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Preface

Machine Design occupies an important place in the syllabus of Mechanical Engineering course. It is an interdisciplinary
subject and draws its subject matter from different subjects like Thermodynamics, Heat transfer, Fluid mechanics, Theory
of Machines, Statics and Dynamics, Theory of elasticity, Metallurgy, Production engineering and Mathematics. Machine
design acquires and assimilates more information from these subjects than any other engineering subject.

This book is intended to serve as a databook for two to three subjects in Machine Design of BE (Mechanical) course. It
covers the syllabi of all universities, technical boards and professional examining bodies such as Institute of Engineers in
the country. The students of this subject have to complete Design Projects as part of their termwork. For design projects,
extensive data is required from various books, national and international standards, catalogues of various companies and
technical papers from professional journals. This data is not readily available and students have very limited scope to
collect this information.

The objective of Machine Design Databook is to provide the aforementioned data in one single book. It provides
the latest topics like statistical considerations, international standards on load capacities of spur, helical and bevel gears,
exponential relationships for stress concentration factors, mechanical property classes for threaded fasteners and
abutment and fillet dimensions for rolling contact bearings.

Design of machine elements usually involves use of a number of formulae and equations. These equations are tabu-
lated in topic-wise manner in this book. This will eliminate the task of remembering the formulae and equations and help
students to solve the design problems in lesser time.

SALIENT FEATURES

Data provided in an exhaustive and structured manner on almost all machine elements

Well-segregated chapters for ease of use

SI units are used throughout

Updated information on Bearings, Gears and Clutches

Similarity in flow of content between design data book and the textbook of the author

ISO and DIN standards are used throughout the book for tolerances, threads and threaded fasteners, springs,

roller chains, bearings and gears

e The data required for selection of machine components from manufacturer’s catalogue is provided with a
particular reference to Indian product like SKF bearings, Goodyear belt and Diamond chain

e International procedure is adapted for calculating the load capacities of spur, helical and bevel gears

e Complete set of Raimondi and Boyd charts and Tables (40 charts and 5 tables) are included for the design of
hydrodynamic bearings

e Sectional views are provided for different types of gearboxes showing constructional details of housing and its

attachments



ORGANIZATION OF THE BOOK

The book is divided into 29 chapters.

Chapter 1 contains basic tables required by design students that include SI units, conversion factors, and math-
ematical formulae from algebra, trigonometry, analytical geometry, differentiation and integration. Chapter 2 provides
mechanical properties of materials for machine elements such as tensile strength, yield stress and hardness. It also in-
cludes classification and designation of materials like cast iron, cast steel, carbon and alloy steels, aluminium alloys,
bronze and plastics.

Chapter 3 deals with manufacturing aspect of design namely casting design and tolerances. Limit deviations for
shafts and holes as per ISO recommendations are tabulated and the concept of geometrical tolerances is illustrated in this
chapter. Chapter 4 explains formulae for design against static load. It covers the topics of curved beams, levers, torsion
of non-circular bars, buckling of column, theories of failure and factor of safety.

Chapter 5 explains formulae for design against fluctuating load and contact stresses. This chapter contains charts for
stress concentrations factors and notch sensitivity and estimation of endurance limit of machine components. Chapter
6 deals with power screws and provides data for square, trapezoidal and saw tooth threads and their torque capacities.
Chapter 7 provides design data for ISO metric screw threads. It also covers dimensions for standard hexagon and square
head bolts, screws and studs, nuts, washers, split pins and their mechanical property classes.

Chapter 8 deals with two types of joints namely welded and riveted joints. The data for welded joints include weld-
ing symbols, line properties of welds and strength equations for different types of welded joints. Riveted joints contain
dimensions of various types of rivets and design of rivets for boiler and structural applications. Chapter 9 explains basic
elements of transmission system namely shafts, keys and couplings. Design equations for strength and rigidity of trans-
mission shafts, dimensions of various types of keys, couplings, splines and serrations, lateral rigidity of shafts, critical
speeds and flexible shafts are included in this chapter. Chapter 10 covers springs namely, properties of spring wires and
design equations for helical, torsion, spiral, and leaf springs.

Chapters 11 and 12 contain equations for theoretical design of different types of clutches and brakes respectively.
Chapter 13 covers selection of flat and V-belts from manufacturer’s catalogues and dimensions of respective pulleys
for the belt drive. Ribbed V-belts are also covered in this chapter. Chapter 14 deals with selection of roller chains and
sprocket wheels for the chain drive.

Chapter 15 covers selection of different types of rolling contact bearings. The selection factors of these bearings,
their dimensions, abutment and fillet dimensions and tolerances are tabulated in this chapter. It also covers locknuts, lock
washers, oilseal units, circlips, set collars and plumber blocks for bearing mountings. Chapter 16 provides Raimondi
and Boyd charts and tables for hydrodynamic journal bearings. Charts and design equations for hydrostatic bearings are
also provided in this chapter. Chapters 17, 18 and 19 cover Lewis and Buckingham’s equations for academic design of
spur, helical and bevel gears respectively. Chapter 20 contains international method for calculation of load capacities of
spur and helical gears.

Chapter 21 explains design procedure for gears using present data books, which are often used by students during
examination. Design twisting moment, design bending stress, design contact stress and design check for plastic deforma-
tion or brittle fracture are the important topics of this chapter. Chapter 22 covers the international method of calculating
load capacity of bevel gears. Chapter 23 contains design of worm gears based on strength rating, wear rating and thermal
rating.

Chapter 24 is based on assembly drawings of different types of gearboxes showing constructional details of housing
and its attachment. It also explains ray diagrams and kinematic layout of multi-speed gearboxes. Chapter 25 provides
design equations for solid disk and rimmed flywheels. It also deals with cams and followers namely, different types of
follower motions, specific counters for cams and polynomial cams.

Chapter 26 covers design of unfired pressure vessels including gasketed joints in cylinder covers and thick and
thin cylinders. Chapter 27 contains materials handling equipment that include wire ropes, rope sheaves, welded lifting
chains, hooks, slings, arresting gears and Geneva mechanism.

Chapter 28 provides data for statistical consideration in design and includes curve fitting, different types of distribu-
tions and probabilistic approach to margin of safety. Chapter 29 deals with design of engine components namely, cylin-
der, piston, connecting rod, crankshaft and valve gear mechanism.

Preface  xiii
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Basic Tables

1.1 CONVERSION FACTORS

Table 1.1 Greek Alphabets

Greek name Greek letter
Lower case Capital

Alpha o A
Beta B B
Gamma Y r
Delta 1) A
Epsilon £ E
Zeta 4 Z
Eta n H
Theta 0 (C)
lota l I
Kappa K K
Lambda A A
Mu u M
Nu v N
Xi & =
Omicron 0 o
Pi T I1
Rho P P

(Contd.)



(Contd.)

Sigma o z
Tau T T
Upsilon v Y
Phi ) (0]
Chi X X
Psi |72 ¥
Omega w Q
Table 1.2 Standard prefixes in SI units
Name of Prefix Symbol Factor
tera T 10"
giga G 10°
mega M 100
kilo k 103
hecto” h 10?
deka’ da 10!
deci* d 10"
centi” c 102
milli m 10°
micro u 10
nano n 107
pico p 1012
femto f 101
atto a 1018

Note: *These prefixes are not recommended but sometimes used in practice

1.2 Machine Design Data Book



Table 1.3  Conversion factors

Quantity

Conversion Factor

Length

1 foot (ft) = 0.3048 metre (m)

1 metre (m) = 3.28 foot (ft)

1 inch (in) = 25.4 millimetre (mm)

1 metre (m) = 39.37 inches (in)

1 mile (mi) = 1.609 kilometre (km)

1 kilometre (km) = 0.6214 mile (mi)

1 micron (1) = 10 metre (m)

1 micron (1) = 0.001 millimetre (mm)

1 angstrom (A) = 10'° metre (m)

Area

1 square metre (m?) = 10.76 square feet (ft*)

1 square foot (ft?) = 0.0929 square metre (m?)

1 square mile (mi?) = 640 acres

1 acre = 43 560 square feet (ft?)

Volume

1 litre (1) = 1000 cubic centimetres (cm?)

1 litre (1) = 61.02 cubic inches (in’)

1 litre (1) = 0.03532 cubic feet (ft*)

1 cubic metre (m?) = 1000 litre (1)

1 cubic metre (m*) = 35.32 cubic feet (ft)

1 cubic foot (ft*) = 28.32 litres (1)

1 cubic foot (ft*) = 0.2832 cubic metre (m?)

1 US gallon (gal) = 3.785 litres (1)

1 British gallon = 4.546 litres (1)

Mass

1 kilogram (kg) = 2.2046 pounds (Ib)

1 kilogram (kg) = 0.06852 slug

1 pound (Ib) = 0.4536 kilogram (kg)

1 slug =32.174 pound (Ib)

1 slug = 14.59 kilogram (kg)

Speed

1 kilometre per hour (km/hr) = 0.2778 metre per second (m/s)

1 kilometre per hour (km/hr) = 0.6214 mile per hour (mi/hr)

1 kilometre per hour (km/hr) = 0.9113 foot per second (ft/s)

1 mile per hour (mi/hr) = 1.609 kilometre per hour (km/hr)

1 mile per hour (mi/hr) = 0.4470 metre per second (m/s)

Basic Tables

(Contd.)
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(Contd.)

Density

1 gram per cubic centimetre (gm/cm?®) = 10° kilogram per cubic metre
(kg/m?)

1 gram per cubic centimetre (gm/cm?®) = 62.43 pounds per cubic feet (1b/ft?)

1 pound per cubic foot (Ib/ft’) = 0.01602 gram per cubic centimetres
(gm/cm?)

Force

1 Newton (N) = 10° dynes

1 Newton (N) = 0.1020 kilogram force (kgf)

1 Newton (N) = 0.2248 pound force (1bf)

1 pound force (Ibf) = 4.448 Newton (N)

1 pound force (Ibf) = 0.4536 kilogram force (kgf)

1 kilogram force (kgf) = 9.807 Newton (N)

1 kilogram force (kgf) = 2.205 pound force (1bf)

1 US short ton = 2000 pound force (1bf)

1 long ton = 2240 pound force (1bf)

1 metric ton = 1000 kilogram force (kgf)

1 metric ton = 2205 pound force (1bf)

Energy

1 Joule (J) = 1 Newton metre (N-m)

1J=1N-m=0.102 kgf-m

1 Joule (J) = 107 ergs

1 Joule (J) = 0.7376 foot pound force (ft-1bf)

1 Joule (J) = 0.2389 calorie (cal)

1 Joule (J) = 9.481 x 10 Btu

1 foot pound force (ft-1bf) = 1.356 Joules (J)

1 British thermal unit (Btu) = 1055 Joules (J)

1 kilowatt hour (kW-hr) = 3.6 x 10 Joules (J)

Power

1 Watt (W) = 1 Joule per second (J/s)

1 Watt (W) = 0.2389 calories per second (cal/s)

1 horsepower (hp) = 0.7457 kilowatt (kW)

1 kilowatt (kW) = 1.341 horsepower (hp)

Stress/Pressure

1 Newton per square metre (N/m?) = 10 dynes per square centimetre
(dyne/cm?)

1 Newton per square metre (N/m?) = 2.089 x 10 pound force per square
foot (Ibf/ft?)
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1 Pascal (Pa) = 1 N/m?

1 MPa =1 MN/m?= 1 N/mm? = 0.102 kgf/mm?

1 Pound force per square inch (psi) = 6895 Newton per square metre (N/m?)

1 psi = 6895 Pascals (Pa)

1 atmosphere (atm) = 14.7 pound force per square inch (psi)

1 atmosphere (atm) = 1.013 x 10° N/m?

1 atmosphere (atm) = 76 cm of mercury

1 atmosphere (atm) = 406.8 in of water

Angle (2 m) radians = 360 degrees (°)

1 radian = 57.296°

1°=0.01745 radians

Other quantities 1 W/m °C = 2.383 x 1073 cal/cm °C

1 J/g °C = 0.2388 cal/g °C

Note: (g=32.174 or 32.2 ft/s*) (g = 9.806 or 9.8 m/s?)

1.2 PREFERRED NUMBERS

Table 1.4  Series factors for preferred numbers

Series Series factor

RS Series J10=1.58 (1.1)

R10 Series Wio=1.26 (1.2)

R20 Series 210=1.12 (1.3)

R40 Series 910 =1.06 (1.4)

R80 Series 10 =1.03 (1.5)
(ISO: 3)

Note: The series is established by taking the first number and multiplying it by a series factor, to get the second num-
ber. The second number is again multiplied by the series factor to get the third number. This procedure is continued
until the complete series is built up.
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Table 1.5 Preferred numbers

RS R10 R20 R40
1.00 1.00 1.00 1.00
1.06

1.12 1.12

1.18

1.25 1.25 1.25

1.32

1.40 1.40

1.50

1.60 1.60 1.60 1.60
1.70

1.80 1.80

1.90

2.00 2.00 2.00

2.12

2.24 2.24

2.36

2.50 2.50 2.50 2.50
2.65

2.80 2.80

3.00

3.15 3.15 3.15

3.35

3.55 3.55

3.75

4.00 4.00 4.00 4.00
4.25

4.50 4.50

4.75

5.00 5.00 5.00

5.30

5.60 5.60

6.00

6.30 6.30 6.30 6.30
6.70

7.10 7.10

7.50

8.00 8.00 8.00

8.50

9.00 9.00

9.50

10.00 10.00 10.00 10.00

(ISO: 3)
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1.3 FORMULAE—AREAS AND VOLUMES

Table 1.6 Area and perimeter of geometric shapes

Basic Tables

Shape | Area and Perimeter
Rectangle of length b and width a
Area = ab (1.6)
Perimeter = 2a + 2b (1.7)
a
b
Parallelogram of altitude / and base b
Area = bh=ab sin 6 (1.8)
Perimeter = 2a + 2b (1.9)
1 1 .
Area= —bh=—absin 0
2 2
= Js(s —a)(s —=b)(s —c) (1.10)
where
1
S:E(a+b+c) (1.11)
Perimeter=a+ b + ¢ (1.12)
Trapezoid of altitude / and parallel sides a and b
a 1
| | Atea= —h(a-+5) (1.13)
|
|
h Perimeter= a+b+h 1+1 1.14
CH 0 ermeter = sin® sin ¢ (1.14)
|
| - |
Regular polygon of # sides each of length b
b/ Area= lnb2 cot (EJ
4 n
= 1 ppcos@in) (1.15)
4 sin(7r/n)
Perimeter = nb (1.16)
(Contd.)
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Circle of radius r

b

a

Area= mr’ (1.17)
Perimeter = 277 (1.18)
Sector of circle of radius r
> N 1 . .
/\ Area = ErZO (@ in radians) (1.19)
r Arc length s = 16 (1.20)
S]
Segment of circle of radius r
1 .
m Area of shaded part =—r%(8 — sin 6)
NN - 2
! S (6 in radians) (1.21)
| \
\\ . /
SN
Area= mab (1.22)
1
Perimeter = 27, ’E(az +b%) (1.23)
(approximately)
Segment of parabola
2
Area = gab (1.24)
Arc length ABC =
2 [ 4a++b*+164>
= %«/b2+16a2 +(b)1n[a“ (1.25)

1.8  Machine Design Data Book




(Contd.)

Table 1.7 Volume and surface area of solids

Basic Tables

Shape Volume and Surface area
Rectangular box of length a, height b and width ¢
; o Volume = abc (1.26)
| Surface area = 2(ab + ac + bc) (1.27)
|
b , 7 o Ny
a
Sphere of radius r
4 3
Volume = gﬂ'r (1.28)
Surface area = 4712 (1.29)
Right circular cylinder of radius » and height /
Volume = 1% h (1.30)
Lateral surface area = 27rh (1.31)
Volume = %nrzh (1.32)
Lateral surface area = nr\/rz +h?
=nrl (1.33)
Pyramid of base area 4 and height /2
Volume = lAh (1.34)
h 3
(Contd.)
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Spherical cap of radius r and height /

Volume of shaded part = %nh2(3r —h) (1.35)
Surface area = 27rh (1.36)
A
Frustum of right circular cone of radii a, b and height /
1 2 2
Volume = gﬂh(a +ab+b7) (1.37)
Lateral surface area =
= n(a+bWh+ (b -a)
= m(a+b)l (1.38)
Volume = i;ﬁ(a +b)b—a)’ (1.39)
Surface area = 72(b> — a?) (1.40)
4
Volume = gn'abc (1.41)
Paraboloid of revolution
1 .2
Volume = Eﬂb a (1.42)
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1.4 FORMULAE—ALGEBRA AND TRIGONOMETRY

Table 1.8 Algebraic and trigonometric formulae

Basic relationships

Basic Tables

x+y)P=x*+2xy+)? (1.43) x—yP=x>-2xyH? (1.44)
(x+y)y =x*+3x% +3x2 +)7? (1.45) (x—yy=x*-3x¥y +3x?-)* (1.46)
-y =ty (x-y) (1.47) Xy =(x—y) (Pt xy+)?) (1.48)
sin (0)=0 sin (90) =1
cos (0)=1 cos (90)=0
tan (0)=0 (1.49) tan (90) = oo (1.50)
sin (180) =0 sin (270) = -1
cos (180) =-1 cos (270)=0
tan (180) = 0 (1.51) tan (270) = oo (1.52)
sin (360) =0 ' 1
cos (360)=1 sin (30) = 5
tan (360) =0 NG (1.53)
sin (45) = cos (45) = > (1.54) cos (30) = ﬁ
tan (45) =1 (1.55) 12
tan (30) = ﬁ (1.56)
Addition formulae
sin’A + cos’A =1 (1.57)
sin (A + B) =sin A cos B+ cos Asin B (1.58) cos (A+B)=cos Acos B-sinAsinB (1.60)
sin (A—B)=sinAcos B—cosAsin B (1.59) cos (A—B)=cosAcos B+sinAsinB (1.61)
sin 2A = 2 sinA cosA (1.64)
tan(A + B) = A AT @nB (1.62)
l-tan Atan B .
cos 2A = cos?A — sin’A
tan(A — B) = tan A — tan B (1.63) =1-2sin’A=2 cos’A—1 (1.65)
1+tan A tan B fan 2A 2tan A
an = 1.
1—tan’A (1.66)
. Caein A _ A <ind
m3A=3sin A dsin A (L67) | Gin A+sin B=2 sin[l(A + B)}cos[l(A - B)] (1.70)
cos3A =4cos’A—-3cos A (1.68) 2 2
3tan A —tan’ A 1 1
tan3A="———"— 1.69 inA—sinB= - in| =(A -
=3 tanlA (1.69) | sin A s1nB—200s[2(A+B)}sm[2(A B)] (L.71)
. . 1
cos A + cos B=2cos[%(A+B)}cos[%(A—B)} (1.72) sin A sin B=E[COS(A—B)—COS(A+B)] (1.74)
1
cos A cos B=—[cos(A —B)+cos(A+B 1.75
cosA—cosBzZsin[%(A+B)]sin[%(B—A)} (1.73) 2[ ( ) ( 2 (1.75)
sin A cos B= %[sin(A —B) +sin(A + B)] (1.76)
(Contd.)
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Laws of triangle
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A Law of sines
“« _ b _ ¢ (1.77)
b sinA sinB sinC '
¢ Law of cosines
2=a®+b*=2abcosC (1.78)
a Law of tangents
B 1
a+h tan[E(A + B)]
- (1.79)
a=b tan[l(A - B)]
2
Complex numbers
Equality of complex numbers Addition of complex numbers
atbi=ctdi (a+bi)+(c+di)=(a+c)+(b+d)i (1.81)
1fand Oglyblt; d 180 Subtraction of complex numbers
a-c and b= A80) |t biy— (e + diy=(a—c) + (b—d)i (1.82)
Multiplication of complex numbers
(a + bi) X (¢ + di) = (ac — bd) + (ad + bc)i (1.83)
Division of complex numbers
a+bi _a+bi c—di_ac+bd+ bc —ad ; 184
c+di c+di c—di F+d? | F+d? (159
Polar form of complex numbers
Coordinates of point P are (x, y) or (7, 6)
x+iy=r(cos O+ isin 6) (1.85)
M | P where
|
yau - J¥+,? and tang=2 1.86
| r=4x°+y* and tan . (1.86)
o
0 X
Laws of exponents
a? xal=a’* (1.87) =1 if (a #0) (1.91)
allal=aP™1 (1.88) a’?=1/a* (1.92)
(a?)!=a? (1.89) (ab)? = a? b* (1.93)
1/a :alln (190) namzam/n (194)
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Laws of logarithms

log,(MN)=1log, M +log, N 1.95
g4 (MN) Ba Ea (1.95) log, (M): log, M —log, N (1.98)
log,(M?)=plog, M (1.96) N
log, N =08 N (1.97)
log, a
log, N=In N=23log;, N (1.99) log,, N =log N =0.434 log, N (1.100)
Exponential and trigonometric relationships
¥ =cos@+isinf (1.101) . 10 _ 10
-io o sin 6 = , (1.104)
e V=cosO—isin0 (1.102) 2i
x +iy)=r(cos 0 +isin 0) = re’ 1.103 0 4 o710
(e iy)=rt ) (1.103) cosOZ% (1.105)
0 -if
tng=1e ~¢ ) (1.106)
ie”+e™)
Solution of quadratic equation
Quadratic equation Solution
ax*+bx+c =0 (1.107) —b++Jb* - dac
xX= SV (1.108)
a
1.5 FORMULAE—ANALYTICAL GEOMETRY
Table 1.9 Formulae of plane analytical geometry
Line between two points P (x,, y,) and P,(x,, y,)
(1) Distance d
d =0 %)+ (1= )’ (1.109)
(i) Slope m
=)
m=tan @ =—=——= 1.110
(= x}) ( )
(iil) Equation of line P P,
Yy—n
AR -
T (1.111)
or y=mx+b (1.112)
where
b= (y,—m x,) (intercept on y-axis) (1.113)
(Contd.)
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Line with intercepts on x and y axes

Equation of line

y
X,y
—+=—=1 1.114
b PR (1.114)
a = intercept on x-axis
0! a X b = intercept on y-axis
Normal form of equation of line
Equation of line
y xcoso+ysina=p (1.115)
p// p = perpendicular distance from origin to line
,\a o = angle of inclination of perpendicular with positive x-axis
0l X
General equation of line
Ax+By+C=0 (1.116)
Transformation of coordinates involving pure translation
| x=x"+x,
! Y y=y+y, (1.117)
(X, %) or
ol x, X-x,
! Y=y-y, (1.118)
0 ‘ where
x, y = old coordinates
X',y =new coordinates
x,, ¥, = coordinates of new origin O’ relative to
old xy coordinate system
Transformation of coordinates involving pure rotation
\ y x=x"coso—y sin
¥\ e y=x"sino+ )’ cos o (1.119)
AN el or
\\ el X' =xcoso+ ysina
\‘/’\a y'=ycoso—xsino (1.120)
0 X

The origin of old (x, y) and new (x’, y") coordinate systems is
same, but x” axis makes an angle o with positive x-axis.

Transformation of rectangular and polar coordinates
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x=rcos@ and y=rsin6 (1.121)

=./x?+ % and 0=tan_1(lj 1.122

F=Ax"+y . ( )
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Equation of circle

Equation
y (0 =x,)"+ (v = 7)*=R? (1.123)
where
Yr-- X,V = coordinates of centre of the circle
R = radius of circle
l
0 Xo
Equation of ellipse with major axis parallel to x-axis
Equation
y
@-x)  0-2) _, (1.124)
y - a? b’
° where
2a = major axis
2b = minor axis
0 x , y, = coordinates of centre of the ellipse
Equation of parabola with axis parallel to x-axis
Equations
(y=2,)* =4a(x - x,)
(if parabola opens to right side) (1.125)
(y=1,) =—4a(x - x,)
(if parabola opens to left side) (1.126)
where
x, y, = coordinates of vertex A
a = distance of focus F from vertex A
1.6 FORMULAE—DIFFERENTIATION AND INTEGRATION
Table 1.10 Formulae of differentiation
Basic Formulae
Note: (i) u, v. w are functions of x and (i) ¢, n, a, are constants
d du dv
—(x)=1 (1.127) —Wu+v)=—+— 1.132
dx( ) dx( ) dx d ( )
d d du dv
—()=0 (1.128) —(u-v)=——— 1.133
dx dx (=) dx dx ( )
d
—(x)=c (1.129) 4 uy =uﬂ+v@ 1.134
- () =u v (1.134)
C—s (1.130) du)  (dv
Zx dy\( d i(ﬁ)_v av)” "\ (1.135)
lz(l)( ”) (1.131) dx\v v
dx \du/\dx
(Contd.)
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Derivatives of trigonometric functions

d .
—(sin x) =cos
o (sin x) X

(1.136)

i(sm xX)=

di(cos X)=—sin x (1.137) provided [——<sm x< (1.139)
x
d —gsec? i cos 'x
a(tan X)—SCC X (1138) dx ( ) _x2
provided [0 < cos™' x < 7] (1.140)
d. .
—(tan "x)=
dx ( ) 1+ x?
provided |:—E<tan_1x<£:| (1.141)
2 2
Derivatives of exponential and logarithmic functions
d 1 d
—(log,x)=— 1.142 —(a")=a"log,a
dx( geX) . (1.142) dx( ) ge (1.143)
d X X
—(eY)=e
dx( ) (1.144)
Derivatives of hyperbolic functions
d . d . . 1
— (sinh x) = cosh x 1.145 —(sinh™ x) =
dx( ) ( ) dx( ) = (1.148)
d . d 1 1
— (cosh x)=sinh x (1.146) —(cosh™ x) = (1.149)
dx dx 2_1
d 2
— = 1.147 d _ 1
e 10 ) = sech’x (147 “(anh ™) = (1.150)
Higher derivatives
Second Derivative Third Derivative
d(dy) d’y _ d[d2 j dy
= 1.151 S =y
)Y ( ) o e (1.152)
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Table 1.11 Formulae of indefinite integral

Note: (i) u, v are functions of x and (ii) ¢, n, a, b are constants

Jdx=x (1.153) Judv=uv—Jvdu (1.160)
lady = ax (1.154) (Integration by parts)
' 1
J(u+v)dxzfudx+fvdx (1.155) J-f(ax)dx:;,ff(x)dx (1.161)
J(u—v)dxzjudx—]vdx (1.156) s
x"dx= #—1 1.162
jﬁzlogex (1.157) J n+l (n=1) (1.162)
x
X ax
Je*dx = e* (1.158) [avdx= Ty (1.163)
ax eax ¢
Je®dx == (1.159) llog, xdx=xlog,x—x 1.164
a e e
Jsin xdx = —cos x (1.165) J'Sinzxdxz[f_sin Zx] (1.171)
Jcos xdx = sin x (1.166) 2 4
[tan dezlogz(s):cx (1.167) J.cosz xdx:[£+ sin Zx} (1.172)
[sin axdy =-S5 & (1.168) 2 4
4 Jtan?xdx=tan x — x (1.173)
_sinax )
Jcos axdx—ia (1.169) J.sin X cos axdx=sm ax (1.174)
a
[ tan axdx = —(l)mge cos ax (1.170) dx 1
: T O
,fsinhxdxza.)shx (1.176) J- 2dx —ltan_l(ﬁ) (1.179)
Jcosh xdx =sinh x (1.177) +d® a a
[tanh xdx = log, cosh x (1.178) dx 1 x—a
e =—1
J.xz—a2 2a o8 x+a (1.180)
J- dx —Llo a+x 1181
2o 2a Bl (1.181)
d
[ =log,[x+ Jx*+d’] (1.182) :( )loge(ax+b) (1.185)
,/x2+a2 (ax+b)
dx 7 2 xdx _( ) ( )1
— [¥2 _ = +b 1.186
_[ ,—x2—a2 log [x+/x"—a"] (1.183) (ax+b) og,(ax+b) ( )
[~ sin™ (fj sy | ] - Hf@rh) (1.187)
Jat-x* a ' \/(ax+b) a
dx 2(ax —2b)
f\/(aﬁb) o V@) (1.188)
2\/(ax + by
J‘J(ax+b)dx=$ (1.189)
a
[xJ(ax+b) dx _2(3“x Zb),/ +b)>  (1.190)

(Contd.)
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dx 1 _l(x) dx ( 1 ) x—a
————=| —|tan” | — 1.191 ———7F—=| —|lo 1.194
J(xz+az) (a) a ( ) J-(xz—az) 2a Ee x+a ( )
xdx 1 P xdx (1) )
——=[ = |l + ———=| = |l -
v (2) og, (x* +a’) (1.192) [z =g Jerd =) (1.195)
2 2 _
J%zx—atan_l(f) (1.193) j%=x+(ﬂ)loge e (1.196)
(x“+a”) a (x*—a”) 2 x+a
Table 1.12  Formulae of definite integral
Note: a, b are constants
T dx T T .
= 1.197 sin mx sin nxdx =0 1.207
'([x2+a2 2a ( ) '(')- ( )
a e [if m, n integers and (m # n) ]
| == (1.198) x i
oya —x jsinmxsinnxdx=5 (1.208)
2_ 2 na 0 . .
J a”—x"dx= 2 (1.199) [if m, n integers and (m=n) ]
0 T
ZI” dx o [ cos mx cos nxdx =0 (1.209)
—= (1.200) 0
o a+bsinx \/"2_172 [if m, n integers and (m # n) |
Zfr &« __2¢ 1.201 Tcos mx cos nmxdx = 1.210
o a+bcosx \/aZ_bZ (1.201) 0 2 (1.210)
oo [if m, n integers and (m =n) |
Je ™ cosbxdx= ——— (1.202) p
0 atb [sin mx cos nrdx =0 (1.211)
o 0
J.e*ax sin bxdx =— b P (1.203) [if m, n integers and (m + n) even)]
0 a + .
. 2m
= de [ sin mx cos nxalx:m (1.212)
|=—== (1.204) 0
oe’ -1 6 [if m, n integers and (m + n) odd
110 X 71'2 /2 n/2 P
Jidxz—— (1.205) I sin® xdx = J cos? xdx == (1.213)
o 1+x 12 0 ' 4
1 2
[logex T (1.206)
1-x 6

0
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Properties of
Engineering Materials

2.1 PHYSICAL PROPERTIES
Table 2.1 Physical properties of common metals
Metal Modulus of elasticity | Modulus of rigidity | Poisson’s | Mass density Specific
(E) (MPa or N'mm?) | (G) (MPa or N'mm?) | ratio (V) (kg/m®) gravity (p)

Aluminium alloys 72 % 10° 27 % 10° 0.32 2800 2.8
Brass, Bronze 110 x 103 41 x 10 0.33 8600 8.6
Grey cast iron 103 x 10° 41 x 10° 0.26 7200 7.2
Carbon steel 207 x 10° 79 x 10 0.3 7800 7.8
Alloy steel 207 x 10° 79 x 10° 0.3 7800 7.8
Stainless steel 190 x 103 73 % 10° 03 7800 7.8
Copper 121 x 10° 46 x 10° 0.33 8900 8.9
Magnesium alloy 45 % 10° 17 x 10 0.35 1800 1.8
Titanium alloy 114 x 10° 43 x 10° 0.33 4400 4.4
Zinc alloy 83 x 103 31x10° 0.33 6600 6.6

Note: (i) The values given in the above table are for representative purposes. (ii) Exact values depend upon composi-
tion and processing and may sometimes vary considerably.

Table 2.2 Thermal properties of common metals

Metal Coefficient of thermal Thermal conductivity Specific heat
expansion (0) (9] (&)
(per °C) x (10°%) (W/m-°C) J/kg-°C)
Aluminium alloys 22 173 920
Brass, Bronze 19 78 420
Grey cast iron 12 50 540
Carbon steel 12 47 460
Alloy steel 11 38 460
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Stainless steel 14 21 460
Copper 17 381 420
Magnesium alloy 26 95 1170
Titanium alloy 9 12 500
Zinc alloy 27 111 460

Note: (i) The values given in above table are for representative purposes. (ii) Exact values depend upon composition
and processing and may sometimes vary considerably.

2.2 CONVERSION OF HARDNESS NUMBERS

Table 2.3 Conversion of hardness numbers (Approximate equivalent numbers)

Brinell Hardness Number Rockwell Hardness Number Rockwell Hardness Number
(BHN) Scale B Scale C
739 — 65
722 — 64
705 — 63
688 — 62
670 — 61
654 — 60
634 — 59
615 — 58
595 — 57
577 — 56
560 — 55
543 — 54
525 — 53
512 — 52
496 — 51
481 — 50
469 — 49
455 — 48
443 — 47
432 — 46
421 — 45
409 — 44
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400 — 43
390 — 42
381 — 41
371 — 40
362 — 39
353 — 38
344 — 37
336 109.0 36
327 108.5 35
319 108.0 34
311 107.5 33
301 107.0 32
294 106.0 31
286 105.5 30
279 104.5 29
271 104.0 28
264 103.0 27
258 102.5 26
253 101.5 25
247 101.0 24
243 100.0 23
237 99.0 22
231 98.5 21
226 97.8 20
219 96.7 18
212 95.5 16
203 93.9 14
194 923 12
187 90.7 10
179 89.5 8
171 87.1 6
165 85.5 4
158 83.5 2
152 81.7 0

Note: The approximate relationship between tensile strength (S ;) of carbon and low alloy steels and BHN is given by,
S, = 3.45 (BHN) + 0.2 (BHN) (in MPa or N/mm?)
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2.3 GREY CAST IRON

Table 2.4 Symbols for designation of ferrous castings

Type of casting B.L.S. symbol for designation
Grey cast iron FG
Black-heart malleable cast iron BM
White-heart malleable cast iron WM
Pearlitic malleable cast iron PM
Spheroidal or nodular graphite cast iron SG
Austenitic flake graphite cast iron AFG
Austenitic spheroidal or nodular graphite cast iron ASG
Abrasion resistant cast iron ABR
High-tensile steel castings CS
Heat-resistant steel casting CSH
Corrosion-resistant steel casting CSC

Table 2.5 Mechanical properties of grey cast iron

Grade Tensile strength (minimum) Brinell Hardness
(MPa or N/mm?) (HB)
FG 150 150 130-180
FG 200 200 160-220
FG 220 220 180-220
FG 260 260 180-230
FG 300 300 180-230
FG 350 350 207-241
FG 400 400 207-270

Note: (i) The properties in above table are based on tests conducted on a 30 mm diameter bar. (ii) Grey cast iron is
specified by the symbol FG followed by tensile strength in MPa or N/mm? for a 30 mm section. FG 220 means grey

cast iron with an ultimate tensile strength of 220 N/mm?.

Table 2.6 Tensile strength of different section thickness for grey cast iron
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Grade Section thickness of casting (mm) Tensile strength
(MPa or N/mm?)
FG 150 2.5-10 155
10-20 130
20-30 115
30-50 105
(Contd.)
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FG 200 2.5-10 205
10-20 180
20-30 160
30-50 145
FG 260 4-10 260
10-20 235
20-30 215
30-50 195
FG 300 10-20 270
20-30 245
30-50 225
FG 350 10-20 315
20-30 290
30-50 270
Table 2.7 Properties of grey cast iron
Properties Grade
FG 150 FG 200 FG 220 FG 260 FG 300 FG 350 FG 400
Tensile strength (MPa or 150 200 220 260 300 350 400
N/mm?)
0.01 percent Proof stress 42 56 62 73 84 98 112
(MPa or N/mm?)
0.1 percent Proof stress 98 130 143 169 195 228 260
(MPa or N/mm?)
Notched Tensile strength 120 160 176 208 240 280 320
(Circumferential 45° V-
notch, root radius 0.25 mm
or notch depth 2.5 mm,
notch dia.20 mm or notch
depth 3.3 mm, notch diam-
eter 7.6 mm)
(MPa or N/mm?)
Notched Tensile strength 150 200 220 260 300 350 400
(Circumferential notch, ra-
dius 9.5 mm, notch depth
2.5 mm, notch dia.20 mm)
(MPa or N/mm?)
Compressive strength (MPa 600 720 768 864 960 1080 1200
or N/mm?)
(Contd.)
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Shear strength (MPa or 173 230 253 299 345 403 460
N/mm?)
Modulus of elasticity (MPa | 100 x 10° | 114x 10> | 120x 10> | 128 x 10> | 135x 10> | 140 x 103 | 145 x 10°
or N/mm?)
Fatigue limit (Wohler) -Un- 63 90 99 117 135 149 152
notched (8.4 mm dia) (MPa
or N/mm?)
Fatigue limit (Wohler)- 68 87 94 108 122 129 127
Notched  Circumferential
45° V-notch (0.25 mm root
radius, diameter at notch
8.4 mm, depth of notch
3.4 mm) (MPa or N/mm?)
Specific gravity 7.05 7.10 7.15 7.20 7.25 7.30 7.30
Note: Poisson’s ratio for all grades of grey cast iron is 0.26.
Table 2.8 Applications of grey cast iron
Grade Applications
FG 150 Miscellaneous soft iron castings, in which strength is not of primary consideration, exhaust
manifolds.
FG 200 Small engine cylinder blocks, cylinder heads, air cooled cylinders, pistons, clutch plates, oil
pump bodies, transmission cases, gear boxes, clutch housings, and light duty brake drums.
FG 220 Brake drums, clutch plates, flywheels.
FG 260 Automobile and diesel engine cylinder blocks, cylinder heads, flywheels, cylinder liners, pis-
tons, medium-duty brake drum, and clutch plates.
FG 300 Diesel engine blocks, truck and tractor cylinder blocks and heads, heavy flywheels, tractor
transmission cases, differential carrier castings, and heavy duty gear boxes.
FG 350 Diesel engine castings, liners, cylinders and pistons and heavy parts in general.
FG 400 Special high-strength castings.

Table 2.9 ASTM and DIN designations of grey cast iron

ASTM designations

The American Society for Testing Materials (ASTM) has classified grey cast iron by means of a number. This class
number gives minimum tensile strength in kpsi. For example, ASTM Class No. 20 has minimum ultimate tensile
strength of 20000 psi. Similarly, a cast iron with minimum ultimate tensile strength of 50000 psi is designated as ASTM
Class No. 50. Commonly used ASTM classes of cast iron are 20, 25, 30, 35, 40, 50 and 60.

DIN designations

GG-30.

In Germany, Deutches Institut Fuer Normung (DIN) has specified grey cast iron by minimum ultimate tensile strength
in kgf/mm?. For example, GG-12 indicates grey cast iron with minimum ultimate tensile strength of 12 kgf/mm?.
The common varieties of grey cast iron according to DIN standard are GG-12, GG-14, GG-18, GG-22, GG-26 and
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2.4 MALLEABLE CAST IRON

Table 2.10 Mechanical properties of malleable cast iron

Grade Section Diameter of Tensile 0.2 percent Elongation Hardness
thickness test bar strength Proof stress Min. (HB)
(mm) (mm) Min. (MPa Min. (MPa (Percent)
or N/mm?) or N/mm?)

WM 350 0-8 9 340 — 5 230 max.

8-13 12 350 — 4

over 13 15 360 — 3
WM 400 0-8 9 360 200 8 220 max.

8-13 12 400 220 5

over 13 15 420 230 4
BM 300 All sizes 15 300 - 6 150 max.
BM 320 All sizes 15 320 190 12 150 max.
BM 350 All sizes 15 350 200 10 150 max.
PM 450 All sizes 15 450 270 6 150-200
PM 500 All sizes 15 500 300 5 160-200
PM 550 All sizes 15 550 340 4 180-230
PM 600 All sizes 15 600 390 3 200-250
PM 700 All sizes 15 700 530 2 240-290

Note: (i) There are three basic types of malleable cast iron — whiteheart, blackheart and pearlitic, which are desig-
nated by symbols WM, BM and PM, respectively and followed by minimum tensile strength in MPa or N/mm?,

(ii) For all grades: (a) The shear strength is approximately 0.9 times the tensile strength. (b) The unnotched fatigue limit
(Wohler) is about 0.45 times the tensile strength. The notched fatigue limit is about 0.6 times the unnotched fatigue limit.

Table 2.11 Physical properties of malleable cast iron

Type Modulus of Modulus of Poisson’s Mass Specific
elasticity (E) rigidity (G) ratio (v) density | gravity (p)
(MPa or N/mm?) | (MPa or N/mm?) (kg/m®)
Whiteheart Malleable cast iron 175.8 x 103 70.3 x 103 0.26 7400 7.4
(all grades)
Blackheart Malleable cast iron 168.9 x 10° 67.6 x 10° 0.26 7350 7.35
(all grades)
Pearlitic Malleable cast iron 172.4 x 10° 68.9 x 103 0.26 7300 7.3
(all grades)

Note: (i) The values given in above table are representative. (i) Exact values depend upon composition and process-

ing and may vary.
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Table 2.12  Applications of malleable and spheroidal graphite cast iron

Type

Applications

Malleable cast iron

Pipe flanges, valve parts, housings for ball bearings, pulleys, and substitute castings for

ordinary forgings.

Spheroidal graphite
cast iron

Valves and fittings for steam and chemical equipments, crankshafts, gears, rollers, slides,

hubs, forming dies.

Note: The above applications are tentative for the use of students. Detail analysis should be carried out for correct
selection of materials for any application.

2.5 SPHEROIDAL GRAPHITE CAST IRON

Table 2.13 Mechanical properties of spheroidal or nodular graphite cast iron

Grade Tensile strength 0.2 percent Proof stress Elongation Hardness
Min. (MPa or N'mm?) | Min. (MPa or N/mm?) Min. (Percent) (HB)
SG 900/2 900 600 2 280-360
SG 800/2 800 480 2 245-335
SG 700/2 700 420 2 225-305
SG 600/3 600 370 3 190-270
SG 500/7 500 320 7 160-240
SG 450/10 450 310 10 160-210
SG 400/15 400 250 15 130-180
SG 400/18 400 250 18 130-180
SG 350/22 350 220 22 <150

Note: (i) Spheroidal or nodular graphite cast iron is commonly known as ductile cast iron. (ii) Spheroidal or nodular
graphite cast iron is specified by the symbol SG followed by the minimum tensile strength in MPa or N/mm? and
minimum elongation in percent.

