt 1000 N and the coefficient of friction
between the belt and two pulleys (u=0.25).

Homework (4): Two parallel shafts whose center lines are 4.8 m are connected
by an open belt drive, the diameter of larger pulley is 1.5 m and that of smaller
pulley (1 m). the velocity of the pulley is (21 m/s), and the stress in tight side is
(2 MPa), the density of the belt is (980 kg/cm?3), and the coefficient of friction
between the belt and the pulleys is (u=0.3), and the contact angle of large pulley
(120°), and small pulley (65°). Determine the power can be transmitted by the
belt. If the cross-section area of the belt (200 * 1.5) mm?2.

How:

1-when the speed of belt increases.
a- The coefficient of friction increases.
b- The power transmitted will decrease.
c- The coefficient of friction decreases.

d- The power transmitted will increase.

13
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Shafts

A shaft is a rotating %52 machine element 4 < > used Jexius to transmit Jslpower
force 58l 4l from one placec« ¢« to another LA A\ The power 4l delivered alud
to the shaft by some tangential force and resultant torque (twisting moment) and cause
bending to the shaft.

Materials used for shafts: 3 ga) auiual 8 daddical) 3 gal)
Materials used for the shafts should have the following properties;
1- It should have high strength. ¢ 8 ¢S O
2- It should have good machinability. Jsiall L& & o cans
3- It should have good heat treatment properties. 4l s dalas (al & iy ) aay
4- It should have a high wear resistance. <\Sia¥) 5l Ll da slie elliag o) g

1y

concentrated stress

Point of maximum
bending moment

Typey of shafts:
1- Transmission shafts.iS_all i s 5l saeci
2- Machine shafts.i¥) ) ssa ) 3aac

1- Transmission shafts: the shafts 25!l transmitJis power 4S_all 48 between ¢
the shaft s>l and machinesi¥ly . These shafts _sssll s3acarryd«si machine
partsl¥) ¢ ) such as Jis pulleys and gears«sills <l Sdl | therefore 13¢! they are
subjected ¢ =25 to bending <Ls¥) ) in addition 48L=YUL to twisting ¢ s3Y),
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Stress in shafts: dgadl Ao Silalgal)
1- Shear stress =il Jea) due to J 4aui the transmission of torque ool ae Jo
(torsional loadds sY) Jeall),
2- Bending stress sl alga) (tensile or compressive stress Ll i aill sleal) due
to J 4xuti the force 558l acting L5 5% machine elements &Sl ¢l ja) e,
3- StresshleaY) due tod dasi combined aess torsional .4l s JwaY! and bending
loads. st Jlaal)

T T Go
] R L
Where:

J: polar moment. aJje (e Gire 8 Guki dic o) SV daglia sl guSe o anall 308 i
RREWY JJM‘_AL 4:11{: U\JJJJ‘

T shear stress. s s sine Jsha e GY 3V 3yl oo Balall o0 (3 cundl) ) Joai 358
el Jarall 4 ) g0 O e,

R: radius of shaft. )<l ki Caias

G: modulus of twist.s! s¥1 Jalxs

0: angle of twist. .¢) 5I¥) 444

L: length of shaft.2 sl J sk

- Shafts subjected to twisting moment only. h& &l 53 2 3e (A 2 gazll (a j25 ddaal

T = % X TXd3 for solid shaft el 3 saxl
_ T 3 4 .
T_Exrxdo [1 — K*] for hollow shaft <isae sl
K =1
do

- Shafts subjected to bending moment only.haé clisil o je ) 3 garll (a jad ddaal

M = % X b X d3 for solid shaft il 3 sl
M = % X ob x d3[1 — K*]for hollow shaft s sas 3 sesl
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Shaft subjected to combine twisting and bending moment. .
;‘Jﬂ‘?}J ct&;’:\e‘}c ‘;\ J‘yud\ u.a‘)ﬂ:&}a;‘

a. Maximum shear stress theories:
T, = 126 XTXd3 for solid shaft

Jm? + 12

b. Maximum normal stress:
M, = % X ob X d3 for solid shaft

Te

1
Me =E[M+Te]

2- Machine shaft: 4% 3 e
Cardan shaft2)sll 3ae) | crank shaft Al &l jia¥) & jaal (o 2l 3 5e2ll for complex
cardan shaft.

