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Design of Riveted Joints @ O
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= Riveted Joints 2 Sl 4

Efficiency of
Riveted Joints

APAUEEVER I

Q1: Find the efficiency of double riveted lap joint 6 mm plate thickness with 2 cm rivet diameter having a pitch of 6.5 cm assuming the permissible tensile

2 2
stress in plate is 1200 kg /cm , shear stress is 900 kg /em  and crushing stress is 1800 kg /cm”

Q2: Calculate the strain in a steel rod of square cross-section of side 2 cm when a force of 9800 N is applied and the young's modulus of elasticity is 20.27 x
10° N/ m”.



S il

N
sl 35k Gl | Gupall A,k | e d) ol il | il ol giad) [ el | gl [ e 3l a5l
2By e
Addlial Design of X 9|
daadlay | sl Al oz b o ai amje 3_palaa Bolts for Screwed Joints 2 S& &jm
S e Fastening >
gl
ALY G e .
Al DB es;[gnfof
ey | Dol g Al 8 (ol g e 3 _palaa li’o;e‘r)r Screwed Joints 2 oslad) & 5al)
(5 e T "
L ransition

el dlgd Lad)
Q1: A cylinder head of steam engine is held by 14 bolts , the effective diameter of the cylinder is 35 cm and the steam pressure is 8.5 kg/cm’ . assuming the
tensile stress is not exceed 200 kg/cm” . Find the size of the bolt.

Q2: Two shafts connected together by a coupling of 8 bolts ,these bolts putted on a spherical curvature of 10 cm radius . the torque transmitted by the coupling
20000 N.cm , find the size of each bolt assuming that the shear stress 2000 N/cm?
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QI: Aplate 100 mm wide and 12.5 mm thick is to be welded to another plate by means of parallel fillet welds. The plates are subjected to a load of 50 KN.
Find the length of weld so that the maximum stress does not exceed 56 MPs. Consider the joint first under static loading and then under fatigue loading.

Q2: A sunk key of 14 mm width . 20 mm thick and 50 mm length ,is required to transmit torque of 14000 kg.cm from a solid shaft of 4 cm diameter .Calculate
if the length of key is enough or not, when the design stresses of the key are for shear 560 kg/cm ? , and crushing stress 1680 kg/cm ? . Also calculate the

enough length when the original length of the key cannot sustain the above stress.
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QI: A helical spring is made from a wire of 6 mm diameter and has a diameter of 70 mm; if the permissible shear stress is 350 MPa and modulus of rigidity 84

2
KN/mm .find the axial load which spring can carry and the deflection per active turn.

Q2: A single plate clutch, effective on both sides, is required to transmit 25 kW at 3000 r.p.m. Determine the outer and inner diameters of frictional surface if
the coefficient of friction is 0.255, ratio of diameters is 1.25 and the maximum pressure is not to exceed 0.1 N/mm?2. Also, determine the axial thrust to be
provided by springs. Assume the theory of uniform wear.






strength of material

1.stress :

The internal forces per unit area at any section of the body is known

as stress.
F
S=x (1)
A
Where :
2 2
S — stress N/m or Kg/cm
F — Force N or Kg
2 2
A — Area m or cm
Main types of stress
1. Tensile stress
X
| L, -
Fegr—r——F Fe' [=5 § = _ ~ F

(a) (b)




2. Compression stress

X
| - —
F—r-——|——-—F F '::5 SE - F
—
|
X

o=
£
e

(b)

Strain: the deformation per unit length

where & —change in length
€ - strain
Modulus of elasticity (E):

Hooks low states that when a material is loaded within elastic limit, the stress
is proportional to strain

S=E X ¢
Where E is young modulus of elasticity (constant)

c_S_ F-L
£ A-5 N/m




3. Shear stress

1

P

N

(B)

" .../-

(a)

The shear stress is directly proportional to shear strain
T 0 @

where

® — shear strain

T - shear stress
7=Gx¢

G — modulus of rigidity

¢=_ (N)

4. Torsional shear stress

T 4
J=—xd For solid shafts

T
J =§ X ( D*-d 4) for hollow shafts




16T

Z'S - T d 3 For solid shafts
B 16T D

Ty = 7Z'(D4 _d 4) for hollow shaft

T s - max. shear stress

T—torque or twisting moment
r- Radius of the shaft

d- Diameter of the shaft

D- outer diameter of shaft

J- polar moment of inertia

Stress =Strain graph

S max

Stesy § \

Elastic

2one : P >
Flastic zone strain




Elastic zone: In this zone whenever the effected load lifted, the body recover to
its original shape

Elasticity : it is the property of a material to regain its original shape after
deformation when the external forces are removed

Plastic zone : in this zone whenever the effected load lifted, the body cannot
recover to its original shape

Plasticity : it is the property of a material which retains the deformation
produced under load permenantly..