2.6 SPHEROIDAL GRAPHITE AUSTENITIC CAST IRON

Table 2.14 Mechanical properties of spheroidal graphite austenitic cast iron
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Grade Tensile strength 0.2 percent Proof stress Elongation Brinell Hardness
Min. (MPa or N/mm?) Min. (MPa or N/'mm?) | Min. (Percent) Max. (HB)
ASGNi 13 Mn 7 390 210 15 170
ASGNi20Cr2 370 210 200
ASGNi20Cr3 390 210 255
ASGNi20Si5Cr2 370 210 10 230
ASG Ni 22 370 170 20 170
ASG Ni23 Mn 4 440 210 25 180
ASGNi30Cr1 370 210 13 190
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ASGNi30Cr3 370 210 7 200
ASGNi308Si5Cr5 390 240 - 250
ASGNi 35 370 210 20 180
ASGNi35Cr3 370 210 7 190

Note: (i) Spheroidal (or nodular) graphite austenitic cast iron is designated by initial letter ‘ASG’ followed by chemi-
cal symbols and figures indicating the alloying elements and their approximate mean levels.
(ii) For all grades: (a) Specific gravity = 7.3 to 7.6 (b) Thermal conductivity = 12.6 W/(m °C).

Table 2.15 Applications of spheroidal graphite austenitic cast iron

Grade Applications
ASGNi 13 Mn 7 Pressure covers for turbines, housings for switchgear insulator flanges, terminals and ducts.
ASGNi20Cr2 Pumps, valves, compressors, bushings, turbo supercharger housings, exhaust gas manifolds.

ASGNi20Cr3

Pumps, valves, compressors, bushings, turbo supercharger housings, exhaust gas manifolds.

ASGNi20Si5Cr2

Pump components, valves, castings for industrial furnaces.

ASG Ni 22

Pumps, valves, compressors, bushings, turbo supercharger housings, exhaust gas manifolds.

ASG Ni 23 Mn 4

Castings for refrigerating equipments.

ASGNi30Cr1

Pumps, boilers, filter parts, exhaust gas manifolds, valves, turbo supercharger housings.

ASGNi30Cr3 Pumps, boilers, filter parts, exhaust gas manifolds, valves, turbo supercharger housings.
ASGNi30Si5Cr5 Pump components and valve castings for industrial furnaces.
ASG Ni 35 Parts with dimensional stability (for example, machine tools), scientific instruments.

ASGNi35Cr3

Parts of gas turbine housings, glass moulds.

2.7 FLAKE GRAPHITE AUSTENITIC CAST IRON

Table 2.16 Mechanical properties of flake graphite austenitic cast iron

Grade Tensile strength Compressive Elongation Brinell Hardness
(MPa or N/mm?) strength (Percent) (HB)
(MPa or N/mm?)
AFGNi 13 Mn 7 140-220 630-840 — 120-150
AFGNi15Cu6Cr2 170-210 700-840 2 140-200
AFGNi15Cu6Cr3 190-240 860-1100 1-2 150-250
AFGNi20Cr2 170-210 700-840 2-3 120-215
AFGNi20Cr3 190-240 860-1100 1-2 160-250
AFGNi208Si5Cr3 190-280 860-1100 2-3 140-250
AFGNi30Cr3 190-240 700-910 1-3 120-215
AFGNi30Si5Cr5 170-240 560 — 150-210
AFGNi 35 120-180 560-700 1-3 120-140

Note: (i) Flake graphite austenitic cast iron is designated by initial letter ‘AFG’ followed by chemical symbols and
figures indicating the alloying elements and their approximate mean levels.
(i) For all grades: (a) Specific gravity = 7.3 (b) Thermal conductivity = 37.7 to 41.9 W/(m °C) (c) Specific heat =

0.46 to 0.50 J/(g °C).
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Table 2.17 Applications of flake graphite austenitic cast iron

Grade

Applications

AFGNi13Mn7

Pressure covers for turbine generator sets, housings for switchgear, insulator flanges, termi-
nals and ducts.

AFGNil15Cu6Cr2

Pumps, valves, furnace components, bushings, piston ring carriers for light alloy metal pis-
tons.

AFGNil5Cu6Cr3

Pumps, valves, furnace components, bushings, piston ring carriers for light alloy metal pis-
tons.

AFGNi20Cr2 Same as for AFG Ni 15 Cu 6 Cr 2, but preferable for pumps handling alkalis, used in the
soap, food, artificial silk and plastics industries. Suitable where copper-free material is re-
quired.

AFGNi20Cr3 Same as for AFG Ni 15 Cu 6 Cr 2, but preferred for high temperature applications.

AFGNi208Si5Cr3

Pump components, valve castings for industrial furnaces.

AFGNi30Cr3

Pumps, pressure vessels, valves, filter parts, exhaust gas manifolds, turbo charger housings.

AFGNi30Si5Cr5

Pump components, valve castings for industrial furnaces.

AFG Ni 35

Parts with dimensional stability (for example, machine tools), scientific instruments.

2.8 CAST STEELS

Table 2.18 Mechanical properties of carbon steel castings for general engineering purposes

Grade Tensile strength Yield stress Elongation Reduction Impact strength
Min. (MPa or Min. (MPa or Min. (Percent) of area Min. Min. (J or N-m)
N/mm?) N/mm?) (Percent)
200-400 N 400 200 25 40 30
200400 W 400 200 25 40 45
230450 N 450 230 22 31 25
230-450 W 450 230 22 31 45
280-520 N 520 280 18 25 22
280-520 W 520 280 18 25 22
340-570 N 570 340 15 21 20
340-570 W 570 340 15 21 20

Note: (i) Carbon steel castings are designated by two numbers indicating minimum yield stress and minimum tensile

strength respectively.

(i1) Suffix N indicates normal grades.
(ii1) Suffix W indicates welding grades with chemical composition restricted to ensure ease of welding.
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Table 2.19 Mechanical properties of high tensile steel castings for general engineering and

structural purposes
Grade Tensile Yield stress (0.5 Elongation | Reduction | Charpy, V-notch Brinell
strength percent Proof Min. in area Impact value Hardness

Min. (MPa stress) Min. (Percent) Min. Min. (J or N-m) | Min. (HB)
or N/'mm?) | (MPa or N/mm?) (Percent)

CS 640 640 390 15 35 25 190

CS 700 700 580 14 30 25 207

CS 840 840 700 12 28 20 248

CS 1030 1030 850 20 15 305

CS 1230 1230 1000 5 12 — 355

Note: High tensile steel casting is designated by letters CS followed by minimum tensile strength in MPa or N/mm?.

Table 2.20 Mechanical properties of steel castings for case carburising (core properties)
Grade Tensile strength Elongation Charpy, V-notch Impact
Min. (MPa or N/mm?) Min. (Percent) value Min. (J or N-m)
Grade 1 490 12 25
Grade 2 1000 7 20
Table 2.21 Mechanical properties of carbon steel castings for surface hardening
Grade Tensile strength Yield stress Elongation
Min. (MPa or N/mm?) Min. (MPa or N/mm?) Min. (Percent)
Grade 1 620 320 12
Grade 2 690 490 12
Grade 3 700 370 8

2.9 PLAIN CARBON STEELS

Table 2.22 Mechanical properties of steels specified by tensile or yield properties (without
detailed chemical composition)

Properties of Engineering Materials

Steel Tensile strength Yield strength Elongation
designation Min. (MPa or N/mm?) Min. (MPa or N/mm?) Min. (Percent)

Fe 290 290 170 27

FeE 220 290 220 27

Fe 310 310 180 26

FeE 230 310 230 26

Fe 330 330 200 26

(Contd.)
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FeE 250 330 250 26
Fe 360 360 220 25
FeE 270 360 270 25
Fe 410 410 250 23
FeE 310 410 310 23
Fe 490 490 290 21
FeE 370 490 370 21
Fe 540 540 320 20
FeE 400 540 400 20
Fe 620 620 380 15
FeE 460 620 460 15
Fe 690 690 410 12
FeE 520 690 520 12
Fe 770 770 460 10
FeE 580 770 580 10
Fe 870 870 520 8
FeE 650 870 650 8

Note: The steels in above table are designated by two ways: the symbol ‘Fe’ followed by the minimum tensile
strength in MPa (or N/mm?) or the symbol ‘FeE’ followed by minimum yield strength in MPa (or N/mm?).

Table 2.23  Applications of steels specified by tensile or yield properties (without detailed chemi-
cal composition)

Steel designation Applications

Fe 290 and FeE 220 Structural steel sheets for plain drawn or enameled parts, tubes for oil well casing, steam,
water and air passage, cycle, motor-cycle and automobile tubes, rivet bars and wire.

Fe 310 and FeE 230 Steels for locomotive, carriage and car structures, screw stock, and other general engi-

Fe 230 and FeE 250 neering purposes.

Fe 360 and FeE 270 Structural steel for chemical pressure vessels and other general engineering purposes.

Fe 410 and FeE 310 Structural steel for bridges and building construction, railway rolling stock, screw spikes,
oil well casing, tube piles, and other general engineering purposes.

Fe 490 and FeE 370 Structural steel for mines, forgings for marine engines, sheet piling and machine parts.

Fe 540 and FeE 400 High tensile steel for locomotive, carriage, wagon and tramway axles, arches for mines,

bolts, and seamless and welded tubes.

Fe 620 and FeE 460 High tensile steel for tramway axles and seamless tubes.

Fe 770 and FeE 580 High tensile steel for locomotive, carriage, and wagon wheels and tyres, and machine
parts for heavy loading.

Fe 870 and FeE 650 High tensile steel for locomotive, carriage, and wagon wheels and tyres.
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Table 2.24 Mechanical properties of carbon steels (unalloyed steels)
(For plates, sections, bars, billets and forgings in hot-rolled or normalised condition)

Steel designation Tensile strength Elongation
(MPa or N/mm?) Min. (Percent)

7C4 320-400 27
10C4 340-420 26
14C6 370450 26
15C4 370-490 25
15C8 420-500 25
20C8 440-520 24
25C4 440-540 23
25C8 470-570 22
30C8 500-600 21
35C4 520-620 20
35C8 550-650 20
40C8 580-680 18
45C8 630-710 15
50C4 660-780 13
50C13 720 Min 11
55C8 720 Min 13
60C4 720 Min 11
65C6 720 Min 10

The designation of carbon steel consists of following three quantities in the following order:
(1) Number indicating 100 times the average percentage of carbon content.

(i) Letter C: and

(iii) Number indicating 10 times the average percentage of manganese content.

Note: The minimum yield stress is 55% of the minimum tensile strength for all the grades.
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Table 2.25 Mechanical properties of carbon steels (unalloyed steels)

(For cold-drawn bars)

Bars up to 20 mm Bars 20-40 mm Bars 40-63 mm Bars over 63 mm
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10C4 490 11 450 13 410 15 360 18
15C8 540 11 510 13 470 15 430 18
20C8 540 10 510 12 470 15 430 18
30C8 610 9 570 10 530 12 490 15
40C8 640 8 610 9 570 10 540 12
50C4 670 7 630 8 610 9 590 10
55C8 730 7 690 8 670 9 630 10
Table 2.26 Mechanical properties of carbon steels (unalloyed steels)
(For bars and forgings in hardened and tempered condition)
Designation Tensile strength Yield stress Elongation Izod Impact Limiting ruling
(MPa or Min. Min. value section
N/mm?) (MPa or (Percent) Min. (mm)
N/mm?) (J or N-m)
30C8 600-750 400 18 55 30
35C8 600-750 400 18 55 63
40C8 600-750 380 18 41 100
700-850 480 17 35 30
45C8 600-750 380 17 41 100
700-850 480 15 35 30
50C4 700-850 460 15 — 63
800-950 540 13 — 30
55C8 700-850 460 15 — 63
800-950 540 13 — 30
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Table 2.27 Mechanical properties of carbon steels (unalloyed steels)
(For case-hardening steels in refined and quenched condition) (core properties)

Designation Tensile strength Elongation Izod Impact value Limiting ruling
Min. (MPa or N/mm?) Min. (Percent) Min. (J or N-m) section (mm)
10C4 500 17 55 15
14C6 500 17 55 15-30
15C8 500 17 55 30
20C8 500 16 55 30

Table 2.28 Applications of carbon steels (unalloyed steels)

Steel designation

Applications

7C4, 10C4 Used where cold formability is the primary requirement. They are used as sheet, strip, rod and
wire especially where excellent surface finish or good drawing qualities are required, such as
automobile body, hoods, lamps, and a multiple of deep drawn and formed products. They are
also used for cold heading wire and rivets.
10C4, 14C6 Case hardening steel used for making camshafts, cams, light duty gears, worms, gudgeon pins,
selector forks, spindles, pawls, ratchets, chain wheels, and tappets.
15C4 Used for lightly stressed parts.
15C8, 20C8, General purpose steels for low stressed components.
25C4, 25C8
30C8 Cold formed parts such as brake levers. After suitable case hardening or hardening and temper-
ing, this steel is also used in making parts, such as socket, tie-rod, shaft fork and rear hub, two
wheeler and three wheeler parts such as sprocket, levers, cams, rocker arms, and bushes. Tubes
for aircraft, automobile, bicycle and furniture are made of this steel.
35C4 Low stressed parts, automobile tubes and fasteners.
35C8 Low stressed parts in machine structures, cycle and motorcycle chassis tubes, fishplates for rails
and fasteners.
40C8 Crankshafts, shafts, spindles, automobile axle beams, push rods, connecting rods, studs, bolts,
lightly stressed gears, chain parts, and washers.
45C8 Spindles of machine tools, gears, bolts, lead screws, and shafts.
50C4 Keys, shafts, cylinders and machine components requiring moderate wear resistance. In surface
hardened condition, it is suitable for large pitch worms and gears.
50C8 Rail steel. Also used for making spike bolts, gear shafts, rocking levers and cylinder liners.
55C4, 55C8 Gears, cylinders, cams, keys, crankshafts, sprockets, machine parts requiring moderate wear
resistance, industrial chains, and springs.
60C4 Spindles for machine tools, hardened screws and nuts, couplings, crankshafts, axles and pinions.
65C6 High tensile structural steel for making locomotive carriage and wagon tyres, valve springs,

small washers and stamped parts.
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2.10 FREE CUTTING STEELS

Table 2.29 Mechanical properties of carbon and carbon-manganese free cutting steels (for bars,
billets and forgings in hot-rolled or normalised condition)

Steel designation Tensile strength Elongation
(MPa or N/mm?) Min. (Percent)

10C8S10 370490 24
14C14S14 440-540 22
25C12814 500-600 20
40C10S18 550-650 17
11C10825 370-490 22
40C15S12 600-700 15

The designation of free cutting steel consists of following quantities in the given order:
(i) Number indicating 100 times the average percentage of carbon content.

(i) Letter C

(iii)) Number indicating 10 times the average percentage of manganese content.

(iv) Symbol S, Se, Te or Pb depending upon the element that is present and which makes the steel free cutting.
(v) Number indicating 100 times the average percentage of the above element that makes the steel free cutting.

Note: The minimum yield stress is 55% of the minimum tensile strength for all the grades.

Table 2.30 Mechanical properties of carbon and carbon-manganese free cutting steels (for cold-
drawn bars)

Size Bars up to 20 mm Bars 20-40 mm Bars 40-63 mm Bars over 63 mm
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10C8S10 500 10 460 10 420 13 370 17
14C14S14 550 10 520 11 480 12 440 15
25C12S14 620 8 560 10 520 11 500 13
40C10S18 640 8 660 10 560 11 550 11
11C10S25 500 8 440 11 400 13 370 13
40C15S12 680 7 640 8 620 10 600 11
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Table 2.31 Mechanical properties of carbon and carbon-manganese free cutting steels (for bars
and forgings in hardened and tempered condition)

Designation Tensile strength Yield stress Elongation Izod Impact Limiting ruling

(MPa or Min. (MPa or Min. value Min. section
N/mm?) N/mm?) (Percent) (J or N-m) (mm)

40C10S18 600-750 380 18 41 60
700-850 480 17 35 30

40C15S12 600-750 420 18 48 100
700-850 500 18 48 60
800-950 560 16 41 30

Table 2.32 Applications carbon and carbon-manganese free cutting steels

Designation | Applications

10C8S10 Small parts to be cyanided or carbonitrided.
14C14S14 Parts where good machinability and surface finish are important and where higher sulphur content is
undesirable.

25C12S14 Bolts, studs and other heat-treated parts of small section. The steel is suitable in either cold drawn, nor-
malised or heat-treated condition for moderately stressed parts requiring more strength than mild steel.

40C10S18 Heat-treated bolts, engine shafts, connecting rods, gun carriage, small parts not subjected to high
stresses and severe wear.

11C10825 Lightly stressed parts not subjected to shock like nuts and studs. This steel is not recommended for
case hardened parts.

40C15S12 Heat-treated axles, shafts, and small crankshafts. This steel is not recommended for forgings in which
transverse properties are important.

2.11 ALLOY STEELS

Table 2.33  BIS system of designation for alloy and high-alloy steels

Alloy steels

The term “alloy’ steel is used for low and medium alloy steels containing total alloying elements not exceeding 10%.
The designation of alloy steels consists of following quantities in the given order:
(1) Number indicating 100 times the average percentage of carbon; and
(i) Chemical symbols for alloying elements each followed by the number for its average percentage content multiplied
by a factor. The multiplying factor depends upon the alloying element. The values of this factor are as follows,

Element Multiplying factor
Cr, Co, Ni, Mn, Si and W 4

Al, Be, V, Pb, Cu, Nb, Ti, Ta, Zr and Mo 10
P,S,N 100

(Contd.)
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In alloy steels, symbol ‘Mn’ for manganese is included only if the content of manganese is equal to or greater than 1%.
The chemical symbols and their numbers are arranged in descending order of their percentage content.

As an example, 25Cr4Mo?2 is an alloy steel having average 0.25% carbon, 1% chromium and 0.2% molybdenum.
Consider an alloy steel with following composition:

Carbon=0.12 t0 0.18%
Chromium = 0.50 to 0.80%
Silicon =0.15 to 0.35%
Manganese = 0.40 to 0.60%

The average percentage of carbon is 0.15%, which is denoted by the number (0.15 x 100) or 15. Percentage content
of silicon and manganese is negligible and as such they are deleted from the designation. The significant element is
chromium and its average percentage is 0.65. The multiplying factor for chromium is 4 and (0.65 X 4) is 2.6, which is
rounded to 3. Therefore, the complete designation of steel is 15Cr3.

High alloy steels

The term ‘high alloy steels’ is used for alloy steels containing more than 10% of alloying elements. The designation of
high alloy steels consists of following quantities in the given order:
(i) Letter ‘X’;
(ii)) Number indicating 100 times the average percentage of carbon;
(iii) Chemical symbol for alloying elements each followed by the number for its average percentage content
rounded off to nearest integer, and

(iv) Chemical symbol to indicate specifically added element to attain desired properties, if any.
For example, X15Cr25Nil2 is high alloy steel with 0.15% carbon, 25% chromium and 12% nickel. As a second
example, consider a steel with the following chemical composition:

Carbon = 0.15 to 0.25%

Silicon = 0.10 to 0.50%
Manganese = 0.30 to 0.50%

Nickel = 1.5 t0 2.5%
Chromium = 16 to 20%

The average content of carbon is 0.20% which is denoted by a number (0.20 X 100) or 20. The major alloying elements
are chromium (average 18%) and nickel (average 2%). Hence, the designation of steel is X20Cr18Ni2.

Table 2.34 Chemical composition of alloy steels (in percent)

Designation C Si Mn Ni Cr Mo
20C15 0.16-0.24 0.10-0.35 1.3-1.7 — — —
27C15 0.22-0.32 0.10-0.35 1.3-1.7 — — —
37C15 0.32-0.42 0.10-0.35 1.3-1.7 — — —
35Mn6Mo3 0.3-0.4 0.10-0.35 1.3-1.8 — — 0.20-0.35
35Mn6Mo4 0.3-0.4 0.10-0.35 1.3-1.8 — — 0.35-0.55
40Cr4 0.35-0.45 0.10-0.35 0.6-0.9 — 0.90-1.2 —
42Crd4Mo2 0.38-0.45 0.10-0.35 0.6-0.9 — 0.90-1.2 0.15-0.30
15Cr13Mo6 0.1-0.2 0.15-0.35 0.4-0.7 0.3 max. 2.9-3.4 0.45-0.65
(Contd.)
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25Cr13Mob6 0.2-0.3 0.10-0.35 0.4-0.7 0.3 max. 2.9-3.4 0.45-0.65
40Cr13Mol0V2(*) 0.35-0.45 0.10-0.35 0.4-0.7 0.3 max. 3.0-35 0.90-1.1
42Cr6V1(**) 0.38-0.46 0.10-0.35 0.5-0.8 — 1.4-1.7 —
40Cr7A110Mo2 (***) | 0.35-0.45 0.10-0.45 0.4-0.7 0.30 max. 1.5-1.8 0.10-0.25
40Nil14 0.35-0.45 0.10-0.35 0.5-0.8 3.2-3.6 0.30 max. —
35Ni5Cr2 0.3-0.4 0.10-0.35 0.6-0.9 1.0-1.5 0.45-0.75 —
30Ni16Cr5 0.26-0.34 0.10-0.35 0.4-0.7 3943 1.1-14 —
40Ni6Cr4Mo2 0.35-0.45 0.10-0.35 0.4-0.7 1.2-1.6 0.90-1.3 0.1-0.2
40Ni6Cr4Mo3 0.35-0.45 0.10-0.35 0.4-0.7 1.25-1.75 0.90-1.3 0.20-0.35
31INi10Cr3Mo6 0.27-0.35 0.10-0.35 0.4-0.7 2.25-2.75 0.5-0.8 0.4-0.7
40Ni10Cr3Mo6 0.36-0.44 0.10-0.35 0.4-0.7 2.25-2.75 0.5-0.8 0.4-0.7

Note: (*) Vanadium = 0.15-0.25 Percent; (**) Vanadium = 0.07-0.12 Percent;
(***) Aluminium = 0.90—1.30 Percent.

Table 2.35 Mechanical properties of alloy steels (for plates, sections, bars, billets and forgings
in hot-rolled or normalised condition)

Designation Tensile strength 0.2 percent Proof stress Elongation Min. Limiting ruling
(MPa or N/mm?) Min. (MPa or N/mm?) (Percent) section (mm)

11C15 460-560 270 26 100
430-530 250 26 100-150

20C15 540-640 350 20 15
540-640 320 20 30
510-610 310 20 63
510-610 290 20 100
490-590 280 20 100-150

27C15 570-670 350 20 30
570-670 340 20 45
570-670 320 20 63
540-640 300 20 100
540-640 290 20 100-150

Table 2.36

Mechanical properties of alloy steels (for cold drawn 1.5% manganese steel bars)

Designation Tensile strength Elongation Min. (Per- Limiting ruling section
(MPa or N/mm?) cent) (mm)
20C15 790 8 20
740 10 20-40
690 12 40-63
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Table 2.37 Mechanical properties of alloy steels (for bars and forgings in hardened and
tempered condition — oil hardened)
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Designation Tensile 0.2 percent Elongation | Izod Impact Brinell Limiting
strength Proof stress Min. value Min. Hardness ruling
(MPa or Min. (MPa (Percent) (J or N-m) (HB) section
N/mm?) or N/mm?) (mm)
20C15 590-740 390 18 48 170217 63
690-840 450 16 48 201-248 30
27C15 590-740 390 18 48 170-217 100
690-840 450 16 48 201-248 63
37C15 590-740 390 18 48 170-217 150
690-840 490 18 48 201-248 100
790-940 550 16 48 229-277 30
890-1040 650 15 41 255-311 15
35Mn6Mo3 690-840 490 14 55 201-248 150
790-940 550 12 50 229-277 100
890-1040 650 12 50 255-311 63
990-1140 750 10 48 285-341 30
35Mn6Mo4 790-940 550 16 55 229-277 150
890-1040 650 15 55 255-311 100
990-1140 750 13 48 285-341 63
40Cr4 690-840 490 14 55 201-248 100
790-940 550 12 50 229-277 63
890-1040 650 11 50 255-311 30
40Cr4Mo2 700-850 490 13 55 201-248 150
800-950 550 12 50 229277 100
900-1050 650 11 50 255-311 63
1000-1150 750 10 48 285-341 30
15Cr13Mo6 690-840 490 14 55 201-248 150
and 790-940 550 12 50 229-277 150
25Cr13Mo6 890-1040 650 11 50 225-311 150
990-1140 750 10 48 285-341 150
1090-1240 830 9 41 311-363 100
1540 min. 1240 8 14 444 min. 63
40Cr13Mol0V2 1340 min. 1050 8 21 363 min. 63
1540 min. 1240 8 14 444 min. 30
42Cr6V1 880-1030 690 12 68 265-310 100
980-1180 780 11 58 295-350 30
1080-1280 880 10 49 320-380 15
40Cr7A110Mo2 690-840 490 18 55 201-248 150
790-940 550 16 55 229277 100
890-1040 650 15 48 255-311 63
40Nil4 790-940 550 16 55 229-277 100
890-1040 650 15 55 255-311 63
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35Ni5Cr2 690-840 490 14 55 201-248 150
790-940 550 12 50 229-277 100
890-1040 650 10 50 255-311 63(*)
30Ni16Cr5 1540 min. 1240 8 14 444 min. 150
40Ni6Cr4Mo2 790-940 550 16 55 229-277 150
890-1040 650 15 55 255-311 100
990-1140 750 13 48 285-341 63
1090-1240 830 11 41 311-363 30
40Ni6Cr4Mo3 790-940 550 16 55 229-277 150
890-1040 650 15 55 255-311 150
990-1140 750 13 48 285-341 100
1090-1240 830 11 41 311-363 63
1190-1340 930 10 30 341-401 30
1540 min. 1240 6 11 444 min. 30
31Ni10Cr3Mo6 890-1040 650 15 55 255-311 150
990-1140 750 12 48 285-341 150
1090-1240 830 11 41 311-363 100
1190-1340 930 10 35 341-401 63
1540 min. 1240 8 14 444 min. 63
40Ni10Cr3Mo6 990-1140 750 12 48 285-341 150
1090-1240 830 11 41 311-363 150
1190-1340 930 10 35 341-401 150
1540 min. 1240 8 14 444 min. 100

Note: (*) air hardening.

Table 2.38 Mechanical properties of alloy steels (for wear resisting steel in hardened and tem-

pered condition)

Designation Tensile 0.2 percent Proof | Elongation | Izod Impact Brinell Limiting
strength (MPa | stress Min. (MPa Min. value Min. Hardness ruling
or N/mm?) or N/mm?) (Percent) (J or N-m) (HB) section (mm)
55Cr3 890-1040 650 12 35 255-311 63
990-1140 730 10 17 285-341 63
Table 2.39 Applications of alloy steels

Designation Applications

20C15 and 27C15 | General-purpose steel for low stressed components.

37C15 Low stressed parts, automobile tubes and fasteners.

35Mn6Mo3 General engineering components such as crankshafts, bolts, wheel studs, axle shafts, levers, and

and connecting rods.

35Mn6Mo4
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40Cr4 Gears, connecting rods, stub axles, steering arms, wear-resistant plates for earth moving and
concrete handling machinery.

40Cr4Mo2 Axle shafts, crankshafts, connecting rods, gears, high tensile bolts and propeller shaft joints.

15Cr13Mo6 Components subjected to medium to high tensile stresses. In nitrided condition, the steel is used

and for crankshafts, cylinder liners for aero and automobile engines and machine parts requiring

25Cr13Mo6 high surface hardness and wear resistance.

40Cr13Mo10V2 Highly stressed components. In nitrided condition, the steel is used for components subjected to
heavy stress and severe wear.

42Cr6V1 Laminated, coil and volute springs.

40Cr7A110Mo2 Used for components requiring maximum surface hardness of a nitrided case combined with a
fairly high core strength.

40Nil4 Components requiring excessively high toughness, heavy forgings, turbine blades, severely
stressed screws, bolts and nuts. Used as ‘cold-tough’ steel for components working at low tem-
peratures in refrigerators and compressors.

35Ni5Cr2 Crankshafts, connecting rods, gear shafts, chain parts, clutches, flexible shafts and camshafts.

30Nil16Cr5 Highly stressed gears subjected to stresses of the order of 1600 MPa and where minimum distor-
tion in heat treatment is required.

40Ni6Cr4Mo2 High strength machine parts, collets, spindles, screws, high tensile bolts and studs, gears, pin-
ions, axle shafts, tappets, crankshafts, connecting rods, boring bars and arbours.

40Ni6Cr4Mo3 Heavy duty gears and transmission components for heavy vehicles.

31Nil10Cr3Mo6 Highly stressed bolts and studs, shafts, crankshafts, connecting rods, gears, axles and mandrel
bars.

40Ni10Cr3Mo6 Highly stressed gears, connecting rods, crankshafts, axles, die blocks and mandrel bars. Also
used for components working at low temperature.

Table 2.40 American and British systems of designation of carbon and alloy steels

SAE and AISI systems

The numbering system for carbon and alloy steels is prescribed by Society of Automotive Engineers (SAE) of USA
and American Iron and Steel Institute (AISI). It is based on chemical composition of the steel. The number is com-
posed of four or five digits. The first two digits indicate the type or alloy classification. The last two or three digits
give the carbon content. Since carbon is the most important element in steel affecting the strength and hardness,
it is given proper weightage in this numbering system. The basic numbers for various types of steel are given in
Table 2.41. For example, plain carbon steel has 1 and 0 as its first two digits. Thus, steel designated as 1045 indicates
plain carbon steel with 0.45% carbon. Similarly, a nickel-chromium steel with 1.25% Ni, 0.60% Cr and 0.40% carbon
is specified as SAE 3140.

The AISI number for steel is same as SAE number. In addition, there is a capital letter A, B, C, D or E that is prefixed
to the number. These capital letters indicate the manufacturing process of steel. The meaning of these letters is as follows:
— Basic open-hearth alloy steel
— Acid Bessemer carbon steel
Basic open-hearth carbon steel
— Acid open-hearth carbon steel
— Electric furnace alloy steel

WO QW >
|
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British system

The British system designates steel in a series of numbers known as ‘En’ series. The En number of steel has no cor-
relation either with the chemical composition such as carbon content and types of alloying element or mechanical
properties such as ultimate tensile strength. For example, the number 3 in En3 steel has no relationship with carbon
content, alloying element or strength of steel.

Table 2.41 Basic numbering system of SAE and AISI steels

Material SAE or AISI Number
Carbon steels 1xxx
e plain carbon 10xx
e free-cutting, screw stock 11xx
Chromium steels 5XXX
e low chromium 51xx
e medium chromium 52xXxX
e corrosion and heat resisting 51xxx
Chromium-nickel-molybdenum steels 86xx
Chromium-nickel-molybdenum steels 87xx
Chromium-vanadium steels 6XXX
1.00% Cr 61xx
Manganese steels 13xx
Molybdenum steels 4xxXx
e carbon-molybdenum 40xx
e chromium-molybdenum 41xx
e chromium-nickel-molybdenum 43xx
e nickel-molybdenum; 1.75% Ni 46xx
e nickel-molybdenum; 3.50% Ni 48xx
Nickel-chromium steels 3xxx
e 1.25% Ni, 0.60% Cr 31xx
e 1.75% Ni, 1.00% Cr 32xx
® 3.50% Ni, 1.50% Cr 33xx
Silicon-manganese steels 9xxX
2.00% Si 92xx
Nickel steels 2XXX
® 3.5%Ni 23xx
® 5.0% Ni 25xx
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Table 2.42 Overseas equivalent designations of steels

BIS designation En Number SAE | AISI DIN
Plain carbon steels
7C4 2A 1010 C 1010 17210
10C4 32A 1012 c 1012 17155
30C8 5 1030 C 1030 —
45C8 43B 1045 C 1045 17200
50C4 43A 1049, 1050 C 1049, C 1050 —
55C8 43J], 9K 1055 C 1055 —
60C4 43D 1060 C 1060 17200
65C6 42B 1064 C 1064 17222
Free cutting steels
10C8S10 — 1109 C 1109 —
14C14S14 7A, 202 1117, 1118 C1117,C 1118 —
25C12814 7 1126 C 1126 —
40C10S18 8M 1140 C 1140 —
40C15S12 15AM 1137 C 1137 —
Alloy steels
40Cr4 18 5135 5135 —
40Nil4 22 2340 2340 —
35Ni5Cr2 111 3140 3140 1662
30Nil6Cr5 30A — — —
40Ni6Cr4Mo2 110 4340 4340 17200
27C15 14B 1036 C 1036 17200
37C15 15, 15A 1041, 1036 C 1041, C 1036 17200
50Cr4v2 47 6150 6150 17221

Note: The above equivalents are tentative for the use of students. Detail comparison based on chemical composition
should be carried out for correct equivalence.
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2.12 STAINLESS AND HEAT-RESISTING STEELS

Table 2.43 Mechanical properties of stainless and heat-resisting steels (for bars and flats in an-
nealed, quenched or solution treated condition)

Designation Tensile 0.2 percent Elongation in Reduction of Brinell
strength Proof stress 50 mm area Hardness
Min. Min. Min. Min. Max.
(MPa or (MPa or (Percent) (Percent) (HB)
N/mm?) N/mm?)

Chromium-Nickel steels

X02CrI9Nil0 483 172 40 50 —
X04Cr19Ni9 517 207 40 50 —
X10Cr18Ni9 517 207 40 50 —
X04Cr18Nil0Ti 517 207 40 50 —
X04Cr18NilONb 517 207 40 50 —
X04Cr17Nil12Mo2 517 207 40 50 —
X02Cr17Nil2Mo2 483 172 40 50 —
X04Cr17Nil12Mo2Ti 517 207 40 50 —
X04Cr19Nil3Mo3 517 207 40 50 —
X15Cr24Nil3 490 210 40 50 —
X20Cr25Ni20 490 210 40 50 —
X04Cr25Ni20 517 207 40 50 —
X10Cr17Mn6Ni4 515 275 40 45 217
X40Ni14Cr14W3Si2 785 345 35 40 269

Chromium steels

X04Cr12 445 276 20 45 —
X12Cr12 483 276 20 45 —
X07Cr17 483 276 20 45 —
X20Crl13 — — — — 241
X30Crl13 — — — 241
X40Crl13 600-750 — — — 225
X15Cr16Ni2 — — — — 285
X108Cr17Mo — — — 269
X15Cr25N 490 280 16 45 212
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Table 2.44 Mechanical properties of stainless and heat-resisting steels (for sheets, plates, strips,
bars and flats in hardened and tempered condition)

Designation 0.2 percent Proof stress Tensile strength Elongation
Min. (MPa or N/mm?) (MPa or N/mm?) Min. (Percent)
X12Cr12 410 590-780 16
X20Crl13 490 690-880 14
X30Crl13 590 780-980 11
X15Cr16Ni2 640 830-1030 10

Table 2.45 Applications of stainless and heat-resisting steels

Designation Applications

X20Cr13 Machine parts and springs.

X30Cr13 Structural parts with high strength and kitchen utensils.

X07Crl17 Decorative trim, oil-burner rings, cold headed fasteners, nitric acid storage tanks, nitro-
gen fixation equipment and annealing boxes.

X04Cr19Ni9 Chemical handling equipment, textile dyeing equipment, door bars, kitchen ware and
coffee urns.

X04Cr18Nil0Ti Aircraft engine exhaust manifolds, boiler shells, expansion joints, and high temperature

and chemical equipment.

X04Cr18NilONb

X04Cr17Nil2Mo2 High temperature chemical equipment for rayon, rubber and marine industries, photo-

and graphic developing equipment, pulp handling equipment, steam jacketed kettles, coke

X04Cr17Nil12Mo2Ti plant equipment, food processing equipment, and edible oil-storage tanks.

X20Cr25Ni20 Heat exchangers, furnace doors, retorts, annealing boxes, gas turbine and aircraft engine
exhaust systems, furnace conveyor belts, and hydrogenation equipment.

X40Ni14Cr14W3Si2 Inlet and exhaust valves of aeroengines.

2.13 CAST ALUMINIUM ALLOYS

Table 2.46 System of designation of aluminium alloys

follows:
Aluminium
Copper
Manganese
Silicon

Aluminium alloys are designated by a particular numbering system. The numbers given to alloying elements are as

— 1 Magnesium — 5
— 2 Magnesium silicide =~ — 6
— 3 Zinc — 7
— 4 Other elements — 8

(Contd.)
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Cast aluminium alloys are specified by a ‘four digit’ system while wrought alloys by a ‘five digit’ system. The meaning
of these digits is as follows:
First digit: It identifies the major alloying element.
Second digit: It identifies the average percentage of the major alloying element halved and rounded off.
Third, fourth and fifth digit: They identify the minor alloying elements in order of their decreasing percentage.
For example, consider an aluminium alloy casting with 9.8% Cu, 1.0% Fe and 0.25% Mg.

First digit : identification of copper 12
Second digit: (9.8/2=4.9 or 5) 5
Third digit: identification of iron : 8
Fourth digit: identification of magnesium :5

Complete designation = 2585

Table 2.47 Temper designations of aluminium and its alloys

Designation | Meaning of temper designation
M As manufactured (applicable to cast products only).
F As fabricated (applicable to wrought products only).
O Annealed (applicable to wrought products only).
H (*) Strain hardened (applicable to wrought products only).
H1 Strain-hardened.
H2 Strain-hardened and partially annealed.
H3 Strain-hardened and stabilized.
T (*¥%) Thermally treated.
T1 Cooled from an elevated temperature shaping process and naturally aged to a substantially stable condition.
T2 Cooled from an elevated temperature shaping process, cold worked and naturally aged to a substan-
tially stable condition.
T3 Solution heat-treated, cold worked and naturally aged to a substantially stable condition.
T4 Solution heat-treated and naturally aged to a substantially stable condition.
TS Cooled from an elevated temperature shaping process and then artificially aged.
T6 Solution heat-treated and then artificially aged.
T7 Solution heat-treated and stabilised.
T8 Solution heat-treated, cold worked and then artificially aged.
T9 Solution heat-treated, artificially aged and then cold worked.
T10 Cooled from an elevated temperature shaping process, cold worked and artificially aged.

Note: (*) Symbol H is always followed by one or more digits, according to basic operation and final degree of strain

hardening.

(**) Symbol T is always followed by one or more digits. Numerals 1 through 10 indicate specific sequence of basic

treatments.
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Table 2.49 Mechanical properties of cast aluminium and its alloys

Designation Condition Tensile strength Min. (MPa or N/mm?) Elongation Min. (Percent)
Sand cast Chill cast Sand cast Chill cast
1900 M — — — —
1950 M — — — —
2280 T4 215 265 7 13
T6 275 310 4 9
2285 T6 215 280 — —
2550 M — 170 — —
4223 M 140 160 2 2
T6 225 280 — —
4223A T4 — 245 — 8
4225 T4 175 230 2 3
T6 230 280 — —
4300 M 120 140 3 4
4323 M 160 175 1 1
4420 M — 180 — 1.5
4423 M 140 160 2
4450 M 135 160 2 3
T5 160 190 1 2
T7 160 225 2.5 5
T6 225 275 — —
4520 M 125 150 — —
4525 TS — 210 — —
4528 M 150 220 1 1.5
T5 140 200 1.5 3
T6 — 320 — 2
4600 M 165 190 5 7
4600A M 165 190 5 5
4628 M — 270 — 1.5
4635 M — 190 — 3
T5 170 230 1.5 2
T6 240 295 — —
4652 T5 — 210 — —
T6 140 200 — —
T7 175 280 — —
5230 M 140 170 3 5
5500 T4 275 310 8 12

Note: Sand castings are made in dry sand moulds while chill castings are produced from metallic moulds or dies.
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Table 2.50 Applications of cast aluminium and its alloys
Designation Applications
of alloy
Sand, gravity die and investment casting alloys

Alloy 4223 These are the most versatile alloys with medium strength and good casting characteristics, suitable

and 4423 for general engineering applications, household fittings, office equipment, automobile parts, elec-
trical tools and switchgear. These alloys can be cast in thin or thick sections. They are suitable for
pressure tight castings.

Alloy 4450 This alloy is used for components requiring high mechanical strength and high resistance to wear
such as cylinder blocks and cylinder heads in internal combustion engines. High proof strength,
greater hardness, pressure tightness and dimensional stability on temperature variation are the im-
portant characteristics of this alloy. It is used for valve bodies, large fan blades and pneumatic tools.

Alloy 4528 This is a new alloy used in automobile industries because of good castability and low shrinkage. It
can be used as cast as well as heat-treated condition.

Alloy 4600 Excellent castability and fluidity permits this alloy to be used in case of intricate and thin walled
castings, water cooled manifolds, instrument cases, switch boxes, motor housings, and castings for
marine applications, pumps, chemical and dye industries.

Alloy 4600A | The applications of this alloy are similar to those of alloy 4600. However, this alloy should not be
used where high resistance to corrosion is required.

Pressure die casting alloys

Alloy 4420 This alloy has a high mechanical strength, greater hardness and better machinability than alloys 4520
and 4600. The casting characteristics are very good.

Alloy 4520 Most of the pressure die castings requiring medium strength are produced from this alloy. This alloy
is preferred for very thin walled castings. It has greater mechanical strength, hardness and machin-
ability than alloy 4600.

Alloy 4600 This alloy is recommended for those castings for which the service operating conditions require
a resistance to corrosion better than that offered by alloy 4420 or 4520.This alloy is most suitable
for applications like direct contact with chemicals, foodstuffs and sea water. The ideal fluidity and
freedom from hot-tearing of this alloy facilitates the production of complex castings of large surface
area and their walls.

Alloy 4600A The applications of this alloy are similar to those of alloy 4600. However, this alloy should not be
used where high resistance to corrosion is required.

Alloy 4628 This alloy is widely used in automobile industries where high volume production die castings having

thin walls are required. It has good castability, corrosion resistance, pressure tightness, low shrinkage
and weldability. However, it has poor machinability.