Cardan shaft: 2 Sl 8aas)

It transmits power 4Sall 4all J&y from ¢ the gearbox 4S_all Ji to the rear
axle A ) saadll this shaft 2l Mamust be o) <= starting 2w to resist #s& the
twisting ¢/ si¥) that acting 3% 3 during 1) torque o'usd o e it should —xbe
asSsresilient o« to absorb u<iad the torsional shocks ¢ s dava,

% The calculated speed 4 swsall 4= il of cardan shaft 2SI s~ is about 60
percent higher Sl than the engine speed 4SWll 4e ju at maximum
power ¢ sl d3lal) xic,

Te= engine torque. &Sl ;i )53 2 e

G= overall gear ratio. 48! (5 yill 4

Ti= torque transmitted by the cardan shaft 2se &k oo J8b 3 Gl a3
Ola S

T, =T, %G

The frictional force <<ia¥l & develops dicbl<i horizontally L&) and the
weight 0Jss on the axle s~ developsaclai vertically b2 s«e in the axile L s>l

This intensity 3241 o34 of stress 2= is_zero s= » at the surface gkl Je and
maximum 4«8 =85 at the center L s~ Jleof the axle o,
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0585 o3 Jaxaall Bad gl & Ll el e sl acliatip Gal SlSiaY) 38 aclal
el S s e Bl 2l o) e |

Example 1:

Shaft rotating at (200 rmp) is to transmit 20 kw, the shaft may be assumed to be

made of mild steel with allowable shear stress 42 Mpa. Determine the diameter of

the shaft, neglect the bending moment on the shaft.

Solution:

T—nx X d3
“ 16"

2nNT P x 60
60 2N

20 x 10° x 60
T 2xmx200

=955 N.m = 955 X 103N.mm

T
955 x 103 = — x 42 x d3
16

, , :(955 x 103
955 X 10° = 8.25d° = d = W = 48.7 mm

Example 2:

A pair of wheels of railway wagon4:uasll éiSull 4, e carries a load of 50 KN on each
axle box acting at distance of 100 mm outside the wheelbase. The gage of the rail
is 1.4 m. find the diameter of the axle between the wheels. If the stress is to
exceed 100 Mpa. Take the maximum bending moment 5*106 N.mm.

Solution:
M=%><ab><d3 50 KN 50 KN
YA
5x106:§x100><d3 l 14m _l
5x 10° = 9.82d3 )
— e
4 3|5 x 100 0.79
= [T9gz ~ 7 mm
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Example 3:

An automobile engine develops a maximum torque of 162 N.m, the overall ratio
(G=2.75*4.25). the effective wheel radius is 0.325m and the coefficient of friction
between the tire and the road surface is (0.6). If the permissible shear stress is
32372*10% determine the maximum diameter assuming that the load is tortional,
and the maximum load on each wheel.

Solution:
Torque can be transmitted by the Carden shaft

T,=T,x G =162 x 11,687 = 1893.4 N.m

T T

T_ T
JTR Ege d
2

1893.4 32373 x 104
T 4 d
324 >

d=31mm

The same amount of torque is transmitted to each wheel.

Tractive effort = —— = 5825.8 N Tp = Ttotal
0.325 R
Load on each wheel = 2222 = 9709.7 N F = g
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Homework 1:

Calculate the maximum intensity of shear stress and the angle of twist in degree
for length of 10 m for a solid shaft of 10 cm diameter transmitting 150 kg.cm/min
at 150 rpm. Take (G=0.82*106 Kg/cm?) for the material of the shaft.