Yield point : it is about the point which split the elastic and plastic zone.

Max. stress : Maximum stress which can the material sustain

Break stress : the stress which the failure of the material happen , always the
maximum stress and the failure stress is the same.

Working stress : when designing machine parts its desirable to keep the
stresses lower than the maximum stress at which failure of material takes
place . this stress is known as working stress or design stress

Factor of safety :

It is defined as the ratio of the maximum stress to the working stress

max stress S,
S.F = . =5
working stress S,




Riveted joints

A rivet is a short cylindrical bar with a head integral to it. The cylindrical portion
of the rivet is called shank or body and lower portion of shank is known as tail.

The rivets are used to make permanent fastening between the plates such as in
structural work, ship building, bridges, tanks and boiler shells. The rivet joints
are widely used for joining light metals.

/J\—Hmd
S 7

" Shank
.
Body
|
I Tail

Method of riveting

1-drill the plate that would be riveted, the diameter of hole is usually diameter
of rivet

2-the red hot rivet is introduced into the plates and the second head is then

formed, this may be done by hand or by a riveting machine.
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Types of riveted heads

aH*
§ : H
b
(@) Snap head.

[=

|
g |
L

(2) Round counter sunk (M) Flat head.
head 90", head 60°, head 60°,




Types of riveted joints
1- Lap joint

A lap joint is that in which are plate overlaps the other and the two plates are
then riveted together

|
VI | T
NS
{a) Single riveted lap joint. (b) Double riveted lap joint (c) Double riveted lap
(Chain riveting). joint (Zig-zag riveting).

2-Butt joint

A butt joint is that in which the main plates are kept in alignment
butting(touching) each other on one side or on both sides of the main plates.




(b) Zig-zag riveting.
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(a) Chain riveti
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Technical terms

1- Pitch(p): it is the distance from the center of one rivet to the center of the
next, measured parallel to the center.

2- Bach pitch(P,):it is the perpendicular distance between the center lines of
the  successive rows.

3- Diagonal pitch(Pg):it is the distance between the center of rivet in adjacent
rows of zig - zag riveted joints.

4- Margin(M):it is the distance between the center of rivet hole and the
nearest edge of the plate.




Failures of riveted joints

-
A2
X
I
Lk

1-Tearing of the plate at the edge:
This can be avoided by keeping the margin A (m = 1.5 d)
2-Tearing of the plate across a row of rivets:
A =(P—d)xt
F.=A xS, =(P-d)xtxS,
t - thickness of the plate

d - diameter of hole

S; - Tensile stress for the plate material




3- Shearing of the rivets:

. ”Wﬂ/////// ,
\\\\\\\Il\\\\\\\\\\\\\\‘\‘\

(@) Shearing off a rivet in a lap joint.

Tangential force

Resisting area

T -shear stress on the rivet cross section
d- diameter of the rivet

when the shearing takes place at two cross- sections of the rivet, then the
rivets are said to be in (double shear)

for double rivet cross-
sections

A:2><£><d2
4
F F 2F

T=—= =

2
A 2><Z><d2 7 d




T
F, =—xd 2XNXT
Shearing force on the

rivet(single shear)

T

F, = xd®xnxr
2

shearing force on the double
rivet(double shear)

n- number of rivets per pitch length
note:

All lap joints and single cover butt joints are in single shear , while the butt
joints with double cover plates are in double shear.