Special application alloys

Alloys 1950

These alloys have high electrical conductivity. They are used in fittings required for electrical trans-

and 1900 mission. They are also suitable for food and chemical industries. However, they have poor castability
due to high shrinkage and hot tearing.

Alloy 2280 This alloy possesses high strength and good ductility in fully heat-treated condition. It is used for
reciprocating parts of engines, flywheel housing and propellers, artificial limbs and moulding boxes.

Alloy 2285 This alloy is known as ‘Y’ alloy and possesses good mechanical strength at elevated temperatures. It
is used for pistons and cylinder heads.

Alloy 2550 This alloy is specifically suitable for castings in hydraulic equipment.

(Contd.)
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Alloy 4223A

This alloy possesses high strength and shock resistance. It is used for structural components and cast-
ings for heavy duty service in road transport vehicles.

Alloy 4225

This alloy has greater strength and hardness, which is maintained at temperatures up to 200°C.
It is good for pressure tightness.

Alloy 4300

It has good resistance to chemical and atmospheric corrosion. It is widely used for electrical house-
hold appliances such as steam irons, waffle irons, electric floor polishers and vacuum cleaners.

Alloy 4323

This alloy is specifically suitable for castings required to have a combination of high proof strength
and hardness, good machinability and castability. It gets aged at room temperature. It is used for
heavy duty automotive parts.

Alloy 4525

This alloy possesses good strength at elevated temperatures and low coefficient of expansion. It is
used for low pressure die-castings such as scooter components.

Alloy 4635

This alloy has fluidity and corrosion resistance of alloy 4300 with higher mechanical strength and
hardness. It is used for low pressure die castings such as scooter components.

Alloy 4652

This alloy has low thermal expansion and good strength at elevated temperatures. It is used for pis-
tons of internal combustion engines.

Alloy 5230

This alloy has excellent corrosion resistance and surface finish. It is used for castings of marine, food
processing and decorative applications. It is most suitable for decorative anodising. It is used for
window and ornamental hardware.

Alloy 5500

This alloy has highest tensile strength, good shock resistance, excellent corrosion resistance and
machinability. It is used for highly stressed castings in marine and mining equipments. However, this
alloy is susceptible to stress corrosion at high temperatures and requires special foundry techniques.

2.14 WROUGHT ALUMINIUM ALLOYS

Table 2.51 Chemical composition of wrought aluminium and its alloys for general engineering
purposes (for bars, rods and extruded sections)

Desig- Alu- Copper | Magne- | Silicon Iron Manga- Zinc Tita- Chro-
nation minium sium nese nium mium
19000 99 min. 0.1 — 0.5 0.6 0.1 — — —
19500 | 99.5 min. 0.05 — 0.3 0.4 0.05 — — —
19600 | 99.6 min. 0.05 — 0.25 0.35 0.03 — — —
24345 R 3.8-5 0.2-0.8 0.5-1.2 0.7 0.3-1.2 0.2 0.3 0.3
24534 R 3.54.7 0.4-1.2 0.2-0.7 0.7 0.4-1.2 0.2 0.3 —
43000 R 0.1 0.2 4.5-6 0.6 0.5 0.2 — —
46000 R 0.1 0.2 10-13 0.6 0.5 0.2 — —
52000 R 0.1 1.7-2.6 0.6 0.5 0.5 0.2 0.2 0.25
53000 R 0.1 2.8-4 0.6 0.5 0.5 0.2 0.2 0.25
54300 R 0.1 4-4.9 0.4 0.7 0.5—1 0.2 0.2 0.25
63400 R 0.1 0.4-0.9 0.3-0.7 0.6 0.3 0.2 0.2 0.1
(Contd.)
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64423 R 0.5-1 0.5-1.3 0.7-13 0.8 1 — — —
64430 R 0.1 0.4-1.2 0.6-1.3 0.6 0.4-1 0.1 0.2 0.25
65032 R 0.15-04 | 0.7-12 | 0.4-0.8 0.7 0.2-0.8 0.2 0.2 0.15-0.35
74530 R 0.2 1-1.5 0.4 0.7 0.2-0.7 4-5 0.2 0.2
76528 R 1.2-2 2.1-2.9 0.5 0.7 0.3 5.1-6.1 0.2 0.2-0.28

(R = remainder)

Table 2.52 Mechanical properties of wrought aluminium and its alloys for general engineering
purposes (for bars, rods and extruded sections)
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Designa- Condi- Size (diameter or 0.2 percent Proof Tensile strength Elonga-
tion tion minor cross-sectional stress (MPa or N/mm?) tion Min.
dimension) (mm) (MPa or N/mm?) (Percent)
over up to Min. Max. Min. Max.
19000 M (%) — — 20 — 65 — 18
o — — — — — 110 25
19500 M — — 18 — 65 — 23
(¢ — — — — — 100 25
19600 M — — 17 — 65 — 23
o — — — — — 95 25
24345 M — — 90 — 150 — 12
o — — — 175 — 240 12
w — 10 225 — 375 — 10
10 75 235 — 385 — 10
75 150 235 — 385 — 8
150 200 225 — 375 — 8
WP — 10 375 — 430 — 6
10 25 400 — 460 — 6
25 75 420 — 480 — 6
75 150 405 — 460 — 6
150 200 380 — 430 — 6
24534 M — — 90 — 150 — 12
¢ — — — 175 — 240 12
w — 10 220 — 375 — 10
10 75 235 — 385 — 10
75 150 235 — 385 — 8
150 200 225 — 375 — 8
43000 M — 15 — — 90 — 18
¢} — 15 — — — 130 18
46000 M — 15 — — 100 — 10
o — 15 — — — 150 12
52000 M — 150 70 — 160 — 14
o — 150 — — 240 18
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53000 M — 50 100 — 215 — 14
50 150 100 — 200 — 14

o) — 150 — — — 260 16

54300 M — 150 130 — 265 — 11
0 — 150 125 — — 350 13

63400 M — — — — 110 — 13
o) — — — — — 130 18

w — 150 80 — 140 — 14

150 200 80 — 125 — 13

P — 25 110 — 150 — 7

WP — 150 150 — 135 — 7

150 200 130 — 150 — 6

64423 M — — — — 120 — 10
0 — — — 125 — 215 15

w — — 155 — 266 — 13

WP — — 265 — 330 — 7

64430 M — — 80 — 110 — 12
o) — — — — — 150 16

w — 150 120 — 185 — 14

150 200 100 — 170 — 12

WP — 5 255 — 295 — 7

5 75 270 — 310 — 7

75 150 270 — 295 — 7

150 200 240 — 280 — 6

65032 M — — 50 — 110 — 12
0 — — — 115 — 150 16

w — 150 115 — 185 — 14

150 200 100 — 170 — 12

WP — 150 235 — 280 — 7

150 200 200 — 245 — 6

74530 W (*%) — 6 220 — 255 — 9
6 75 230 — 275 — 9

75 150 220 — 265 — 9

WP — 6 245 — 285 — 7

6 75 260 — 310 — 7

75 150 245 — 290 — 7

76528 0 All Sizes — — — 290 10
WP — 6 430 — 500 — 6

6 75 455 — 530 — 6

75 150 430 — 500 — 6

Note: (i) Symbols for condition: M: As manufactured; O: Annealed;

W: Solution treated; WP: Solution and precipitation treated. (ii) (*) Properties of ‘M’ temper are only typical values

and are for information only. (iii) (**) Naturally aged for 30 days.
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Table 2.53 Applications of wrought aluminium and its alloys

Designation Applications
19000 This alloy is used for paneling and moulding, refrigeration tubing, equipment for food, chemical and
brewing industrial packaging, cooking utensils, deep drawn parts and electrical appliances.
19500 These alloys are used for corrosion resistant cladding on stronger alloys, food, chemical and brewing
and and processing equipment, tanks and pipes, marine fittings, reflectors, pressed and anodised utility
19600 items and jewellery.
24345 This alloy is used for heavy duty forgings and high strength structures.
24534 This alloy is used for stressed parts in aircrafts and other structures.
43000 These alloys are used for filler wire for welding.
and
46000
52000 This alloy is used for paneling and structures, sheet metal work, domestic appliances and lining for
bottom of boats.
53000 This alloy is used for ship building, rivets, pressure vessels, processing tanks, cryogenic applications
and welded structures.
54300 This alloy is used for welded structures, cryogenic applications, marine structures, rail and road tank
cars, rivets and missile components.
63400 This alloy is used for architectural applications such as window and door frames, wall facings, parti-
tions and hand rails.
63401 This alloy is used for bus bar applications.
64401 This alloy is used for conductor applications.
64423 This alloy is used where very high strength and good machinability are the main requirements such
as missile components.
64430 These alloys are used for structural applications in vehicles and cargo containers, milk containers,
and bridges, cranes, roof trusses, rivets, deep drawn containers and flooring.
65032
74530 This alloy is used for structural applications requiring welding such as bridges, pressure vessels and
rail coaches.
76528 This alloy is used for stressed structural applications working at low temperatures.
Table 2.54 Mechanical properties of wrought aluminium and aluminium alloy rivet stock for

general engineering purposes

Designation Condition Diameter of rod Tensile strength
(mm) Min. (MPa or N/mm?)
19000 H2 0-12 110
24345 w 0-12 390
53000 OorM 0-25 215
0] 0-25 245
55000 OorM 0-25 245
0) 0-25 280
(Contd.)
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64430

=

0-25 200

65032

w 0-25 185

Note: Symbols for Condition = M: As manufactured; O: Annealed; W: Solution treated; H2: Strain-hardened and

annealed

Table 2.55 Applications of wrought aluminium and aluminium alloy rivet stock

Designation Applications

19000 Rivets used in equipments for food, chemical, brewing and processing, cooking utensils, architec-
tural and builder’s hardware and in aircraft manufacture.

24345 Rivets used in highly stressed structures and aircraft structures.

53000 Rivets used in ship building, pressure vessels and other processing tanks and aircraft manufacture.

55000 Rivets used in ship building, aircraft manufacture and other applications requiring moderately
high strength and good corrosion resistance.

64430 Rivets used in structures of all kinds, such as road and rail transport vehicles, bridges, cranes, roof
trusses, cargo container and flooring.

65032 Rivets used in structures of all kinds, such as road and rail transport vehicles, bridges, cranes, roof
trusses, cargo container, milk containers, deep drawn containers and flooring.

2.15 ALUMINIUM ALLOYS FOR BEARINGS

Table 2.56 Properties of aluminium alloy castings for bearings (at 27°C)

Designation Condition Rockwell Hardness Min. (H)
8482 Aged 102
8328 Aged 85

Note: (i) Alloy 8482 is aged at 210°C for 10 h.
(ii) Alloy 8328 is aged at 227°C for 7 h.

Table 2.57 Properties of wrought aluminium alloy strip for bearings

Designation Condition Rockwell Hardness Tensile strength Min. Elongation
Min. (H) (MPa or N/mm?) Min. (Percent)
83428 Cold reduction (*) 99 220 7
As rolled and Annealed 67 145 29
89200 As Manufactured — 190 10

Note: (*) Typical cold reduction of 28% is given to attain the properties.
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2.16 FREE CUTTING LEADED BRASS

Table 2.58 Chemical composition of free-cutting leaded Brass bars, rods and sections

. Percent
Constituent Grade 1 Grade 2 Grade 3
Copper 56-59 60-63 60-63
Lead 2-3.5 2.5-3.7 0.5-1.5
Iron (max.) 0.35 0.35 0.2
Impurities (max.) 0.7 0.5 0.5
Zinc Remainder Remainder Remainder

Table 2.59 Mechanical properties of free-cutting leaded brass bars, rods and sections

Condition Size Tensile strength Min. Elongation Min.
(MPa or N/mm?) (Percent)
Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3

Annealed (O) 6-25 345 355 315 12 15 22
25-50 315 305 285 17 20 27

over 50 285 275 255 22 25 32

Half Hard (HB) 6-12 405 395 355 4 7 8
12-25 395 385 345 6 10 12

25-50 355 345 305 12 15 22

over 50 325 315 285 17 20 27

Hard (HD) 6-12 550 500 460 - - -
12-25 490 485 400 4 4 4

Table 2.60 Chemical composition of leaded brass ingots and castings

Percent

Constituent Grade LCB 1 Grade LCB 2

Ingots Castings Ingots Castings
Copper plus incidental nickel 70-77 70-80 63-67 63-79
Lead 2-5 2-5 1-3 1-3
Tin 1-3 1-3 1.5 max. 1.5 max.
Iron (max.) 0.5 0.75 0.5 0.75
Aluminium (max.) 0.01 0.01 0.01 0.01
Zinc Remainder Remainder Remainder Remainder

Note: (i) The castings of grades LCB 1 and LCB 2 have tensile strength of about 180 MPa and about 12 percent
elongation.

(i1) Sand castings of grades LCB 1 and LCB 2 are used for small size valves, cocks, plumbing fittings and other
general engineering applications.
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2.17 ALUMINIUM BRONZE

Table 2.61 Chemical composition of aluminium bronze rods and bars

Constituent Grade

CuAl8Fe3 CuAll0Fe3 CuAll10Fe5Ni5
Aluminium 6.5-8 8.5-10 8.5-11
Iron 2-3.5 4.0 max. 4-6
Nickel 0.5 max. (iron + nickel) 4-6
Manganese (max.) 0.5 0.5 0.05
Copper Remainder Remainder Remainder
Tin (max.) 0.1 0.1 0.1
Lead (max.) 0.05 0.05 0.05
Zinc (max.) 0.4 0.4 0.4
Silicon (max.) 0.15 0.1 0.1
Magnesium (max.) 0.05 0.05 0.05
Total impurities (max.) 0.5 0.5 0.5

Table 2.62 Mechanical properties of aluminium bronze rods and bars

Designation Section-thickness Condition Tensile 0.2 percent Elongation
(mm) strength Proof stress Min.
Over Up to and Min. Min. (Percent)
including (MPa or (MPa or
N/mm?) N/mm?)
CuAl8Fe3 — 6 Annealed 460 190 30
6 70 As manufactured 520 220 30
70 — o 460 190 30
CuAll0Fe3 — 6 o 520 215 22
CuAll0Fe5NiS 6 70 o 700 400 12
70 120 o 700 350 14
120 — o 650 320 12

Table 2.63 Applications of aluminium bronze rods and bars

Designation Applications

CuAl8Fe3 The material of this grade has good strength combined with corrosion resistance. Iron content
increases strength and refines grain. It is used for structural components, machine parts, nuts, bolts
and threaded components.

CuAll10Fe3 The material of this grade is used for corrosion resistant parts, marine hardware and heat applica-
tion.

CuAl10Fe5Ni5 The material of this grade is especially adopted to hot rolled rods, bars and forgings. It is used in
marine shipping applications.
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Table 2.64 Chemical composition of aluminium bronze ingots and castings

Constituent AB1 AB2
Aluminium 8.5-10.5 8.8-10.0
Iron 1.5-3.5 4.0-5.5
Manganese 1 max. 1.5 max.
Nickel 1 max. 4.0-5.5
Zinc 0.5 max. 0.5 max.
Tin 0.1 max. 0.1 max.
Lead 0.05 max. 0.05 max.
Silicon 0.25 max. 0.10 max.
Magnesium 0.05 max. 0.05 max.
Copper Remainder Remainder
Table 2.65 Mechanical properties of aluminium bronze ingots and castings
Method of Property AB 1 AB 2
casting
Sand cast Ultimate tensile strength min. (MPa or N/mm?) 500 640
0.2 percent permanent set stress Min. (MPa or N/mm?) 170 250
Elongation min. (Percent) 18 13
Chill cast Ultimate tensile strength min. (MPa or N/mm?) 540 650
0.2 percent Permanent set stress min. (MPa or N/mm?) 200 250
Elongation min. (Percent) 18 13
2.18 ALUMINIUM SILICON BRONZE
Table 2.66 Mechanical properties of aluminium silicon bronze rods and bars
Diameter of Condition Yield strength Tensile strength Elongation
cross-section Min. Min. Min.
(mm) (MPa or N/mm?) (MPa or N/mm?) (Percent)
6-10 As manufactured 310 620 9
10-25 o 310 585 12
25-50 o 290 550 12
50-75 o 240 515 15
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2.19 PHOSPHOR BRONZE

Table 2.67 Mechanical properties of phosphor bronze rods and bars

Thickness of Cross Condition 0.2 percent Proof stress Tensile strength Elongation
section (mm) Min. (MPa or N/mm?) Min. (MPa or N/mm?) | Min. (Percent)
6-18 As manufactured 410 500 12
18-38 o 380 460 12
38-70 o 315 380 16
70-100 »o” 235 315 20
100-120 o 118 275 22
Over 120 ”o” 80 255 25
Table 2.68 Chemical composition of phosphor bronze ingots and castings
Constituent Percent
Grade 1 Grade 2 Grade 3 Grade 4
Tin 6-8 10 min. 6.5-8.5 9-11
Phosphorus 0.3-0.5 0.5 min. 0.3 min. 0.15 min.
Lead 0.25 max. 0.25 max. 2-5 0.25 max.
Zinc 0.5 max. 0.05 max. 2 max. 0.05 max.
Silicon 0.02 max. 0.02 max. — —
Iron 0.3 max. 0.1 max. — —
Aluminium 0.01 max. 0.01 max. — —
Antimony 0.1 max. — — —
Nickel 0.7 max. 0.1 max. 1.0 max. 0.25 max.
Total impurities 1.2 max. 0.6 max. 0.5 max. 0.8 max.
Copper Remainder Remainder Remainder Remainder
Table 2.69 Mechanical properties of phosphor bronze ingots and castings
Grade Method of casting Tensile strength Elongation Min.
Min. (MPa or N/mm?) (Percent)
Grade 1 Sand cast 190 3
Chill cast 205 5
Continuously cast 275 8
Grade 2 Sand cast 220 3
Chill cast 310 2
Continuously cast 360 7
Grade 3 Sand cast 190 3
Chill cast 220 2
Continuously cast 270 5
(Contd.)
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Grade 4 Sand cast 230 6
Chill cast 270
Continuously cast 310 9
2.20 TIN BRONZE
Table 2.70 Mechanical properties of tin bronze ingots and castings
Method of casting Tensile strength 0.2 percent Proof stress Elongation Min.
Min. (MPa or N/mm?) Min. (MPa or N/mm?) (Percent)
Sand casting 260 120 13
Chill casting 210 120 3
2.21 SILICON BRONZE
Table 2.71 Mechanical properties of silicon bronze ingots and castings
Tensile strength min. (MPa or N/mm?) 310
Elongation min. (Percent) 20

Note: Silicon bronze castings are used in sewage disposal equipment, chemical process equipment, marine hardware
and anti-corrosive pipe fittings such as valves and pumps. It provides a good substitute for tin and tin-zinc bronzes.

2.22 ZINC DIE-CASTINGS

Table 2.72 Chemical composition of zinc base alloy die-castings
Constituent Percent
Alloy Zn Al 4 Alloy Zn Al 4 Cul
Aluminium 3.8-43 3.8-43
Copper — 0.75-1.25
Magnesium 0.03-0.06 0.03-0.06
Zinc Remainder Remainder
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Table 2.73 Mechanical properties of zinc base alloy die-castings

Property Alloy Original value
(5 weeks after casting)

Tensile strength (MPa or N/mm?) Zn Al4 286

flset;e:in; pr:;zs) 6.3 mm/minute cross Zn Al 4 (S) 273

Zn Al 4 Cul 335

Zn Al 4 Cul (S) 312

Elongation (percent) Zn Al4 15
(on 50.8 mm X 6.35 mm diameter) ZnAl4(S) 17
Zn Al 4 Cul 9

Zn Al 4 Cul (S) 10

Impact strength (J or N-m) Zn Al 4 57
el (s anis o
Zn Al 4 Cul 58

Zn Al4 Cul (S) 60

Brinell Hardness (HB) ZnAl4 83
Zn Al 4 (S) 69

Zn Al 4 Cul 92

Zn Al 4 Cul (S) 83

Note: (i) (S) = stabilised condition.

(i1) Alloy Zn Al 4 is usually selected for engineering applications. It has greater dimensional stability, better response
to stabilizing treatment, and better corrosion resistance than Zn Al 4 Cul. It is also more ductile and retains its impact
strength during prolonged service at 100°C. (iii) Alloy Zn Al 4 Cul is sometimes used on account of its slightly greater
strength and hardness.

Table 2.74 Mechanical and physical properties of zinc base alloy die-castings
(Other than those given in Table 2.73)

Property Zn Al 4 Zn Al 4 Cul
Compressive strength (MPa or N/mm?) 415 600

Modulus of rupture (MPa or N/mm?) 650 720

Shearing strength (MPa or N/mm?) 215 250

Melting point (°C) 387 388
Solidification point (°C) 382 379

Casting contraction accepted mean value (mm/mm) 0.006 0.006

(Contd.)
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Specific heat capacity (J/kg °C) 420 420
Thermal conductivity (W/m °C) at 18°C 113 109
Thermal expansion (um/m/°C) (20°C to 100°C) 27 27
Specific gravity 6.7 6.7

2.23 PLASTICS

Table 2.75 Mechanical properties of plastics

Material Specific gravity Tensile strength Compressive strength
(MPa or N/mm?) (MPa or N/mm?)

Polyamide 1.04-1.14 70 50-90

Low density polythene 0.92-0.94 7-20 —

Acetal 1.41-1.42 55-70 —

Polyurethane 1.21-1.26 35-60 25-80

Teflon 2.14-2.20 10-25 10-12

Phenolic 1.30-1.90 30-70 —

Table 2.76  Applications of plastics
Material Application

Polyamide (Nylon, Polyamide is a thermoplastic material. It has excellent toughness and wear resistance.

Capron Nylon, Zytel, The coefficient of friction is low. It is used for gears, bearings, conveyor rollers and

Fosta) automotive cooling fans.

Low density It is a thermoplastic material. It is flexible and tough, light in weight, easy to process

Polyethylene (Polythene) and a low-cost material. It is used for gaskets, washers and pipes.

Acetal (Delrin) It is a thermoplastic material and a strong engineering material with exceptional di-
mensional stability. It has low coefficient of friction and high wear resistance. It is used
for self-lubricating bearings, cams and running gears.

Polyurethane (Duthane, It is a thermoplastic material and a tough, abrasion-resistant and impact-resistant mate-

Texin) rial. It has good dimensional properties and self-lubricating characteristics. It is used
for bearings, gears, gaskets and seals.

Polytetrafluoroethylene It is thermoplastic material. It has low coefficient of friction and self-lubricating char-

(Teflon) acteristics. It can withstand a wide range of temperature from —260 to +250°C. It is
ideally suitable for self-lubricating bearings.

Phenolic It is thermosetting plastic material. It is low cost with good balance of mechanical
and thermal properties. It is used in clutch and brake linings as filler material. Glass
reinforced phenolic is used for pulleys and sheaves.
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Manufacturing
Considerations in Design

3.1 DESIGN OF CASTINGS

Table 3.1 Design of grey iron castings

t Minimum section thickness:

The minimum section thickness (f) depends upon the
process of casting such as sand casting, permanent
mould casting or die casting. The minimum section
thickness for grey cast iron component is about 7 mm
for parts up to 500 mm long, which gradually increases
to 20 mm for large and heavy castings.

—

Corner radius:
The values of corner radii (r) for different section thick-
ness are as follows:

—

' Wall thickness (/) (mm) | Inside corner radius (r)
(Min)(mm)
0-30 10
30-50 15
50-80 20
80-120 30

Provision of draft:
Patterns without draft make the mould difficult and
costly. The minimum draft (d) of 3° should be provided.




Table 3.2 Do’s and Don’ts of casting design

A A

(a) Incorrect (b) Correct

Adequate corner radius reduces stress concentration.

L L

a) Incorrect b) Correct

Adequate ﬁllet radius reduces stress concentration.

e

(@) Incorrect (b) Correct

Gradual change in section thickness reduces stress concentration.

Shrinkage Cored hole
cavity § ;
a) Incorrect b) Correct
Cored opening in ribs reduce concentration of metal at the junction and the resulting formation of shrinkage cavities.
7]
/]
(a) Incorrect b) Correct

Staggered ribs reduce concentration of metal at the junction and the resulting formation of shrinkage cavities.

T T
ZA g A
t
T
—t
(@) Incorrect (b) Correct

The wall adjacent to drilled hole should have thickness equal to thickness of main casting in order to improve the
strength.

(Contd.)
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(a) Incorrect (b) Correct

Outside bosses should be avoided to facilitate straight pattern draft.

P P P
<—U—><—C)—>

(@) Incorrect (b) Correct

Oval shaped holes are preferred with larger dimension along the direction of force.

Table 3.3 Recommended wall thickness for grey iron castings

Equivalent overall size N Thickness of outer walls Thickness of inner walls
(m) (mm) (mm)
0.4 6 5
0.75 8 6
1.0 10 8

1.5 12 10
1.8 14 12
2.0 16 12
2.5 18 14
3.0 20 16
3.5 22 18
4.5 25 20

Note: (i) The equivalent overall size ‘N’ is given by,
N= (W) (3.1)

where /, b and 4 are length, width and height of a box like casting which is considered to be equivalent to the actual
casting with respect to foundry conditions. (ii) Inner walls cool more slowly than outer walls and therefore, to ensure
simultaneous cooling, the thickness of inner walls is taken as 0.8 times of the thickness of outer walls.
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Table 3.4 Linear shrinkage values of casting alloys

Casting alloy Linear shrinkage (Percent)
Grey cast iron 1.0-1.2
High tensile cast iron 1.5-1.8
Carbon steel casting 1.8-2.0
Alloy steel casting 1.8-2.5
Phosphor bronze 0.6-0.8
Tin bronze 1.3-1.6
Aluminium bronze 2.0-2.2
Aluminium silicon bronze 1.0-1.2
Magnesium alloys 1.5-1.7

Note: The shrinkage of casting is taken into account of by increasing the dimensions of mould using Patternmaker’s

Rule.

3.2 SURFACE ROUGHNESS
Table 3.5 Surface roughness

25

The symbol for surface roughness consists of two legs
of unequal length inclined at approximately 60° to the
line representing the surface and the number indicating
the surface roughness (rms) in microns.

Typical surface roughness values of common machining methods

Machining Method Typical Surface Roughness
(microns or [Lm)
Turning, shaping and milling 12.5-1.0
Boring 6.5-0.5
Drilling 6.25-2.5
Reaming 2.5-0.5
Surface grinding 6.25-0.5
Cylindrical grinding 2.5-0.25
Honing and lapping 0.5-0.05
Polishing and buffing 0.5-0.05

Typical surface roughness values

of common machine elements

Machine Part Typical Surface Roughness
(Microns or 1m)

Gear shafting and bores 1.5

Bronze bearings 0.75

Splined shafts, O-ring grooves, gear teeth and ball bearings 0.40

Cylinder bores and pistons 0.30

Crankshafts, connecting rods, cams and hydraulic cylinders 0.20

(ISO: 1302) (1 micron = 0.001 mm)
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Table 3.6 Surface roughness grades

Surface roughness Grade number
(microns or Lm)
50 N 12
25 N11
12.5 N 10
6.3 N9
3.2 N8
1.6 N7
0.8 N6
0.4 N5
0.2 N4
0.1 N3
0.05 N2
0.025 N1
(ISO: 1302)
3.3 TOLERANCES
Table 3.7 Tolerances—Basic concepts
Basic Nomenclature
Shaft tolerance ——Upper deviation for hole
— Hole tolerance Lower deviation for hole
Lower deviation for shaft
— Upper deviation for shaft
Zero Hole
{ Line Shaft
Schematic
§ representation
A
L—— Min.dia. of hole L Max.dia. of shaft
Min. dia. of shaft

Max. dia. of hole

Notations

Upper deviation of hole = ES (Ecart Superieur)
Lower deviation of hole = EI (Ecart Interieur)
Upper deviation of shaft = es

Lower deviation of shaft = ei
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Basic Systems of Giving Tolerance

Unilateral system: In unilateral system, one toler-
ance is zero, while the other takes care of all permis-
sible variation in basic size. For example,

+0.05 +0.00

100+0.00 or 100—0.05

Bilateral system: In bilateral system, the variations are given in
both directions from basic size.

For example,
+0.05

10010025 or 100-%%

Hole-basis system: In hole-basis system, the differ-
ent clearances or interferences are obtained by as-
sociating various shaft sizes with single hole size,
whose lower deviation is zero. In this case, the size
of the hole is the basic size, and the clearance or
interference is applied to the shaft dimension.

This system is denoted by the symbol ‘H’.
Hole-basis system is widely used in practice be-
cause the holes can be machined by standard drills
or reamers having fixed dimensions, while the
shafts can be machined and ground to any given
dimension.

Shafi-basis system: In shaft-basis system, the different clear-
ances or interferences are obtained by associating various hole
sizes with single shaft size, whose upper deviation is zero. In
this case, the size of the shaft is basic size, while the clearance
or interference is applied to the hole dimension.

This system is denoted by the symbol ‘h’.

Shaft-basis system is popular in industries using semi-finished
or finished shafting, such as bright bars as raw material.

Description of Tolerance

According to the system recommended by the Bureau of Indian
Standards, the tolerance is specified by an alphabet, capital or
small, followed by a number, e.g., H7 or g6. The description of
tolerance consists of two parts—‘fundamental deviation’ and
‘magnitude_of tolerance’. The fundamental deviation gives the
location of the tolerance zone with respect to the zero line. It
is indicated by an alphabet—capital letters for holes and small
letters for shafts. There are 25 fundamental deviations that are
used in practice and are designated as A, B, C, etc., for the
internal features (for holes) and a, b, c, etc., for the external
features (for shafts). The magnitude of tolerance is designated
by a number, called the grade. The grade of tolerance is defined
as a group of tolerances, which are considered to have the same
level of accuracy for all basic sizes. There are eighteen grades
of tolerances with designations—IT1, IT2,......... IT17, and
IT18. The letters of symbol IT stand for ‘International Toler-
ance’ grade. The tolerance for a shaft of 50 mm diameter as the
basic size, with the fundamental deviation denoted by the letter
‘g’ and the tolerance of grade 7 is written as 50 g7.

Fundamental Magnitude of
deviation tolerance
Zero line
(ISO: 286-1)

Note: Refer to Tables 3.8 to 3.20 for tolerances of holes and shafts.
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3.4 TOLERANCES FOR HOLES

Table 3.8 Limit deviations for holes of sizes up to 500 mm (Holes A, B and C)

(Values of deviations in microns or mm) (1 micron = 0.001 mm)

Basic size (mm) A B
Above Up to and 9 10 9 10 8 9 10 11
including

- 3 +295 +310 +165 +180 +74 +85 +100 +120
+270 +270 +140 +140 +60 +60 +60 +60

3 6 +300 +318 +170 +188 +88 +100 +118 +145
+270 +270 +140 +140 +70 +70 +70 +70
6 10 +316 +338 +186 +208 +102 +116 +138 +170
+280 +280 +150 +150 +80 +80 +80 +80

10 18 +333 +360 +193 +220 +122 +138 +165 +205
+290 +290 +150 +150 +95 +95 +95 +95
18 30 +352 +384 +212 +244 +143 +162 +194 +240
+300 +300 +160 +160 +110 +110 +110 +110
30 40 +372 +410 +232 +270 +159 +182 +220 +280
+310 +310 +170 +170 +120 +120 +120 +120
40 50 +382 +420 +242 +280 +169 +192 +230 +290
+320 +320 +180 +180 +130 +130 +130 +130
50 65 +414 +460 +264 +310 +186 +214 +260 +330
+340 +340 +190 +190 +140 +140 +140 +140
65 80 +434 +480 +274 +320 +196 +224 +270 +340
+360 +360 +200 +200 +150 +150 +150 +150

80 100 +467 +520 +307 +360 +224 +257 +310 +390
+380 +380 +220 +220 +170 +170 +170 +170

100 120 +497 +550 +327 +380 +234 +267 +320 +400
+410 +410 +240 +240 +180 +180 +180 +180
120 140 +560 +620 +360 +420 +263 +300 +360 +450
+460 +460 +260 +260 +200 +200 +200 +200
140 160 +620 +680 +380 +440 +273 +310 +370 +460
+520 +520 +280 +280 +210 +210 +210 +210
160 180 +680 +740 +410 +470 +293 +330 +390 +480
+580 +580 +310 +310 +230 +230 +230 +230
180 200 +775 +845 +455 +525 +312 +355 +425 +530
+660 +660 +340 +340 +240 +240 +240 +240
200 225 +855 +925 +495 +565 +332 +375 +445 +550
+740 +740 +380 +380 +260 +260 +260 +260
225 250 +935 +1005 +535 +605 +352 +395 +465 +570
+820 +820 +420 +420 +280 +280 +280 +280
250 280 +1050 +1130 +610 +690 +381 +430 +510 +620
+920 +920 +480 +480 +300 +300 +300 +300

(Contd.)
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280 315 +1180 +1260 +670 +750 +411 +460 +540 +650
+1050 +1050 +540 +540 +330 +330 +330 +330
315 355 +1340 +1430 +740 +830 +449 +500 +590 +720
+1200 +1200 +600 +600 +360 +360 +360 +360
355 400 +1490 +1580 +820 +910 +489 +540 +630 +760
+1350 +1350 +680 +680 +400 +400 +400 +400
400 450 +1655 +1750 +915 +1010 +537 +595 +690 +840
+1500 +1500 +760 +760 +440 +440 +440 +440
450 500 +1805 +1900 +995 +1090 +577 +635 +730 +880
+1650 +1650 +840 +840 +480 +480 +480 +480
(ISO: 286-2)
Table 3.9 Limit deviations for holes of sizes up to 500 mm (Holes D, E and F)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) D E F
Above Up to and 8 9 10 11 6 7 8 6 7 8
including
- 3 +34 +45 +60 +80 +20 +24 +28 +12 +16 +20
+20 | 20 | +20 | +20 | +14 | +14 | +14 | +6 +6 +6
3 6 +48 | +60 | +78 | +105 | +28 | +32 | +38 | +18 | +22 | +28
+30 +30 +30 +30 +20 +20 +20 +10 +10 +10
6 10 +62 +76 +98 +130 +34 +40 +47 +22 +28 +35
+40 +40 +40 +40 +25 +25 +25 +13 +13 +13
10 18 +77 | 493 | 4120 | +160 | +43 | +50 | +59 | 427 | +34 | +43
+50 +50 +50 +50 +32 +32 +32 +16 +16 +16
18 30 498 | +117 | +149 | +195 | +53 | +61 | +73 | 433 | +41 | +53
+65 +65 +65 +65 +40 +40 +40 +20 +20 +20
30 50 +119 | +142 | +180 | +240 +66 +75 +89 +41 +50 +64
+80 +80 +80 +80 +50 +50 +50 +25 +25 +25
50 80 +146 | +174 | +220 | +290 +79 +90 +106 +49 +60 +76
+100 | +100 | +100 | +100 | +60 | +60 | +60 | +30 | +30 | +30
80 120 +174 | +207 | +260 | +340 | +94 | +107 | +125 | +58 | +71 | +90
+120 | +120 | +120 | +120 +72 +72 +72 +36 +36 +36
120 180 4208 | +245 | +305 | +395 | +110 | +125 | +148 | +68 | +83 | +106
+145 +145 +145 +145 +85 +85 +85 +43 +43 +43
180 250 +242 | +285 | +355 | +460 | +129 | +146 | +172 | +79 | +96 | +122
+170 | +170 | +170 | +170 | +100 | +100 | +100 +50 +50 +50
250 315 271 | 4320 | +400 | +510 | +142 | +162 | +191 | +88 | +108 | +137
+190 | +190 | +190 | +190 | +110 | +110 | +I110 +56 +56 +56
315 400 +299 | +350 | +440 | +570 | +161 +182 | +214 +98 +119 | +151
+210 | +210 | +210 | +210 | +125 | +125 | +125 +62 +62 +62
400 500 +327 | +385 | +480 | +630 | +175 | +198 | +232 | +108 | +131 +165
+230 | +230 | +230 | +230 | +135 | +135 | +135 +68 +68 +68
(ISO: 286-2)
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Table 3.10 Limit deviations for holes of sizes up to 500 mm (Holes H)

(Values of deviations in microns or um) (1 micron = 0.001 mm)

Basic size (mm) H
Above Up to and 4 5 6 7 8 9 10 11 12 13
including
— 3 +3 +4 +6 +10 +14 +25 +40 +60 +100 +140
0 0 0 0 0 0 0 0 0 0
3 6 +4 | 45 | 48 | +12 | 118 | 430 | +48 | +75 | +120 | +180
0 0 0 0 0 0 0 0 0 0
6 10 + | 46 | 49 | +15 | 422 | +36 | +58 | +90 | +150 | +220
0 0 0 0 0 0 0 0 0 0
10 18 +5 | 48 | 411 | +18 | 427 | +43 | +70 | +110 | +180 | +270
0 0 0 0 0 0 0 0 0 0
18 30 +6 | 9 | 413 | 421 | 433 | 452 | 484 | +130 | +210 | +330
0 0 0 0 0 0 0 0 0 0
30 50 +7 | +11 | +16 | +25 | 439 | +62 | +100 | +160 | +250 | +390
0 0 0 0 0 0 0 0 0 0
50 80 +8 | 13 | 419 | 430 | +46 | +74 | +120 | +190 | +300 | +460
0 0 0 0 0 0 0 0 0 0
80 120 +10 | +15 | 422 | +35 | +54 | +87 | +140 | +220 | +350 | +540
0 0 0 0 0 0 0 0 0 0
120 180 +12 | +18 | 425 | +40 | +63 | +100 | +160 | +250 | +400 | +630
0 0 0 0 0 0 0 0 0 0
180 250 +14 +20 +29 +46 +72 +115 +185 +290 +460 +720
0 0 0 0 0 0 0 0 0 0
250 315 +16 | +23 | +32 | +52 | 481 | +130 | +210 | +320 | +520 | +810
0 0 0 0 0 0 0 0 0 0
315 400 +18 | 425 | 436 | +57 | +89 | +140 | +230 | +360 | +570 | +890
0 0 0 0 0 0 0 0 0 0
400 500 +20 +27 +40 +63 +97 +155 +250 +400 +630 +970
0 0 0 0 0 0 0 0 0 0
(ISO: 286-2)
Table 3.11 Limit deviations for holes of sizes up to 500 mm (Holes G, J and K)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) G J K
Above Up to and 6 7 8 6 7 8 6 7 8
including
— 3 +8 +12 +16 +2 +4 +6 0 0 0
+2 +2 +2 -4 -6 -8 -6 -10 | -14
3 6 +12 +16 +22 +5 +6 +10 +2 +3 +5
+4 +4 +4 -3 -8 -6 -9 | -13
(Contd.)
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6 10 +14 +20 +27 +5 +8 +12 +2 +5 +6
+5 +5 +5 —4 =7 -10 =7 -10 -16
10 18 +17 +24 +33 +6 +10 +15 +2 +6 +8
+6 +6 +6 =5 -8 -12 -9 -12 -19
18 30 +20 +28 +40 +8 +12 +20 +2 +6 +10
+7 +7 +7 =5 -9 -13 —11 -15 —23
30 50 +25 +34 +48 +10 +14 +24 +3 +7 +12
+9 +9 +9 -6 -11 -15 -13 -18 -27
50 80 +29 +40 +56 +13 +18 +28 +4 +9 +14
+10 +10 +10 -6 -12 —-18 -15 —21 -32
80 120 +34 +47 +66 +16 +22 +34 +4 +10 +16
+12 +12 +12 -6 -13 -20 -18 -25 -38
120 180 +39 +54 +77 +18 +26 +41 +4 +12 +20
+14 +14 +14 =7 -14 —22 —21 -28 —43
180 250 +44 +61 +87 +22 +30 +47 +5 +13 +22
+15 +15 +15 =7 -16 =25 —24 -33 =50
250 315 +49 +69 +98 +25 +36 +55 +5 +16 +25
+17 +17 +17 =7 -16 -26 =27 -36 —56
315 400 +54 +75 +107 +29 +39 +60 +7 +17 +28
+18 +18 +18 =7 -18 -29 -29 —40 —61
400 500 +60 +83 +117 +33 +43 +66 +8 +18 +29
+20 +20 +20 =7 -20 =31 -32 —45 —68
(ISO: 286-2)
Table 3.12  Limit deviations for holes of sizes up to 500 mm (Holes M, N and P)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) M N
Above Up to and 6 7 8 6 7 8 6 7 8
including
- 3 -2 -2 -2 —4 —4 —4 -6 -6 -6
-8 -12 -16 -10 -14 -18 -12 -16 -20
3 6 -1 0 +2 =5 —4 -2 -9 -8 -12
-9 —12 -16 -13 -16 —20 -17 —20 =30
6 10 -3 0 +1 =7 —4 -3 -12 -9 =15
—12 —15 -21 -16 -19 -25 —21 —24 —37
10 18 —4 0 +2 -9 =5 -3 =15 -11 -18
-15 -18 -25 -20 -23 =30 -26 -29 —45
18 30 —4 0 +4 -11 =7 -3 -18 -14 -22
-17 —21 -29 —24 —28 -36 =31 =35 =55
30 50 —4 0 +5 -12 -8 -3 21 -17 —26
=20 =25 -34 -28 -33 —42 =37 —42 —65
(Contd.)
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50 80 =) 0 +5 -14 -9 —4 —26 =21 -32
24 | -30 | —41 | -33 | -39 | -50 | —45 | -51 | -78
80 120 -6 0 +6 -16 | -10 -4 -30 | -24 | -37
—28 =35 —48 —38 —45 =58 ~52 =59 —91
120 180 -8 0 +8 =20 =12 -4 =36 -28 —43
-33 | 40 | -55 | -45 | -52 | -67 | -61 | -68 | -106
180 250 -8 0 +9 22 | -14 -5 -41 -33 -50
=37 —46 -63 =51 —60 =77 =70 =79 -122
250 315 =9 0 +9 —25 -14 =5 —47 -36 =56
—41 =52 =72 =57 —66 —86 —~49; —88 =137
315 400 -10 0 +11 —26 -16 =5 =51 —41 —62
46 | -57 | -718 | -62 | -73 | -94 | -87 | -98 | -151
400 500 -10 0 +H1 | =27 | -17 -6 -55 | —45 | —68
=50 -63 —86 -67 —80 -103 =95 —-108 -165
(ISO: 286-2)
Table 3.13  Limit deviations for holes of sizes up to 500 mm (Holes R, S and T)
(Values of deviations in microns or m) (1 micron = 0.001 mm)
Basic size (mm) R T
Above Up to and 6 7 8 6 7 8 6 7 8
including
- 3 -10 -10 -10 —14 —14 —14
-16 =20 —24 =20 —24 -28
3 6 -12 -11 =15 -16 =15 -19
-20 | -23 | -33 | -24 | -27 | -37
6 10 -16 | -13 | -19 | =20 | -17 | -23
=25 —28 —41 -29 =32 =45
10 18 =20 -16 -23 —25 -21 -28 -
-31 | -34 | -50 | -36 | -39 | -55
18 30 24 | 20 | -28 | -31 -27 | -35
-37 —41 —61 =44 —48 —68
30 50 29 | 25 | 34 | -38 | -34 | -43
—45 =50 =73 —54 -59 —82
50 65 =35 =30 —41 —47 —42 =53 -60 —55 —66
—54 -60 —87 —66 =72 -99 =79 -85 -112
65 80 =37 -32 —43 =53 —48 —-59 —69 —64 =15
-56 | 62 | -89 | -72 | -78 | -105 | -88 | -94 | -121
80 100 44 | -38 | -51 | —64 | -58 | -71 | -84 | -78 | -91
—66 =73 -105 —86 -93 -125 -106 -113 —145
100 120 —47 —41 —54 =72 —66 =79 =97 —91 -104
-69 =76 =108 -94 =101 -133 =119 -126 -158
(Contd.)
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120 140 56 | —48 | -63 | -85 | -77 | -92 | -115 | -107 | -122
—81 —88 -126 —-110 -117 —-155 —140 —147 —185
140 160 -58 =50 -65 -93 -85 -100 -127 =119 —134
83 | —90 | -128 | -118 | -125 | -163 | —152 | -159 | -197
160 180 61 | 53 | -68 | -101 | -93 | -108 | -139 | -131 | -146
—86 =93 =131 -126 —133 -171 —164 -171 —209
180 200 —68 -60 =77 =113 -105 -122 =157 -149 -166
-97 —106 —149 —142 =151 —194 —186 —-195 —238
200 225 =71 —63 —80 -121 =113 —130 -171 —-163 —180
-100 | -109 | -152 | -150 | -159 | -202 | —200 | -209 | -252
225 250 -75 | —67 | -84 | —131 | -123 | -140 | —187 | -179 | -196
-104 -113 -156 -160 -169 -212 -216 -225 —268
250 280 —85 =74 -94 —149 —138 —158 —209 —198 —218
-117 —126 -175 —181 —190 —239 —241 =250 =299
280 315 -89 =78 —98 —161 -150 —-170 —231 —220 —240
-121 -130 -179 -193 —202 -251 -263 =272 —321
315 355 -97 —87 —-108 —-179 —169 —190 —257 —247 —268
—133 —144 -197 -215 —226 -279 =293 -304 =359
355 400 -103 -93 -114 -197 —-187 -208 -283 -273 —294
—139 -150 —203 —233 —244 —297 ~319 -330 —383
400 450 113 -103 -126 =219 =209 —232 =317 =307 =330
—153 —166 —223 —259 —272 -329 ~357 =370 —427
450 500 —119 =109 =132 -239 —229 =252 —347 —337 -360
—-159 -172 —229 -279 —292 —349 —387 —400 —457
(ISO: 286-2)
3.5 TOLERANCES FOR SHAFTS
Table 3.14  Limit deviations for shafts of sizes up to 500 mm (Shafts a, b and c)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) a b c
Above Up to and 9 10 11 9 10 11 9 10 11
including
- 3 —270 —270 —270 —140 —140 —140 —60 —60 —60
-295 =310 =330 -165 —-180 =200 -85 —100 -120
3 6 —270 —270 —270 —140 —140 —140 =70 =70 =70
=300 -318 —345 -170 —188 =215 =100 -118 —145
6 10 —280 —280 —280 —150 —150 —150 —80 —80 —80
=316 —338 =370 —186 —208 —240 —-116 —138 =170
(Contd.)
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10 18 -290 -290 -290 -150 -150 -150 =95 =95 =95
—333 -360 =400 —193 —220 —260 —138 =165 —205
18 30 =300 =300 =300 -160 -160 -160 -110 =110 -110
—352 —384 —430 =212 —244 -290 -162 -194 —240
30 40 =310 =310 =310 =170 =170 =170 =120 -120 -120
=372 —410 —470 =232 =270 -330 —182 -220 —280
40 50 -320 =320 -320 -180 -180 -180 -130 -130 =130
—382 —420 —480 —242 —280 —340 -192 -230 -290