Homework 2:

A solid shaft is transmitting 1 MW and 240 rpm. Determine the diameter of the
shaft if the maximum torque (47.7*103) N.m, and the maximum allowable shear
stress (60 Mpa).

Homework 3:

An engine develops 29.5 kw at 200 rpm when the torque is maximum. The low
gear ratio is 3:1 and the back axle reduction is 4.5:1. The load on each driving axle
is 7357.5 N. when the car is fully loaded. Diameter of road wheel over the types is
0.71 m. and the coefficient of adhesion between the type and road is 0.6. if the
permissible stress in the material of the shaft is not exceed 22072.5*104. Find the
diameter of the axle shaft.

Homework 4:
A solid circular shaft is 60 cm in diameter. Find the H.P transmitted at 120 rpm. If
the permissible shear stress is 62.5 kg/cm?2.

Homework 5:

A solid circular shaft is subjected to a bending moment of 3000 N.m and torque of
10000 N.m. the shaft is made of steel have allowable tensile stress of 116.7
N/mm?, and allowable bending stress 83.3 N/mm?2. Determine the diameter of
the shaft.



Spring Lecture Car mechanic By: - Ali Jasim atiyah

1- Introduction: -

A spring is defined as an elastic body, whose function is to distort ( il s
(42543 when loaded and to recover its original shape when the load is
removed (Jasl J) 55 any Leall IS5 salainl),

applications of springs are as follows (<l juul i),

1. absorb or control energy (48Wll s=baial) due to either shock or vibration
as in car springs, railway buffers, air-craft landing gears (& J=l s LS

L gl Clae 5l i) Jasga 5 <l sl (ail )

2. To apply forces, as in brakes, clutches and spring.

3. To control motion (3wl 2 &x3ll by maintaining contact between
two elements (crraic o 3okl e LU,

4. To store energy, etc. (A8Uall ladal),

2-Material for Helical Springs: -

The material of the spring should have high fatigue strength, high ductility,
high resilience and it should be creep resistant. It largely depends upon the
service for which they are used i.e. average service or light service.

Aalle 455 a5 ccmnndl e A8 5 el Alle Do gliag & 4 3 Bale wilali O Cany
30l Laadll 5f clelal e ardins il daodl) e ju€ an ) @lld aaiey 5 Con 3l D gl
Jadl) Aaadl) of Ao giall daadl)

3- Types of Springs: -

1- Helical springs: -

The helical springs are made (4531l (2 51l xus5) up of a wire coiled in
the form of a helix and is primarily intended (fxbluaiy! Jlaadll diaiais)
for compressive or tensile loads.

The two forms of helical springs are (s all sadl sill &1 5).

v Compression helical spring (&sba al)

v tension helical spring (2yéa gab)



(@) Compression helical spring. (b) Tension helical spring.

The helical springs advantages. (4&giall gyl gl (pulaa)

(1) easy to manufacture. (arisill Jew)

(2) available in wide range. (g5 (3ais 3 4 5ic)

(3) These are reliable. (Aulle 4 54)

(4) These have constant spring rate. (<ul el yu Jaray i)

(5) Their performance can be predicted more accurately. ( aelal sl <oy
A&y i JSi)

(6) Their characteristics can be varied by changing dimensions. ( xS (S
V) i 505k o)

2. Conical and volute springs (A ie o2l 5)

The conical and volute springs, as shown in Fig blew, are used in special
applications. with a spring rate that increases with the load is desired ( Jaxs
< sthaall Jeall aa 212 ). The conical spring, as shown in Fig. (), is a uniform
pitch whereas the volute springs, as shown in Fig. (b), with constant pitch

“"\JL*@

(a) Conical spring. (b) Volute spring.




3. Torsion springs.

These springs may be of helical or spiral type as shown in Fig. a. The

helical type may be used only in applications where the load tends to wind
up the spring and are used in various electrical mechanisms.