4- Crushing of the rivet

-

[ e e e

A. =dxt
F.=dxtxnx§,

d - diameter of the rivet
t - thickness of the plate

n - number of rivets per pitch length




Sc - crushing stress
5-Efficiency of the riveted joints:

The efficiency of the riveted joints is defined as a ratio of strength of riveted
joints to the strength of unriveted or (solid) plate.

least of Ft,Fs and Fc
strength of unriveted plate

'}”:

_ least of Ft,Fs and Fc
- PxtxSt

F. -Tearing resistance of plate
F, -Shearing resistance of rivet
F. -crushing resistance of rivet
P — Pitch

t — thickness of the plate

S; -Tensile strength(stress)of the plate

Screwed joint

Screwed joint are widely used where the machine parts are required to
be readily connected or disconnected without damage or for power
transmission.

Types of screw thread :

V- thread
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t { t H=0386603 p

P — pitch

Square thread

Used in feed mechanism tools , values , screw jack .

l— P — > 5

5 =
7 2

Trapezoidal thread

Used on screw cutting lathe , brass valves, and bench vices
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£ l H=0.89064 p; A=0.50286 p; f=0.24532p;
s =0.13946 p; F=0.27544 p; r=0.12055 p.




Pitch : it’s the distance from a point on one thread to the
corresponding point on the next . this is measured in an axial
direction between corresponding point in the same axial plane .

Mathematically :

Pitch = 1/( No. of threads per unit length of screw)

lead : it is the distance between two corresponding points on the same
helix. It may also defined as the distance which a screw thread
advances axially in one rotation of the nut. Lead is equal to the pitch
in case of single start threads , its twice in double start ,trice the pitch
in triple start and so on.




Table 11.1. Design dimensions of screw threads, bolts and nuts according
to IS : 4218 (Part lll) 1976 (Reaffirmed 1996) (Refer Fig. 11.1)

Designation Pitch Major Effective Minor or core Depth of Stress
mm or or pitch diameter thread area
nominal diameter (d.) mm (bolt) mm?
diameter Nut and mim
Nut and Bolt
Bolt (dp) mm Bolt Nut
(d=D)
mm
(1) ) 3) ) ) (6) @) ®)
Coarse series
M 0.4 0.1 0.400 0.335 0.277 0.292 0.061 0.074
M 0.6 0.15 0.600 0.503 0.416 0.438 0.092 0.166
M 0.8 0.2 0.800 0.670 0.555 0.584 0.123 0.295
M1 0.25 1.000 0.838 0.693 0.729 0.153 0.460
1.2 0.25 1.200 1.038 0.893 0.929 0.158 0.732
M 1.4 0.3 1.400 1.205 1.032 1.075 0.184 0.983
M 1.6 0.35 1.600 1.373 1171 1-221 0.215 =27
M 1.8 0.35 1.800 1.573 1.373 1.421 0.215 1.70
M 2 0.4 2.000 1.740 1.509 1.567 0.245 2.07
M 2.2 0.45 2.200 1.908 1.648 1.713 0.276 2.48
M 2.5 0.45 2.500 2.208 1.948 2.013 0.276 3.39
M 3 0.5 3.000 2.675 2.387 2.459 0.307 5.03
M 3.5 0.6 3.500 3.110 2.764 2.850 0.368 6.78
M 4 0.7 4.000 3.545 3.141 3.242 0.429 8.78
M 4.5 0.75 4.500 4.013 3.580 3.688 0.460 11.3
M 5 0.8 5.000 4.480 4.019 4.134 0.491 14.2
M 6 1 6.000 5.350 4.773 4.918 0.613 20.1
) @) (&) “) 5) ) (¢o) )
M 7 1 7.000 6.350 5.773 5.918 0.613 28.9
M 8 1.25 8.000 7.188 6.466 6.647 0.767 36.6
M 10 1.5 10.000 9.026 8.160 8.876 0.920 58.3
M 12 1.75 12.000 10.863 9.858 10.106 1.074 84.0
M 14 2 14.000 12.701 11.546 11.835 1.227 115
M 16 2 16.000 14.701 13.546 13.835 1.227 157
M 18 2.5 18.000 16.376 14.933 15.294 1.534 192
M 20 2.5 20.000 18.376 16.933 17.294 1.534 245
M 22 2.5 22.000 20.376 18.933 19.294 1.534 303
M 24 3 24.000 22.051 20.320 20.752 1.840 353
M 27 3 27.000 25.051 23.320 23.752 1.840 459
M 30 3.5 30.000 27.727 25.706 26.211 2.147 561
M 33 3.5 33.000 30.727 28.706 29.211 2.147 694
M 36 a 36.000 33.402 31.093 31.670 2.454 817
M 39 a 39.000 36.402 34.093 34.670 2.454 976
M 42 a5 42.000 39.077 36.416 37.129 2.760 1104
M 45 4.5 45.000 42.077 39.416 40.129 2.760 1300
M 48 5 48.000 44.752 41.795 42.587 3.067 1465
M 52 5 52.000 48.752 45.795 46.587 3.067 1755
M 56 5.5 56.000 52.428 49.177 50.046 3.067 2022
M 60 5.5 60.000 56.428 53.177 54.046 3.374 2360
Fine series
M 8 < 1 1 8.000 7.350 6.773 6.918 0.613 39.2
M 10 x 1.25 1.25 10.000 9.188 8.466 8.647 0.767 61.6
M 12 < 1.25 1.25 12.000 11.184 10.466 10.647 0.767 92.1
M 14 < 1.5 1.5 14.000 13.026 12.160 12.376 0.920 125
M 16 < 1.5 1.5 16.000 15.026 14.160 14.376 0.920 167
M 18 < 1.5 1.5 18.000 17.026 16.160 16.376 0.920 216
M 20 x 1.5 1.5 20.000 19.026 18.160 18.376 0.920 272
M 22 < 1.5 1.5 22.000 21.026 20.160 20.376 0.920 333
M 24 =< 2 2 24.000 22.701 21.546 21.835 1.227 384
M 27 =< 2 2 27.000 25.701 24.546 24.835 1.227 496
M 30 =< 2 2 30.000 28.701 27.546 27.835 1.227 621
M 33 x 2 2 33.000 31.701 30.546 30.835 1.227 761
M 36 =< 3 3 36.000 34.051 32.319 32.752 1.840 865
M 39 x 3 3 39.000 37.051 35.319 35.752 1.840 1028
Note : In case the table is not available, then the core diameter (d,) may be taken as 0.84 o, where d is the major