50 65 —340 —340 —340 -190 —190 -190 —140 —140 —140
—414 —460 =530 —264 =310 —380 —214 -260 -330
65 80 —360 —360 -360 —200 —200 -200 —150 —150 -150
—434 —480 =550 —274 =320 -390 —224 -270 -340
80 100 —380 —380 —380 —220 —220 —220 -170 —170 -170
—467 =520 =600 =307 =360 —440 =257 =310 -390
100 120 —410 —410 —410 —240 —240 —240 —180 —180 —180
—497 =550 —630 =327 —380 —460 —267 —320 —400
120 140 —460 —460 —460 —260 —260 -260 —200 —200 -200
=560 —620 =710 —360 —420 =510 —300 —360 —450
140 160 =520 =520 =520 —280 —280 —280 =210 -210 -210
—620 —680 =770 —380 —440 =530 =310 —370 —460
160 180 —580 —580 —580 =310 =310 =310 =230 -230 -230
-680 =740 —830 —410 —470 -560 -330 -390 —480
180 200 —660 —660 —660 =340 —340 —340 —240 —240 —240
=775 —845 -950 —455 —525 —630 —355 —425 —530
200 225 =740 =740 =740 —380 —380 —380 —260 -260 —260
—855 -925 -1030 —495 -565 -670 -375 —445 —550
225 250 —820 —820 —820 —420 —420 —420 —280 —280 —280
-935 -1005 | —1110 =535 —605 =710 -395 —465 =570
250 280 —920 -920 —920 —480 —480 —480 =300 =300 -300
-1050 | —1130 | —1240 -610 -690 -800 —430 =510 -620
280 315 -1050 | —1050 | —1050 —540 —540 —540 —330 -330 —330
-1180 | —1260 | —1370 —670 =750 —860 —460 —540 —650
315 355 -1200 | —1200 | —1200 —600 —600 —600 -360 -360 -360
—1340 | —1430 | —1560 —740 —830 -960 =500 —590 =720
355 400 —1350 | —1350 | —1350 —680 —680 —680 —400 —400 —400
—1490 | —1580 | —1710 —820 -910 —1040 —540 —630 =760
400 450 =1500 | —1500 | —1500 =760 =760 =760 —440 —440 —440
—1655 | —1750 | —1900 -915 —1010 | —1160 —595 —690 —840

450 500 =1650 | —1650 | —1650 -840 -840 -840 —480 —480 —480
—=1805 | —1900 | —2050 -995 —-1090 | —1240 —635 =730 —880

(ISO: 286-2)
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Table 3.15  Limit deviations for shafts of sizes up to 500 mm (Shafts d and e)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) d
Above Up to and 6 7 8 9 10 6 7 9 10
including
- 3 —20 —20 —20 -20 —20 -14 -14 —14 —14 —14
-26 | 30 | 34 | —45 | —60 | —20 | —24 | -28 | -39 | 54
3 6 -30 | =30 | 30 | 30 | =30 [ -20 | —20 | —20 | —20 | —20
—38 —42 —48 —60 =78 —28 =32 —38 =50 —68
6 10 -40 —40 —40 -40 -40 =25 =25 =25 =25 =25
—49 | -55 | 62 | 76 | —98 | -34 | —40 | -47 | -61 | -83
10 18 -50 | 50 | =50 | -s0 | -s50 | 32 | 32 | -32 | -32 | -32
—61 —68 =77 -93 -120 —43 =50 =59 —75 -102
18 30 —65 —65 —65 —65 —65 —40 —40 —40 -40 —40
-78 | 86 | -98 | -117 | —149 | 53 | -61 | -73 | 92 | -124
30 50 -80 | -80 | —80 | —80 | —80 | -50 | -50 | —50 | -50 | -50
-96 =105 | 119 | —142 | —180 —66 =15 -89 =112 | —150
50 80 -100 | —-100 | —100 | —100 | —100 —60 —60 —60 -60 —60
~119 | -130 | —146 | 174 | =220 | =79 | —90 | —106 | —134 | —180
80 120 -120 | -120 | 120 | -120 | -120 | -72 | =72 | =72 | -72 | -72
—142 | 155 | —-174 | -207 | —260 -94 =107 | —126 | —159 | 212
120 180 —145 | —145 | —145 | —145 | —145 -85 -85 -85 -85 -85
-170 | —185 | —208 | —245 | 305 | —110 | —125 | —148 | —185 | —245
180 250 -170 | =170 | =170 | —-170 | —-170 | =100 | —100 | =100 | —100 | —100
—-199 | 216 | —242 | —285 | —355 | —129 | —146 | —172 | —215 | —285
250 315 =190 | =190 | -190 | =190 | —-190 | —110 | —-110 | =110 | =110 | —110
—222 | 242 | 271 —320 | —400 | —142 | —-162 | —191 —240 | 320
315 400 =210 | =210 | —210 | -210 =210 | —125 =125 =125 —125 -125
=246 | —267 | —299 | 350 | —440 | —l6l -182 | 214 | —265 | —355
400 500 —230 | -230 | —230 | —230 | —230 | —135 | —135 | =135 | —135 | —-135
=270 | —293 | —327 | —385 | —480 | —175 | —198 | —232 | 290 | —385
(ISO: 286-2)
Table 3.16 Limit deviations for shafts of sizes up to 500 mm (Shafts f and g)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) f g
Above Up to and 5 6 7 8 9 4 5 6 7 8
including
- 3 -6 —6 —6 —6 —6 -2 =2 -2 =2 =2
=10 =12 =16 -20 —31 —=5 -6 -8 -12 -16
3 6 -10 -10 -10 -10 -10 —4 —4 —4 —4 —4
=15 —-18 —22 —28 —40 -8 -9 -12 -16 =22
(Contd.)
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6 10 -3 | -3 | -3 | -13 -3 -5 | -5]|-5]-5|-5
-19 | 22 | 28 | -35 | —49 | -9 | -11 | -14 | 20 | 27

10 18 -16 | <16 | <16 | =16 | =16 [ 6 | 6 | -6 | -6 | -6
24 | 27 | 34 | -43 | 59 | -1 | -14 | -17 | -24 | -33

18 30 =20 | =20 | 20 | 20 [ 20 | -7 | =7 | =7 | =7 | =7
29 | 33 | -41 | -53 | -2 | -13 | -16 | —20 | -28 | —40

30 50 25 | 25 | =25 | =25 | =25 | -9 | 9 | -9 | -9 | -9
-36 | —41 | -50 | —64 | —87 | -16 | —20 | -25 | -34 | -48

50 80 -30 | 30 | =30 | =30 | =30 | <10 [ -10 | <10 | 10 | -10
43 | —49 | —60 | —76 | 104 | —18 | —23 | -29 | —40 | -56

80 120 -36 | 36 | 36 | 36 | 36 | -12 | -12 | -12 | -12 | -12
-51 | -58 | =71 | 90 | -123 | 22 | —27 | -34 | -47 | -66

120 180 43 | -3 | 43 | 43 | -3 | -14 | -14 | -14 | -14 | -14
—61 | —68 | —83 | —106 | -143 | —26 | 32 | 39 | -54 | -77

180 250 -50 | =50 | =50 | =50 | -50 | -15 [ -15 | -15 | -15 | -15
~70 | =79 | -96 | -122 | -165 | —29 | -35 | —44 | 61 | -87

250 315 -56 | 56 | -6 | =56 | -56 | -17 | -17 | =17 | <17 | -17
-79 | 88 | -108 | -137 | 185 | —33 | —40 | —49 | —69 | —98

315 400 62 | 62 | 62 | 62 | -62 | -18 | -18 | -18 | -18 | -I8
-87 | —98 | —-119 | -151 | 202 | 36 | —43 | -54 | -75 | -107

400 500 68 | 68 | —68 | —68 | 68 | —20 [ —20 | —20 | —20 | —20
-95 | —108 | 131 | -165 | 223 | —40 | —47 | —60 | -83 | -117

(ISO: 286-2)

Table 3.17  Limit deviations for shafts of sizes up to 500 mm (Shafts h and j)
(Values of deviations in microns or um) (1 micron = 0.001 mm)

Basic size (mm) h
Above Up to and 5 6 7 8 9 10 11 5 6 7
including

- 3 0 0 0 0 0 0 0 +2 +4 +6
-4 -6 -10 —14 =25 —40 —60 -2 —4

3 6 0 0 0 0 0 0 0 +3 +6 +8
-3 -8 -12 —-18 -30 —48 —75 2 —2 —4

6 10 0 0 0 0 0 0 0 +4 +7 +10
-6 =9 -15 =22 -36 -58 =90 =2 -2 —5

10 18 0 0 0 0 0 0 0 +5 +8 +12
-8 =11 -18 =27 —43 =70 —-110 -3 =3 -6

18 30 0 0 0 0 0 0 0 +5 +9 +13
-9 -13 =21 =33 —52 -84 -130 -4 -4 -8

30 50 0 0 0 0 0 0 0 +6 +11 +15
—-11 -16 —25 =39 —62 -100 | —160 =5 =5 -10

(Contd.)
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50 80 0 0 0 0 0 0 0 +6 +12 +18
-13 -19 =30 —46 —74 -120 | —190 =7 =7 -12
80 120 0 0 0 0 0 0 0 +6 +13 +20
=15 —22 -35 —54 —87 -140 | —220 -9 -9 -15
120 180 0 0 0 0 0 0 0 +7 +14 +22
-18 -25 —40 —63 -100 | —160 | —250 —-11 —-11 -18
180 250 0 0 0 0 0 0 0 +7 +16 +25
-20 -29 —46 =72 —115 —185 -290 -13 -13 21
250 315 0 0 0 0 0 0 0 +7 +16 +26
-23 -32 -52 —81 -130 | —210 | —-320 -16
315 400 0 0 0 0 0 0 0 +7 +18 +29
=25 -36 =57 -89 -140 | —230 | —360 -18 -28
400 500 0 0 0 0 0 0 0 +7 +20 +31
=27 —40 —63 -97 =155 | =250 | —400 -20 -32
(ISO: 286-2)
Table 3.18 Limit deviations for shafts of sizes up to 500 mm (Shafts k and m)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) k m
Above Up to and 5 6 7 8 5 6 7 8
including
- 3 +4 +6 +10 +14 +6 +8 +12 +16
0 0 0 0 +2 +2 +2 +2
3 6 +6 +9 +13 +18 +9 +12 +16 +22
+1 +1 +1 0 +4 +4 +4 +4
6 10 +7 +10 +16 +22 +12 +15 +21 +28
+1 +1 +1 0 +6 +6 +6 +6
10 18 +9 +12 +19 +27 +15 +18 +25 +34
+1 +1 +1 0 +7 +7 +7 +7
18 30 +11 +15 +23 +33 +17 +21 +29 +41
+2 +2 +2 0 +8 +8 +8 +8
30 50 +13 +18 +27 +39 +20 +25 +34 +48
+2 +2 +2 0 +9 +9 +9 +9
50 80 +15 +21 +32 +46 +24 +30 +41
+2 +2 +2 0 +11 +11 +11
80 120 +18 +25 +38 +54 +28 +35 +48
+3 +3 +3 0 +13 +13 +13
120 180 +21 +28 +43 +63 +33 +40 +55
+3 +3 +3 0 +15 +15 +15
180 250 +24 +33 +50 +72 +37 +46 +63
+4 +4 +4 0 +17 +17 +17
(Contd.)
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250 315 +27 +36 +56 +81 +43 +52 +72
+4 +4 +4 0 +20 +20 +20
315 400 +29 +40 +61 +89 +46 +57 +78
+4 +4 +4 0 +21 +21 +21
400 500 +32 +45 +68 +97 +50 +63 +86
+5 +5 +5 0 +23 +23 +23
(ISO: 286-2)
Table 3.19 Limit deviations for shafts of sizes up to 500 mm (Shafts n and p)
(Values of deviations in microns or um) (1 micron = 0.001 mm)
Basic size (mm) n
Above Up to and 5 6 7 8 5 6 7 8
including
- 3 +8 +10 +14 +18 +10 +12 +16 +20
+4 +4 +4 +4 +6 +6 +6 +6
3 6 +13 +16 +20 +26 +17 +20 +24 +30
+8 +8 +8 +8 +12 +12 +12 +12
6 10 +16 +19 +25 +32 +21 +24 +30 +37
+10 +10 +10 +10 +15 +15 +15 +15
10 18 +20 +23 +30 +39 +26 +29 +36 +45
+12 +12 +12 +12 +18 +18 +18 +18
18 30 +24 +28 +36 +48 +31 +35 +43 +55
+15 +15 +15 +15 +22 +22 +22 +22
30 50 +28 +33 +42 +56 +37 +42 +51 +65
+17 +17 +17 +17 +26 +26 +26 +26
50 80 +33 +39 +50 +45 +51 +62 +78
+20 +20 +20 +32 +32 +32 +32
80 120 +38 +45 +58 +52 +59 +72 +91
+23 +23 +23 +37 +37 +37 +37
120 180 +45 +52 +67 +61 +68 +83 +106
+27 +27 +27 +43 +43 +43 +43
180 250 +51 +60 +77 +70 +79 +96 +122
+31 +31 +31 +50 +50 +50 +50
250 315 +57 +66 +86 +79 +88 +108 | +137
+34 +34 +34 +56 +56 +56 +56
315 400 +62 +73 +94 +87 +98 +119 | +151
+37 +37 +37 +62 +62 +62 +62
400 500 +67 +80 +103 +95 +108 +131 +165
+40 +40 +40 +68 +68 +68 +68
(ISO: 286-2)
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Table 3.20 Limit deviations for shafts of sizes up to 500 mm (Shafts r, s and t)

(Values of deviations in microns or um) (1 micron = 0.001 mm)

Basic size (mm) r S
Above Up to and 5 6 7 8 5 6 7 8 6 7
including
- 3 +14 +16 +20 +24 +18 +20 +24 +28
+10 +10 +10 +10 +14 +14 +14 +14
3 6 +20 +23 +27 +33 +24 +27 +31 +37
+15 +15 +15 +15 +19 +19 +19 +19
6 10 +25 +28 +34 +41 +29 +32 +38 +45
+19 +19 +19 +19 +23 +23 +23 +23
10 18 +31 +34 +41 +50 +36 +39 +46 +55
+23 +23 +23 +23 +28 +28 +28 +28
18 30 +37 +41 +49 +61 +44 +48 +56 +68
+28 +28 +28 +28 +35 +35 +35 +35
30 50 +45 +50 +59 +73 +54 +59 +68 +82
+34 +34 +34 +34 +43 +43 +43 +43
50 65 +54 +60 +71 +87 +66 +72 +83 +99 +85 +96
+41 +41 +41 +41 +53 +53 +53 +53 +66 +66
65 80 +56 +62 +73 +89 +72 +78 +89 +105 +94 +105
+43 +43 +43 +43 +59 +59 +59 +59 +75 +75
80 100 +66 +73 +86 +105 +86 +93 +106 | +125 | +113 | +126
+51 +51 +51 +51 +71 +71 +71 +71 +91 +91
100 120 +69 +76 +89 +108 +94 +101 | +114 | +133 | +126 | +139
+54 +54 +54 +54 +79 +79 +79 +79 +104 | +104
120 140 +81 +88 +103 | +126 | +110 | +117 | +132 | +155 | +147 | +162
+63 +63 +63 +63 +92 +92 +92 +92 +122 | +122
140 160 +83 +90 +105 | +128 | +118 | +125 | +140 | +163 | +159 | +174
+65 +65 +65 +65 +100 | +100 | +100 | +100 | +134 | +134
160 180 +86 +93 +108 | +131 | +126 | +133 | +148 | +171 | +171 | +186
+68 +68 +68 +68 +108 | +108 | +108 | +108 | +146 | +146
180 200 +97 +106 | +123 | +149 | +142 | +151 | +168 | +194 | +195 | +212
+77 +77 +77 +77 +122 | +122 | +122 | +122 | +166 | +166
200 225 +100 | +109 | +126 | +152 | +150 | +159 | +176 | +202 | +209 | +226
+80 +80 +80 +80 +130 | +130 | +130 | +130 | +180 | +180
225 250 +104 | +113 | +130 | +156 | +160 | +169 | +186 | +212 | +225 | +242
+84 +84 +84 +84 +140 | +140 | +140 | +140 | +196 | +196
250 280 +117 | +126 | +146 | +175 | +181 | +190 | +210 | +239 | +250 | +270
+94 +94 +94 +94 +158 | +158 | +158 | +158 | +218 | +218
280 315 +121 | +130 | +150 | +179 | +193 | +202 | +222 | +251 | +272 | +292
+98 +98 +98 +98 +170 | +170 | +170 | +170 | +240 | +240
315 355 +133 | +144 | +165 | +197 | +215 | +226 | +247 | +279 | +304 | +325
+108 | +108 | +108 | +108 | +190 | +190 | +190 | +190 | +268 | +268
355 400 +139 | +150 | +171 | +203 | +233 | +244 | +265 | +297 | +330 | +351
+114 | +114 | +114 | +114 | +208 | +208 | +208 | +208 | +294 | +294
400 450 +153 | +166 | +189 | +223 | +259 | +272 | +295 | +329 | +370 | +393
+126 | +126 | +126 | +126 | +232 | +232 | +232 | +232 | +330 | +330
450 500 +159 | +172 | +195 | +229 | +279 | +292 | +315 | +349 | +400 | +423
+132 | +132 | +132 | +132 | +252 | +252 | +252 | +252 | +360 | +360
(ISO: 286-2)
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Table 3.21 Typical values of tolerance for different manufacturing processes

Manufacturing Process Typical Tolerance (£)
(mm)
Sand casting 0.5-2.0
Investment casting 0.2-0.8
Die casting 0.1-0.5
Forging 0.2-1.0
Hot rolling 0.2-0.8
Cold rolling 0.05-0.2
Turning and boring 0.025-0.05
Drilling 0.05-0.25
Shaping and planing 0.025-0.125
Milling 0.01-0.02
Reaming 0.01-0.05
Broaching 0.01-0.05
Grinding 0.01-0.02
Honing 0.005-0.01
Polishing 0.005-0.01
Lapping 0.004-0.01

Table 3.22  Relationship between tolerance grades and manufacturing processes

Grades and Manufacturing Processes

Grade Manufacturing Methods
Grade 16 Sand casting and flame cutting
Grade 15 Stamping
Grade 14 Die casting
Grade 11 Drilling, rough turning and boring
Grade 10 Milling, slotting, planing, rolling and extrusion
Grade 9 Horizontal and vertical boring and turning on automatic lathes
Grade 8 Turning, boring and reaming on capstan and turret lathes
Grade 7 High precision turning, broaching and honing
Grade 6 Grinding and fine honing
Grade 5 Lapping, fine grinding and diamond boring
Grade 4 Lapping

Tolerance and Manufacturing Processes for Holes
H5 Precision boring, fine internal grinding and honing
H6 Precision boring, honing and hand reaming
H7 Grinding, broaching and precision reaming
HS8 Boring and machine reaming
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3.6 SELECTION OF FITS
Table 3.23  Types of fits

Shaft

Hole L Shaft
2z ~, &

/ M Zero
77 T
NN <z

Shaft . Hole Hol
(b) Transition fit ole
(a) Clearance fit (c) Interference fit

When two parts are to be assembled, the relationship resulting from the difference between their sizes before assembly
is called a fit. Depending upon the limits of the shaft and the hole, fits are broadly classified into three groups — clear-
ance fit, transition fit and interference fit. Clearance fit is a fit, which always provides a positive clearance between
the hole and the shaft over the entire range of tolerances. In this case, the tolerance zone of the hole is entirely above
that of the shaft. Interference fit is a fit, which always provides a positive interference over the whole range of toler-
ances. In this case, the tolerance zone of the hole is completely below that of the shaft. Transition fit is a fit, which may
provide either a clearance or interference, depending upon the actual values of the individual tolerances of the mating
components. In this case, the tolerance zones of the hole and the shaft overlap.

Table 3.24 Selection of fits

Clearance Fits

The guidelines for the selection of clearance fits are as follows:

(1) The fits H7-d8, H8-d9 and H11-d11 are loose running fits, and are used for plummer-block bearings and loose
pulleys.

(i1) The fits H6-e7, H7-e8 and H8-e8 are loose clearance fits, and are used for properly lubricated bearings, requiring
appreciable clearances. The finer grades are used for heavy-duty, high-speed bearings and large electric motors.

(iii) The fits H6-t6, H7-f7 and H8-f8 are normal running fits, widely used for grease or oil lubricated bearings having
low temperature rise. They are also used for shafts of gearboxes, small electric motors and pumps.

(iv) The fits H6-g5, H7-g6 and H8-g7 are expensive from manufacturing considerations. They are used in precision
equipment, pistons, slide valves and bearings of accurate link mechanisms.

Transition Fits

The typical types of transition fits are H6-j5, H7-j6 and H8-j7. They are used in applications where slight interference
is permissible. Some of their applications are spigot and recess of the rigid coupling and the composite gear blank,
where steel rim is fitted on ordinary steel hub.

Interference Fits

The general guidelines for the selection of interference fits are as follows:

(1) The fit H7-p6 or H7-p7 results in interference, which is not excessive but sufficient to give non-ferrous parts a light
press fit. Such parts can be dismantled easily as and when required, e.g., fitting a brass bush in the gear.

(i1) The fit H6-r5 or H7-r6 is a medium tight fit on ferrous parts, which can be easily dismantled.

(iii) The fits H6-s5, H7-s6 and H8-s7 are used for permanent and semi-permanent assemblies of steel and cast-iron
parts. The amount of interference in these fits is sufficiently large to provide a considerable gripping force. They are
used in valve seats and shaft collars.

The selection of interference fit depends upon a number of factors, such as materials, diameters, surface finish and
machining methods. It is necessary to calculate the maximum and minimum interference in each case. The torque
transmitting capacity is calculated for minimum interference, while the force required to assemble the parts is decided
by the maximum value of interference.
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3.7 GEOMETRICAL TOLERANCES

Table 3.25 Symbols for toleranced characteristics

Features and Tolerances Toleranced Characteristics Symbol
Single Form Tolerances | Straightness
Features Flatness D
Circularity O
Cylindricity /Q/
Single or Profile of any line
Related m
Features Profile of any surface PN
Related Orientation Parallelism
Features Tolerances
Perpendicularity
Angularity :
Location Position
Tolerances
Concentricity and Coaxiality @
Symmetry —
Run-out Circular run-out
Tolerances
Total run-out Z/
(ISO: 1101)

Note: (i) A geometrical tolerance applied to a feature defines the tolerance zone within which the feature (surface,
axis, or median plane) is to be contained. (ii) Geometrical tolerances are to be specified only where they are essential,
that is, in the light of functional requirements, interchangeability and probable manufacturing circumstances.

Manufacturing Considerations in Design

3.21




Table 3.26 Indication and interpretation of geometrical tolerances

Definition of tolerance zone

Indication on drawing

Interpretation of tolerance

Straightness Tolerance

Definition: The tolerance zone, when
projected in a plane, is limited by two
parallel straight lines at a distance ¢

apart.
%

Any line on the upper surface par-
allel to the plane of projection in
which the indication is shown shall
be contained between two parallel
straight lines 0.2 apart.

Flatness Tolerance

Definition: The tolerance zone is lim-
ited by two parallel planes at a distance
t apart

t

DU RN

The surface shall be contained be-
tween two parallel planes 0.05 apart.

Circularity Tolerance

Definition: The tolerance zone in the
considered plane is limited by two con-
centric circles at a distance # apart.

ofiz

The circumference of each cross-
section shall be contained between
two co-planar concentric circles 0.2
apart.

Cylindricity Tolerance

Definition: The tolerance zone is lim-
ited by two coaxial cylinders at a dis-
tance 7 apart.

0.2

The considered surface shall be con-
tained between two coaxial cylin-
ders 0.2 apart.
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Profile Tolerance of any Line

Definition: The tolerance zone is lim-
ited by two lines enveloping circles
of diameter 7, the centres of which are
situated on a line having the true geo-
metrical form.

In each section parallel to the plane

of projection, the considered pro-
file shall be contained between two
lines that are enveloping circles of
diameter 0.03, the centres of which
are situated on a line having the true
geometrical profile.

Profile Tolerance of any Surface

Definition: The tolerance zone is lim-
ited by two surfaces enveloping spheres
of diameter ¢, the centres of which are
situated on a surface having the true
geometrical form.

(o3 |

The considered surface shall be con-
tained between two surfaces that are
enveloping spheres of diameter 0.03,

the centres of which are situated on
a surface having true geometrical

form.

Parallelism Tolerance

Definition: The tolerance zone, when
projected in a plane, is limited by two
parallel straight lines at a distance ¢
apart and parallel to the datum line, if
the tolerance is specified only in one
direction.

The toleranced axis shall be con-
tained between two straight lines 0.2

apart, which are parallel to datum

axis A and lie in the vertical direc-
tion.

NESANGY

(Contd.)
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Perpendicularity Tolerance

Definition: The tolerance zone, when
projected in a plane, is limited by two
parallel straight lines at a distance ¢
apart and perpendicular to the datum
plane, if the tolerance is specified only
in one direction.

o

<

The axis of the cylinder, to which the
tolerance frame is connected, shall
be contained between two parallel
planes 0.2 apart, perpendicular to the
datum surface.

Angularity Tolerance

Definition: The tolerance zone, when
projected in a plane, is limited by two
parallel straight lines at a distance ¢
apart and inclined at the specified angle
to the datum surface.

t
[P

&

////

/S
i’/
/ ,//
v

The axis of the hole shall be con-
tained between two parallel planes
0.1 apart which are inclined at an
angle o to the surface A (datum sur-
face)

Positional Tolerance

Definition: The tolerance zone is lim-
ited by a cylinder of diameter 7, the axis
of which is in the theoretically exact
position of the considered line if the tol-
erance value is preceded by the sign ¢.

Dt

5

&

@o1|A

50

100

The axis of the hole shall be con-
tained within a cylindrical zone of
diameter 0.1, the axis of which is
in the theoretically exact position of
the considered line, with reference to
surfaces A and B (datum planes)
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Coaxiality Tolerance

Definition: The tolerance zone is lim-
ited by a cylinder of diameter ¢, the axis
of which coincides with the datum axis,
if the tolerance value is preceded by the
sign ¢.

—@@0.1 A- B

The axis of the cylinder, to which the
tolerance frame is connected, shall
be contained in a cylindrical zone
of diameter 0.1 coaxial with datum
axis A-B.

Symmetry Tolerance

Definition: The tolerance zone is limit-
ed by two parallel planes at a distance ¢
apart and disposed symmetrically to the
median plane with respect to the datum
axis or datum plane.

— | 01 A

The median plane of the slot shall
be contained between two parallel
planes, which are 0.1 apart and sym-
metrically disposed about the me-
dian plane with respect to the datum
feature A.

Circular run-out Tolerance

Definition: The tolerance zone is lim-
ited within any plane of measurement
perpendicular to the axis by two con-
centric circles at a distance t apart, the
centre of which coincides with the da-
tum axis.

Plane of
Toleranced ~ Measurement
surface
Py
/
/ N
Z

]

The radial run-out shall not be great-
er than 0.2 in any plane of measure-
ment during one revolution about the
datum axis A-B.
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Total Radial Run-out Tolerance

Definition: The tolerance zone is lim-
ited by two coaxial cylinders at a dis-
tance ¢ apart, the axes of which coincide
with the datum axis.

A-B

S 2
T

The total radial run-out shall not be
greater than 0.2 at any point on the
specified surface during several rev-
olutions about the datum axis A-B,
and with relative axial movement
between part and measuring instru-
ment. With relative movement, the
measuring instrument or the work
piece shall be guided along a line
having the theoretically perfect form
of the counter and being in correct
position to the datum axis.

(ISO: 1101)
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Static Stresses

4.1 STRESS-STRAIN RELATIONSHIPS

Table 4.1 Static stresses

Tensile stress

P
o,=—
A
0, = tensile stress (MPa or N/mm?)
P = external axial force (N)

A = cross-sectional area (mm?)

e=

~|>

€= strain (mm/mm)
6 = elongation of tension rod (mm)
/= original length of the rod (mm)

o=FE¢

E = Young’s modulus or Modulus of elasticity (MPa or N/mm?).

For Carbon steels, £ =207 000 MPa
For Grey cast iron, £ =120 000 MPa

@.1)

4.2)

4.3)

Pl
o= — 4.4
15 (4.4)
Compressive stress
P P
= GC=£ 4.5)
A
p [~ 0= compressive stress (MPa or N/mm?)
# —_
- P = external axial force (N)
0= A = cross-sectional area (mm?)
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Direct shear stress

T= Z (46)

7= shear stress (MPa or N/mm?)
A = cross-sectional area of the rivet (mm?)
=Gy 4.7
Y= shear strain (radians)
G = shear modulus or Modulus of rigidity (MPa or N/mm?)
<—| D For Carbon steels G =79 000 N/mm?
‘ % For Grey cast iron G =41 000 N/mm?

E=2G (1 +p) (4.8)

U= Poisson’s ratio
For Carbon steels 1u=0.30
For Grey cast iron u=0.26

Bending stresses

M
%:4%2 (4.9)
0, = bending stress at a distance of y from the neutral axis (MPa or
N/mm?)
Compressive M, :.apphed bending moment (N-mm) .
—»}X/ stress y = distance of the fibre from neutral axis (mm)
M, M, I=moment of inertia of the cross section about the neutral axis (mm*)
< Neutral 5; ) y é / For a rectangular cross-section,
S S v’ - 3
ais 2 N7 = (4.10)
/ "
Tensile —X b = distance parallel to the neutral axis (mm)
stress h = distance perpendicular to the neutral axis (mm)
For a circular cross sections,
rd*
I=—- 4.11
64 @11)
d = diameter of the cross section (mm)
Torsional shear stress
M, r
T=—1 4.12
T, (4.12)

7= torsional shear stress at the fibre (MPa or N/mm?)

M, = applied torque (N-mm)

r = radial distance of the fibre from the axis of rotation (mm)

J = polar moment of inertia of the cross section about the axis of
rotation (mm*)

(4.13)

6= angle of twist (radians)
[ = length of the shaft (mm)

(Contd.)
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The polar moment of inertia of a solid circular shaft of diameter d
is given by

Pxe p
*J”L 't '/)—‘(\ o j
CED T
\ \ \ \
lP ! ?’?e/ Pxe\\l/P

nd*
J=— 4.14
32 (4.14)
For a hollow circular cross section,
4_ gt
J= M (4.15)
32
Stresses due to eccentric axial load
i
| I P | Pey
o, VA{ o=t @16)

o= resultant tensile stress (MPa or N/mm?)

P = eccentric axial force (N)

e = eccentricity of force from centroidal axis (mm)

A = cross-sectional area (mm?)

y = distance of the fibre from neutral axis (mm)

I=moment of inertia of the cross section about the neutral axis
(mm*)

Parallel-axis theorem

I,=]d4 (4.17)
The parallel-axis theorem is given by,
Ly =T+ Ay (4.18)

1., = moment of inertia of the area about X, axis, which is parallel
to axis X,, and located at a distance y, from X,

I, = moment of inertia of the area about its own centroidal axis

A = area of the cross section.
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4.2 PROPERTIES OF CROSS SECTIONS

Table 4.2 Properties of cross sections

Form of cross section Properties

y _nd*
M X R '

{//ff ' L

I =
b L )

=0.289b

L b
» \/ﬁ

;- b(H?— 1)
XX 12

. (H— 1)
Jlx A “TA\12(H - h)

_(H- hb’

(Contd.)
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= BH® - bl
72727 la=—r
12
H|x x|h
s BH® - bi’
(2277773 N\ 12(BH - bh)
=B —
b
— ; _BH-bi
”‘ 12
H|x x|h
P - BH’ - bl
N\ 12(BH - bh)
=B —
b/2 b/2
; _ BH’-bi’
XX 12
H|x x|h
- BH® - bir’
N\ 12(BH — bh)
~—B—
(82
Yy 12
ez Tt
B/ S =317t=1.
ol x -t ko=+[317t=1.78t
D L ! =(E),4
y |1 » 12
4t
ko =~/0.9921=0.996¢
[o=——
N == 36
h 2 ,
3
ky=——=0235h
xx \/ﬁ

Static Stresses
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y:(ﬁj@bwbl)

|b1/2 b bw/zl 3) (2b+b)
[ |
/ (6b* + 6bb, + b?)
X X Ixx:h3 : :
h ; 36(2b +by)
y PR 6b% + 6bb, + b’
3(2b+by) 2
Ixrz(ﬁjfb
* 4
y

D (2o

pag
b
b
kyy,= 2
5= _0.4244r
kY4
. 4(5 —ij =0.10937*
o
k..=0.2643r
;o
woog
p
k){y = 5
I.=1,=nr't

k= k= —==0.707r

NA)

(¢ is too small)

Notations: —/ = moment of inertia of cross section; k£ = radius of gyration; k= /% .
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4.3 PROPERTIES OF ROLLED STEEL SECTIONS

)
7
T,
h X X 4
—-t,
C 4y )
——
Table 4.3 Properties of rolled steel beams
Designa- | Depth | Width | Thick- | Thick- | Weight | Sec- Moment of Inertia Radius of
tion of of ness of | ness of per tional Gyration
Beam | Flange | Web | Flange | metre area 1 I k k
W | ®» | 6 | © | & | e | emy | @mb) | @m) | (em)
(mm) | (mm) | (mm) | (mm)
ISLB 75 75 50 3.7 5.0 6.1 7.71 72.7 10.0 3.07 1.14
ISLB 100 100 50 4.0 6.4 8.0 10.21 168.0 12.7 4.06 1.12
ISLB 125 125 75 4.4 6.5 11.9 15.12 406.8 434 5.19 1.69
ISLB 150 150 80 4.8 6.8 14.2 18.08 688.2 55.2 6.17 1.75
ISLB 175 175 90 5.1 6.9 16.7 21.30 1096.2 79.6 7.17 1.93
ISLB 200 200 100 5.4 7.3 19.8 25.27 1696.6 115.4 8.19 2.13
ISLB 225 225 100 5.8 8.6 23.5 29.92 2501.9 112.7 9.15 1.94
ISLB 250 250 125 6.1 8.2 27.9 35.53 3717.8 193.4 10.23 2.33
ISLB 275 275 140 6.4 8.8 33.0 42.02 5375.3 287.0 11.31 2.61
ISLB 300 300 150 6.7 9.4 37.7 48.08 7332.9 376.2 12.35 2.80
ISLB 325 325 165 7.0 9.8 43.1 54.90 9874.6 510.8 13.41 3.05
ISLB 350 350 165 7.4 11.4 49.5 63.01 | 131583 631.9 14.45 3.17
ISLB 400 400 165 8.0 12.5 56.9 72.43 | 19306.3 716.4 16.33 3.15
ISLB 450 450 170 8.6 134 65.3 83.14 | 27536.1 853.0 18.20 3.20
ISLB 500 500 180 9.2 14.1 75.0 95.50 | 38579.0 | 1063.9 20.10 3.34
ISLB 550 550 190 9.9 15.0 86.3 109.97 | 53161.6 | 1335.1 21.99 3.48
ISLB 600 600 210 10.5 15.5 99.5 126.69 | 72867.6 | 1821.9 23.98 3.79
ISMB 100 100 75 4.0 72 11.5 14.60 257.5 40.8 4.20 1.67
ISMB 125 125 75 44 7.6 13.0 16.60 449.0 43.7 5.20 1.62
ISMB 150 150 80 4.8 7.6 14.9 19.00 726.4 52.6 6.18 1.66
ISMB 175 175 90 5.5 8.6 19.3 24.62 1272.0 85.0 7.19 1.86
(Contd.)
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ISMB 200 200 100 5.7 10.8 25.4 32.33 2235.4 150.0 8.32 2.15
ISMB 225 225 110 6.5 11.8 31.2 39.72 3441.8 2183 9.31 2.34
ISMB 250 250 125 6.9 12.5 373 47.55 5131.6 3345 10.39 2.65
ISMB 300 300 140 7.5 12.4 442 56.26 8603.6 453.9 12.37 2.84
ISMB 350 350 140 8.1 14.2 524 66.71 | 13630.3 537.7 14.29 2.84
ISMB 400 400 140 8.9 16.0 61.6 78.46 | 20458.4 622.1 16.15 2.82
ISMB 450 450 150 9.4 17.4 72.4 92.27 | 30390.8 834.0 18.15 3.01
ISMB 500 500 180 10.2 17.2 86.9 110.74 | 452183 1369.8 20.21 3.52
ISMB 550 550 190 11.2 19.3 103.7 132.11 | 64893.6 | 1833.8 22.16 3.73
ISMB 600 600 210 12.0 20.8 122.6 156.21 | 91813.0 | 2651.0 24.24 4.12

Note: ISLB = Indian Standard Light Beam; ISMB = Indian Standard Medium weight Beam; (1 kgf = 9.807 N)

AYW;