Not: - The major stresses produced in torsion springs are tensile
and compressive due to bending.
e LiniW) Cansy Jazacall 5 231 o o) i) (a3 8 it Al A ) T sl ()
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() Helical torsion spring. (b) Spiral torsion spring.

4. Laminated or leaf springs.

The laminated or leaf spring (5! 5 &80 i jedl) (also known as flat
spring or carriage (bl o/ 4oell &L pu)

consists of a number of flat plates (known as leaves) lengths held together
by means of clamps and bolts ((s&!» ol g b s Ll o5 J) oal| s shown in
Fig. 23.4. These are mostly used in automobiles. (<! & Llle aaitus)

Not: - The major stresses produced in leaf springs are tensile
and compressive stresses.

Jrzall 5 aill Cilalga) & @)Y Gl 51 (8 i Al Al Slalga)

| |
- —gif’} - @%ﬂ:':gﬂﬂ
- — e — | _ ____--::_'_'__---:'_ - o7 %
T @H — ;‘%{@ I 7
T— e 1
p=ie % —
| Mﬁ:i:g};{/@é

Fig. 23.4. Laminated or leaf springs.

Fig. 23.5. Disc or bellevile springs.




Terms used in Compression Springs: -

The following terms used in connection with compression springs are
important from the subject point of view.

g s gall Hhidea g (e ol (il 6 (ads Lad aadiud Slalladl)

1. Solid length. When the compression spring is compressed until the coils
come in contact with each other, then the spring is said to be solid.
Mathematically, Solid length of the spring.

where's

LS=n"d

n' = Total number of coils, and

d = Diameter of the wire.

2. Free length.

The free length of a compression spring, as shown in Fig. is the length of
the spring in the free or unloaded condition.

w
_ J
— A
—— d
— L a IV, 19TIIIPP
R o) | S
— 5 — —
—— — = (__——__—— — L ]
I 5 —— 2 |= o
— - — L | Bp z
—— o —t—— = Z g
— e —— — E_' 5 =
—— is —fF—= E |- =2
——l —r—= O s
L P s e £ oy o
D

Fig. 23.6. Compression spring nomenclature.

Free length of the spring.

Lf = Solid length + Maximum compression + *Clearance between
adjacent coils (or clash allowance)
Lf=n".d + y mix + 0.15 y max
The following relation may also be used to find the free length of the
spring, i.e.
Lf=n".d+ymax+(n'—1) x 1 mm

In this expression, the clearance between the two adjacent coils is taken
as 1 mm.



3. Spring index. The spring index is defined as the ratio of the mean
diameter of the coil to the diameter of the wire. Mathematically, Spring
index,

C=D/d
Where's
D = Mean diameter of the coil, and
d = Diameter of the wire.

4. Spring rate. The spring rate (or stiffness or spring constant) is defined
as the load required per unit deflection of the spring. Mathematically,
Spring rate,

k=W/y
where's
W = Load,
y = Deflection of the spring.

5. Pitch. The pitch of the coil is defined as the axial distance between
adjacent coils in uncompressed state. Mathematically Pitch of the coil.

_ freelength

n-—1

The pitch of the coil may also be obtained by using the following relation,
I.e.
ILif — LS
= —1d
p -

Where's

Lf = Free length of the spring.
Ls = Solid length of the spring.
n' = Total number of coils.

d = Diameter of the wire.



Stresses in Helical Springs of Circular Wire: -

Consider a helical compression spring made of circular wire and
subjected to an axial load W, as shown in Fig. 23.10 (a). Let

D = mean diameter of the spring coill,
d = Diameter of the spring wire,
n = Number of active coils,
G = Modulus of rigidity for the spring material,
W = Axial load on the spring,
T = Maximum shear stress induced in the wire,
C = Spring index = D/d
p = Pitch of the coils, and

0 = Deflection of the spring, as a result of an axial load W.

(a) Axially loaded helical spring. (D) Free body diagram showin
1s subjected to torsional she¢
direct shear.