diameter.




ASTM AND SAE STANDARDS - SPECIFICATIONS - PROOF LOADS - TENSILE STRENGTHS

Tempered

Proof Tensile
ZE Grade Specification Material Bolt and Screw Load Strength
% § Marking i Size (Inches) psi min. psi
a2 SGAE‘MZ() Low oF Madiurn 1/4 thru 1-1/2 33,000 60,000
rade 1 Carbon Steel
G O ASTM-A307 1/4 thru 4 60,000
= r@ SAE-]429 Low or Medium 1/4 thru 3/4 55,000 74,000
= G Grade-2 Carbon Steel Over 3/4 thru 1-1/2 33,000 60,000
% g SAE-]429 1/4 thru 1 85,000 120,000
83 Grade 5 Medium Carbon Steel Over 1 thru 1-1/4 74,000 105,000
@ Quenched and 1/4 thru 1 85,000 120,000
§ = ASTM-A449 Tempered Over 1 thru 1-1/2 74,000 105,000
m 8 Over 1-1/2 thru 3 55,000 90,000
8% o ASTM-A325 Medium Carbon Steel - " 85,000 120,000
g @ Type 1 Quenched and 172 'h'}': 1-1/2 74,000 105,000
w Tempered Over 1 thru 1-1/2
o o ASTM-A325 Weather Resistant Steel - 74,000 105,000
== Type 3 Quenched and 1-1/8 thru 1-1/2 85,000 120,000
&2 Tempered 172 thru 1
5 g ASTM-A354 Low Alloy Steel - 80,000 105,000
= Grade BB Quenched and 1/4 thru 2-1/2 75,000 100,000
Tempered Over 2-1/4 thru 4
3 o ASTM-A354 Alloy Steel 1/4 thru 4 105,000 125,000
o Grade BC Quenched and Over 2-1/2 theu 95,000 115,000
< m 4
a3 Tempered
@ Medium Carbon
SAE-J429 Alloy Steel
* o GRADE 8 Quenched and
= § Tempered 1/4 thru 1-1/2 120,000 150,000
S o ASTM-A354 Alloy Steel
g (r):n Grade BD Quenched and

ASTM-A490
Type 1

Alloy Steel
Quenched and
Tempered

1/2 thru 1-1/2

120,000

150,000

YOI
B 0LNY

=
=34
g:u
oS
S e

Stresses in the threads

* Radial lines on Type 1 bolts are optional to manufacturer.
Bolt Head markings include manufacturers identity symbols.