4|
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Table 4.4 Properties of rolled steel channels
Designa- | Depth | Width | Thick- | Thick- | Cen- | Weight | Sec- Moment of Radius of
tion of of ness of | ness of | tre of per tional Inertia Gyration
Chan- | Flange | Web | Flange | Grav- | metre | area 1 I k k
ned () | @ | @) | @ | ityx | ke | ) | (em?) |(@em?)| (em) | (cm)
(mm) (mm) (mm) (mm) (cm)
ISJIC 100 100 45 3.0 5.1 1.40 5.8 7.41 123.8 149 | 409 | 142
ISJC 125 125 50 3.0 6.6 1.64 7.9 10.08 | 270.0 | 25.7 | 5.18 | 1.60
ISJC 150 150 55 3.6 6.9 1.66 9.9 12.67 | 471.1 379 | 6.10 | 1.73
ISIC 175 175 60 3.6 6.9 1.75 11.2 1424 | 7199 | 505 | 7.11 | 1.88
ISJC 200 200 70 4.1 7.1 1.97 13.9 17.77 | 11612 | 842 | 8.08 | 2.18
ISLC 75 75 40 3.7 6.0 1.35 5.7 7.26 66.1 11.5 | 3.02 | 1.26
ISLC 100 100 50 4.0 6.4 1.62 7.9 10.02 | 1647 | 248 | 406 | 1.57
ISLC 125 125 65 4.4 6.6 2.04 10.7 13.67 | 356.8 | 57.2 | 5.11 | 2.05
ISLC 150 150 75 4.8 7.8 2.38 14.4 1839 | 6972 |103.2| 6.16 | 2.37
(Contd.)
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ISLC 175 175 75 5.1 9.5 2.40 17.6 | 22.42 | 11484 | 126.5| 7.16 | 2.38
ISLC 200 200 75 5.5 10.8 2.35 20.6 | 26.26 | 1725.5 | 146.9 | 8.11 | 2.37
ISLC 225 225 90 5.8 10.2 2.46 24.0 30.60 | 2547.9 |209.5| 9.14 | 2.62
ISLC 250 250 100 6.1 10.7 2.70 28.0 | 45.72 | 3687.9 |298.4]10.17 | 2.89
ISLC 300 300 100 6.7 11.6 2.55 33.1 42.19 | 6047.9 |346.0 | 11.98 | 2.87
ISLC 350 350 100 7.4 12.5 241 38.8 49.54 | 9312.6 |394.6 | 13.72 | 2.82
ISLC 400 400 100 8.0 14.0 236 45.7 58.34 | 13989.5 | 460.4 | 155 | 2.81
ISMC 75 75 40 4.4 7.3 1.31 6.8 8.72 76.0 12.6 | 296 | 1.21
ISMC 100 100 4.7 7.5 1.53 9.2 11.75 186.7 | 259 | 4.00 | 1.49
ISMC 125 125 65 5.0 8.1 1.94 12.7 16.25 | 4164 | 59.9 | 5.07 | 1.92
ISMC 150 150 75 5.4 9.0 2.22 164 | 2094 | 7794 |[1023| 6.11 | 2.21
ISMC 175 175 75 5.7 10.2 2.20 19.1 2445 | 12233 | 121.0| 7.08 | 2.23
ISMC 200 200 75 6.1 11.4 2.17 22.1 28.28 | 1819.3 | 1404 | 8.03 | 2.23
ISMC 225 225 6.4 12.4 2.30 25.9 33.10 | 2694.6 | 187.2 | 9.03 | 2.38
ISMC 250 250 7.1 14.1 2.30 304 38.76 | 3816.8 | 219.1 | 9.94 | 2.38
ISMC 300 300 90 7.6 13.6 236 35.8 45.74 | 6362.6 | 310.8 | 11.81 | 2.61
ISMC 350 350 100 8.1 13.5 2.44 42.1 53.74 | 10008.0 | 430.6 | 13.66 | 2.83
ISMC 400 400 100 8.6 153 242 49.4 63.04 | 15082.8 | 504.8 | 15.48 | 2.83

Note: ISJC = Indian Standard Junior Channel; ISLC = Indian Standard Light Channel; ISMC = Indian Standard

Medium weight Channel; (1 kgt =9.807 N)

);

2
x |y T ‘
B \
Table 4.5 Properties of rolled steel equal angles
Designation Size Thickness | Sectional Weight Moment of Radius of Centre of
AXB t area per metre Inertia Gyration Gravity
(mm x mm) | (mm) (cm?) (kgf) I.=1,(cm*) | k, =k, (cm) | X=y (cm)
ISA 2020 20 % 20 3.0 1.12 0.9 0.4 0.58 0.59
4.0 1.45 1.1 0.5 0.58 0.63
(Contd.)
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ISA 2525 25x25 3.0 1.41 1.1 0.8 0.73 0.71
4.0 1.84 1.4 1.0 0.73 0.75

5.0 2.25 1.8 1.2 0.72 0.79

ISA 3030 3030 3.0 1.73 1.4 1.4 0.89 0.83
4.0 2.26 1.8 1.8 0.89 0.87

5.0 2.77 2.2 2.1 0.88 0.92

ISA 3535 35%35 3.0 2.03 1.6 2.3 1.05 0.95
4.0 2.66 2.1 2.9 1.05 1.00

5.0 3.27 2.6 35 1.04 1.04

6.0 3.86 3.0 4.1 1.03 1.08

ISA 4040 40 x 40 3.0 2.34 1.8 34 1.21 1.08
4.0 3.07 2.4 4.5 1.21 1.12

5.0 3.78 3.0 5.4 1.20 1.16

6.0 447 35 6.3 1.19 1.20

ISA 4545 45x 45 3.0 2.64 2.1 5.0 1.38 1.20
4.0 3.47 2.7 6.5 1.37 1.25

5.0 4.28 3.4 7.9 1.36 1.29

6.0 5.07 4.0 9.2 1.35 1.33

ISA 5050 50 % 50 3.0 2.95 2.3 6.9 1.53 1.32
4.0 3.88 3.0 9.1 1.53 1.37

5.0 4.79 38 11.0 1.52 1.41

6.0 5.68 4.5 12.9 1.51 1.45

ISA 5555 55% 55 5.0 5.27 4.1 14.7 1.67 1.53
6.0 6.26 49 17.3 1.66 1.57

8.0 8.18 6.4 22.0 1.64 1.65

10.0 10.02 7.9 26.3 1.62 1.72

ISA 6060 60 x 60 5.0 5.75 4.5 19.2 1.82 1.65
6.0 6.84 5.4 22.6 1.82 1.69

8.0 8.96 7.0 29.0 1.80 1.77

10.0 11.00 8.6 34.8 1.78 1.85

ISA 6565 65 X 65 5.0 6.25 4.9 24.7 1.99 1.77
6.0 7.44 5.8 29.1 1.98 1.81

8.0 9.76 7.7 37.4 1.96 1.89

10.0 12.00 9.4 45.0 1.94 1.97

ISA 7070 70 x 70 5.0 6.77 53 31.1 2.15 1.89
6.0 8.06 6.3 36.8 2.14 1.94

8.0 10.58 8.3 47.4 2.12 2.02

10.0 13.02 10.2 57.2 2.10 2.10

(Contd.)
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ISA 7575 75 %75 5.0 7.27 5.7 38.7 231 2.02
6.0 8.66 6.8 45.7 2.30 2.06

8.0 11.38 8.9 59.0 2.28 2.14

10.0 14.02 11.0 714 2.26 2.22

ISA 8080 80 x 80 6.0 9.29 7.3 56.0 2.46 2.18
8.0 12.21 9.6 72.5 2.44 2.27

10.0 15.05 11.8 87.7 2.41 2.34

12.0 17.81 14.0 101.9 2.39 242

ISA 9090 90 x 90 6.0 10.47 8.2 80.1 2.77 242
8.0 13.79 10.8 104.2 2.75 2.51

10.0 17.03 13.4 126.7 2.73 2.59

12.0 20.19 15.8 147.9 2.71 2.66

ISA 100100 | 100 x 100 6.0 11.67 9.2 111.3 3.09 2.67
8.0 15.39 12.1 145.1 3.07 2.76

10.0 19.03 14.9 177.0 3.05 2.84

12.0 22.59 17.7 207.0 3.03 292

ISA 110110 | 110x 110 8.0 17.02 134 195.0 3.38 3.00
10.0 21.06 16.5 238.4 3.36 3.08

12.0 25.02 19.6 279.6 3.34 3.16

15.0 30.81 242 337.4 3.31 3.27

ISA 130130 | 130x 130 8.0 20.22 15.9 328.3 4.03 3.50
10.0 25.06 19.7 402.7 4.01 3.58

12.0 29.82 234 473.8 3.99 3.66

15.0 36.81 28.9 574.6 3.95 3.78

ISA 150150 | 150 x 150 10.0 29.03 22.8 622.4 4.63 4.06
12.0 34.59 27.2 735.4 4.61 4.14

15.0 42.78 33.6 896.8 4.58 4.26

18.0 50.79 39.9 1048.9 4.54 438

ISA 200200 | 200 x 200 12.0 46.61 36.6 1788.9 6.20 5.36
15.0 57.80 45.4 2197.7 6.17 5.49

18.0 68.81 54.0 2588.7 6.13 5.61

25.0 93.80 73.6 3436.3 6.05 5.88

Note: ISA = Indian Standard Angle

(Contd.)
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Table 4.6 Properties of rolled steel bars (Tee section)

Designa- | Weight | Sec- | Depth | Width | Thick- | Thick- | Cen- Moment of Radius of
tion per tional of of ness of | ness of | tre of Inertia Gyration
metre | area | Section | Flange | Flange | Web | Gravity I I k k

ke [(md) | &) | @ | @& | @) | FCm) | emb | @em) | (cm) | (cm)
(mm) | (mm) | (mm) | (mm)

ISNT 20 1.1 1.45 20 20 4.0 4.0 0.60 0.5 0.2 | 0.58 | 0.41
ISNT 30 1.8 2.26 30 30 4.0 4.0 0.82 1.8 0.8 | 0.89 | 0.59
ISNT 40 35 4.45 40 40 6.0 6.0 1.14 6.1 29 | 1.18 | 0.81
ISNT 50 4.4 5.66 50 50 6.0 6.0 1.35 123 5.7 | 1.47 | 1.01
ISNT 60 5.4 6.85 60 60 6.0 6.0 1.56 21.4 9.7 | 1.77 | 1.19
ISNT 75 10.0 6.90 75 75 9.0 9.0 2.04 62.0 29.2 | 221 | 1.52

ISNT 100 14.9 18.97 100 100 10.0 10.0 2.62 163.9 76.8 | 2.94 | 2.01

ISNT 150 22.7 28.88 150 150 10.0 10.0 3.61 541.1 2503 | 433 | 2.94

ISDT 100 8.1 10.37 100 50 10.0 5.8 3.03 99.0 9.6 | 3.09 | 0.96
ISDT 150 15.7 19.96 150 75 11.6 8.0 4.75 450.2 37.0 | 475 | 1.36
ISLT 200 28.4 36.22 200 165 12.5 8.0 4.78 1267.8 358.2 | 592 | 3.15
ISLT 250 37.5 47.75 250 180 14.1 9.2 6.40 2774.4 532.0 | 7.62 | 3.34
ISMT 50 5.7 7.30 50 75 7.2 4.0 0.96 9.7 204 | 1.15 | 1.67
ISMT 62.5 6.5 8.30 62.5 75 7.6 44 1.30 213 21.9 | 1.60 | 1.62
ISMT 75 7.5 9.50 75 80 7.6 4.8 1.67 40.1 26.3 | 2.05 | 1.66
ISMT 87.5 9.7 12.31 87.5 90 8.6 55 1.98 72.6 425 | 243 | 1.86
ISMT 100 12.7 16.16 100 100 10.8 5.7 2.13 115.8 75.0 | 2.68 | 2.15
ISHT 75 153 19.49 75 150 9.0 8.4 1.62 96.2 2302 | 222 | 3.44
ISHT 100 20.0 25.47 100 200 9.0 7.8 1.91 193.8 4973 | 276 | 4.42
ISHT 125 27.4 34.85 125 250 9.7 8.8 237 415.4 | 1005.8 | 3.45 | 5.37
ISHT 150 29.4 37.42 150 250 10.6 7.6 2.66 573.7 | 1096.8 | 3.92 | 541

Note: ISNT = Indian Standard Normal Tee bars; ISDT = Indian Standard Deep legged Tee bars;
ISLT = Indian Standard slit Light weight Tee bars; ISMT = Indian Standard slit Medium weight Tee bars;
ISHT = Indian Standard slit bars from H-section.
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4.4 CURVED BEAMS

Table 4.7 Bending stresses in curved beams

Notations
R, = radius of outer fibre (mm)
R; = radius of inner fibre (mm)
R = radius of centroidal axis (mm)
Ry, = radius of neutral axis (mm)
h; = distance of inner fibre from neutral axis (mm)
h, = distance of outer fibre from neutral axis (mm)
M, = bending moment with respect to centroidal axis (N-mm)
A = area of the cross section (mm?)
C.A. = centroidal axis
N.A.= neutral axis
e = eccentricity between centroidal and neutral axes

e=R-Ry (4.19)
The bending stress (o) at a fibre, which is at a distance of ‘y’ from the neutral axis is given by,
Myy
Op=—""""7 (4.20
ARy~ ) )

The equation indicates the hyperbolic distribution of (o;) with respect to ‘y” The bending stress at the inner fibre is
given by,

My h;
Oy =— 421
bi Ae R,‘ ( )
The bending stress at the outer fibre is given by,
Myh,
o,,=—2
W= (4.22)

0

Note: In symmetrical cross sections, such as circular or rectangular, the maximum bending stress always occurs at the
inner fibre. In unsymmetrical cross sections, it is necessary to calculate the stresses at the inner as well as outer fibres
to determine the maximum stress. In most of the engineering problems, the magnitude of ‘e’ is very small and it should
be calculated precisely to avoid large percentage error in the final results.
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Table 4.8 Location of centroidal and neutral axes in curved beams

Rectangular cross section

———R
R —

|

R=R,.+ﬁ
2

h

lo R,
ge R

e=R-Ry

Ry=

Circular cross section

R=R+<
2

R, +R)’
RN:#

e=R-Ry

Trapezoidal cross section

R+t R —t
b lo —Lt1+tlo >—21+b,lo
og, S0 o, [ B0,

e=R-Ry

— r— | b+ 2b,)
| —p oy bit20,)
N ‘ | "3+,
l’f i | (bi+ba)h
[ 2
R, =
hi— RfJ; VTTBR “bR, R
—Ro | - |log,| —> |- (b= b,)
CA%JFWA h R;
e=R—-Ry
I —section
‘ Loy 1ti2(bi —0)+t,(b,—1)(h—1,/2)
| R=R+2—2
| t,(b—1)+1,(b,—1)+1h
‘ t(b,—t)+t,(b,—1t)+th
! Ry =
|

Ro
Ro -1

Tee section

lth2+1ti2(bi—t)
R=R+2 2

" th+t(b—1)
t,(b,— 1)+ th
Ry= R +1 R
b.—1)1 AL By AP | o
(b )Oge( Ri) oge(Rij
e=R-Ry
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Box section
t/2 —R
TR, — 1hzz+lt,?(b—t)+(b—t)(to)(h—lfo)
2T | R=R+2 2 :
n Y1 | | b ’ ht +(b—1)(t;+1,)
U/\ | . (b—1)t;+1,)+1h
t— r* * ‘ ‘ -t N R+ R, R,—1,
h- R— b|log, +log, +log,| 2
‘ } Ro : R; R,—1, Ri+t;
c.AAA ~—NA. e=R-Ry

4.5 TORSION OF NON-CIRCULAR BARS

Table 4.9 Torsion of rectangular-section bar

Shape Equations
Maximum shear stress
M, M 1.
T Ty =——5 =53+ 8 (4.23)
max owt wt (w/t)
] ! w
Angle of twist
- M (4.24)
—— Bwt’G

Notations:
Tnax — Maximum torsional shear stress (MPa or N/mm?)
6= angle of twist (radians)
M, = applied torque (N-mm)
w = longer side of rectangle (mm)
t = shorter side of rectangle (mm)
/= length of bar (mm)
o = factor depending upon the ratio (w/f) (Table 4.10)
= factor depending upon the ratio (w/f) (Table 4.10)
G = Modulus of rigidity (MPa or N/mm?)

Note: (i) The maximum shear stress occurs at in the middle of longest side ‘w’.
(i) w (long side) and 7 (short side) are non interchangeable, and ‘#’ is always shortest dimension.

(iii) For thin plates, (#/w) is small and the second term of stress equation, namely, [18} may be neglected.
[Assumption, (w/t) = o= or (#/w) = 0] )

(iv) The stress equation is approximately valid for equal-sided angle-sections. In this case, angle-section is
considered as two rectangles, each is transmitting half the torque.
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Table 4.10  Values of o and B factors

wit 1.00 1.50 1.75 2.00 2.50 3.00 4.00 6.00 8.00 10 o
0.208 0.231 0.239 | 0.246 | 0.258 | 0.267 | 0.282 | 0.299 | 0.307 0.313 0.333
B 0.141 0.196 | 0.214 | 0.228 0.249 | 0.263 0.281 0.299 | 0.307 0.313 0.333

Table 4.11 Torsion of open thin-walled sections

|©

Equations:
IM
T =, 7 (4.25)
3M,
0="—" 4.26
LG (4.26)

Notations:
T = Maximum torsional shear stress (MPa or N/mm?)
6= angle of twist (radians)

M, = applied torque (N-mm)

L = length of median line (mm)

t = wall thickness (mm)

[/ = length of section (mm)

G = Modulus of rigidity (MPa or N/mm?)

4.6 BUCKLING OF COLUMNS

Table 4.12  Critical buckling load

Euler’s equation

p nm’EA
cr (l/k)Z

Note: Euler’s Equation is used for long columns.

(4.27)

Notations:
P, = critical load (at which buckling starts) (N)
n = end fixity coefficient (Table 4.13)
E = modulus of elasticity (MPa or N/mm?)
A = area of cross section (mm?)
(I/k) = slenderness ratio
/= length of column (mm)
k = least radius of gyration of cross section about its
axis (mm)

o=t
A

I=least moment of inertia of cross-section (mm®*)

Johnson’s equation

(4.28)

S 2
Pcr:S,VCA |:1_ y; (l):|
4nm E\k

Note: Johnson’s Equation is used for short columns.

Notations:

S, = compressive yield strength of material (MPa or
N/mm?)
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Rankine’s equation
S A S, = yield stress in compression (MPa or N/mm?) (Table
P,=—r— (4.29) 4.14)
1+ a(li) a = Rankine’s Constant (Table 4.14)
‘ Sk
" n’E

[, = equivalent length of column (mm)

(4.30)

b S, A
£

(|G

Note: Secant formula is used for columns subjected to ec-
centric axial load

e = eccentricity of load (or distance between centroi-
dal axis of cross-section and line of action of force
(mm)

¢ = distance of extreme fibre on outer surface from
neutral axis of the cross-section of column (mm)

. . ec
eccentricity ratio = (kT)

Table 4.13  Values of end fixity coefficient (n)

Z.

Both ends hinged Both ends fixed One end fixed and other One end fixed and
(or rounded) end hinged (or rounded) other end free
P P

v

Z.

Z,

7
Theoretical value Theoretical value Theoretical value Theoretical value
n=1 n=4 n=2 n="Y
Conservative value Conservative value Conservative value Conservative value
n=1 n=1 n=1 n="Y
Recommended value Recommended value Recommended value Recommended value
n=1 n=12 n=12 n=1/4
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Table 4.14  Values of ( Syc) and (a) in Rankine’s equation

Rankine’s constant ‘a’
S
: ye S
Material (MPa or N/mm?) a= Tyc
n'E
1
Wrought i 250 —
rought iron 9000
1
Cast 1 550 —
ast iron 1600
1
Mild steel 320 —
ild stee 7500

4.7 THEORIES OF FAILURE
Table 4.15 Theories of failure

Maximum principal stress theory
Statement—The theory states that the failure of the mechanical component
o subjected to bi-axial or tri-axial stresses occurs when the maximum princi-
2 pal stress reaches the yield or ultimate strength of the material.
Sut Note: (i) This theory is also known as Rankine’s theory.
G (i1) This theory is mainly applicable to components made of brittle materi-
Suc 0| Su als like cast iron.
Design Equations s
For tensile stresses, 0,=—4 or 0, =—>" (4.31)
(5) (5)
For compressive stresses,
Su o= Suc o o= S (4.32)
(fs (5)
Maximum shear stress theory
Statement—The theory states that the failure of a mechanical component sub-
jected to bi-axial or tri-axial stresses occurs when the maximum shear stress
at any point in the component becomes equal to the maximum shear stress in
% the standard specimen of the tension test, when yielding starts.
Syt Note: (i) This theory is also known as Coulomb’s theory.
(ii) This theory is mainly applicable to components made of ductile ma-
Sp |0y terials like steel.
Sy 0 (ii1) According to this theory, the yield strength in shear is half of the yield
strength in tension.
S, =058, (4.33)
Sy Design Equation
Tonax = Sy 9% (4.34)
s (B

(Contd.)

4.18 = Machine Design Data Book



(Contd.)

Distortion-energy theory

Statement—The theory states that the failure of the mechanical component
subjected to bi-axial or tri-axial stresses occurs, when the strain energy of
distortion per unit volume at any point in the component, becomes equal
to the strain energy of distortion per unit volume in a standard specimen of

G, tension test, when yielding starts.
Syt Note: (i) This theory is also known as Huber von Mises and Hencky’s
theory.
=Syt " (ii) This theory is mainly applicable to components made of ductile materi-
0 0 als like carbon steel.
1 (ii1) According to this theory, the yield strength in shear is 0.577 times of
the yield strength in tension.
“Su S, =0.577 S, (4.35)
Design Equation
S 0.5778
Y = el (4.36)

Tinax = - N
B )

Note: The figures in left column of the table show safety regions for components subjected to bi-axial stresses.

4.8 FACTOR OF SAFETY

Table 4.16 Guidelines for selection of factor of safety

Component

Factor of safety

Components made of brittle material like cast iron

3 to 5 based on ultimate tensile strength of material

Components made of ductile material like steel and sub-
jected to external static forces

1.5 to 2 based on yield strength of material

Components made of ductile material like steel and sub-
jected to external fluctuating forces

1.3 to 1.5 based on endurance limit of component

Components made of ductile material like steel and sub-
jected to contact stresses such as gears, cams, rolling con-
tact bearings or rail and wheel

1.8 to 2.5 based on surface endurance limit of component

Components subjected to buckling such as piston rod,
power screws or studs

3 to 5 based on critical buckling load (P,,) of component

Note: The above values of factor of safety are given for guidance of students only.
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4.9 DESIGN OF LEVERS

Table 4.17 Design of levers

Force analysis
Fxl,=PxI, (4.37)
F=1load (N)
P = effort (N)
[,= effort arm (mm)
I, = load arm (mm)

R=A[F?+ P>~ 2FPcos6 (4.38)

6= angle included between two arms of bell-crank lever
(deg)
When arms of bell-crank lever are at right angles,

cosO=0and R=+F*+ P? (4.39)

D

Design of lever arm

My, =P (l,-d)

M= maximum bending moment at section xx (N-mm)

d = diameter of fulcrum pin (mm)

- Myy

1

0, = maximum bending stress in lever (MPa or N/mm?)

S

ut

0,= i or o,=
) (fs

Oy

2b

For rectangular cross section,

bh? h
J]=—"andy= —
12 )

For elliptical cross section,

1:(%}13[) andy=a

Design of fulcrum pin
R = p(dI) (4.40)
p = permissible bearing pressure between bush and pin
(5 to 10 MPa or N/mm?)
d = diameter of pin (mm)
[ = length of pin (mm)

i=1t02
d
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Fluctuating Stresses

5.1 STRESS CONCENTRATION FACTORS

Table 5.1 Stress concentration factor

_ Highest value of actual stress near discontinuity

" Nominal stress obtained by elementary equations

O, T

Kt - max - max (5 . 1 )
Oy To
——{0 = ——{O = K, = theoretical s.tress conceljltration factor . o
=] = Opaxe Tmax = Maximum localized stresses at the discontinuities
=] $ — (MPa or N/mm?)
= = o,, T,= stresses determined by elementary equations for mini-
= = mum cross-section (MPa or N/mm?)

Elementary Equations

—{Otf=—o M
: O-(I = E G() = Mby TU = -]tr
=] =0, 4 !
Stress concentration factor for flat plate with elliptical hole:
K, =1+2 (3) (5.2)
b
——{O¢|=— ——{O¢|=— a = half width (or semi-axis) of ellipse perpendicular to the di-
=] = rection of load
= n = b = half width (or semi-axis) of ellipse in the direction of load
E E As ‘b’ approaches zero, the ellipse becomes sharper and sharp-

er. A very sharp crack is indicated and the stress at the edge of
crack becomes very large. It is observed from above equation,

K,=o0 when b=0
Therefore, as the width of elliptical hole in the direction of load

approaches zero, stress concentration factor becomes infinity.

(Contd.)




(Contd.)

The ellipse becomes circle when (a = b).

Kt=1+2(%j:1+2:3

(5.3)

Therefore, theoretical stress concentration factor due to a small
circular hole in a flat plat, which is subjected to tensile force, is 3.

Note: The values of stress concentration factor (K,) obtained from charts or calculated by polynomial or exponential

expressions from Tables 5.2 to 5.29 are approximate.

Table 5.2 Rectangular plate with transverse hole in axial tension—Stress concentration chart

30

29

28

2.7

26

25

24

23

22

21

20
0.0

0.1

0.2

03 04 0.5 0.6
(d/w)
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Table 5.3 Rectangular plate with transverse hole in axial tension — Polynomial relationship for chart

r Polynomial relationship

P
- v :[d = For [1)50.65 R
L w

E——— tofao0-a( £)onsn( 4] coar( 4 srn( 4 2o 2]

Table 5.4 Rectangular plate with transverse hole in bending—Stress concentration charts

O

30 1
Ol
28 i
Mb l Mb
DN A 1 o
26 o — ﬁ
%
Y9, 6M,
24 3 0,= wan?
%\\0 ™
22 s
\
\
%
20 N4
Kt
¥ AN
Ol/é\
T
16
14
\
\\
12
10
00 0.1 02 03 04 05 06
(d/w)
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Table 5.5 Rectangular plate with transverse hole in bending — Polynomial relationships for
chart

Polynomial relationships

For (£)s0.65,
w
2 3
K,{3.00—3.48(d)+5.83(dj —4.20(% }
w w w
For (ﬂ) >0.25-
h

K, =A@l

where,
(dih) A b
0.25 2.69 -0.75
0.50 2.47 -0.77
1.00 224 —0.79
1.50 2.02 —-0.81
2.00 2.11 —-0.80

oo 1.81 —0.67
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Table 5.6  Flat plate with shoulder fillet in axial tension—Stress concentration charts

3.0
P P
«—|D———— d — b
2.8 \
|
SRR — T
_ P
24 \ 60 E
\ N D/d=20
ARRRAENAY%
Ki
D/d=15
20 \ %
D/d=12
18 A
\ ™~
16
\
>\ I~
N~ I
\
14 D/d=1.1 E—
~
12
1.0
0.0 0.04 0.08 0.12 0.16 0.20 024 0.28

(r/d)
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Table 5.7 Flat plate with shoulder fillet in axial tension — Exponential relationship for charts

P
D ———— d —f—

Exponential relationship

- b
A
d

where

(Dld) A b
2.00 1.10 -0.32
1.50 1.08 —-0.30
1.30 1.05 —0.27
1.20 1.04 -0.25
1.15 1.01 —0.24
1.10 1.01 -0.22
1.07 1.01 —0.19
1.05 0.99 —0.14
1.02 1.03 —0.17
1.01 0.98 —0.11
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Table 5.8 Flat plate with shoulder fillet in bending—Stress concentration charts

30

2.8

26

24

22

2.0

L
- D R d —
M My
b Nr i
\ —
L\ o
\ \ " hd
\ D/d=6
\</
D/d=2
\<\ D/d=1.2 1
N
\\\\
\\ ™~
\\\
| D/d=1.02
00 0.04 0.08 0.12 0.16 0.20 0.24 0.28
(r/d)
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Table 5.9 Flat plate with shoulder fillet in bending — Exponential relationship for charts

Exponential relationship

, b
)
d

where

(Dld) A b

6.00 0.90 -0.36
3.00 0.91 -0.33
2.00 0.93 -0.30
1.30 0.96 -0.27
1.20 1.00 -0.24
1.10 1.02 -0.22
1.07 1.02 -0.20
1.05 1.02 —0.19
1.03 1.02 -0.18
1.02 1.00 -0.17
1.01 0.97 —0.15
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Table 5.10 Flat plate with semi-circular notch in axial tension —Stress concentration charts

30

28

26

24

22

20

P P
- |p ——— d ——
r L
T
\ \ l | Th
\ P
0, =
°"dh
o
‘\O’\\(
%o,
\ \O/ A Y\S‘
72
9 \\
\\\/'/ \
0/0,\\ \ ™~
o5
\
0.0 0.04 0.08 0.12 0.16 0.20 0.24 0.28
(r/d)
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Table 5.11 Flat plate with semi-circular notch in axial tension—Exponential relationship for
charts
P P
—|D——— e
r
i
- |
T
Exponential relationship
- b
K, zA(g)
where

(DId) A b

oo 1.11 -0.42
3.00 1.11 -0.41
2.00 1.13 —-0.39
1.50 1.13 -0.37
1.30 1.16 -0.33
1.20 1.15 -0.32
1.15 1.10 -0.33
1.10 1.09 -0.30
1.07 1.09 -0.27
1.05 1.09 -0.24
1.03 1.05 -0.22
1.02 1.05 -0.19
1.01 1.04 -0.14
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Table 5.12

Flat plate with semi-circular notch in bending—Stress concentration charts

K¢

30

2.8

26

24

22

2.0

0.0

i ]
\ \ ¢ My - My,
\ .
A\ | )
A\ o
\ —— Di=15
\ D/d=1.15
D/d =105 /)\ <
N
NEERND SN
\ \\\
D/d=101 /: S~ \E\\
\ \\\\
0.04 008 0.12 016 020 024 0.8
(r/d)
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Table 5.13  Flat plate with semi-circular notch in bending—Exponential relationship for charts

h L
Exponential relationship
S\
()
where

(D/d) A b

oo 0.97 —-0.36
3.00 0.97 —0.35
2.00 0.97 -0.35
1.50 0.98 -0.33
1.30 0.98 —0.33
1.20 0.99 -0.31
1.15 0.99 -0.30
1.10 1.01 —0.28
1.07 1.01 —-0.26
1.05 1.03 —0.24
1.03 1.03 -0.21
1.02 1.04 —0.18
1.01 1.06 —0.13
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Table 5.14  Flat plate loaded in tension by a pin through a hole—Stress concentration charts

19
17
P
0, =
° (w-dt
15
13
1 \
9
\ h/w =035
Ki
7
5 \
S~ h/w=0.50
3 ™~ \vi’ .
h/w > 1.0 —
1
00 0.1 02 03 04 05 06 0.7
(d/w)

Note: When clearance exists, the stress concentration factor is increased by 35 to 50 percent.
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Table 5.15  Round shaft with shoulder fillet in axial tension—Stress concentration charts

3.0
N
28 p P
D —d—- | d —,
N
26

\ van D/d=20

K‘ %

18
N S =12
/\
16 >< [ RN
™~
~ I~
14 / \ N \\
I~
D/d=1.
1.1 \\ \
\\
1.2
1.0
0.0 0.04 0.08 0.12 0.16 0.2 0.24 0.28

(r/d)
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Table 5.16 Round shaft with shoulder fillet in axial tension—Exponential relationship for charts

Exponential relationship

A\
4
d

where

(Dld) A b

2.00 1.01 -0.30
1.50 1.00 -0.28
1.30 1.00 -0.26
1.20 0.96 -0.26
1.15 0.98 -0.22
1.10 0.98 -0.21
1.07 0.98 -0.20
1.05 1.00 -0.17
1.02 1.01 -0.12
1.01 0.98 -0.10
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Table 5.17 Round shaft with shoulder fillet in bending—Stress concentration charts

oy

\ _
28 -
My D——— |d é My
ir
26
\ \ _ 32My
\ o nd
24 \\
22 \
\ \ e D/d=20
K¢ \
20
\( D/d=15
> \
\>< ,—1  D/d=12
16 \y
RSN
14
T~
D/d=11 \QEQ\
\\
12
10
00 0.04 0.08 0.12 0.16 02 024 028
(r/d)
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Table 5.18 Round shaft with shoulder fillet in bending—Exponential relationship for charts

Exponential relationship

r

Kt:A(

)b

d
where

(Dld) A b

6.00 0.88 -0.33
3.00 0.89 -0.31
2.00 0.91 -0.29
1.50 0.94 -0.26
1.20 0.97 -0.22
1.10 0.95 -0.24
1.07 0.98 -0.21
1.05 0.98 -0.20
1.03 0.98 -0.18
1.02 0.96 -0.18
1.01 0.92 -0.17
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Table 5.19 Round shaft with shoulder fillet in torsion—Stress concentration charts

30
28

\ M, L. X7 D —}
26 \

To=—
\ nd’
24
22
\ D/d=2.0
K¢ \
20 \( /
\ D/d=1.5
S AN
1.6
D/d=1.2
14 4
12 ?\ ~ \\\ -
\\

1.0

0.0 0.04 0.08 0.12 0.16 0.2 24 2.8

(r/d)
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Table 5.20 Round shaft with shoulder fillet in torsion—Exponential relationship for charts

My

Exponential relationship

P
iy
d

where
(Dld) A b
2.00 0.86 -0.24
1.33 0.85 -0.23
1.20 0.83 —0.22
1.09 0.90 -0.13
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Table 5.21 Round bar with semi-circular notch in axial tension—Stress concentration charts

30

2.8 P P

R

CTANVANN
NN \ AN\
K¢ \
20
%,
18 \ Q5
Q.
%
/~09 \ \
16
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0.0 0.04 0.08 0.12 0.16 0.20 0.24 0.28

(r/d)
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Table 5.22 Round bar with semi-circular notch in axial tension—Exponential relationship for

charts
N
D——+—||d —=
A\E
r
Exponential relationship
A\
k()
where
(Dld) A b

oo 0.99 —-0.39
2.00 0.99 —0.38
1.50 1.00 —0.37
1.30 1.00 —0.36
1.20 1.01 —0.34
1.15 1.03 —-0.32
1.10 1.03 —0.29
1.07 1.02 —0.28
1.05 1.03 -0.25
1.03 1.04 -0.22
1.02 1.04 —0.19
1.01 1.00 —0.16

Fluctuating Stresses

5.21




Table 5.23 Round bar with semi-circular notch in bending—Stress concentration charts

30

\ N
28

26 \
32M,
O, =
\ \ T oad
24

2.2 \ \
Kt \ \
2.0 \ \
%
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N~ \\
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\\\
— 1
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(r/d)
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Table 5.24 Round bar with semi-circular notch in bending—Exponential relationship for charts

<L %

Exponential relationship

where
(D/d) A b
oo 0.95 -0.33
2.00 0.94 -0.33
1.50 0.94 -0.32
1.30 0.94 -0.32
1.20 0.95 -0.31
1.15 0.95 -0.30
1.12 0.96 -0.29
1.10 0.95 -0.28
1.07 0.97 -0.26
1.05 0.99 -0.24
1.03 0.99 -0.22
1.02 0.98 -0.20
1.01 0.99 -0.15
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Table 5.25 Round bar with semi-circular notch in torsion—Stress concentration charts

WLt

22 \
Kt
20 \

“o

\

1 '4 0/ \
\\\\/'08 \
™~ ~
—
N~ \\ I~
1.0
0.0 0.04 0.08 0.12 0.16 0.20 0.24 0.28

(r/d)
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Table 5.26 Round bar with semi-circular notch in torsion—Exponential relationship for charts

Mq

o

- D ——

A\E

0.

r

Exponential relationship

d
where

(DId) A b

oo 0.88 —0.25
2.00 0.89 -0.24
1.30 0.89 —0.23
1.20 0.90 —0.22
1.10 0.92 -0.20
1.05 0.94 —0.17
1.02 0.97 —0.13
1.01 0.97 -0.10
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Table 5.27 Round shaft with transverse hole in bending—Stress concentration chart

3.0

28

26

24 3276

0.0 0.05 0.10 0.15 0.20 025 030
(d/D)

Table 5.28 Round shaft with transverse hole in bending—Logarithmic relationship for chart

Logarithmic relationship

d
K, =1.59-0.64log (Bj
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Table 5.29 Round shaft with transverse hole in torsion—Stress concentration chart

3.0

28

26

24

2.2

20

0.0

0.05

0.10

0.15
(d/D)

0.20

0.30

Note: The stress concentration chart is for stresses below shaft surface in hole.
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5.2 CYCLIC STRESSES

Table 5.30 Cyclic stresses

Fluctuating stress

Stress The fluctuating or alternating stress varies in a sinusoidal

N manner with respect to time. It has some mean value as well
as amplitude value. It fluctuates between two limits—maxi-
mum and minimum stress. The stress can be tensile or com-
pressive or partly tensile and partly compressive.

0

Repeated stress

The repeated stress varies in a sinusoidal manner with re-
spect to time, but the variation is from zero to some max-
imum value. The minimum stress is zero in this case and
therefore, amplitude stress and mean stress are equal.

Reversed stress

Stress The reversed stress varies in a sinusoidal manner with re-
; 520 spec.t to time, but it has zero mean §tress. In this case, half
4{ m portion of the cycle consists of tensile stress and remaining

/\ Ga /\ , half of compressive stress. There is complete reversal from

0| Time W G tensile stress to compressive stress between these two halves

- and therefore, mean stress is zero.

G =3 s + i) (5:4)

c (5.5

a” 5 Pmax min)
2

O,,.x = Maximum stress (MPa or N/mmz)

max

Opin = Minimum stress (MPa or N/mm?)

0,, = Mean stress (MPa or N/mm?)

o, = Stress amplitude (MPa or N/mm?)

In analysis of fluctuating stresses, tensile stress is considered as positive, while compressive stress as negative. It can
be observed that repeated stress and reversed stress are special cases of fluctuating stress with (o, = 0) and (c,,,= 0)

respectively.
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5.3 NOTCH SENSITIVITY

Table 5.31 Notch sensitivity

Fatigue stress concentration factor (K)

_ Endurance limit of the notch free specimen

/™ Endurance limit of the notched specimen

Notch sensitivity factor (q)

Increase of actual stress over nominal stress

Increase of theoretical stress over nominal stress

Relationship between factors

(K,-1) K,=1+q(K,-1 5.7

q=—"—"17 5.6
(K, -1 5.6) K, = Theoretical stress concentration factor

Note: The values of notch sensitivity factor (¢) can be obtained from Tables 5.32 and 5.33.

Table 5.32 Notch sensitivity charts for reversed bending and reversed axial stresses

Steel Steel Steel
S = 1400N/mm 2 S =1000N/mm ? Syt = 700N/mm?
1.0 j
I [ I S E—
/_/——/ I
0.8 / _/-—J/ _____
. — i R
/ I
L _.-- Steel
1-- 2
06 - Su= 400N/mm
= L
£ prad Aluminium alloy
J—“ e ‘<
£ 04 a
= 0.
E= VG
5]
£
2 02
0
0 0.5 1.0 15 20 25 3.0 35 4.0
Notch radius (r) (mm)
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Table 5.33  Notch sensitivity charts for reversed torsional shear stress

Quenched and drawn steel Annealed steel
(BHN>200) j (BHN < 200) —
1.0
I £ E— ]
e e s e e
08 R
P //
2 / 7 L Aluminium alloy
o
5 06 ;
= /
2 04 7
3 /
S /
5 /
=z 0 /I
/
/
0
0 0.5 1.0 1.5 20 25 30 35 40
Notch radius (r) (mm)

5.4 ESTIMATION OF ENDURANCE LIMIT

Table 5.34 Estimation of endurance limit

Basic relationships

For steels,

§,=0.58S, (5.8)
For cast iron and cast steels,

§,=048, (5.9)
For wrought aluminium alloys,

8§,=04S, (5.10)
For cast aluminium alloys,

§,=038, (5.11)

These relationships are based on 50% reliability.

S’ = endurance limit stress of a rotating beam specimen subjected
to reversed bending stress (MPa or N/mmz)
S, = ultimate tensile strength of material (MPa or N/mm?)

S,=K,K,K.K,S. (5.12)

S, = endurance limit stress of a particular mechanical component
subjected to reversed bending stress (MPa or N/mmz)
K, = surface finish factor (Table 5.35)
K, = size factor (Table 5.36)
K, = reliability factor (Table 5.37)
K, = modifying factor to account for stress concentration.
1

Kj=—

X (5.13)

According to the maximum shear-stress theory,

S, = endurance limit of a component subjected to fluctuating tor-

S.,=058, (5.14) sional shear stresses (MPa or N/mmz)
According to distortion-energy theory,
S.=0.577S, (5.15)
(S,),=08S, (5.16) (S,),= endurance limit of a component subjected to axial load.

(MPa or N/mm?)
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Table 5.35 Values of surface finish factor (K )

Experimental curves

Polished

1.0
o8 \\ % Machined and cold drawn ‘7
— |
\
0.6
ol ™~ { Hot rolled
o
E \ \ L
2 04 I~ T
T T~ I
. Forged l [
’ [ \\
0.2
0
400 600 800 1000 1200 1400 1600
Tensile strength (N/mm 2)
Exponential relationship
K,=a(s,)" [ifK>1, set K,=1]
Values of ‘a’ and ‘b’

Surface finish a b
Ground 1.58 -0.085
Machined and Cold drawn 4.51 -0.265
Hot rolled 57.7 -0.718
As forged 272 —0.995

Cast iron components
The value of surface finish factor for cast iron parts is taken as 1 irrespective of machining

Table 5.36  Values of size factor (K,)

Values of size factor (K,) for cylindrical components

Diameter (d) (mm) K,
d<7.5mm 1.00
7.5<d<50 mm 0.85
d> 50 mm 0.75

Exponential relationships of size factor (K,) for cylindrical components
For bending and torsion, the equation is in the following form:

For 2.79 mm <d <51 mm K, =1.247017
For 51 mm < d <254 mm K;,=0.859 —0.000 873 d
For axial loading K,=1

(Contd.)
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Values of size factor (K,) for non-cylindrical components
(Kuguel’s equality)

The ‘effective’ diameter of any non-circular cross section is given by,

d,= |os_ (5.17)
0.0766

Aqys =portion of cross sectional area of the non-cylindrical part that is stressed between 95% and 100% of the
maximum stress

d, = effective diameter of non-cylindrical part (for calculating size factor)

.