The load (W) tends to rotate the wire due to the twisting moment (T) set
up in the wire. Thus torsional shear stress is induced in the wire.

Few«2 ol rag
= X —_— = — % *k
2 16

_16*W*D 8xw=xD

T 2xmxd3  mwxd3

T1




We know that direct shear stress due to the load W,
load

Cross — sectional area of the wire

Ty, =

w 4w
T —_— —_—
27 mxd? mxd?

4
We know that the resultant shear stress induced in the wire: -
Maximum shear stress induced in the wire = Torsional shear stress +
Direct shear stress
T=1T11+7T,

KS = Shear stress factor =1 + %
¢ = spring index

Example.1. A compression coil spring made of an alloy steel is having
the following specifications. Mean diameter of coil = 50 mm; Wire
diameter = 5 mm; Number of active coils = 20. If this spring is subjected
to an axial load of 500 N; calculate 1- Shear stress factor 2- Total
maximum shear stress.

Solution. Given: D=50mm; d =5 mm; *n=20; W =500 N

_D_50_
‘T4 5~

Shear stress factor ks =1 + Tl + L —1.05
2C 2*%10

Tt=T1+T2

8xw=xD
4w
T, = =

T * d?



Example.2. A helical spring is made from a wire of 6 mm diameter and
has outside diameter of 75 mm. If the permissible shear stress is 350 MPa
and modulus of rigidity 84 kN/mmz2, Find the axial load which the spring
can carry and the deflection per active turn.

Solution. Given: d =6 mm; Do = 75 mm; T = 350 MPa = 350 N/mm2;
G =84 kN/mm2 = 84 x 103 N/mm?2

We know that mean diameter of the spring

D=Dyp—d=75—6=69mm

Spring index
D 69_115
c=g=—p=11

1
Ks=1+—=1+ = 1.043

2c 2+%11.5

maximum shear stress induced in the wire (7).

8xw=xD
= T * d3
350_8>!<W>!<69_ _350*3.14*63_430N
T Y=TT8w69
w 430
K=—=1043=—————vy=412mm



Example.3. Design a compression spring if you know that outer diameter
(200 mm) iner diameter (80 mm) and umber od spring (N=7) if diameter
of coil (10 mm)

Find: -

1- number of active spring.

2- pitch —P of the coils spring.

3- mean diameter —-Dm.

4- Spring index.

4- drawing of spring.

SLO: -

1- number of active = N-1.5=7-1.5=5.5

2- pitch= 2.5*d= 2.5*10=25mm

Do+D; _ 100+80
2 2

3- mean diameter - Dm = =90mm

. . D 100
4- Spring index — == 30 = 1.25

)
\A g
{8

\l
\

oS

il
:

W\

0

Di 80
Do 100




Example.4. Design a compression spring if you know that outer diameter
(110 mm) iner diameter (90 mm) and umber of spring (N=10) Deflection
of the spring (212 mm) Spring rate (2 N).

Find: -

1- number of active spring

2- pitch —P of spring

3- mean diameter —-Dm

4- Lf = Free length and Ls = Solid length of the spring.
5- load acting compression one side and two side.

Sol: -
1- number of active— N,.= N-1.5=10-1.5=8.5

2- pitch —P of spring
(Lghall Jshall 5 L sall Jshall 5 ghadll (56 adai o 5 S5 431 Laj)

o Li=N,*d=85%10= 85 mm
% Lg = Nace * d + Yax + 0.15 * ypax
L, =85%10+4+212+4+0.15% 212 = 328.8 mm

(5 o)) o) (il 58 Gunbals 2 5é7 2Y)
o __Lf _ 3288
1" Nact—1 85—1 -oermm
P _Lf—LS+ —328.8_85+10—38682
27 Nact B 8.5 = 20.00cmm

5- load acting compression one side and two side

w w
k=—>2=——->w=2%212 =424 none side
y 212

424 x 2 = 846 n two side
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