Tensile stress due to stretching of bolts

S _ Fi - Ft g | 4Ft
t— P
A %dﬁ ‘\‘Iﬁ:x.S‘r

S,- tensile stress
Fi- tensile force

d -minor diameter or core diameter

Torsional shear stress

It caused by the friction resistance of the threads during tightening.

r, _ 1
roJ
‘;-’=£><;:;r’4
32
16T
T, = 3
ad

T -Torsional shear stress

T—Torque

Shear stress across the thread




T _ 5 £
or screw
Tdbn
FS
T = —-——
T dﬂb n For nut

b- width of the thread section of root
n- number of the threads in engagement

Crushing stress on thread

5 =—te
m(d,” —d. )n

d = 0.84 d.

d,-outside diameter

Welding

A welded joint is a permanent joint which is obtained by the fusion
of the edges of the two parts to be joined together, with or without
the application of pressure and a filler material. The heat required
for the fusion of the material may be obtained by burning of gas (in
case of gas welding) or by an electric arc (in case of electric arc
welding) . the later method is extensively used because of greater
speed of welding.

Types of welding joints



1.lap joint or fillet joint
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(a) Single transverse. (&) Double transverse. () Parallel fillet.

2.Butt joint

(a) Square butt joint.  (b) Single V-butt (¢) Single U-butt (d) Double V-butt (e) Double U-butt
joint. joint. joint. joint.

Strength of transverse fillet welded joints




(@) Single transverse fillet weld. (b) Double transverse fillet weld.

—

Let t = Throat thickness (BD). /‘V\IA/
5 = Leg or size of weld. Reinforcement ¢ :
= Thickness of plate, and \ﬁo / I
I = Length of weld. | \
: AN I
Ale— s—»|B

t =s5xsm45°=0.707 s

Minimum area of the weld or throat area.

e

A = Throat thickness » Lengthofweld = tx[=0.707sx ]

Tensile force of the joint for single fillet

F. = Ax S,
F, =0.707s x | xS,

Where

St - allowable tensile stress for weld metal
Tensile force of the joint for double fillet

F, =2x0.707 s x| x S,
F, =1414s x| x S,

Strength of parallel fillet welded joints




F = Throat area x Allowable shear stress =0.707 s x | x T
F=2x070Txsx]xt = 14l4sx]x1

Nt oo
|

N "—V_‘-_T/' et Nl

S B N R o B

(a) Double parallel fillet weld.

Notes: 1. Ifthere is a combination of single transverse and double parallel fillet welds
Then the strength of the joint is given by the sum of strengths of single transverse and double parallel fillet welds.
Mathematically, =0.707s xI; x St +1414sx1l,x1

in order to allow for starting and stopping of the bead , 12.5 mm should be added to
the length of each weld.
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(b) Combination of transverse
and parallel fillet weld.




Strength of butt joints
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(a) Single V-butt joint. (b) Double V-butt joint.

In case of butt joint. the length of leg or size of weld is equal to the throat thickness which is
equal to thickness of plates.

. Tensile strength of the butt joint (single-¥ or square butt joint).
F=t x | x S¢ I = Length of weld. It is generally equal to the width of plate.

Tensile strength for double- V or square butt joint

F=ct: + tz) | xSt 1, = Throat thickness at the top. and

t, = Throat thickness at the bottom.

Stress concentration factor

When the parts of welded joint are subjected to fatigue loading(dynamic
loading) the S.C.F as given below should be taken into account.