0.95 Opnax

Values of (Ays)
Cross section (4gs)
For rotating solid circular shaft,
Ags=0.0766 d” (5.18)
For non-rotating solid circular bar,
Ags=0.0105 & (5.19)

For non-rotating rectangular section bar,
Ays=0.05 bh (5.20)

For non-rotating I-section bar,
(Ags);_; =0.10 bt (5.21-a)
(Ags)y 5 =0.05 bh (1> 0.025 b) (5.21-b)

For channel section bar,
(Ags);_; = 0.05 bh (5.22-a)
h (Ags)r ,=0.052 xb+ 0.1t (h —x) (5.22-b)
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Table 5.37 Values of reliability factor (K)

Reliability R (%)

C

50

1.000

90

0.897

95

0.868

99

0.814

99.9

0.753

99.99

0.702

99.999

0.659

5.5 FATIGUE DESIGN UNDER REVERSED STRESSES

Table 5.38 S-N curve

[

Iogm sf
A
log,, (095
E F
log,, S
o S-N curve
(for steels)
log. S, t--=---------F———————--23
o7 1o c 8
|
l
l Iong
1 1
3 4 IOglON 6 7
Finite life region Llnﬁnite life region
[

Component with infinite life

Component with finite life

becomes the criterion of failure. The amplitude stress in-
duced in such components should be lower than the en-

of cycles. The design equations for such components are:

o, = (5.23)
s '
S
=€ 5.24
= ) 524

When the component has infinite life, the endurance limit

durance limit in order to withstand the infinite number

When the component has finite life, the S-N curve for
steels consists of a straight line AB drawn from (0.9 S,,) at
10° cycles to (S,) at 10° cycles on a log-log paper.

(i) The coordinates of point 4 are [3 log,, (0.9 S,)]
since 10g10(103) =3

(i) The coordinates of point B are
[6, log, (S,)] since log,(10°) = 6

(iii) Line 4B is used as a criterion of failure for finite-
life components.

(Contd.)
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where (0,) and (7,) are permissible stress amplitudes for
calculating the dimensions of the component and S, and
S, are corrected endurance limits in reversed bending and
torsion respectively.

(iv) N is the life of component. A vertical line passing
through log,, (NV) on the abscissa intersects 4B at
point F.

(v) Line FE is parallel to the abscissa. The ordinate at
point £, i.e., log;, (S)), gives the fatigue strength cor-
responding to N cycles.

5.6 FATIGUE DESIGN UNDER FLUCTUATING STRESSES

Table 5.39  Fluctuating stresses—Failure criteria

Gerber line

0y
S‘/I N
N
N
N
AN
AN
AN
N
AN
AN
N
Failure o
points  ~_ Yield line
/ ‘ \\ /
N
\,
[ ] N
[ ] N
[ ]
(] N
B Se ® o A
2
=
£
©
2
[
vl
Soderberg line
0 Mean stress

Soderberg line
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A straight line joining S, on the ordinate to S, on the ab- | The equation of Soderberg line is given by,
scissa is called the Soderberg line. S S
4= (5.25)
Syt Se
Goodman line
A straight line joining S, on the ordinate to S,, on the ab- | The equation of Goodman line is given by,
scissa is called the Goodman line. s s
2+ 2= (5.26)
Sllt Se
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Gerber line

A parabolic curve joining S, on the ordinate to S,, on the | The equation for Gerber curve is as follows,

abscissa is called the Gerber line. s S 2
S+ =1 5.27
S e [ S ut ] ( )
It can be also written in the following form:
g 2
S, =S, ll—[”’} } (5.28)
Sut
Yield line
A straight line joining S, on the ordinate to S, on the ab- | The equation of yield line is given by,
scissa is called the Yield line. S S
=] (5.29)
Sy Sy
It can be also written in the following form:
Sy t8,=8, (5.30)
Design equations
o _ e (5.31) o S (5.32)
O] ' ") '
Notations:
S, = ultimate tensile strength (MPa or N/mm?)
S, = yield strength (MPa or N/mm?)
S, = endurance limit stress of component subjected to reversed bending (MPa or N/mm?)
S, = limiting value of stress amplitude (MPa or N/mm?)
S,,= limiting value of mean stress (MPa or N/mm?)
o,= permissible stress amplitude (MPa or N/mm?)
0,, = permissible mean stress (MPa or N/mm?)
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Table 5.40 Modified Goodman diagrams

Modified Goodman diagram for axial and bending stresses

(i) CDis a yield line which joins S on the ordinate to S, on the

abscissa. Obviously the line CD is inclined at 45° to the abscissa.
(i) AF is a Goodman line which joins S, on the ordinate with S,, on the

abscissa.
(iii) The point of intersection of these two lines is B.
(iv) The area OABC represents the region of safety for components sub-
AN E jected to fluctuating stresses. The region OABC is called modified
N Goodman diagram. All the points inside the modified Goodman
Se N diagram should cause neither fatigue failure nor yielding.
(v) The slope of line OE is tan 6.

B\ tan9=&=i—7(Mb)"

45 ON \C\ ~_ F o, O Pm (Mb)m

(5.33)

0 m Syt Sut (vi) The point of intersection of lines AB and OE is X. The point X in-
dicates the dividing line between the safe region and the region of
failure. The coordinates of point X (S, S,) represent the limiting
values of stresses, The permissible stresses are as follows:

and 0, = (5.34)

SZZ m
c,= —
() ()

Modified Goodman diagram for torsional shear stresses

(1) In this diagram, torsional mean stress is plotted on abscissa while

the torsional stress amplitude on ordinate.

(ii) CBisa yield line which is inclined at 45° to the abscissa and passes
through S, on abscissa.

(iii) The line 4B is passes through S,, on the ordinate and parallel to the
abscissa.

Ta (iv) The point of intersection of these two lines is B. The area OABC

represents the region of safety in this case. It is not necessary to

construct fatigue diagram for fluctuating torsional shear stresses be-

cause AB is parallel to X-axis. Instead a fatigue failure is indicated

if,

1,=5, (5.35)

e

and a static failure is indicated if,

Tmax = Ta+ Ty =Sy (5.36)

The permissible stresses are as follows:

—_ se -
T and Tinax =

)

sy
) (5.37)

(Contd.)
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5.7 FATIGUE DESIGN UNDER COMBINED STRESSES

Table 5.41 Fatigue design under combined stresses

Two-dimensional stresses

In case of two-dimensional stresses, the component is subjected to stresses 0, and o, in X- and Y-directions. The mean
and alternating components of o, are ,,, and o, respectively. Similarly, the mean and alternating components of &,
are 0,,, and o, respectively. In this analysis, the mean and alternating components are separately combined.

O= \/(O-)%m ~Oum Gym + oi%m) (53 8)

o,= \/ (02— 00,0+ 00, (5.39)

The two stresses 0, are 0, obtained by the above equations are used in the modified Goodman diagram for design of
the component.

Combined bending and torsional shear stresses

In case of combined bending and torsional moments, there is a normal stress o, accompanied by the torsional shear
stress 7,,. The mean and alternating components of o, are ,,, and 0, respectively. Similarly, the mean and alternating

components of 7, are 7,,,, and 7, respectively. Combining these components separately,

On= \/ o-,%m +3 Tiym (540)
0, =105, +370, (5.41)

The two stresses 0, are 0, obtained by the above equations are used in the modified Goodman diagram for design of
the component.

Miner’s equation

The component is subjected to completely reversed stress (o) for (n;) cycles, (o,) for (n,) cycles and so on. Let N, be
the number of stress cycles before fatigue failure, if only the alternating stress (o) is acting and N, be the number of
stress cycles before fatigue failure, if only the alternating stress (0,) is acting.

R R L | (Miner’s equation) (5.42)
Tt - = iner’s equation .
NN, N,

Suppose that o, ,........... are proportions of the total life that will be consumed by the stress levels oy, 0,........

etc. Let NV be the total life of the component. Then, n, = &y Nand n, = o, N
Miner’s equation can be written as,

o o, o, 1

+—=+..... +—=— (5.43)
N, N, N, N
O+ 0 + 0+ +o, =1 (5.44)
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Table 5.43  Radius of deformation for contacting spheres (a) and half width of deformation for

cylinders (b)
Figure Shape Values of a and b Other combinations
Two 1 (i) For sphere and flat
Spheres 1- vlz 1- v; 3 surface,
P +
E, E, R,=eand Rj=R
a=0.908 11 (i) For sphere and
;1 + sz spherical socket,
R,= negative
(5.51)
Two 1 (1) For cylinder and
Parz'illel (1- vl2 1— V% 2 flat surface,
Cylinders P T+T R,=and R;=R
b=1.13 ! 2 (ii) For cylinder and
(1 + 1] cylindrical groove,
R R, R,= negative
(5.52)

Notations:

[ = axial length of contacting cylinders

a = radius of circular contact between two spheres

P = force pressing the two spheres or cylinders together
P’= (P/1) = force per unit length of parallel cylinders

b = half width of rectangular contact between two cylinders
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5.9 ROTATING DISKS AND CYLINDERS

Table 5.44 Stresses in rotating disks of uniform width

central hole

Figure Shape Equations for stresses
Rotating Radial stress at any radius 7 is given by,
disk with

(] o

Tangential stress at any radius r is given by,

s LG E BRG]

(5.54)
The maximum radial stress occurs at (r =,/rr, ). It is
given by,

2

2 3+v T

= S | P
(O-r)max pv ( 3 )( VDJ

The maximum tangential stress occurs at (r = r;). It is
given by,

(5.55)

2
3+ vj 1-v(rn
o = T —= | = (5.56)
( t)max pv ( 8 3+V r()
Rotating Radial stress at any radius 7 is given by,
solid disk 2
o, = pvz(“—v) [l-(’] 1 (5.57)
8 r,
Tangential stress at any radius r is given by,
(5.58)

oo ([0 2]

The maximum radial stress and maximum tangential
stress are equal and both occur at
(r=0). They are given by,

(0)max = (0 =PV (3%) (5.59)

Notations:

o, and o, are in (N/m?)

(G,)ax = Maximum radial stress (N/m?)

(0) ;e = Maximum tangential stress (N/m?)

p = mass density of disk material (kg/m?>)

v = Poisson’s ratio (0.30 for steel and 0.27 for cast iron)
v = r,w = peripheral velocity (m/s)

r; = inside radius of plate (m)

r, = outside radius of plate (m)

7 = variable radius (m)
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Table 5.45 Stresses in rotating long cylinders

Figure Shape Equations for stresses
Rotating hollow | Radial stress at any radius r is given by,
cylinder ) r 5 2 2
o, <PV (32v )7 _(ﬁj (5.60)
8 1-v r, T, r
Tangential stress at any radius r is given by,
5 i 2 2 2
pv (3=-2v 7 1+2v | r ;
o,= I+ = - — |+ -+
& \I-v r, 3-2v )\ r, r

(5.61)
Axial stress at any radius r is given by,

s 2 2
PV VA | 2o 2| | (for free ends)
4 \1-v r, 7,

g
(5.62)
Rotating solid | Radial stress at any radius 7 is given by,
cylinder 2 [ 2
o =P’ 3=2vi (5.63)
& \1-v 7,
Tangential stress at any radius r is given by,
2 B 2
= pv 3-2v 1 - 1+2v r (5.64)
8 \I-v 3-2v)\r,
Axial stress at any radius r is given by,
r (5.65)

O-l:

2
PV (v, ("
4 \I-v r,

2
j :l (for free ends)

Notations:
0,, 6, and o, are in (N/m?)
p = mass density of disk material (kg/m®)

v = r,m = peripheral velocity (m/s)
r; = inside radius of cylinder (m)
r, = outside radius of cylinder (m)
7 = variable radius (m)

v = Poisson’s ratio (0.30 for steel and 0.27 for cast iron)
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Power Screws

6.1 FORMS OF THREADS

Table 6.1 Forms of threads for power screws

Square threads

P P2
P = i
P/2

Designation—

A power screw with single-start square threads is designated by the letters ‘Sq’
followed by the nominal diameter and the pitch expressed in millimeters and
separated by the sign © X ’. For example,

Sq30%6

It indicates single-start square threads with 30 mm nominal diameter and 6 mm
pitch.
Applications — Screw jacks, presses and clamping devices

ISO metric trapezoidal threads

Designation—

A single-start 1.S.0. metric trapezoidal thread is designated by letters ‘Tr’
followed by the nominal diameter and the pitch expressed in millimetres and
separated by the sign ‘ X . For example,

Tr40 x 7

It indicates single-start trapezoidal threads with 40 mm nominal diameter and
7 mm pitch.

Multiple-start trapezoidal threads are designated by letters ‘Tr’ followed by the
nominal diameter and the lead, separated by sign ‘ X * and in brackets the letter ‘P’
followed by the pitch expressed in millimetres. For example,

Tr40x 14 (P7)
In above designation,

lead = 14 mm pitch =7 mm
No. of starts = 14/7 =2

Therefore, the above designation indicates two-start trapezoidal thread with
40 mm nominal diameter and 7 mm pitch. In case of left hand threads, the letter
‘LH’ is added to thread designation. For example,

Tr40 x 14 (P 7) LH

(Contd.)
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Applications — Lead screw and other power transmitting screws in machine tools
Note: There is a special type of trapezoidal thread called acme thread. Trapezoi-
dal and acme threads are identical in all respects except the thread angle. In acme
thread, the thread angle is 29° instead of 30°.

Saw tooth threads

Designation—

~ A single-start saw tooth thread is designated by letters ‘ST’ followed by the
Iolgﬂa nominal diameter and the pitch expressed in millimetres and separated by the
sign ‘ X ’. For example,

ST 40x 7

It indicates single-start saw tooth threads with 40 mm nominal diameter and
7 mm pitch.

Multiple-start saw tooth threads are designated by letters ‘ST’ followed by the
nominal diameter and the lead, separated by sign ‘ X * and in brackets the letter ‘P’
followed by the pitch expressed in millimetres. For example,

ST40x 14 (P 7)
In above designation,

lead = 14 mm pitch =7 mm
No. of starts = 14/7 =2

Therefore, the above designation indicates two-start saw tooth thread with 40 mm
nominal diameter and 7 mm pitch.

Applications — Vices where force is applied only in one direction and for connect-
ing tubular components that must carry large force such as connecting the barrel
to the housing in anti-aircraft guns

Note: There is a special type of saw tooth thread called buttress thread. Saw tooth
and buttress threads are similar in all respects except the thread angle and height
of external thread. In buttress thread, the thread angle is 45° instead of 30° and
height is 0.75 P instead of 0.87 P.

6.2 DIMENSIONS OF SQUARE THREADS

Table 6.2 Proportions for square threads

P
Tt Proportions
e 7 @{7 h=05P
B < H=05P+a
A /4 “ N4 th " h,=0.5P—b
1 e=0.5P
D=d+2a
S r
bd a N \\\\\\\C SOONNAN dy=d-2h,
Area of core = %dlz
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Table 6.3 Basic dimensions of square threads — Fine series

Nominal Major Diameter Minor | Pitch| e r h, b hy a H | Area of
Diameter | Screw Nut Diameter | P Core
d D d; (mm?)
10 10 10.5 8 50.3
12 12 12.5 10 78.5
14 14 145 12 2 1 0.12 | 0.75 | 0.25 1 025 | 1.25 113
16 16 16.5 14 154
18 18 18.5 16 201
20 20 20.5 18 254
22 22 22.5 19 284
24 24 24.5 21 346
26 26 26.5 23 415
28 28 28.5 25 491
30 30 30.5 27 573
3 1.5 | 012 | 125 (025 | 1.5 | 025 | 1.75
32 32 325 29 661
36 36 36.5 33 855
40 40 40.5 37 1075
42 42 42.5 39 1195
44 44 44.5 41 1320
48 48 48.5 45 1590
50 50 50.5 47 1735
52 52 52.5 49 1886
55 55 55.5 52 2124
60 60 60.5 57 2552
65 65 65.5 61 2922
70 70 70.5 66 3421
75 75 75.5 71 3959
80 80 80.5 76 4536
85 85 85.5 81 4 2 012 | 175|025 | 2 |025|225 | 5153
90 90 90.5 86 5809
95 95 95.5 91 6504
100 100 100.5 96 7238
110 110 110.5 106 8825
120 120 120.5 114 10207
130 130 130.5 124 12076
140 140 140.5 134 14103
6 3 1025 25 | 05 3 1025325
150 150 150.5 144 16286
160 160 160.5 154 18627
170 170 170.5 164 21124
(Contd.)
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180 180 180.5 172 23235
190 190 190.5 182 26016
200 200 200.5 192 28953
210 210 210.5 202 8 4 1025] 35| 05 4 1025|425 | 32047
220 220 220.5 212 35299
230 230 230.5 222 38708
240 240 240.5 232 42273
250 250 250.5 238 44488
260 260 260.5 248 48305
270 270 270.5 258 52279
12 6 025 55 | 05 6 025|625
280 280 280.5 268 56410
290 290 290.5 278 60699
300 300 300.5 288 65144
Note: All dimensions in mm.
Table 6.4 Basic dimensions for square threads — Normal series
Nominal | Major Diameter Minor Pitch e r h, b hy a H | Areaof
Diameter | Screw Nut Diameter P Core
d D d, (mm?)
22 22 22.5 17 227
24 24 245 19 5 25 1025 2 05 | 25 1025|275 284
26 26 26.5 21 346
28 28 28.5 23 415
30 30 30.5 24 452
32 32 32.5 26 6 3 025 25 | 05 3 0.25 ] 3.25 531
36 36 36.5 30 707
40 40 40.5 33 7 35 1025 | 3 0.5 | 35 025|375 855
44 44 445 37 1075
48 48 48.5 40 1257
50 50 50.5 42 8 4 025| 35 | 05 4 0.25 | 4.25 1385
52 52 52.5 44 1521
55 55 55.5 46 9 45 1025 | 4 05 | 45 0251475 1662
60 60 60.5 51 2043
65 65 65.5 55 2376
70 70 70.5 60 10 5 [025] 45 | 05 5 1025525 2827
75 75 75.5 65 3318
80 80 80.5 70 3848
(Contd.)
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85 85 85.5 73 4185
90 90 90.5 78 12 6 025 | 5.5 0.5 6 0.25 | 6.25 4778
95 95 95.5 83 5411
100 100 100.5 88 6082
110 110 110.5 98 7543
120 120 121 106 8825
125 125 126 111 14 710516 1 7105 TS5 9677
130 130 131 116 10568
140 140 141 126 12469
150 150 151 134 14103
160 160 161 144 16 8 |05 7 1 8 | 05 | 85| 16286
170 170 171 154 18627
180 180 181 162 20612
190 190 191 172 18 9 | 05| 8 1 9 | 05 95| 23235
200 200 201 182 26016
210 210 211 190 28353
220 220 221 200 20 10 0.5 9 1 10 0.5 | 10.5 31416
230 230 231 210 34636
240 240 241 218 37325
250 250 251 228 22 11 0.5 10 1 11 05 | 11.5 40828
260 260 261 238 44488
270 270 271 246 47529
280 280 281 256 24 12 0.5 11 1 12 0.5 | 12.5 51472
290 290 291 266 55572
300 300 301 274 26 13 0.5 12 1 13 0.5 | 13.5 58965
Note: All dimensions in mm.
Table 6.5 Basic dimensions for square threads — Coarse series
Nominal | Major Diameter Minor Pitch e r h, b hy a H | Areaof
Diameter | gcrew Nut Diameter P Core
d D d, (mm?)
22 22 225 14 164
24 24 245 16 8 4 102535 (05| 4 [025]425[ 5
26 26 26.5 18 254
28 28 28.5 20 314
30 30 30.5 20 314
P P 125 ” 10 | 5 [025] 45|05 5 [025[525[ 350
36 36 36.5 26 531
(Contd.)
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40 40 40.5 28 616
o o 445 ) 12 | 6 [025] 55|05 ] 6 (025|625 goa

48 48 48.5 36 1018

50 50 50.5 38 1134

52 52 52.5 40 1257

55 55 56 41 14 | 7 |os|{ 6 | 1 |7 [05]75] 1320
60 60 61 46 1662

65 65 66 49 1886
70 70 7 s 16 | 8 [0os| 7| 1 | 8 ]05]85[ 20
75 75 76 59 2734
80 80 81 64 3217
85 85 86 67 3526
% % o1 - 18 | 9 Jos5| 8 | 1 [ 9 |05]|95][ 4m

95 95 96 77 4657
100 100 101 80 20 [ 10 [05] 9 [ 1 [ 10[05]105] 5027
110 110 11 90 6362
120 120 121 98 22 [ 1 [ 05| 10| 1 | 11|05 [1L5] 7543

130 130 131 108 9161

140 140 141 116 24 | 12 |05 | 11| 1 | 12|05 [125] 10568
150 150 151 126 12469
160 160 161 132 13685
170 170 171 " 28 | 14 [ 05| 13| 1 | 14 | 05| 145 jss37
180 180 181 152 18146
190 190 191 158 32 [ 16 [ 05| 15| 1 [ 16 |05 |165| 19607
200 200 201 168 22167
210 210 211 174 23779
220 220 1 184 36 | 18 |05 | 17 | 1 | 18 | 0.5 [ 185 26500
230 230 231 194 29559
240 240 241 204 32685
250 250 251 210 34636
260 260 %61 220 40 | 20 | 0.5 19| 1 | 20 [ 05 ]205[ 33013
270 270 271 230 41548
280 280 281 240 45239
290 290 291 246 47529
300 300 301 756 44 | 2 (05|21 | 1 | 22]05]|225[ 5142

Note: All dimensions in mm.
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6.3 DIMENSIONS OF TRAPEZOIDAL THREADS

Table 6.6 Proportions for ISO metric trapezoidal threads

30°
ac

SN

Internal threads

N\

2 |
%F h3 Rz % H1
ac
d dz d3 g Screw
External threads
///////////

Proportions:

H, =05P

H,=H +a.=05P+a,
hy=H +a,=05P+a,
z=H,/2=025P
D=d-2H,

Dy=d+2a,

dy=d—-2 h,
dy=D,=d-2z=d-05P
R)Dmax=0.5a,

(R2)max =a.

Notations:

a, = clearance on crest

D, = major diameter of internal threads

D, = pitch diameter of internal threads

D= minor diameter of internal threads

d = major diameter of external threads (nominal diameter)
dy= pitch diameter of external threads

dy = minor diameter of external threads

H, = height of the overlapping
H, = height of internal threads
h; = height of external threads
P = pitch

(ISO: 2901)

Table 6.7 Basic dimensions for 1SO metric trapezoidal thread (Thread profile)

P a, H,=h, H, (R max (R max
1.5 0.15 0.9 0.75 0.08 0.15
2 0.25 1.25 1 0.13 0.25
3 0.25 1.75 1.5 0.13 0.25
4 0.25 2.25 2 0.13 0.25
5 0.25 2.75 2.5 0.13 0.25
6 0.5 3.5 3 0.25 0.5
7 0.5 4 3.5 0.25 0.5
8 0.5 4.5 4 0.25 0.5
9 0.5 5 4.5 0.25 0.5
10 0.5 5.5 5 0.25 0.5
(Contd.)
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12 0.5 6.5 6 0.25 0.5
14 1 7 0.5 1
16 1 8 0.5 1
18 1 10 9 0.5 1
20 1 11 10 0.5 1
22 1 12 11 0.5 1
24 1 13 12 0.5 1
28 1 15 14 0.5 1
32 1 17 16 0.5 1
36 1 19 18 0.5 1
40 1 21 20 0.5 1
44 1 23 22 0.5 1
(ISO: 2901) Note: All dimensions in mm.
Table 6.8 Basic dimensions for ISO metric trapezoidal thread
Nominal diameter Pitch Pitch diameter | Major diameter Minor diameter
d P d,=D, D, dy D,
8 1.5 7.25 8.3 6.2 6.5
10 2 9.0 10.5 7.5 8.0
12 3 10.5 12.5 8.5 9.0
16 4 14.0 16.5 11.5 12.0
20 4 18.0 20.5 15.5 16.0
24 5 21.5 24.5 18.5 19.0
28 5 25.5 28.5 22.5 23.0
32 6 29.0 33.0 25.0 26.0
36 6 33.0 37.0 29.0 30.0
40 7 36.5 41.0 32.0 33.0
44 7 40.5 45.0 36.0 37.0
48 8 44.0 49.0 39.0 40.0
52 8 48.0 53.0 43.0 44.0
60 9 55.5 61.0 50.0 51.0
70 10 65.0 71.0 59.0 60.0
80 10 75.0 81.0 69.0 70.0
90 12 84.0 91.0 77.0 78.0
100 12 94.0 101.0 87.0 88.0
120 14 113.0 122.0 104.0 106.0
140 14 133.0 142.0 124.0 126.0
160 16 152.0 162.0 142.0 144.0
(Contd.)
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180 18 171.0 182.0 160.0 162.0
200 18 191.0 202.0 180.0 182.0
220 20 210.0 222.0 198.0 200.0
240 22 229.0 242.0 216.0 218.0
260 22 249.0 262.0 236.0 238.0
280 24 268.0 282.0 254.0 256.0
300 24 288.0 302.0 274.0 276.0
(ISO: 2904) Note: All dimensions in mm.
Table 6.9 Tolerance classes for trapezoidal screw threads
Tolerance class for Thread engagement group
Pitch diameter Internal thread External thread
N L N L
Medium 7H 8H Te 8e
Coarse 8H 9H 8c 9¢c

(ISO: 2903) Note: (i) Medium class — for general use; (ii) Coarse class — for cases when manufacturing difficulties
can arise; (iii) Group N is recommended if the actual length of thread engagement is unknown.

6.4 DIMENSIONS OF SAW TOOTH THREADS

Table 6.10 Proportions for saw tooth threads

w

Nut

NEENEEN

Internal threads
N

hs

YY)

/ External threads 7 /

7/ Screw

Proportions:

H,=0.75P
a,=0.11777 P

a=0.1\P (axial play)
hy=H, +a,=0.86777 P
w=0.26384 P
e=0.26384 P—0.1NP=w—a
R=0.12427 P
D,=d-2H,=d-15P
dy=d-2h,
dy=D,=d—0.75P

T 2
A=—d
4%

(Contd.)
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Notations:

D = major diameter of internal thread

d = major diameter of external thread

D, = pitch diameter of internal thread

d, = pitch diameter of external thread

R =radius at root of external thread

a, = clearance at minor diameter of external thread

D= minor diameter of internal thread
ds= minor diameter of external thread

P = pitch

H, = height of internal thread profile
h; = height of external thread profile
w = profile width at major diameter

(DIN 513-1)

Table 6.11 Basic dimensions for thread profile of saw tooth threads

P a, a e h; w
2 0.236 0.1414 0.386 1.736 0.528
3 0.353 0.1732 0.618 2.603 0.792
4 0.471 0.2 0.855 3.471 1.005
5 0.589 0.2236 1.096 4.339 1.319
6 0.707 0.2449 1.338 5.207 1.583
7 0.824 0.2646 1.582 6.074 1.847
8 0.942 0.2828 1.828 6.942 2.111
9 1.060 0.3 2.075 7.810 2.374
10 1.178 0.3162 2.322 8.678 2.638
12 1.413 0.3464 2.820 10.413 3.166
14 1.649 0.3742 3.320 12.149 3.694
16 1.884 0.4 3.821 13.884 4221
18 2.120 0.4243 4.325 15.620 4.749
20 2.355 0.4472 4.830 17.355 5.276
22 2.591 0.4690 5.335 19.091 5.804
24 2.826 0.4899 5.842 20.826 6.332
28 3.298 0.5292 6.858 24.298 7.388
32 3.769 0.5657 7.877 27.769 8.443
36 4.240 0.6 8.898 31.240 9.498
40 4.711 0.6325 9.921 34.711 10.554
44 5.182 0.6633 10.946 38.182 11.609
(DIN 513-2) Note: All dimensions in mm.
Table 6.12 Basic dimensions for saw tooth threads
Nominal Pitch Pitch Minor Diameter hy H, R Area of
Diameter P Diameter d, D, core
d d,=D, (mm?)
10 2 8.50 6.528 7.0 1.736 1.50 0.249 34
12 3 9.75 6.794 7.5 2.603 2.25 0.373 36
(Contd.)
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16 4 13.00 9.058 10.0 3.471 3.00 0.497 64
20 4 17.00 13.058 14.0 3.471 3.00 0.497 133
24 5 20.25 15.322 16.5 4.339 3.75 0.621 184
28 5 24.25 19.322 20.5 4.339 3.75 0.621 293
32 6 27.50 21.586 23.0 5.207 4.50 0.746 370
36 6 31.50 25.586 27.0 5.207 4.50 0.746 514
40 7 34.75 27.852 29.5 6.074 5.25 0.870 606
44 7 38.75 31.852 33.5 6.074 5.25 0.870 794
48 8 42.00 34.116 36.0 6.942 6.00 0.994 914
52 8 46.00 38.116 40.0 6.942 6.00 0.994 1141
60 9 53.25 44.380 46.5 7.810 6.75 0.994 1550
70 10 62.50 52.644 55.0 8.678 7.50 1.243 2177
30 10 72.50 62.644 65.0 8.678 7.50 1.243 3082
90 12 81.00 69.174 72.0 10415 9.00 1.491 3758
100 12 91.00 79.174 82.0 10.415 9.00 1.491 4923
120 14 109.50 95.702 99.0 12.149 10.50 1.740 7210
140 14 129.50 125.702 119.0 12.149 10.50 1.740 12380
160 16 148.00 132.232 136.0 13.884 12.00 1.988 13733
180 18 166.50 148.760 153.0 15.620 13.50 2.237 17340
200 18 186.50 168.760 173.0 15.620 13.50 2.237 22340
220 20 205.00 185.290 190.0 17.355 15.00 2.485 26965
240 22 223.50 201.818 207.0 19.091 16.50 2.734 31780
260 22 243.50 221.818 227.0 10.091 16.50 2.734 38900
280 24 262.00 238.348 244.0 20.826 18.00 2.982 44618
300 24 282.00 258.348 264.0 20.826 18.00 2.982 52450
(DIN 513-2) Note: All dimensions in mm.
Table 6.13 Tolerance classes for saw tooth threads
Tolerance class for Thread engagement group
Pitch diameter Internal thread External thread
N L N L
Medium 7H 8H Te 8e
Coarse 8H 9H 8c 9c

(DIN 513-3) Note: (i) Medium class — for general use; (ii) Coarse class — for cases when manufacturing difficulties
can arise; (iii) Group N is recommended if the actual length of thread engagement is unknown.
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6.5 TORQUE EQUATIONS

Table 6.14 Basic equations for power screw with square threads

Equation | Notations

Core diameter

d, = core or minor diameter of screw (mm)
d,=(d—-P) (6.1) | d =nominal or major diameter of screw (mm)
P = pitch of thread (mm)

Mean diameter

d,=(d—0.5P) (6.2) | d,, = mean diameter of screw (mm)
Helix angle of thread
tan o = ! (63) o = helix angle of the thread
nd,, [ =lead of screw

Friction angle

¢ = friction angle

1 = coefficient of friction between screw and nut threads
Effort required to lift load

E = effort required to lift load W (N)

U=tan ¢ (6.4)

E=Wtan (¢ + o) (6.5) | (effort E is perpendicular to load W)
W =load (N)
Torque required to lift load
wd, . .
M,= Ttan(q) +) (6.6) | M, = torque required to lift load (N-mm)
Effort required to lower load
=Wt 6.7 E = effort required to lower load W (N)
= Wtan(¢-a) ©.7) (effort E is perpendicular to load W)
Torque required to lower load
wd, 6.8
M= N tan(¢ — o) (6.8) M, = torque required to lower load (N-mm)
Self-locking screw
For self-locking screw,
¢>o
tan¢ > tano or (1> tano “A screw will be self-locking if the coefficient of friction
/ is equal to or greater than the tangent of the helix angle”.
g (6.9)

(Contd.)
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Efficiency of screw
tan o
= tan(¢ + or) (6.10) n = efficiency of the screw
100 m=0.05
90 ‘
80 m=0.10

70 /

N
S

[

/

Efficiency (%)
w b U

- N
oo o & S o

0 10 20 30 40 50 60 70 80
Helix angle ¢/ (deg)

Note: An average value of 0.15 can be taken for the coefficient of friction between screw and nut threads, when the
screw is lubricated with mineral oil.

Table 6.15 Basic equations for power screw with trapezoidal threads

Effort required to lift load

W (u sec 0 + tan )
E=—7"—"—= (6.11)
(1 - sec 6 tan @)
Torque required to lift load
wd sec 0 + tan
M,=—" (ll ) (6.12)
2 (1-pusecHtan &)
Effort required to lower load
_ W(usecO —tan o) 613
(14 usec tan o) (6.13)
Torque required to lower load
wd,, (usec—tan o)
M,= .14
! 2 (1+ usecO tan ) ©6.14)
Efficiency of screw
_ tan ol — psec 6 tan o) 6.15)

(u sec 6 + tan )

Note: 6= thread angle
For 1.S.0. metric trapezoidal thread, 26=30°
For acme thread, 26=29°
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Table 6.16 Collar friction torque

| Load j w |
| Cup
D,
Collar
== Do —1
o
Egj Screw

s

M), =

M), =

(Mt)t‘ = ”C WRm

[

According to the uniform pressure theory,

Dy - D}
3 D;-Df

According to the uniform wear theory,

4

X (Dy+ D;
4 (0 1)

1, = coefficient of friction at the collar
D, = outer diameter of the collar (mm)
D, = inner diameter of the collar (mm)
R, = mean radius of collar (mm)

(M), = collar friction torque (N-mm)

Table 6.17 Coefficient of friction for thrust collars

Material combination

He
Starting Running
Soft-steel — cast iron 0.17 0.12
Hardened steel — cast iron 0.15 0.09
Soft steel — bronze 0.10 0.08
Hardened steel — bronze 0.08 0.06

Note: When thrust ball bearing is used at the collar surface, its coefficient of friction is about 1/10™ of plain sliding

surface. It varies from 0.01 to 0.02.

Table 6.18 Unit bearing pressure (S,) for power screws

Type of application Material Sy, Rubbing speed
Screw Nut (MPa or N/mm?)

Hand press Steel Bronze 18-24 Low speed
Screw-jack Steel Cast iron 13-17 Low speed < 2.5 m/min
Screw-jack Steel Bronze 11-17 Low speed < 3 m/min
Hoisting screw Steel Cast iron 4-7 Medium speed 612 m/min
Hoisting screw Steel Bronze 5-10 Medium speed 6-12 m/min
Lead screw Steel Bronze 1-1.5 High speed > 15 m/min
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6.6 DESIGN EQUATIONS OF POWER SCREWS

Table 6.19 Power screws —Stresses, bearing pressure and materials

Stresses in screw body

w

O,=7—— (6.19)
(54)
4
W = axial load (N)
o, = direct compressive stress (MPa or N/mm?)
d, = core diameter of screw (mm)
16(M,),
T=—7— 6.20
ndf (6.20)
7= torsional shear stress (MPa or N/mm?)
(M,), = total torque (N-mm)
o\
Toax = (7) +(1)? (6.21)
Tmax = principal shear stress (MPa or N/mm?)
M) =M, + (M), (6.22)

(M,), = external torque required to raise the load (N-mm)
M, = torque required to overcome friction at the thread surface (N-mm)
(M,), = collar friction torque (N-mm)

Stresses in threads of screw

w
nd tz

(6.23)

Ts

7, = transverse shear stress at the root of the screw (MPa or N/mm?)
t = thread thickness at the core diameter (mm)
z = number of threads in engagement with the nut

Stresses in threads of nut

W (6.24)
T, = .
" mdtz
T, = transverse shear stress at the root of the nut (MPa or N/mm?)

t = thread thickness at the root of the nut (mm)

Bearing pressure

aw
Sy=———5 (6.25)
nz(d*—d?)

S), = unit bearing pressure (MPa or N/mm?) (Table 6.18)

Materials for Screw
Plain carbon steels 30C8, 40C8 and 45C8 —
alloy steel 40Cr1

Materials for Nut
Phosphor bronze — tin bronze — cast iron
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ISO METRIC SCREW THREADS

Table 7.1 Profiles of internal and external threads

Root rounded
beyond a width
P of P/8 H
8 rg
Tlnternalthreads /ﬁ g T
LTINS h
DAV
7 n
W7 v

D D, D !

Internal thread
diameters

d, d

External thread
diameters

Proportions

Notations

Dp=D—2(§H)=D—o.650P
8
3
dy=d =2\ SH|=d-0650P
5
D,=D -2 H |=D-1083P

dC:d—Q(ﬂHJ:D—l.QNP
: 24

2
d, +d
Tensile stress area = %( p 5 C)

D = major diameter of internal thread
D, = minor diameter of internal thread
D, = pitch diameter of internal thread

d = major diameter of external thread

d, = minor diameter of external thread
d, = pitch diameter of external thread

H = height of fundamental triangle
H, = maximum depth of engagement
hy = basic depth of external thread

P = pitch




Table 7.2  Basic dimensions of ISO metric screw threads (Coarse threads)

Designation Nominal or Pitch (P) | Pitch diameter Minor diameter (mm) Tensile
Major diameter (mm) (d,=D,) d D stress area

(d = D) (mm) (mm) ¢ ¢ (mm?)
M2.5 2.5 0.45 2.208 1.948 2.013 3.39
M3 3 0.5 2.675 2.387 2.459 5.03
M4 4 0.7 3.545 3.141 3.242 8.78
M5 5 0.8 4.480 4.019 4.134 14.2
M6 6 1 5.350 4.773 4917 20.1
M8 8 1.25 7.188 6.466 6.647 36.6
M 10 10 1.5 9.026 8.160 8.376 58.0
M 12 12 1.75 10.863 9.853 10.106 84.3
M 16 16 2 14.701 13.546 13.835 157
M 20 20 2.5 18.376 16.933 17.294 245
M 24 24 3 22.051 20.319 20.752 353
M 30 30 35 27.727 25.706 26.211 561
M 36 36 4 33.402 31.093 31.670 817
M 42 42 4.5 39.077 36.479 37.129 1120
M 48 48 5 44.752 41.866 42.587 1470
M 56 56 5.5 52.428 49.252 50.046 2030
M 64 64 6 60.103 56.639 57.505 2680

(ISO: 724)

Note: A screw thread of coarse series is designated by the letter ‘M’ followed by the value of the nominal diameter in
mm. For example, M 12.

Table 7.3  Basic dimensions of ISO metric screw threads (Fine threads)

7.2 Machine Design Data Book

Designation Nominal Pitch Pitch Minor diameter Tensile stress
or Major @P) diameter (mm) area
diameter (mm) (d,=D) d D (mm?)

(d= D) (mm) (mm) ‘ ‘

M2.5x0.45 25 0.45 2.208 1.948 2.013 3.39

M 2.5%0.35 2.5 0.35 2273 2.071 2.121 3.70

M3x0.5 3 0.5 2.675 2.387 2.459 5.03

M3 x0.35 3 0.35 2.773 2.571 2.621 5.61

M4x0.7 4 0.7 3.545 3.141 3.242 8.78

M4x0.5 4 0.5 3.675 3.387 3.459 9.79

(Contd.)
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M5x0.8 5 0.8 4.480 4.019 4.134 14.2
M5x0.5 5 0.5 4.675 4.387 4.459 16.1
M6x1 6 1 5.350 4.773 4917 20.1
M6 x0.75 6 0.75 5.513 5.080 5.188 22.0
M8 x1.25 8 1.25 7.188 6.466 6.647 36.6
M8x1 8 1 7.350 6.773 6.917 39.2
M 8x0.75 8 0.75 7.513 7.080 7.188 41.8
M10x 1.5 10 1.5 9.026 8.160 8.376 58.0
M 10x1.25 10 1.25 9.188 8.466 8.647 61.2
M10x1 10 1 9.350 8.773 8.917 64.5
M 10 x 0.75 10 0.75 9.513 9.080 9.188 67.9
M12x1.75 12 1.75 10.863 9.853 10.106 84.3
MI12x1.5 12 1.5 11.026 10.160 10.376 88.1
M12x1.25 12 1.25 11.188 10.466 10.647 92.1
M12x1 12 1 11.350 10.773 10.917 96.1
M16x2 16 2 14.701 13.546 13.835 157
M16x1.5 16 1.5 15.026 14.160 14.376 167
Ml16x1 16 1 15.350 14.773 14.917 178
M20x2.5 20 2.5 18.376 16.933 17.294 245
M20x2 20 2 18.701 17.546 17.835 258
M20x1.5 20 1.5 19.026 18.160 18.376 272
M20x 1 20 1 19.350 18.773 18.917 285
M24x3 24 3 22.051 20.319 20.752 353
M24x2 24 2 22.701 21.546 21.835 384
M24x1.5 24 1.5 23.026 22.160 22.376 401
M24x1 24 1 23.350 22.773 22917 418
M30x3.5 30 3.5 27.727 25.706 26.211 561
M30x3 30 3 28.051 26.319 26.752 581
M30x2 30 2 28.701 27.546 27.835 621
M30x1.5 30 1.5 29.026 28.160 28.376 642
M30x1 30 1 29.350 28.773 28.917 663
M 36 x4 36 4 33.402 31.093 31.670 817
M36x3 36 3 34.051 32.319 32.752 865
(Contd.)
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M36x2 36 2 34.701 33.546 33.835 915
M36x1.5 36 1.5 35.026 34.160 34.376 940
M 42 x4.5 42 4.5 39.077 36.479 37.129 1120
M42 x4 42 4 39.402 37.093 37.670 1150
M42x3 42 3 40.051 38.319 38.752 1210
M42x2 42 2 40.701 39.546 39.835 1260
M42x1.5 42 1.5 41.026 40.160 40.376 1290
M 48 x5 48 5 44.752 41.866 42.587 1470
M 48 x 4 48 4 45.402 43.093 43.670 1540
M48x3 48 3 46.051 44319 44.752 1600
M48x2 48 2 46.701 45.546 45.835 1670
M48x 1.5 48 1.5 47.026 46.160 46.376 1710
M 56x5.5 56 5.5 52.428 49.252 50.046 2030
M 56 x4 56 4 53.402 51.093 51.670 2140
M 56 x3 56 3 54.051 52.319 52.752 2220
M56x%x2 56 2 54.701 53.546 53.835 2300
M56x 1.5 56 1.5 55.026 54.160 54.376 2340
M 64 %6 64 6 60.103 56.639 57.505 2680
M 64 x 4 64 4 61.402 59.093 59.670 2850
M 64 x 3 64 3 62.051 60.319 60.752 2940
M 64 x 2 64 2 62.701 61.546 61.835 3030
M64x1.5 64 1.5 63.026 62.160 62.376 3080
M72x6 72 6 68.103 64.639 65.505 3460
M 72 x4 72 4 69.402 67.093 67.670 3660
M72x3 72 3 70.051 68.319 68.752 3760
M72x2 72 2 70.701 69.546 69.835 3860
M72x1.5 72 1.5 71.026 70.160 70.376 3910
M 80 x 6 80 6 76.103 72.639 73.505 4340
M 80 x4 80 4 77.402 75.093 75.670 4570
M 80 x3 80 3 78.051 76.319 76.752 4680
M 80 x2 80 2 78.701 77.546 77.835 4790
M 80 x 1.5 80 1.5 79.026 78.160 78.376 4850
M 90 x 6 90 6 86.103 82.639 83.505 5590
(Contd.)
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M 90 x 4 90 4 87.402 85.093 85.670 5840
M 90 % 3 90 3 88.051 86.319 86.752 5970
M 90 x 2 90 2 88.701 87.546 87.835 6100
M 100 x 6 100 6 96.103 92.639 93.505 7000
M 100 x 4 100 4 97.402 95.093 95.670 7280
M 100 x 3 100 3 98.051 96.319 96.752 7420
M 100 x 2 100 2 98.701 97.546 97.835 7560
(ISO: 724)

Note: A screw thread of fine series is specified by the letter ‘M’, followed by the values of the nominal diameter and
the pitch in mm and separated by symbol “x’. For example, M 12 x 1.25.