Tipe of joint Stress concentration factor
1. Remforced butt welds 1.2
2.  Toec of transverse fillet welds 1.5
3.  End of parallel fillet weld 2.7
4.  T-butt joint with sharp corner 2.0
S _ S, T
t ! -
S.C.F S.C.F
Note: for static loading and any type of joint, S.C.F =1
Basic weld symbols
S. No. Form of weld Sectional representation Symbol
1. Fillet l
o3 Square butt T
3. Single-¥ butt V'
aVa
4, Double- ¥ butt \5_’\
5. Single-U butt 10)
A
6. Double-U butt '
M
7. Single bevel butt }
g Double bevel butt f;,
i
7
%




S No. Form of weld Sectional representation Symbol
9, Single=/ butt v')
10. Double-/ butt w D

) D
11. Bead (edge or scal) N Fome Y
I\
12. Stud = N
S t®

13. Scaling run S O

5 g
S B S X
15. Scam XXX
16. Mashed scam W
17. Plug (W
18. Backing strip —
19. Stulch :I K

RN
20. Projection M: W . A
After
21, Flash \ fﬁfﬁffh&\m] N
ﬁ;ﬁ’ﬁ!f NANANNNNNY
Rod or bar

22, Butt resistance or P S

pressure (upset) |

Rod or bar




keys

key : it is a piece of metal has different forms used to prevent
relative motion between a shaft and the connected member
(hub) through which torque is being transmitted .

Types of keys :
1.sunk keys
2.saddle keys
3.tangent keys
4.round keys

5.splines

Sunk keys

The sunk keys are provided half in the keyway of the shaft and half
in the keyway of the hub.

The sunk keys are the following types:

a. Rectangular sunk keys:



ﬂerl £ 100 ‘ﬁw|<-_v|:f

d
W=—
4
d
w Yy d
3 3 6

w — width of key
t — thickness of key
d — diameter of the shaft

the key has taper 1 in 100 on the top side only

b. square sunk key

4

c. parallel sunk key : it is the same of others above just a
taper less

d. Gib head key




L7, Taper 1:100 (l: %

\ 45°

Y
~ Shaft J

W, 51

T

(a)

e. feather key :

E:tij\@i

W .

S'E-'l SCrew '\E:F\:fs::: \\t:\\':\\:::\\ ['"E-'athc r kcys
R AR

\ &\\ NN

AR R R AR R %
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f. woodruff key :

)

0
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saddle keys

Hollow saddle key

Flat saddle key

t=w/3=4d/12

tangent keys




round keys

[

splines

these shafts usually have four ,six ,ten ,sixteen splines. the splined
shafts are used when the force to be transmitted large in proportion to
the size of the shaft.

D=125dand b=025D




Stresses in keys
1.shear stress

T
T d

'Z': = =
w dxlIxw

r
A, Ixw |

2 2T
X

A, - Area resisting shear
T - transmitted torque
w - width of key

| - length of the key

r — radius of shaft

2.Crushing stress

t - thickness of key

A, - area resisting crushing

S. - crushing stress




Friction clutches

Clutches : clutch is a machine member used to connect a driving
shaft to a driven shaft, so that the driven shaft may be started
or stopped at will, without stopping the drive shaft.

Types of clutches :
There are two main types of clutches:
1.positive clutches

Fixed ~— Moving—s-

e X ey
9 _:i_l[:: _____ }:%_ | {

) C o
%‘; E Driven

(@) Square jaw clutch.

(b) Spiral jaw clutch.

2.friction clutches

(a)disc or plate clutches




Clutch plate with friction lining

Body

shaft

Flywheel —_|
Crank %\\

NN
-

Release lever
(withdraw] finger)

(b)cone clutches




(c)centrifugal clutches

Cover Ferroda Lining
platz
Spider
Lriving Driven
shafi shaft

Note: the disc and cone clutches are known as axial friction
clutches, while the centrifugal clutch is called radial friction
clutch.




Properties of materials commonly used for lining of friction surfaces.

Material of friction surfaces Uperating | Coefficient of Maximum Maximum
condition friction operating pressure
temperature (°C) (N/mn?)
Cast iron on cast iron or steel dry 0.15-0.20 250 — 300 0.25-04
Cast iron on cast iron or steel In oil 0.06 250 - 300 0.6-08
Hardened steel on Hardened steel In o1l 0.08 250 08-08
Bronze on cast iron or steel In o1l 0.05 150 04
Pressed asbestos on cast iron or steel dry 0.3 150 — 250 02-03
Powder metal on cast iron or steel dry 0.4 550 0.3
Powder metal on cast iron or steel In o1l 0.1 550 0.8