Table 7.4 Tolerance classes for commercial bolts and nuts

Tolerance class Nut Bolt
Medium For threads of 1 to 1.4 mm dia SH 6h
For threads over 1.4 mm dia 6H 6g
Coarse 7H 8g

(ISO: 965-1)

Note: (i) Tolerance class medium is used for general use. (ii) Tolerance class coarse is used when no special require-
ments are specified with regard to accuracy and in cases where production difficulties may arise, for example, in case
of threads on hot-rolled rods or when threads are cut in deep blind holes.
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Table 7.5(b) Preferred length-size combinations for hexagon head bolts of product grades A

and B

(Nom)

Size d

M3 M4 MsS

M8

M10

M12

Mi1e6

M20

M24

M30

M36

20

25

o

30

35

40

SRR e

45

50

PR R R | A

55

60

I R R A s

65

70

80

L S R R R A A e R

90

100

S R e e R R R A e R e R

110

120

R R R e R e A R R R R e A A B

130

140

150

I e R e A e e R e R s A e A R R e

L R e A R A e R s A R R e R e

AR R R R kA A e R

A R A s

SRR R e

(ISO: 4014)

Note: Preferred lengths are indicated by ‘X’.
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Table7.6 (b) Preferred length-size combinations for hexagon head screws of product grades A and B

1 Thread size d
(Nom) | N3 | M4 | M5 | M6 | M8 | MI10 | M12 | MI16 | M20 | M24 | M30 | M36
6 X
8 X X
10 X X X
12 X X X X
16 X X X X X
20 X X X X X X
25 X X X X X X X
30 X X X X X X X
35 X X X X X X X
40 X X X X X X X X X X X
45 X X X X X X X X X X
50 X X X X X X X X X X
55 X X X X X X X X X
60 X X X X X X X X X
65 X X X X X X X X
70 X X X X X X X X
80 X X X X X X X X
90 X X X X X X X
100 X X X X X X X
(ISO: 4017)

Note: Preferred lengths are indicated by ‘X’.

Threaded Fasteners  7.11



Table 7.7 Dimensions for hexagon nut of product grades A and B

1

15°t0 30°

s —m —

Threadsized | M3 | M4 | M5 | M6 | M8 | MI10 | M12 | M16 | M20 | M24 | M30 | M36
P (pitch) 0.5 0.7 0.8 1 1.25 1.5 1.75 2 2.5 3 3.5 4
Min. 3 4 5 6 8 10 12 16 20 24 30 36

% Max. | 345 | 46 | 575 | 675 | 875 | 108 | 13 | 173 | 21.6 | 259 | 324 | 389

d, Min. 4.6 5.9 6.9 8.9 11.6 14.6 16.6 22.5 27.7 332 42.7 51.1

e Min. | 6.01 7.66 8.79 | 11.05 | 14.38 | 17.77 | 20.03 | 26.75 | 32.95 | 39.55 | 50.85 | 60.79
Max. 2.4 3.2 4.7 5.2 6.8 8.4 10.8 14.8 18 21.5 25.6 31

" Min. | 2.15 2.9 4.4 4.9 6.44 8.04 | 1037 | 14.1 16.9 20.2 243 294
Max. 5.5 7 8 10 13 16 18 24 30 36 46 55

* Min. | 5.32 6.78 7.78 9.78 | 12.73 | 15.73 | 17.73 | 23.67 | 29.16 35 45 53.8

(ISO: 4032)

Note: All dimensions are in mm.
Product Grades — (i) Grade A for products with d < M16
(ii) Grade B for products with d > M16

Threads — (i) Pitch — Coarse (ii) Tolerance — 6 H (iii) Property Class — For size < M3 — 6, for size > M3 — 6, 8 or 10

Designation — A hexagon nut of thread size M10 and property class 8 is designated as, Hexagon Nut M10 — 8
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Table 7.8 Dimensions for hexagon thin nut (chamfered) of product grades A and B

15°t0 30°

s =
Thread sized | M3 M4 M5 M6 M8 M10 | M12 | M16 | M20 | M24 | M30 | M36
P (pitch) 0.5 0.7 0.8 1 1.25 1.5 1.75 2 2.5 3 3.5 4

Min. 3 4 5 6 8 10 12 16 20 24 30 36

a Max. 3.45 4.6 5.75 6.75 8.75 10.8 13 17.3 21.6 259 324 38.9
d, Min. 4.6 59 6.9 8.9 11.6 14.6 16.6 22.5 27.7 33.2 42.7 51.1

e Min. 6.01 7.66 8.79 11.05 | 14.38 | 17.77 | 20.03 | 26.75 | 32.95 | 39.55 | 50.85 | 60.79
Max. 1.8 2.2 2.7 32 4 5 6 8 10 12 15 18

" Min. 1.55 1.95 2.45 29 3.7 4.7 5.7 7.42 9.1 10.9 13.9 16.9
Max. 5.5 7 8 10 13 16 18 24 30 36 46 55

° Min. 5.32 6.78 7.78 9.78 12.73 | 15.73 | 17.73 | 23.67 | 29.16 35 45 53.8

(ISO: 4035)

Note: All dimensions are in mm.
Product Grades — (i) Grade A for products with d < M16
(ii) Grade B for products with d > M16

Threads — (i) Pitch — Coarse (ii) Tolerance — 6 H (iii) Property Class — 04, 05

Designation — A hexagon thin nut (chamfered) of thread size M8 and property class 05 is designated as,

Hexagon Thin Nut (Chamfered) M8 — 05
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Table 7.9(a) Dimensions for black square head bolts, screws and nuts

Id

b L/
J m
k |
Square bolt Square nut
30°
r
I Id
e e
k
Square screw
Thread size d M6 M8 M10 M12 M16 M20 M24 M30 M36
Nom. 6 8 10 12 16 20 24 30 36
d Max. 6.48 8.90 1090 | 13.10 | 17.10 | 21.50 | 25.30 | 31.30 | 37.60
Min. 5.70 7.64 9.64 11.57 | 1557 | 19.48 | 2348 | 29.48 | 3538
s Nom. 10 13 17 19 24 30 36 46 55
[s<19-h14] | Max. 10 13 17 19 24 30 36 46 55
[s>19-h15] | Min. 9.64 12.57 | 16.57 | 18.48 | 23.16 | 29.16 35 45 53.80
e Min. 1253 | 1634 | 21.54 | 24.02 | 30.11 | 3791 | 4550 | 58.50 | 69.94
Nom. 4 5.5 7 8 10 13 15 19 23
k (js16) Max. 438 5.88 7.45 8.45 1045 | 13.55 | 1555 | 19.65 | 23.65
Min. 3.62 5.12 6.55 7.55 9 1245 | 1445 | 1835 | 22.35
Min. 0.25 0.4 0.4 0.6 0.6 0.8 0.8 1.0 1.0
a Max. 4.0 45 5.0 6.0 7.5 9.0 11 - -
b, Min. 18 22 26 30 38 46 54 66 78
b b, Min, - 28 32 36 44 52 60 72 84
b, Min, - - - 49 57 65 73 85 97
Nom. 5 6.5 8 10 13 16 19 24 29
m (js16) Max. 5.38 6.95 8.45 1045 | 13.55 | 1655 | 19.65 | 24.65 | 29.65
Min. 4.62 6.05 7.55 9.55 12.45 | 1545 | 1835 | 2335 | 2835

Note: (i) Use b, for 1< 130, b, for 130 <1< 200 and b, for 1 > 200.
(i1) All dimensions are in mm.

(ii1) In the above table, only first preference thread sizes are given. For second preference thread sizes, refer to
standard.
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(Contd.)

Grade — The bolts, screws and nuts conform to black grade B.

Property Class — For bolts and screws, property class 4.6 and for nuts, property class 4.

Designations — (i) A square bolt of thread size M10 and length 30 mm is designated as Square Bolt M10 X 30.
(i1) A square screw of thread size M10 and length 30 mm is designated as square screw M10 x 30.
(iii) A square nut of thread size M10 is designated as Square Nut M10.

Table 7.9(b) Preferred length-size combinations for black square head bolts

1 M8 M10 Mi12 M16 M20 M24 M30 M36

2

25

30

35

40

45

50

55

60

65

70

75

80

90

T I T B I B e T (R o e B B R B

100

110

R R R R AR R R e R R R R R s e R e R

120

130

140

T I T o T I A e B (R [ e B B (R I B I
T B T B T R e B (R [ e e B (R e I I
T I B I I T (S o e B B P I
R R e R R R e R e R R R R R R R e

T T o T R e B B B (R e

Mo R R R X =X

Mo R X X )

150

Note: Preferred lengths are indicated by ‘X’.
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Table 7.9(c) Preferred length-size combinations for black square head screws

1 Me6 M10 M12 M16 M20 M24

=

15

20

25

30

35

R R R R R

40

45

I e A e ke

50

55

DAL PR| DR D[ DR DR [ 4| <

60

65

70

75

S R R A S e R R e e ke
i il i bl i e el e R kT R e
PP DR R R <[ <
KPR R X

80

Note: Preferred lengths are indicated by ‘X’.
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Table 7.11 Dimensions for slotted nuts — Black grade

—130°
T
=
7.
. 2
~—w —]

Size d M12 M16 M20 M24 M30
w (js16) Nom. 15 19 22 27 33

Max. 15.55 19.65 22.65 27.65 33.80

Min. 14.55 18.35 21.35 26.35 32.20
m (h16) Nom. 10 13 16 19 24

Max. 10 13 16 19 24

Min. 9.10 11.90 14.90 17.70 22.70
n (H14) Nom. 35 4.5 4.5 5.5 7

Max. 3.8 4.8 4.8 5.8 7.36

Min. 3.5 4.5 4.5 5.5 7
s Nom. 19 24 30 36 46
Eig B Zi‘g Max. 19 24 30 36 46

Min. 18.48 23.16 29.16 35 45
Size of split cotter pin - 32 4 4 5 6.3

(ISO: 288-1)

Note: (i) All dimensions are in mm. (iii) Property Class — 4.6 or 8.

Designations —A slotted nut of nominal size M 10 of black grade and property class 8 is designated as

Slotted Nut M10-B-8.
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Table 7.12(a) Dimensions for castle nuts — Precision grade (Diameter range — M12 to M42)

Size d M12 M16 M20 M24 M30 M36 M42
MI12x1.25 | M16x 1.5 | M20 x 1.5 | M24x2 M30 x 2 M36 %3
dy Nom. 17 22 28 34 42 50 58
(h14) Max. 17 22 28 34 42 50 58
Min. 16.57 21.48 27.48 33.38 41.38 49.38 57.26
w Nom. 15 19 22 27 33 38 46
(h14) Max. 15 19 22 27 33 38 46
Min. 14.57 18.48 21.48 26.48 32.38 37.38 45.38
m Nom. 10 13 16 19 24 29 34
(h15)
Max. 10 13 16 19 24 29 34
Min. 9.42 12.30 15.30 18.16 23.16 28.16 33
n Nom. 35 4.5 4.5 5.5 7 7 9
(H14) Max. 3.8 4.8 4.8 5.8 7.36 7.36 9.36
Min. 3.5 4.5 4.5 5.5 7 7 9
K Nom. 19 24 30 36 46 55 65
(h14)
Max. 19 24 30 36 46 55 65
Min. 18.67 23.67 29.67 35.38 45.38 54.26 64.26
Size of split cotter pin 32 4 4 5 6.3 6.3 8

(ISO: 288-1)
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Table 7.12(b) Dimensions for castle nuts — Precision grade (Diameter range — M48 to M100)

M48 M56 Mé4 M72x6 | M80x6 | M90x6 | M100 X 6
dy Nom. 65 75 85 95 105 120 135
(h14) Max. 65 75 85 95 105 120 135
Min. 64.26 74.26 84.13 94.13 104.13 119.13 134
w Nom. 50 57 66 73 79 92 100
(h14) Max. 50 57 66 73 79 92 100
Min. 49.38 56.26 65.26 72.26 78.26 91.13 99.13
m Nom. 38 45 51 58 64 72 80
(15) Max. 38 45 51 58 64 72 80
Min. 37 44 49.80 56.80 62.80 70.80 78.80
n Nom. 9 9 11 11 11 14 14
(H14) Max. 9.36 9.36 11.43 11.43 11.43 14.43 14.43
Min. 9 9 11 11 11 14 14
K Nom. 75 85 95 105 115 130 145
(h14) Max. 75 85 95 105 115 130 145
Min. 74.26 84.13 94.13 104.13 114.13 129.00 144
Size of split cotter pin 8 8 10 10 10 13 13

(ISO: 288-1)

Note: (i) All dimensions are in mm. (ii) Property Class — 4.6 or 8.
Designations —A castle nut of nominal size M10 of precision grade and property class 8 is designated as

Castle Nut M10-P-8.
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Table 7.13(a) Dimensions for castle nuts — Black grade (Diameter range — M12 to M42)

—130°

iiame
j 4
)
fe— M —|
Size d M12 M16 M20 M24 M30 M36 M42
d, Nom. 17 22 28 34 42 50 58
(h16) Max. 17 22 28 34 42 50 58
Min. 15.90 20.70 26.70 32.40 40.40 48.40 56.10
w Nom. 15 19 2 27 33 38 46
(Js16) Max. 15.55 19.65 22.65 27.65 33.80 38.80 46.80
Min. 14.45 18.35 21.35 26.35 32.20 37.20 45.20
m Nom. 10 13 16 19 24 29 34
(h16) Max. 10 13 16 19 24 29 34
Min. 9.10 11.90 14.90 17.70 22.70 27.70 32.40
" Nom. 3.5 45 4.5 5.5 7 7 9
(H14) Max. 3.8 48 48 5.8 7.36 7.36 9.36
Min. 3.5 45 45 5.5 7 7 9
s Nom. 19 24 30 36 46 55 65
(=19 -hl4) | ppay, 19 24 30 36 46 55 65
(>19 — hl15) :
Min. 18.48 23.16 29.16 35.00 45.00 53.80 63.80
Size of split cotter pin 32 4 4 5 6.3 6.3 8
(ISO: 288-1)
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Table 7.13(b) Dimensions for castle nuts — Black grade (Diameter range — M48 to M100)

M48 M56 M64 M72x6 | M80x6 | M90x6 | M100x 6
d, Nom. 65 75 85 95 105 120 135
(h16) Max. 65 75 85 95 105 120 135
Min. 63.10 73.10 82.80 92.80 102.80 117.80 132.50
w Nom. 50 57 66 73 79 92 100
(s16) Max. 50.80 57.95 66.95 73.95 79.95 93.10 101.10
Min. 49.20 56.05 65.05 72.05 78.05 90.90 98.90
m Nom. 38 45 51 58 64 72 80
(h16) Max. 38 45 51 58 64 72 80
Min. 36.40 43.40 49.10 56.10 62.10 70.10 78.10
n Nom. 9 9 11 11 11 14 14
(H14) Max. 9.36 9.36 11.43 11.43 11.43 14.43 14.43
Min. 9 9 11 11 11 14 14
s Nom. 75 85 95 105 115 130 145
(h15) Max. 75 85 95 105 115 130 145
Min. 73.80 83.60 93.60 103.60 113.60 128.40 143.40
Size of split cotter pin 8 8 10 10 10 13 13

(ISO: 288-1)

Note: (i) All dimensions are in mm. (ii) Property class — 4.6 or 8.

Designations —A castle nut of nominal size M10 of black grade and property class 8 is designated as

Castle Nut M10-B-8.
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Table 7.14 Dimensions for cap nuts

70 %

—— X [ —
w

h h
(Up to and including M10) (M12 and above)

d M6 MS MI10 | MI12 | Mi6 | M20 | M24 | M30 | M34

s Nom. 10 13 17 19 24 30 36 46 55

(h13) T Max. 10 13 17 19 24 30 36 46 55
Min. | 978 | 1273 | 1673 | 1867 | 23.67 | 2967 | 3538 | 4538 | 5438
e Min. | 11.05 | 1438 | 1890 | 21.10 | 26.75 | 33.53 | 3998 | 5128 | 6131

h Nom. 9 12 14 16 20 25 30 34 44

(114) | Max. 9 12 14 16 20 25 30 34 44
Min. | 864 | 1157 | 1357 | 1557 | 1948 | 2448 | 2948 | 3338 | 4338

r Nom. 12 15 20 25 30 35 40 60 70

W Min. 15 2 2 2 2 25 3 3 4

P Nom. 7 9.5 11 13.5 17 21 24 28 36
Us15) | Max. | 729 979 | 1135 | 1385 | 1735 | 2142 | 2442 | 2842 | 36.50
Min. | 6.71 921 | 1065 | 1315 | 1665 | 2058 | 2358 | 2758 | 35.50

(DIN: 917)
Note:

(1) Cap nuts are used for providing sealing for projected thread parts or sometimes merely for decorative purposes.
(ii) All dimensions are in mm.
(iii) Grade — Precision (P)
(iv) Use Slotted Grub screw of size ‘A’ M 5 X 6, where the hole is required to be sealed. (For sizes above M24 only)
(v) Property Class — 6 for sizes up to M30 and 4 for sizes above M30.
Designations —A cap nut of nominal size M 10 is designated as Cap Nut M10.
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Table 7.15 Dimensions for domed cap nuts

m —=—
30° 30°
— W |——

e

%

— 1 q
/ 7
S vy I e f -
t t
h h
(Up to and including M10) (M12 and above)

M6 M8 M10 M12 M16 M20 M24

s Nom. 10 13 17 19 24 30 36
5532, h13 Max. 10 13 17 19 24 30 36
$>32h14 [\, 9.78 12.75 16.73 18.67 23.67 29.67 35.38
e Min. 11.05 14.38 18.90 21.10 26.75 33.53 39.98

h Nom. 12 15 18 22 28 34 42
(h13) Max. 12 15 18 22 28 34 42
Min. 11.73 14.73 17.73 21.67 27.67 33.61 41.61

r Nom. 4.75 6.25 8 9 11.5 14 17

w Min. 2 2 2 3 3 3 3

Nom. 8 11 13 16 21 26 31

1(js15) Max. 8.29 11.35 13.35 16.35 21.42 26.42 31.5
Min. 771 10.65 12.65 15.65 20.58 25.58 30.5

m (js14) Nom. 5 6.5 8 10 13 16 19
Max. 5.15 6.68 8.18 10.68 13.22 16.22 19.22
Min. 4.85 6.32 7.82 9.32 12.78 15.78 17.78

d, Nom. 95 12.5 16 18 23 28 34

(DIN: 1587)
Note:

(i) Domed cap nuts are used for providing sealing for projected thread parts or sometimes merely for decorative

purposes.

(ii) All dimensions are in mm.

(iii) Grade — Precision (P)
(iv) Property Class — 6

Designations —A domed cap nut of nominal size M 10 is designated as Domed Cap Nut M10.
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Table 7.16 Dimensions for hexagon nut with collar

~30°
s
R1.0 max
120° €
Size d M8 M10 Mi12 M16 M20 M24 M30 M36
d, (h13) Nom. 18 22 25 31 37 45 58 68
Max. 18 22 25 31 37 45 58 68
Min. 17.73 21.67 24.67 30.61 36.61 44.61 57.54 67.54
a (js14) Nom. 3.5 4 4 5 6 6 8 10
Max. 3.65 4.15 4.15 5.15 6.15 6.15 8.18 10.18
Min. 3.35 3.85 3.85 4.85 5.85 5.85 7.82 9.82
d, 10 12 14 18 22 26 32 38
m (js15) Nom. 12 15 18 24 30 36 45 54
Max. 12.35 15.35 18.35 24.42 30.42 36.50 45.50 54.60
Min. 11.65 14.65 17.65 23.58 29.58 35.50 44.50 53.40
e Min. 14.38 18.90 20.88 26.75 33.53 39.98 51.28 61.31
s Nom. 13 17 19 24 30 36 46 55
ii;;: Ziz Max. 13 17 19 24 30 36 46 55
Min. 12.73 16.73 18.67 23.67 29.67 35.38 45.38 54.26
(DIN: 6331)
Note:

(i) Hexagon nut with collar are used where frequent tightening and loosening of nut is required. The collar acts
like a washer.
(i) All dimensions are in mm.
(iii) Grade — Precision (P)
(iv) Property Class — 8 and 10
Designations —A hexagon nut with collar of nominal size M10 is designated as Hexagon Nut with Collar M10.
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Table 7.17 Dimensions of nuts for T-slot

n><45°»1 f—
‘ | 7
S B @ | a .
i %
3 .
fe— h —
: : Width of T- nut
Nominal size d s Tol. n h K Tol. on k
of T-slot a Tol.on a ons
0.0
5 5 M4 9 1.0 6.5 25 03
6 6 -0.3 M5 10 8 4
-0.5
8 8 M6 13 0 L6 10 .
10 10 M8 15 : 12
-0.5 0.0
12 12 M10 18 14 7 05
14 14 MI12 22 16 8
18 18 :8'2 M16 28 25 20 10
22 22 M20 35 28 14
28 28 M24 44 4.0 36 18
36 36 M30 54 44 22
42 42 :8"7‘ M36 65 0.0 52 26 0.0
48 48 M42 75 -1.0 6.0 60 30 -1.0
54 54 04 M48 85 70 34
-0.8
(DIN: 508)
Note:

(i) T - nuts are used with studs on machine tools and other applications wherein T- slots are provided.
(ii) All dimensions are in mm.
(iii) Property Class — 6
Designations —A T-nut of width a =22 mm is designated as T- Nut 22.
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7.4 DIMENSIONS OF WASHERS

Table 7.18 Dimensions of machined washers

€ X 45°—=|
\| / i
d s —
Size d D S e For Bolt or
(H12) Basic Tol Basic Tol Nom Screw size

43 9 0.0 0.8 101 03 M4
03

53 10 0.0 1.0 10,1 0.4 M5
03

6.4 12,5 0.0 1.6 102 0.6 M6
0.4

8.4 17 0.0 1.6 +02 0.6 M8
0.4

10.5 21 o 20 02 0.6 MI0
10,0

13 24 25 £03 0.6 M12
05

17 30 0.0 3 +03 0.6 M6
05

21 37 0.0 3 £03 1.0 M20
08

25 44 +0.0 4 +0.3 1.0 M24
038

31 56 o 4 0.3 1.0 M30

37 66 f(l)'g 5 £0.6 1.6 M36

(ISO: 7090)
Note:

(i) Machined washers are used for precision and semi-precision grade of general-purpose bolts and screws.
(i) All dimensions are in mm.
Designations —A machined washer of size 10.5 mm is designated as Machined Washer 10.5.
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Table 7.19 Dimensions for Type-A punched washers for hexagon head bolts and screws

D
7
—l —
Size D s For bolt or screw size
d Nominal Nominal
4.5 9 0.8 M4
5.5 10 1 M5
6.6 12.5 1.6 M6
9 17 1.6 M8
11 21 2 MI10
14 24 2.5 M12
18 30 3.15 M16
22 37 3.15 M20
26 44 4 M24
33 56 4 M30
39 66 5 M36
(ISO: 7089)

Note:

(i) Punched washers, Type A, are used for black grade of general-purpose bolts and screws.

(i) All dimensions are in mm.

Designations —A punched washer, Type A, of size 14 mm is designated as Punched Washer A 14.
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Table 7.20 Dimensions for Type-B punched washers for round and cheese head screws

- D
T
Size D s For screw size
d Nominal Nominal
4.5 8 0.8 M4
5.5 9.5 1 M5
6.6 11 1.6 M6
9 14 1.6 M8
11 18 2 MI10
14 20 2.5 Mi12
18 27 3.15 M16
22 33 3.15 M20
(ISO: 7089)
Note:

(i) Punched washers, Type B, are used for slotted head screws.

(i) All dimensions are in mm.

Designations —A punched washer, Type B, of size 14 mm is designated as Punched Washer B 14.
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Table 7.21 Dimensions for spring washers

—d, d,
r r
Details at A
5 5
L—' h1 ™ 44 hz ~
h, =(2s+2K) hy=2s
Type A TypeB
Nominal d, d, r k For Bolt,
S Basic Tol hifr Basic Tol Basic Tol W] NI 01:
Screw Size
+ + +
4 4.1 0.3 7.6 1.5 0.1 0.9 0.1 0.2 0.15 M4
5 5.1 0.3 9.2 1.8 0.1 1.2 0.1 0.2 0.15 M5
6 6.1 0.4 11.8 2.5 0.15 1.6 0.1 0.3 0.2 M6
8 8.2 0.4 14.8 3 0.15 2 0.1 0.5 0.3 M8
10 10.2 0.6 18.1 3.5 0.2 2.2 0.15 0.5 0.3 M10
12 12.2 0.8 21.1 4 0.2 2.5 0.15 1.0 04 M12
16 16.2 0.8 27.4 5 0.2 3.5 0.2 1.0 0.4 M16
20 20.2 1 33.6 6 0.2 4 0.2 1.0 0.4 M20
24 24.5 1 40 7 0.25 5 0.2 1.6 0.5 M24
30 30.5 1.2 48.2 8 0.25 6 0.2 1.6 0.8 M30
36 36.5 1.2 58.2 10 0.25 6 0.2 1.6 0.8 M36
(DIN: 127)
Note:

(i) Type A — Spring washers with bent ends.
(i) Type B — Spring washers with flat ends.

(iii) All dimensions are in mm.

(iv) Spring washers are heat treated after coiling, to obtain a hardness of 43 to 50 HRC.
Designations —A single coil washer having a nominal size 10 mm of Type A is designated as Spring Washer A 10.
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7.5 DIMENSIONS OF SCREWS AND STUDS

Table 7.22(a) Dimensions of slotted grub screws (M1 to M6)

ﬁt k ﬁt 45 > s r
[
I I I S T
—4——-— |d —4———+ y|d —4———+] |d d ———4— d
ez ———z ——m— 7 — ~m M ff—z —p
| | | 1
Type A flat end (M1 to M5) (Above M5) o .
Type C conical end Type E cylindrical dog point
— t 5 r t f—— tf=—
n 60 n n
K i 4 1 ) L C—— Drl,
d T — Td1 d ——-—-—{1d; 120 — T
Fd—z —p I ——z
— ez 2 1 !
| )
Type G tapered dog point ) Type Koval point
Type J cup point
Type Size d M1 M1.2 | M1.6 M2 M2.5 M3 M4 M5 Mo6
Nom. 0.25 0.25 03 0.3 0.4 0.5 0.6 0.8 1
(H};4) Max. 0.35 0.35 0.45 0.45 0.55 0.65 0.75 0.95 1.15
A’GC}E’ Min. | 025 | 025 | 030 | 030 | 040 | 050 | 060 | 080 | 1.00
anzi I’( Nom. 0.6 0.6 0.8 0.8 1 1.2 1.4 1.8 2.0
(jst15) Max. 0.70 0.70 0.90 0.90 1.10 1.40 1.60 2.00 2.20
Min. 0.50 0.50 0.70 0.70 0.90 1.00 1.20 1.60 1.80
C m Nom. 0.5 0.6 0.8 1.0 1.3 1.5 2.0 2.5 2.5
d Nom. - - — 1.3 1.6 2.0 2.5 3.5 4.0
(h1]3) Max. - - - 1.30 1.60 2.00 2.50 3.50 4.00
Min. - - - 1.16 1.46 1.86 2.36 3.32 3.82
E p Nom. - - - 1.5 2.0 2.5 3.0 3.0 3.5
(+IT14) Max. - - - 1.75 2.25 2.75 3.25 3.25 3.80
Min. — - - 1.50 2.00 2.50 3.00 3.00 3.50
r Nom. - - - 0.2 0.2 03 0.3 0.3 0.4
d Nom. - - — - - - - 1.6 2.4
(h 1'3) Max. - - - - - - - 1.60 2.40
Min. - - - — - - - 1.46 2.26
G P Nom. - - - - — - - 4.0 4.5
(+IT14) Max. - - - - — - - 4.30 4.80
Min. — - - - - — - 4.00 4.50
r Nom. - - - - - - - 0.4 0.4
d Nom. - - — - - 1.4 2.0 2.5 3.0
J (h1]4) Max. - - - - - 1.40 2.00 2.50 3.00
Min. — — — — — 1.15 1.75 2.25 2.75
Nom. - - - - — 2.25 3.00 3.75 4.50
K R Max. - - - - - 2.50 3.25 4.00 4.75
Min. — - - - - 2.00 2.75 3.50 4.25
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Table 7.22(b) Dimensions of slotted grub screws (M8 to M24)

Type Size d M8 | MI0 | MI2 | (M14) | M16 | (M18) | M20 | (M22) | M24
Nom. | 12 1.6 2.0 2.0 25 3.0 3.0 4.0 4.0
AC, (H’i g | Max | 145 | 185 | 225 | 225 | 275 | 325 | 325 | 430 | 430
E.G.1J, Min. | 120 | 1.60 | 200 | 200 | 250 | 3.00 | 3.00 | 400 | 4.00
and Nom. | 2.5 3.0 4.0 4.0 45 5.0 5.0 6.0 6.0
K (]’si s | Max | 270 | 320 | 424 | 424 | 474 | 524 | 524 | 624 | 624
Min. | 230 | 280 | 3.76 | 376 | 426 | 476 | 476 | 576 | 5.76

C m Nom. | 3.0 4.0 5.0 5.0 6.0 6.5 7.0 8.0 8.0

., Nom. | 6.0 7.0 9.0 100 | 120 | 13.0 | 15.0 - -

1

Max. 6.00 7.00 9.00 10.00 | 12.00 | 13.00 | 15.00 - -

Min. 5.82 6.78 8.78 9.78 11.73 | 12.73 | 14.73 - -

E Nom. 5.0 5.5 7.0 7.0 9.0 9.0 9.0 - -

P
(+IT14) Max. 5.30 5.80 7.36 7.36 9.36 9.36 9.36 - -
Min. 5.00 5.50 7.00 7.00 9.00 9.00 9.00 - -
r Nom. 0.4 0.5 0.6 0.8 0.8 0.8 1.0 - -
Nom. 3.7 44 5.1 - 7.4 - 9.7 - -
d,
(h13) Max. 3.70 4.40 5.10 - 7.40 - 9.70 - -
Min. 3.52 4.22 4.92 - 7.18 - 9.48 - -
G Nom. 5.0 6.0 8.0 - 10.0 - 12.0 - -
P
(+IT14) Max. 5.30 6.30 8.36 - 10.36 - 12.43 - -
Min. 5.0 6.0 8.0 - 10.0 - 12.0 - -
r Nom. 0.4 0.5 0.6 - 0.8 - 0.8 - -
Nom. 5.0 6.0 8.0 8.0 10.0 12.0 14.0 16.0 16.0
J (h(11114) Max. 5.00 6.00 8.00 8.00 10.00 | 12.00 | 14.00 | 16.00 | 16.00

Min. 4.70 5.70 7.64 7.64 9.64 11.53 | 13.53 | 1553 | 15.53

Nom. 6.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0

K R Max. 6.25 7.75 9.25 10.75 | 12.25 13.75 15.25 16.75 | 18.25

Min. 5.75 7.25 8.75 1025 | 11.75 | 13.25 | 1475 | 1625 | 17.75

Note:
(i) All dimensions are in mm.
(i) Grade — Precision (P)
(iii) Property Class — 6.6 (for sizes up to and including M10), 4.8 (for sizes M12 and above)
(iv) The sizes given in brackets are of second preference.
Designations —A slotted grub screw of Type A, nominal size M12, nominal length 50 mm, and property class 4.8 is
designated as Grub Screw A M12 x 50 — 4.8
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Table 7.22(c) Length — Diameter combinations for slotted grub screws

YN

(444

07N

STIA

IIIN

PIIN

(484

(128 ¢

S

IN

SN

YIN

€N

STIN

(44

9" IIN

CIN

A

S1sh 1

10

12

14

16

20

25

30

35

40

45

50

55

60

65

70

Note: Preferred lengths are indicated by ‘X’
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Table 7.23(a) Dimensions for slotted countersunk head screws

/;”?r

90° d, ——
T x»l b

Nominal size d, M1.6| M2 |M25| M3 | M4 | M5 | M6 | M8 | M10 | M12 | M16 | M20

Nom. 3 3.8 4.7 5.6 7.5 9.2 11 14.5 18 22 29 36

d
(n13ifd,<3) | Max. | 3.00 | 3.80 | 4.70 | 5.60 | 7.50 | 9.20 | 11.00 | 14.50 | 18.00 | 22.00 | 29.00 | 36.00

(h4ifdy>3)
Min. | 2.75 | 3.50 | 4.40 | 5.30 | 7.19 | 8.34 | 10.57 | 14.07 | 17.57 | 21.48 | 28.48 | 35.38

k Max. | 096 | 1.2 1.5 | 1.65 | 22 2.5 3 4 5 6 8 10

Nom. | 0.4 0.5 0.6 0.8 1 1.2 1.6 2 2.5 3 4 5
n

(c13ifn<1) | Max. | 0.6 0.7 0.8 1 1.2 | 1.51 | 191 | 2.31 | 231 | 331 | 437 | 537

(cl4ifn>1) :
Min. | 0.46 | 0.56 | 0.66 | 0.86 | 1.06 | 1.26 | 1.66 | 2.06 | 2.56 | 3.06 | 4.07 | 5.07

Max. | 0.5 06 | 073 | 0.85 | 1.1 135 | 1.6 2.1 2.6 3 4 5

Min. | 032 | 04 0.5 0.6 0.8 1 1.2 1.6 2 2.4 32 4

r= 0.16 | 02 | 025 | 03 0.4 0.5 0.6 0.8 1 1.2 1.6 2
b +2P 15 16 18 19 22 25 28 34 40 46 58 70
(ISO: 2009)
Note:

(i) All dimensions are in mm.
(i) Grade — Precision (P)
(i) Property Class — 4.8 (Property Class 4.6 is also permitted)
Designations —A slotted countersunk head screw of nominal size M4, nominal length 10 mm, and property class 4.8
is designated as Countersunk Screw M4 x 10 — 4.8
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Table 7.23(b) Preferred length size combinations for slotted countersunk head screws

M20

Mi1é6

Mi12

M10

M8

Mé6

M5

M4

M3

M2.5

M2

M1.6

1(js15)

2.5

10
12
14
16
20
22

25

30
35
40

45

50
55

60
70
80
90
100

110
120
130
140
150
160
170
180
190
200

Note: Preferred lengths are indicated by ‘X’
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Table 7.24 Dimensions for slotted cheese head screws

| —Ww

tT ]
d,|d, i B I — d
‘ x»l b
— k=~
|

Size d M1.6 M2 M2.5 M3 M4 M5 Meé M8 M10
Pitch P 0.35 0.4 0.45 0.5 0.7 0.8 1 1.25 1.5
Max. 25.7 25.8 259 26 39.4 39.6 40 40.5 41

’ Min. 25 25 25 25 38 38 38 38 38
Max. 3 3.8 4.5 55 7 8.5 10 13 16
% Min. 2.86 3.62 432 5.32 6.78 8.28 9.78 12.73 15.73
d, Max. 2 2.6 3.1 3.6 4.7 5.7 6.8 9.2 11.2

Max. 1 1.3 1.6 2 2.6 33 3.9 5 6

g Min. 0.86 1.16 1.46 1.86 2.46 3.12 3.6 4.7 5.7
Nom. 0.4 0.5 0.6 0.8 1.2 1.2 1.6 2 2.5

n Max. 0.6 0.7 0.8 1 1.51 1.51 1.91 2.31 2.81
Min. 0.46 0.56 0.66 0.86 1.26 1.26 1.66 2.06 2.56

r Min. 0.1 0.1 0.1 0.1 0.2 0.2 0.25 0.4 0.4

t Min. 0.4 0.55 0.7 0.8 1.1 1.3 1.6 2 2.4
w Min. 0.35 0.45 0.6 0.8 1.1 1.3 1.6 2 24

(ISO: 1207)
Note:

(i) All dimensions are in mm.
(i) Grade —A
(iii) Property Class — 4.8
(iv) The minimum tensile strength of screw material should be 300 MPa.
Designations —A slotted cheese head screw of nominal size M4, length 10 mm and property class 4.8 is designated as
Cheese Head Screw M4 x 10 —4.8.
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Table 7.25(a) Dimensions of hexagon socket head cap screws

W ~— ) .
SR\ y r
o BT T2

(Alternate v (Fillet radius
form socket) or chamfer) %
S° damax dS
Nominal sized | M4 M5 M6 M8 M10 M12 M16 M20 M24 M30 M36
Pitch P 0.7 0.8 1 1.25 1.5 1.75 2 2.5 3 35 4
b 20 22 24 28 32 36 44 52 60 72 84
Nom. 7 8.5 10 13 16 18 24 30 36 45 54

d, Max. | 7.22 | 8.72 | 10.22 | 13.27 | 16.27 | 1827 | 2433 | 3033 | 36.39 | 4539 | 54.46

Min. | 6.78 | 828 | 9.78 | 12.73 | 15.73 17.73 | 23.67 | 29.67 | 35.61 | 44.61 | 53.54

Max. | 4.7 5.7 6.8 9.2 11.2 14.2 18.2 224 26.4 334 39.4

d, Max. 4 5 6 8 10 12 16 20 24 30 36

h13 Min. | 3.82 | 482 | 582 | 7.78 9.78 11.73 15.73 | 19.67 | 23.67 | 29.67 | 35.61

e Min. | 3.44 | 458 | 572 | 6.86 9.15 11.43 16.00 | 1944 | 21.73 | 25.15 | 30.85

f Max. | 0.6 0.6 | 0.68 | 1.02 1.02 1.87 1.87 2.04 2.04 2.89 2.89

k Max. 4 5 6 8 10 12 16 20 24 30 36
h13,h14 | Min. | 3.82 | 4.82 | 5.70 | 7.64 9.64 11.57 | 1557 | 1948 | 2348 | 29.48 | 35.38
r Min. | 0.2 02 | 025 | 04 0.4 0.6 0.6 0.8 0.8 1 1
Nom. 3 4 5 6 8 10 14 17 19 22 27
hi3 Min. | 3.02 | 402 | 502 | 6.02 | 8.025 | 10.025 | 14.032 | 17.05 | 19.065 | 22.065 | 27.065
Max. | 3.071 | 4.084 | 5.084 | 6.14 | 8.175 | 10.127 | 14.159 | 17.216 | 19.275 | 22.275 | 27.275
t Min. 2 2.5 3 4 5 6 8 10 12 15.5 19
v Max. | 04 0.5 0.6 0.8 1 1.2 1.6 2 2.4 3 3.6
d, Min. | 6.53 | 8.03 | 9.38 | 12.33 | 15.53 17.23 | 23.17 | 28.87 | 34.81 | 43.61 | 52.54
w Min. | 14 1.9 2.3 3.3 4 4.8 6.8 8.6 10.4 13.1 15.3
(ISO: 4762)
Note:
(i) All dimensions are in mm. (i) Grade —A (iii) Property Class — 8.8 and 12.9
b=Q2d+12) 1=0.5k entin = (1.14 5y450) Frtae =07 Frae Ptax =[da;de

Designations —A hexagon socket head cap screw of nominal size M 10, nominal length 60 mm, and property class 12.9
is designated as Hexagon Socket Head Cap Screw M10 x 60 — 12.9.
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Table 7.25(b)  Preferred length-size combinations for hexagon socket head cap screws

Size d
1 M4 | M5 | M6 | M8 | M10 | M12 | M16 | M20 | M24 | M30 | M36
Nom. Min. Max.