Design of a disc clutch:

[ Single disc or plate

—
om—
pP PE
R
$
-—b_:
4 P
: X

\Action surface

Consider two friction surfaces maintained in contact by an axial

thrust (W) :

T —torque transmitted by the clutch

P — axial pressure with which the contact surfaces are held

together




r; and r,—external and internal radii of friction faces

consider an elementary ring of radius r and thickness dr :

then the area of contact surface A=27xTr dr

. axial force on the ring
oW = pressurex Area=px A= px2zr.dr

And the frictional force on the ring acting tangentially at radius r

F.=uxoW = pu.px2zr.dr
u—coefficient of friction

~. frictional torque acting on the ring

T, =F xr=u.px2zr.drxr=2r u. p.redr

We shall considering two cases :

1.uniform pressure
2.uniform axial wear

1.when we have uniform pressure

P = W
”[(rl)z _(rz)z]
T=uW.R




W — axial thrust on the friction surfaces
T — total friction torque

R — mean radius of the friction surface

2.when we have uniform wear

The normal wear is proportional to the work of friction. The work of friction is
proportional to the product of normal pressure (p) and the sliding velocity (V):

normal wear « work of friction < p. V

— 11— p.V =K (K —constant)
K
TV
pxr=C  (C-constant) — i
_C
r

r —distance from the axis of clutch

OW = pressurex Area=px A= px2zr.dr

OW = 9><27zr.dr:27zC.dr
r

SW=27C(r,—r,)
W
27 (n—r,)




T, =F xr=p.px2zr.drxr=2zu.p.ridr

T =27T,UXEX r* dr=2z.u.C.rdr
r

~T=rxuC [(r1)2 —(r2)2]=7r,u>< 27z(xv— - X [(rl)2 —(rz)Z]

:%,uW(rl+r2):,u.W.R R =




: 1. In general. total frictional torque acting on the friction surfaces (or on the clutch) is given by
T =nuWR where
n = Number of pairs of friction (or contact) surfaces, and

R = Mean radius of friction surface

3 3
-2 {M} ... (For uniform pressure)
31(8) -(n)
_hf+n ... (For uniform wear)

For a single disc or plate clutch. normally both sides of the disc are effective. Therefore a single disc
clutch has two pairs of surfaces in contact (i.e. n= 2).
.. Since the intensity of pressure 1s maximum at the inner radius (r,) of the friction or contact surface,
therefore equation (/) may be written as
Ppax™ 1 = c of Prnax™= C/ o
4. Since the intensity of pressure 1s minimum at the outer radius (r;) of the friction or contact surface,
therefore equation (/) may be written as
Pun* 1 =C o Pun=C/ 13
5. The average pressure ( p, ) on the friction or contact surface is given by
Total force on friction surface W

Py = , — =
" Cross-sectional area of friction surface g [( r,)2 —(n )2]

6. In case of a new clutch, the intensity of pressure is approximately uniform, but in an old clutch, the

uniform wear theory 1s more approximate.

7. The uniform pressure theory gives a higher friction torque than the uniform wear theory. Therefore in case
of friction clutches. uniform wear should be considered. unless otherwise stated.

Springs

Spring is an elastic body compressed or extended when
loaded , and go to its original shape when load is removed.

The important applications of springs are as follows :

1.to apply forces, as in brakes, clutches and spring loaded valves




2.to control motion by maintaining contact between two elements as in
cams and followers.

3.to measure forces, as in spring balances and engine indicators
4.to store energy, as in watches, toys, etc..

5.to absorb or control energy due to either shock or vibration, as in car
spring, aircraft landing gears, shock absorbers and vibration dampers.

Types of springs
1.helical springs

I_.z"-__-\\
LC
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r
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(a) Compression helical spring. (£) Tension helical spring.

2.conical and volute springs

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




3.torsion springs
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(@) Helical torsion spring. (b) Spiral torsion spring.

4.laminated or leaf springs

_:_‘—_—I I—:-_:'_' ]

— -+

 — I —

- — I
_—
i
5.disc springs
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Terms used in compression springs

1.solid length: it’s the product of total numbers of coils and the diameter

of the wire




L. =n xd
n —total numberof coils
d —diameterof wire

2. free length : it’s the length of spring in the free or unloaded condition.

b

Free length

solid

Compressed

Free length = solid length +max. compression +clearance between adjacent
coils

L. =nxd+6,, +0155

We can also use the following relation to find the free length of spring
Le =nxd+6 ., +(n-=1)x1mm

The clearance is taken as 1 mm

3. spring index : it’s the ratio of the mean diameter of the coil to the

mean diameter of wire




4. spring rate : it’s the load required per unit deflection of the spring

5. pitch : it means the axial distance between adjacent coils in
uncompressed state.

free length L.

P= . =—
n -1 n -1

The pitch may also be obtained by using the following relation

L. — L
o
L. — freelength

P = +d

L, —solidlength

Stresses in helical springs of circular wire
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(a) Axially loaded helical spring. (h) Free body diagram showing that wire

is subjected to torsional shear and a
direct shear.




T=W x%:ixrlxd3
8W D
F1= 7 d?

7 , —torsionalshearstress

The following stresses also act on the wire
1.direct shear stress because of the load W

B load
cross—sectionalareaof the wire

W 4\W
72:72. = q2
xd? 7

[

2.stress due to curvature of wire
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(¢) Resultant torsional shear and direct (d) Resultant torsional shear, direct shear
shear stress diagram. and curvature shear stress diagram.

Maximum shear stress in the wire = torsional shear stress + direct shear stress

z-max:Tl_'_z—Z
:8WE+4W2:8WE(1+d) it E:C
7 d zd 7 d 2D d
8W D 1 8W D
= 1+ =K. x ———
? max 7zd3( 2C) > zd?

where K, =1+ % shearstress factor




In order to consider the effects of both direct shear stress as well as curvature
of the wire we use a Wahl's stress factor.

Maximum shear stress in the wire

W D W
T=K><8 — = K x 8 S
zd zd
_4C -1 N 0.615 Wahl's stress factor
4C-4 C
1.8
T \
~ 16 \,ﬁ
< \
‘S 1.4 \
: N
5 12 B
73 -‘-H-‘_‘__‘_H_h"“‘-'—-—-_._,_____
1.0

0O 1 2 3 4 5 6 7 8 91011 12 1314 15 16

— Spring index (C) —»

Wahl’s stress tactor for helical springs.

Deflection of helical springs of circular wire




5=0><2
2
6 — Angulardeflectionof wire
2

9:16W D4 n

G d
5 _16W D°n D_8WD'n_8WC’n

G d* 2 G d* Gd

n—numberof active turn
G —modulus of rigidity forthematerialof springwire
5 8w D® 8WC’
n Gd* Gd

deflection peractiveturn

Spring rate or stiffness of the spring

W Gd* Gd

S5 8D%n - 8C3n =constant
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(a) Plain ends. (k) Ground ends. (¢) Squared ends.
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(d) Squared and
ground ends.

Tipe of end Total number of Solid length
furns (n')

Free length

Plain ends n (n+1)d

[ o] o

Ground ends n nxd

L]

Squared ends n+2 (n+3)d

Lo

Squared and ground n+2 (n+2)d

ends

pxn+d
pxn
pxn+3d
pxn+2d

where n = Number of active turns,
p = Pitch of the coils. and
d = Diameter of the spring wire.




SWG Diameter SWG Diameter SWG Diameter SWG Diameter
{mm) {mm) () {mm)

7/0 12.70 7 4.470 20 0.914 33 0.2540
6/0 11.785 8 4.064 21 0.813 34 0.2337
5/0 10.973 9 3.658 22 0.711 35 0.2134
4/0 10.160 10 3.251 23 0.610 36 0.1930
3/0 9.490 11 2.946 24 0.559 37 0.1727
2/0 8.839 12 2.642 25 0.508 38 0.1524
0 8.229 13 2.337 2 0.457 39 0.1321
1 7.620 14 2.032 27 0.4166 40 0.1219
2 7.010 15 1.829 28 0.3759 41 0.1118
3 6.401 16 1.626 29 0.3454 42 0.1016
4 5.893 17 1.422 30 0.3150 43 0.0914
5 5.385 18 1.219 31 0.2946 44 0.0813
6 4 877 19 1.016 32 0.2743 45 0.0711
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