6 5.76 6.24 X

8 7.71 8.29 X X

10 9.71 10.29 X X X

12 11.65 12.35 X X X X

16 15.65 16.35 X X X X X

20 19.58 20.42 X X X X X X

25 24.58 25.42 X X X X X X X

30 29.58 30.42 X X X X X X X X

35 345 355 X X X X X X X X

40 39.5 40.5 X X X X X X X X X

45 44.5 455 X X X X X X X X X

50 49.5 50.5 X X X X X X X X X

55 54.4 55.6 X X X X X X X X X
60 59.4 60.6 X X X X X X X X X
65 64.4 65.6 X X X X X X X X
70 69.4 70.6 X X X X X X X X
80 79.4 80.6 X X X X X X X X
90 89.3 90.7 X X X X X X X
100 99.3 100.7 X X X X X X X
110 109.3 110.7 X X X X X X
120 119.3 120.7 X X X X X X
130 129.2 130.8 X X X X X
140 139.2 140.8 X X X X X
150 149.2 150.8 X X X X X
160 159.2 160.8 X X X X X
180 179.2 180.8 X X X X
200 199.075 | 200.925 X X X X

Note: (1) 1gMatx = (lnom - b) (11) 1sMin = (lgMax - O'SP)'

(i) Preferred lengths are indicated by ‘X’.
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Table 7.26(a) Dimensions of hexagon socket set screws
45 0r60° S5 45° or 60° Coneangle
90°or 120°
d] == i d d] N e d
e f *%* — 7| {9 :1,%
- - |
s =t -~ 2P 2p
| \ |
Flat point (FP) Cone point (TP)
450600 NI
:::%_} j :{d :::3\ j d
39— P H-=3>d I p
= =1
I —= =—2P B " ~1
[ ‘ .
Full dog point (FDP) Half dog point (HDFP)
45° or 60°
T T 1
g %— d—— hao d f%i
4 =
=t ~i—2P Alternate
l socket for
Cup point (CP) all types
Type Size d M3 M4 MS5 Mé M8 M10 M12 M16 M20 M24
e Min. 1.73 2.30 2.87 3.44 4.58 5.72 6.86 9.15 11.43 13.72
Nom. 1.5 2.0 2.5 3.0 4.0 5.0 6.0 8.0 10.0 12.0
K s Min. 1.52 2.02 2.52 3.02 4.02 5.02 6.02 8.025 | 10.025 | 12.032
Max. | 1.545 2.045 2.56 3.08 4.095 5.095 6.095 8.115 | 10.115 | 12.042
tt, | Min. 1.2 1.5 2.0 2.0 3.0 4.0 4.8 6.4 8.0 10.0
t, | Min. 2.0 2.5 3.0 3.5 5.0 6.0 8.0 10.0 12.0 15.0
p d Max. 2.0 2.5 3.5 4.0 5.5 7.0 8.5 12.0 15.0 18
* | Min. 1.75 2.25 32 3.7 5.2 6.64 8.14 11.57 14.57 17.57
TP d, | Max. 0 0 0 1.5 2.0 2.5 3.0 4.0 5.0 6.0
J Max. 2.0 2.5 3.5 4.0 5.5 7.0 8.5 12.0 15.0 18.0
P71 Min. 1.75 2.25 3.2 3.7 5.2 6.64 8.14 11.57 14.5 17.57
FDCII’ Min. | 075 | 1.0 | 125 | 15 2.0 25 3.0 40 5.0 6.0
an Z
mop | [ Max. | 10 | 125 | 15 | 175 | 225 | 275 | 325 | 43 | 53 | 63
Min. 1.5 2.0 2.5 3.0 4.0 5.0 6.0 8.0 10.0 12.0
z
' Max. 1.75 2.25 2.75 3.25 4.30 5.30 6.30 8.36 10.36 12.43
(Contd.)
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(Contd.)

Max. 1.4 2.0 2.5 3.0 5.0 6.0 8.0 10.0 14.0 16.0
CP | 4

v

Min. 1.15 1.75 2.25 2.75 4.7 5.7 7.64 8.64 13.57 | 15.57

(ISO: 4026, 4027, 4028 and 4029)

Note:
(i) All dimensions are in mm.
(ii)) Grade —A
(iii) Property Class — 45H
(iv) Other dimensions of half dog point (not shown in figure) are same as for full dog point.
(V) CMin = 1.14 SMin
Designations —A hexagon socket set screw of nominal size M12, nominal length 50 mm and with a flat point (FP) is
designated as Hexagon Socket Set Screw M12 x 50 — FP.

Table 7.26(b) Preferred length—size combinations for hexagon socket set screws

1 Size d
(s15) M3 M4 M5 M6 M8 M10 M12 M16 M20 M24

2 X
2.5 X X

3 X X X

4 X X X X

5 X X X X X

6 X X X X X X

8 X X X X X X X

10 X X X X X X X X

12 X X X X X X X X X

16 X X X X X X X X X X
20 X X X X X X X X X
25 X X X X X X X X
30 X X X X X X X
35 X X X X X X
40 X X X X X X
45 X X X X X
50 X X X X X
55 X X X X
60 X X X X

Note: Preferred lengths are indicated by ‘X’.
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Table 7.27(a) Dimensions of studs (Size range M3 to M14)

Run out Run out
Chamfer — _— —
o Stud
o — I
Metal end |<— Nutend .|
length length
Nominal length ~ ————=
Kl = ——{X = 7 ——
P* [N N |
tl b
b1
& p L n
Nominal size d - - -
—~ o \n. X X ~ X
(h13) e e X |l eao |l aa | T
fae) g < E 70 ) ®© ®© - — — - E E
= 2 = =) = = s= | 22| =22 |22
For (1 £125) 12 13 14 15 16 18 22 26 30 34
b+2P-0.0
125 <1<200 — — - — - - — 32 36 40
Nom. 3 3.5 4 4.5 5 6 8 10 12 14
Ty/fe Max. | 3.3 | 3.88 | 438 | 488 | 538 | 638 | 845 | 1045 | 12.55 | 14.55
Min. 2.7 3.12 3.62 4.12 4.62 5.62 7.55 9.55 1145 | 13.45
Nom. 4.5 5 6 7 7.5 9 12 15 18 21
(jsbl]6) Tyé)e Max. | 4.88 5.38 6.38 7.45 7.95 9.45 12.55 | 15.55 | 18.55 | 21.65
Min. 4.12 4.62 5.62 6.55 7.05 8.55 1145 | 1445 | 17.45 | 20.35
Nom. - - 8 - — — 16 — 24 -
Tycpe Max. | - ~ | 845 | - - ~ l1ess | - | 2465 | -
Min. - — 7.55 — — - 15.45 — 23.35 —

Threaded Fasteners

7.41




Table 7.27(b) Dimensions of studs (Size range M16 to M39)

Nominal size d - 'y - >, ~ « « S m <2

h13) X ~ X X ~ X X ~ X X ~ X X ~ X
( v |Z2 g |88 33| S8 (ss| 88 g2 | a8
SS|22|55|22 |55 |22 |S5|22 |85 |22

For (1 £125) 38 42 46 50 54 60 66 72 78 84

b+2P—-0 125 <1<200 44 48 52 56 60 66 72 78 84 90
For 1> 200 57 61 65 69 73 79 85 91 97 103

Nom. 16 18 20 22 24 27 30 33 36 39

T}}‘)e Max. | 16.55 | 18.55 | 20.65 | 22.65 | 24.65 | 27.65 | 30.65 | 33.8 | 36.8 | 39.8

Min. | 1545 | 17.45 | 1935 | 21.35 | 23.35 | 26.35 | 29.35 | 322 | 352 | 382

Nom. 24 27 30 33 36 40.5 45 49.5 54 57

(].;’1‘ 6 Tpre Max. | 24.65 | 27.65 | 30.65 | 33.8 | 36.8 | 413 | 458 | 503 | 54.95 | 57.95
Min. | 23.35 | 2635 | 2935 | 322 | 352 | 39.7 | 442 | 487 | 53.05 | 56.05

Nom. 32 - 40 - — - — — _ _

Tycpe Max. | 32.8 | — | 408 | - - - - _ _ _

Min. | 312 | - | 392 | - - - - _ _ _

Types:
(1) Type A —recommended for use in steel (Property classes — 4.6, 6.6, 8.8 and 10.9)

(i) Type B — recommended for use in cast iron (Property classes — 4.6, 6.6, 8.8 and 10.9)
(iii) Type C — recommended for use in aluminium alloys (Property classes — 4.6, 6.6, 8.8)

Note:
(1) Metal end of stud —The end of the stud, which is screwed into the component.
(i) Nut end — The end of the stud, which is not screwed into the component.
(iii) All dimensions are in mm.
(iv) Grade — Precision (P) or Black (B).
(v) The sizes given in brackets are of second preference.
Designations —A stud of Type A, of nominal size M5, nominal length 25 mm, precision grade and property class 8.8
is designated as Stud A M5 x 25 —P—8.8.
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Table 7.27(c) Preferred length-size combinations for Type A and Type B studs

€ X 9EIN
9EIN

TX0EN
0EIN

TXVIN
YIN

ST X 0TI
0TIN

ST X9
9ITIN

STIL XTI
CIN

ST X 0N
(1184

I X8I
SN

IN

SIN

YN

€N

14
16
20
25

30
35
40

45

50
55
60
65

70

75

80
85

90

100

110

120

130

140

150

160
170

180
190
200
225

250
275

300

Jjs15 for precision grade studs and js17 for

Note: (i) Preferred lengths are indicated by ‘X’ (ii) Tolerance on length /

black grade studs.
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Table 7.27(d) Preferred length-size combinations for Type C studs

1 M4 M8 Mi12 M16 M20
M8 x1 M12 x 1.25 M16 x 1.5 M20 x 1.5
25 X
30 X
40 X X
60 X X
80 X X
100 X X X
120 X X X
140 X X X
160 X X
200 X
Note: Preferred lengths are indicated by ‘X’.
7.6 DIMENSIONS OF SPLIT PINS
Table 7.28 Dimensions for location and diameter of split pin holes
—d
-
1
-
1, l, =
Nominal size d M4 MS Mo M8 M10 M12 Mi14 M16 Mi18 M20
dy(H14) 1 1.2 1.6 2 2.5 32 32 4 4 4
l, | Min. 23 2.6 33 3.9 4.9 59 6.5 7.7 7.7 7.7
Nominal size d M22 M24 M26 M30 M33 M36
d; (H14) 5 5 5 6.3 6.3 6.3
I, | wmin 8.7 10 10 112 112 12.5

Note: All dimensions are in mm.
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Table 7.29(a) Dimensions for split pins

b
1 V2N
X7
Nominal Size
Dimension
0.6 0.8 1 1.2 1.6 2 2.5 3.2 4 5 6.3
d Max. 0.5 0.7 0.9 1 1.4 1.8 2.3 2.9 3.7 4.6 5.9
Min. 0.4 0.6 0.8 0.9 1.3 1.7 2.1 2.7 3.5 4.4 5.7
Max. 1.6 1.6 1.6 2.5 2.5 2.5 2.5 32 4
a
Min. 0.8 0.8 0.8 1.2 1.2 1.2 1.2 1.6 2
b =~ 2 2.4 3 32 4 5 6.4 10 12.6
Max. 1 1.4 1.8 2 2.8 3.6 4.6 5.8 7.4 9.2 11.8
c
Min. 0.9 1.2 1.6 1.7 2.4 32 5.1 6.5 8 10.3
Bolt Over - 2.5 35 4.5 5.5 7 11 14 20 27
Dia
d, Up to 2.5 35 4.5 5.5 7 9 11 14 20 27 39
(ISO: 1234)
Note:

(1) Nominal size (d) — The nominal size is the diameter of the hole for receiving the split pin.
(i1)) Nominal length (/) — The nominal length is the distance from underside of eye to the extreme end of the short

leg.

(iii) The corresponding size of bolt is d,.

(iv) The split pin is made from half round mild steel wire.

Designation — A split pin of nominal size 5 mm, nominal length 50 mm is designated as Split Pin 5 x 50.
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Table 7.29(b) Preferred length-size combinations for split pins

Nominal Size

Nom.

=
=N
)
%

1.2

1.6

2

2.5

3.2

6.3

4
5
6
8

10

Mo R R | R

12

14

UL R R R | X

16

18

20

ol I Il B B B B e

22

25

R A A R R e R s

28

32

R A e R R R R A R R R R R R

36

40

R R R R e R e R R A R R R A R R R R R A R

45

50

R R R R A R R e e R R e A e R A R R

56

63

AR R R AR R R e R A R A R R R A R R e R e R s

71

80

T T T I Bl Bl el e e Bl Il Bl Bl P

90

100

ol T Bl e Bl Bl Bl el B Bl B B B

112

125

R A e R e R e R e A R A R R R A R R e R e

(ISO: 1234)

Note: Preferred lengths are indicated by *X’.
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Table 7.29(c) Dimensions of wires for split pins

Nominal Width Thickness
Size Max. Min. Max. Min.
0.6 0.5 0.4 0.25 0.20
0.8 0.7 0.6 0.35 0.30
1.0 0.9 0.8 0.45 0.40
1.2 1.0 0.9 0.50 0.45
1.6 1.4 1.3 0.70 0.65
2.0 1.8 1.7 0.90 0.85
2.5 23 2.1 1.15 1.05
3.2 2.9 2.7 1.45 1.35
4 3.7 3.5 1.85 1.75
4.6 4.4 2.30 2.20
6.3 59 5.7 2.95 2.85
Note: All dimensions are in mm.
Table 7.29(d) Tensile properties of wires for split pins
Nominal size Gauge length Tensile strength Elongation
(mm) (mm) (MPa or N/mm?) (%)

Upto 1.6 125 450 10

Over 1.6 and up to 4 250 450 10

Over 4 8 times nominal size 450 20

Note: The chemical composition of wire is as follows:

(i) Carbon (Max) — 0.1% (ii) Manganese — 0.3 to 0.5% (iii) Sulphur (Max) — 0.04% (iv) Phosphorus (Max) — 0.04%

Threaded Fasteners
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7.7 THREAD RUNOUTS, UNDERCUTS AND CLEARANCE HOLES

Table 7.30 Dimensions for thread runouts and undercuts for external threads

P AL
fffff 1 S P i —
—=Ix b i s |l i e |
Thread runout Thread undercut
Thread runout Runout distance Thread undercut
Pitch XMax) A(May) g JSiviin,) JSrvax,)

P == - = @ | (3) | = S| = S
B lss|Bg|gz|ps|oee| Bolpz| B o|pz| -
zZ | 2L |z |aE2| 32| 9 z |BE| z |BE

0.2 0.5 0.25 0.6 0.4 0.8 d-0.3 0.45 | 0.25 0.7 0.5 0.1

0.25 0.6 0.3 0.75 0.5 1 d-0.4 0.55 0.25 0.9 0.6 0.12

0.3 0.75 0.4 0.9 0.6 1.2 d-0.5 0.6 0.3 1.05 | 0.75 | 0.15

0.35 0.9 0.45 1.05 0.7 1.4 d-0.6 0.7 0.4 1.2 0.9 0.17
0.4 1 0.5 1.2 0.8 1.6 d-0.7 0.8 0.5 1.4 1 0.2
0.45 1.1 0.6 1.35 0.9 1.8 d-0.7 1 0.5 1.6 1.1 0.22
0.5 1.25 0.7 1.5 1 2 d-0.8 1.1 0.5 1.75 1.25 | 0.25
0.6 1.5 0.75 1.8 1.2 2.4 d-1 1.2 0.6 2.1 1.5 0.3
0.7 1.75 0.9 2.1 1.4 2.8 d-1.1 1.5 0.8 2.45 1.75 | 0.35
0.75 1.9 1 2.25 1.5 3 d-1.2 1.6 0.9 2.6 1.9 0.4
0.8 2 1 2.4 1.6 32 d-1.3 1.7 0.9 2.8 2 0.4

1 2.5 1.25 3 2 4 d-1.6 2.1 1.1 35 2.5 0.5
1.25 3.2 1.6 4 2.5 5 d-2 2.7 1.5 4.4 3.2 0.6
1.5 3.8 1.9 4.5 3 6 d-2.3 3.2 1.8 5.2 3.8 0.75
1.75 4.3 2.2 53 3.5 7 d-2.6 3.9 2.1 6.1 4.3 0.9

2 5 2.5 6 4 8 d-3 4.5 2.5 7 5 1

2.5 6.3 32 7.5 5 10 d-3.6 5.6 3.2 8.7 6.3 1.25

3 7.5 3.8 9 6 12 d-4.4 6.7 3.7 10.5 7.5 1.5

3.5 9 4.5 10.5 7 14 d-5 7.7 4.7 12 9 1.75

4 10 5 12 8 16 d-5.7 9 5 14 10 2

4.5 11 5.5 13.5 9 18 d-6.4 10.5 5.5 16 11 2.25

5 12.5 6.3 15 10 20 d-7 11.5 6.5 17.5 12.5 2.5

5.5 14 7 16.5 11 22 d-7.7 12.5 7.5 19 14 2.75
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6 15 7.5 18 12 24 d-8.3 14 8 21 15 3
Indicated dimensions | sp | 5p | 3p | 2p | 4p | - ~ | - | 35P |25 |25P
approx. correspond to

(ISO: 3508)
Note:
(1) Runout x normal for all types of screws of product grades A, B and C.
(i) Runout x short only in cases where a short runout is required for technical reasons.
(i) Distance a normal for all types of screws of product grade A.
(iv) Distance a short for special cases in which for technical reasons a short distance is necessary.
(v) Distance a long for all types of screws of product grades B and C.
(vi) Tolerance zone 412 for g for threads up to 3 mm nominal diameter.
(vii) Undercut short is for special cases.
(viii) The transition angle o is 30° to 60°.
(ix) All dimensions are in mm.
Notations — a = Distance from last full thread to contact face.
b = Length of full thread
x = Thread run out
Table 7.31 Dimensions for blind hole projection and undercuts for internal threads
T A T
T ——[10d B 9 A1 —— 1| 105d
L ;
—e b — | f
| —f, b
Blind hole projection |
Thread undercut
Blind hole projection Thread undercut
€ Jiovin) Jamax)
Pitch = =
P g ; B =
= h13 = S| = S
£ £ & ®1) E g% E |£%
S =) = = o @ b= o
e = e =) = % o = %
0.2 1.3 0.8 2 d+0.1 0.8 0.5 1.2 0.9 0.1
0.25 1.5 1 2.4 d+0.1 1 0.6 1.4 1 0.12
0.3 1.8 1.2 2.9 d+0.1 1.2 [ 075 | 1.6 | 1.25 | 0.15
0.35 2.1 1.3 33 d+02 1.4 0.9 1.9 1.4 | 0.17
(Contd.)
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approx. correspond to

0.4 23 1.5 3.7 d+02 | 16 | 1 | 22| 16 | 02
0.45 26 1.6 4.1 d+02 | 18 | 11 | 24 | 17 | 022
0.5 1.8 4.5 d+03 | 2 [125| 27 | 2 |025
0.6 2.1 5.4 d+03 | 24 | 15 | 33 | 24 | 03
0.7 24 6.1 d+03 | 28 | 175 | 38 | 275 | 035
0.75 4 25 6.4 d+03 | 3 | 19| 4 | 29 | 04
0.8 4.2 2.7 6.8 d+03 | 32 | 2 | 42| 3 | 04
I 5.1 3.2 8.2 d+05 | 4 | 25 | 52|37 ] 05
1.25 6.2 3.9 10 d+05 | 5 | 32| 67 | 49 | 06
1.5 7.3 4.6 11.6 d+05 | 6 | 38 | 78 | 56 | 0.75
175 8.3 52 133 d+05 | 7 | 43 | 91 | 64 | 09
2 9.3 5.8 14.8 d+05 | 8 | 5 |103| 73 | 1
25 1.2 7 179 d+05 | 10 | 63 | 13 | 93 | 1.25
3 13.1 8.2 21 d+05 | 12 | 75 | 152 | 107 | 15
35 152 9.5 24 d+05 | 14 | 9 177|127 | 1.75
4 16.8 10.5 269 d+05 | 16 | 10 | 20 | 14 | 2
45 18.4 11.5 29.4 d+05 | 18 | 11 | 23 | 16 | 225
5 20.8 13 333 d+05 | 20 | 125 | 26 | 185 | 25
5.5 224 14 35.8 d+0.5 | 22 | 14 | 28 | 20 | 275
6 24 15 38.4 d+05 | 24 | 15 | 30 | 21 | 3
Indicated dimensions | ¢ 3.1 4p | 4p192.5P | 10P1063P | - 4 |25 | - | - |osP

(ISO: 3508)

Note:

(i) Undercut short is for special cases.
(ii) The countersunk angle f3 is normally 120° and in special cases 90°.
(iii) All dimensions are in mm.
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Table 7.32 Dimensions for clearance holes for bolts and screws

N
l~—g—|
Thread Clearance hole (d,) Thread Clearance hole (d,)
diameter Series diameter Series
cl Fine Medium Coarse cl Fine Medium Coarse
1 1.1 1.2 1.3 42 43 45 48
1.2 1.3 1.4 1.5 45 46 48 52
1.4 1.5 1.6 1.8 48 50 52 56
1.6 1.7 1.8 2 52 54 56 62
1.8 2 2.1 22 56 58 62 66
2 22 24 2.6 60 62 66 70
2.5 2.7 29 3.1 64 66 70 74
3 32 34 3.6 68 70 74 78
3.5 3.7 39 42 72 74 78 82
4 43 4.5 4.8 76 78 82 86
4.5 4.8 5 53 80 82 86 91
5 53 5.5 5.8 85 87 91 96
6 6.4 6.6 7 90 93 96 101
7 7.4 7.6 8 95 98 101 107
8 8.4 9 10 100 104 107 112
10 10.5 11 12 105 109 112 117
12 13 13.5 14.5 110 114 117 122
14 15 15.5 16.5 115 119 122 127
16 17 17.5 18.5 120 124 127 132
18 19 20 21 125 129 132 137
20 21 22 24 130 134 137 144
(Contd.)
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22 23 24 26 140 144 147 155
24 25 26 28 150 155 158 165
27 28 30 32
30 31 33 35
33 34 36 38
36 37 39 42
39 40 42 45
(ISO: 273)
Note:

(i) The tolerance fields are as follows: (a) Fine series — H12 (b) Medium series — H13 (c) Coarse series — H14
(i) All dimensions are in mm.

7.8 MECHANICAL PROPERTY CLASSES

Table 7.33  Mechanical property classes for steel bolts, screws and studs

Tensile strength Yield stress Pr(z;f st;ess
Pr:lg::ty (MPa or N/'mm?) | (MPa or N/mm?) (MPa o e fmm?) Material
Nom. Min. Nom. Min. Nom. Min.
4.6 400 400 240 240 - -
4.8 400 420 320 340 - -
5.6 500 500 300 300 - - Low or medium carbon steel
5.8 500 520 400 420 - -
6.8 600 600 480 480 - -
8.8 800 800 - - 640 640 | Medium carbon steel-quenched and tem-
9.8 900 900 - - 720 720 | pered
oo | oo [ [ [ oo | e [yt e s i b
12.9 1200 1220 - - 1080 1100 | Alloy steel

(ISO: 898-1)

Designation system — The designation of property class consists of two figures: (a) the first figure indicates 1/100
of nominal tensile strength in MPa; and (b) the second figure indicates 1/10 of the ratio, expressed as a percentage,
between nominal yield stress and nominal tensile strength. The multiplication of these two figures will give 1/10 of
nominal yield stress in MPa.
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Table 7.34 Mechanical property classes for steel nuts

Nominal size UptoMd | MdwoM7 | M7toM10 M10to M16 | MI9 to M39
Property class Proof stress (MPa or N/mm?)
04 380
05 500
4 510
5 520 580 590 610 630
6 600 670 680 700 720
8 800 810 830 840 920
9 900 915 940 950 920
10 1040 1040 1040 1050 1060
12 1150 1150 1160 1190 1200

Note: The nuts are made of carbon steel or low alloy steel.

7.9 PIPE THREADS

Table 7.35 Basic profile for pipe threads

H/6

H — h
ro
YA
L S
275 1. 275°
Proportions Notations

H=0.960 491 P P = Pitch of threads
h=0.640 327 P H = Height of fundamental triangle
r=0.137329P h = Height of basic profile

r = Radius of root
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Table 7.36  Dimensions for pipe threads for fastening purposes

55°
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~—P Internal threads
[ H/6 \§ — Hi2
f ]
T h S SN R\l
d,
di s //// b, —H2
H/6 External threads D, D
\ \
Major Pitch Minor Depth of Radius
Size Pitch P diameter diameter diameter thread r
d=D d,=D, d, =D, h =

1

16 0.907 7.723 7.142 6.561 0.581 0.125

1

3 0.907 9.728 9.147 8.566 0.581 0.125
i 1.337 13.157 12.301 11.445 0.856 0.184

3

3 1.337 16.662 15.806 14.950 0.856 0.184
% 1.814 20.955 19.793 18.631 1.162 0.249

5

3 1.814 22911 21.749 20.587 1.162 0.249
% 1.814 26.441 25.279 24.117 1.162 0.249
% 1.814 30.201 29.039 27.877 1.162 0.249

1 2.309 33.249 31.770 30.291 1.479 0.317
1= 2.309 37.897 36.418 34.939 1.479 0.317
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n 2.309 41.910 40.431 38.952 1.479 0.317
4
L 2.309 47.803 46.324 44.845 1.479 0.317
2
3 2.309 53.746 52.267 50.788 1.479 0.317
2 2.309 59.614 58.135 56.656 1.479 0.317
)1 2.309 65.710 64.231 62.752 1.479 0.317
4
)1 2.309 75.184 73.705 72.226 1.479 0.317
2
53 2.309 31.534 80.055 78.576 1.479 0.317
3 2.309 87.884 86.405 84.926 1.479 0.317
3 % 2.309 100.330 98.851 97.372 1.479 0.317
4 2.309 113.030 111.551 110.072 1.479 0.317
4% 2.309 125.730 124.251 122.772 1.479 0317
5 2.309 138.430 136.951 135.472 1.479 0.317
5% 2.309 151.130 149.651 148.172 1.479 0.317
6 2.309 163.830 162.351 160.872 1.479 0.317
(ISO: 228)

Tolerance Classes — There are two classes of tolerances on pitch diameter of external threads — Class A and Class B.

Class A — In this case, negative tolerance on pitch diameter of external thread is numerically equal to positive tolerance
on pitch diameter of internal thread. Class A applies to screw threads requiring a snug fit where accuracy of
thread form is essential.

Class B — The value of this tolerance is twice that of Class A, the tolerance being also negative. Class B applies to
threads of ordinary commercial quality.

Designations — (i) An external pipe thread of size 2 with Class B tolerance is designated as G2 B

(i1) An internal pipe thread of size 2 is designated as G2
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Table 7.37 Dimensions for pipe nuts

/2\\]50

- 120°
1.7 L
1
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— e
. s
o e (Min) m (h15) (<19, 714) and (>19, h15)
. a
Size d NoT For For Nom
Hex- Octag- Nom. Max. Min. Nom. Max. Min.
agonal onal
Gé 18 20.88 - 1 6 6 5.52 19 19 18.48
Gl 20 23.91 - 1 6 6 5.52 22 22 21.16
4
G= 25 29.56 - 1 6 6 5.52 27 27 26.16
G% 30 35.03 - 1.5 8 8 7.42 32 32 31
[ng 30 35.03 - 1.5 8 8 7.42 32 32 31
G2 33| 39.55 - 1.5 9 9 8.42 36 36 35
4
7
(Gg) 38 45.20 - 1.5 9 9 8.42 41 41 40
Gl 43 50.85 - 1.5 10 10 9.42 46 46 45
(Gléj 47 55.37 - 1.5 10 10 9.42 50 50 48.80
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1

Gl " 52 60.79 - 11 11 10.30 55 55 53.80
Gl % 56 66.44 - 12 12 11.30 60 60 58.80
(Gl%) 65 77.74 - 13 13 12.30 70 70 68.80
G2 70 83.39 - 13 13 12.30 75 75 73.80
(GZ%) 80 94.47 - 16 16 15.30 85 85 83.60
Gzé 90 105.77 - 16 16 15.30 95 95 93.60
G3 100 117.07 - 19 19 18.16 105 105 103.60
(G3%j 115 139 - 19 19 18.16 120 120 118.60
G4 128 150.74 - 22 22 21.16 135 135 133.40
(64%) 143 - 162.5 22 22 21.16 150 150 148.40
G5 158 - 179 22 22 21.16 165 165 163.40
(GS %) 172 - 194.5 25 25 24.16 180 180 178.40
G6 182 - 206 25 25 24.16 190 190 188.15
(DIN: 431)
Note:

(i) Grade — Semi-precision (S)
(i) Property class — 6

(iii) Minimum tensile strength of pipe material = 300 MPa.
(iv) All dimensions are in mm.

Designations — (i) Hexagonal pipe nut of nominal size G6 is designated as Hex Pipe Nut G6
(i) Octagonal Pipe Nut of Nominal size G6 is designated as Oct Pipe Nut G6
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7.10 DESIGN OF BOLTED JOINTS

Table 7.38 Simple analysis of bolted joint

Equations | Notations

Tensile stress in core cross section

P 0, = tensile stress in core cross-section of bolt
0= (n’ d2) (7.1) (MPa or N/mm?)
4 ¢ P = tensile force acting on bolt (N)
d, = core diameter of bolt (mm)
o= S 75 S, = tensile yield strength (MPa or N/mm?)
TR (7.2) (fs) = factor of safety
Direct shear stress at core diameter
= P (7.3) 7= shear stress at core diameter (MPa or N/mm?)
nd h "7 | h=height of nut (mm)
r= & _ Sy (1.4) S,, = yield strength in shear (MPa or N/mm?)
s 2(f5) (8,=05S,)
Core diameter—Correct relationship
d =nominal diameter of bolt (mm)
d,=d—-122687p (7.5) .
p = pitch of thread (mm)
Core diameter —Approximate relationship
d,=08d (7.6)
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Table 7.39 Eccentrically loaded bolted joint in shear

Equations

| Notations

Primary shear forces

P
H’:P{:P:;,ZP‘{Z

(No.of bolts)

P = external force (N)
(7.7 P/, P}, P, P} = primary shear forces acting on bolts 1,2,3

and 4 respectively (N)

Secondary shear forces

L, Per,

: _(”12+r22+"32+’”42)

_ Per,
2T 2 2. 2. 2
(W +r+ry)

and so on

e = eccentricity of force P from centre of gravity of bolts
(mm)

B’, P, P, P/ =secondary shear forces acting on bolts

(7.8) 1, 2, 3 and 4 respectively (N)

7y, ¥, 13, 1y = distances of bolt centre lines form common
centre of gravity (mm)

Resultant shear forces

The primary and secondary shear forces are added by vector addition method to get the resultant shear forces P, P,, P,
and P,. The bolt is designed on the basis of maximum out of these forces.

P
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Table 7.40 Bolts subjected to eccentric load perpendicular to its axis

ol

&

Tilting edge —T

Equations

| Notations

Direct shear force on bolts

P
=P =
(No. of bolts)

P = external force (N)

Fand P = direct shear forces acting on each bolt at
1 and 2 respectively (N)

(7.9)

Direct shear stress in bolts

P =10 7= direct shear stress in bolt (MPa or N/mm?)
= (7.10) A = cross-sectional area of bolt (mm?)
Axial tensile force on bolts
y__ Pel, F and P; = resisting tensile forces induced in each bolt
! 2(112 + 122) at 1 and 2 respectively (N)
Pel, [, and /[, = distances of bolts at 1 and 2 from tilting edge
2 —m (7.11) | (mm) N
e = eccentricity of force P (mm)
Axial tensile stress in bolts
o,= i (7.12) | o, = axial tensile stress in bolt (MPa or N/mm?)
A
Principle stress
2
o= 2[ + (%) 472 (7.13) | 01 principle stress (MPa or N/mm?)

Principle shear stress

(7.14) | Tmax = principle shear stress (MPa or N/mm?)

Permissible stress

O, =

S, 05§,

T ()

Sy

(/%)

and T (7.15)
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Table 7.41 Bolted joint with preloaded gasket

( Pb)max M
B
Py
P p - AP,
i ' Ad | p —T
‘Ek N @ d g ( fr ? d)
T :
P P
! L Gasket 2
G
0 8y S C
Deformation
Resultant load on bolt
P, = resultant load in bolt (N)
P,=P,+Ap (7.16) | P;= initial preload in bolt due to tightening of nut (N)
K, P = external load acting on bolted assembly (N)
AP = P[k' + k'] (7.17) | k; = stiffness of the bolt (N/mm)
b e k! = combined stiffness of two parts and gasket (N/mm)

Maximum bolt load when joint opens

()= P ky+ k. (7.18) (Pp)max = limiting bolt load when the joint will open and

ek ‘ the parts can no longer maintain tight joint (N)
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Table 7.42  Bolted joint under fluctuating load

0y

E Goodman line

On= P/At Gy
Kimmelmann load line

Sr——""""""%> ‘
i I A %
Ol p/A—u]| % S Sut

Endurance limit stress for bolt

5:=0.58, (7.19)
S,=K,K,K,S. (7.20)
K= L

=%, (7.21)

S, =endurance limit stress of rotating beam speci-
men subjected to reversed bending stress (MPa or
N/mm?)

S, = endurance limit stress of bolt subjected to reversed
bending stress (MPa or N/mm?)

K, = size factor = 1 (for axial load)

K_ = reliability factor = 0.897 (for 90% reliability)

K, = modifying factor to account for stress concentration.

K, = fatigue stress concentration factor (Table 7.43)

Note: It is not required to consider surface finish factor

(K,) separately. It is incorporated in fatigue stress con-

centration factor

Maximum and minimum forces on bolt

- ( ky ) (7.22) (Pp)max = maximum force on bolt (N)
Ky + ke (Pp)min = minimum force on bolt (N)
—-p P; = initial preload in bolt due to tightening of nut (N)
Bmax=F+CP (7.23) i
P = external load acting on bolted assembly (N
(P pmin=P. (7.24)
b/min — *i .
Mean and alternating components of force
1 1
PmZE[Pmax+Pmin] (7.25) Pazg[Pmax_Pmin] (7.26)
Mean and alternating components of stress
cpP P _CP_P
Y (7.27) m= T =% (7.28)
Permissible stress amplitude
S, — (P/4) S, P
B P 7.29 o,=—— =2a 7.30
1+(S,,/S,) (7.29) ) 4 (730
Table 7.43  Fatigue stress concentration factors (Kj) for threaded parts
SAE grade Metric grade Rolled threads Cut threads Fillet
0to2 3.6t05.8 22 2.8 2.1
4108 6.6t010.9 3.0 3.8 2.3
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Welded and Riveted Joints

8.1 WELDABILITY
Table 8.1 Weldability of common metals

Metal Arc welding Gas welding
Carbon steel
(1) Low and medium carbon steel G G
(2) High carbon steel G F
(3) Tool steel F F
Cast steel- Carbon steel castings G G
Grey and alloy cast iron F F
Malleable iron F F
Low —alloy, high-strength steel
(1) Ni-Cr- Mo and Ni-Mo F F
(2) All other usual compositions G G
Stainless steel
(1) Chromium steel G F
(2) Chromium-nickel steel G G
Aluminium and its alloys
(1) Commercially pure aluminium G G
(2) Al-Mn alloy G G
(3) Al-Mg- Mn and Al-Si-Mg alloy G F
(4) Al-Cu-Mg- Mn alloy F X
Magnesium alloy X G
Copper and copper alloys
(1) Deoxidized copper F G
(2) Pitch, electrolytic and lake G F
(3) Commercial bronze, red brass and low brass F G
(4) Spring, admiralty, yellow and commercial brass F G
(5) Muntz metal, naval brass and magnesium bronze F G
(6) Phosphor bronze, bearing bronze and bell metal G G
(7) Aluminium bronze G F
(8) Beryllium copper G —
Nickel and nickel alloys G G
Lead X G

Notations: G = Good, commonly used; F = Fair, occasionally used under favorable conditions; X = Not used.



8.2 SYMBOLS FOR WELDING

Table 8.2 Elementary symbols

Designation

Illustration

Symbol

Square butt weld

Single-V butt weld

Single-bevel butt weld

Single-V butt weld
with broad root face

Single-bevel butt weld
with broad root face

Single-U butt weld
(parallel or sloping
sides)

Single-J butt weld

~| C| ~| < N <

Backing run, back or
backing weld

Fillet weld

NN
%
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Plug or slot weld |_|
SpOt weld ’y
AN I
V2 727
Seam weld :@:
NN
|7
(ISO: 2553)

Note: Plates up to 4 mm thickness are generally welded without bevelling the edges (square butt weld), those of 5 to

15 mm thickness need single V-butt weld and plates of 10 to 30 mm thickness require double V- butt weld, while for
higher thickness single U-butt weld are used.

Table 8.3 Supplementary symbols

(ISO: 2553)

Shape of weld surface Symbol
(a) Flat (usually finished flush) -
(b) Convex —
(c) Concave ~—

Note: The supplementary symbols characterise the shape of external surface of the weld.

Table 8.4 Examples of application of supplementary symbols

Designation

Ilustration and symbol

Flat (flush) single-V butt weld

Convex single-V butt weld

Convex double-V butt weld

(Contd.)
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Concave fillet weld

Convex fillet weld

N’

VI\/ |

Flat (flush) single-V butt weld with flat (flush) backing run

(<]

Table 8.5 Location of welding symbol

/—87

N| N

The complete information about the welded joint is conveyed by the designer to the welding operator by placing suit-
able welding symbol on the drawing. The information includes the type of welded joint, the size of weld, the location
of weld and certain special instructions. The complete weld symbol consists of following elements:
(1) An elementary symbol to specify the type of weld.

(ii)) An arrow and a reference line to indicate the location of the weld.

(iii) Supplementary symbols to indicate the shape of external surface of weld.

(iv) Dimensions of the weld in cross section and length.
The location of weld is indicated by an arrow and a reference line. The head of the arrow indicates the reference side
of the joint. When the weld symbol is below the reference line, the weld is made on the same side of the joint as the
arrowhead. When the weld symbol is above the reference line, the weld is made on the other side of the joint opposite
the arrowhead.

Table 8.6 Examples of use of welding symbol

Hlustration Symbolisation

2. A

A NN
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SN2

2%

8.3 LINE PROPERTIES OF WELDS

Table 8.7 Bending properties of weld treated as a line

Outline of welded joint Ilustration

Bending properties

Welded and Riveted Joints

(Contd.)

8.5



(Contd.)

b
i 2
| »
d x . :
.
}7 Z,=bd
d X —— X
_ b?
X=
2(b+d)
b ) :
fFX% Y=+ a)
y G 2
dfxp [ * At top fibre - 4bd6+d
L 2
At bottom fibre = d°(4b+d)
6(2b+d)
b .
X - __
ﬁ 2b+d)
: 2
I X szbd.:,_i
v 6
pe
a y=
b+2d
b ﬂ
2
: *7 /N P Attopﬁbre 5 :2bd+d
d Ik < $y > : :
115 G 2
At bottom fibre Zw:d (2b+d)
3(b+d)
b
42
d|X G X szbd+?

(Contd.)
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Z,=bd +—

Note: For parallel loading, s= _ A
0.707Z,,h
For transverse loading, s =————
0.828Z h

(Z,,) = section modulus of weld treated as a line about x-axis (mm?)
M = bending moment (N-mm) (M = P X a)

h = leg dimension of weld (mm)

s = stress in standard design formula (N/mm?)

M
(Z) = force per unit length of weld (N/mm)

w

For unsymmetrical connections, the maximum bending stress is at the bottom.

Table 8.8 Torsional properties of weld treated as a line

Outline of welded joint Illustration Torsional properties
a P
d3
d X—f—x // J =—
4 — " 12

[~ —]
=<

b 4‘ b
X “g = @
(Contd.)

Welded and Riveted Joints 8.7




(Contd.)

b /
f— | % ; _ b’ +3bd*
d X ———X 4; v 6
I 1
b . A eo
e > 2(b+d)
7»xw // ~ e
H °5 = S0
| | | _(b+d)*-6b*d’
Y 12(b+d)
R P
b 52
| X | X =
(2b+d)
? G /// 3 2 2
d x X | S _@b+d) P+d)
1 | | " 12 (2b+d)
/ . 42
ll) P |€¢‘ v 2d
I y
d I X (] _(b+2dy  d*(b+d)?
(R Pa =T (b+2d)
b g
| b ’ _(b+d)
d|x G X 4’ ‘]w_ 6
P a
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3 2 3
Jw=b +3bg’ +d

Note: J,, = polar moment of inertia of weld treated as a line (mm?)
M, = torsional moment (N-mm) (M, = P X a)

8.4 STRENGTH OF WELDED JOINTS

Table 8.9 Strength properties of AWS electrodes

AWS electrode number | Ultimate tensile strength Yield strength (Min.) Percentage elongation
(Min.) (MPa) (MPa) (%)
E60XX 425 345 17-25
E70XX 480 390 22
E80XX 550 460 19
E90XX 620 530 14-17
E100XX 690 600 13-16
E120XX 820 730 14

Note: (i) AWS = American Welding Society (ii) The numbering system for electrodes uses letter E followed by four
digits. The first two digits indicate the approximate tensile strength. The last digit indicates variables in welding
technique, such as current supply. The next to last digit indicate welding position such as horizontal, vertical, flat or

overhead.

Welded and Riveted Joints
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Table 8.10 Permissible weld stresses for weld metal (AISC code)

Type of load Type of joint Permissible stress Factor of safety
Tension Butt 0.60S,, 1.67
Bearing Butt 0.90S, 1.11
Bending Butt 0.60t0 0.66 S,, 1.52to0 1.67
Simple Compression Butt 0.60 S, 1.67
Shear Butt or Fillet 0.40 S,, 1.44

Note: (i) AISC = American Institute of Steel Construction, (ii) For shear load, the factor of safety is calculated by

distortion energy theory. (iii) S, = yield strength of material.

Table 8.11 Applications of electrodes

Designation of | Penetration Application

electrode

E6010 Deep It has good mechanical properties. It is used where multi-pass welds are
E6011 employed such as welds in buildings, bridges, pressure vessels and pipes.
E6012 Medium It is used for single- pass high- speed horizontal fillet welds.

E6013 Medium It is used for obtaining good quality weld within metal.

E6020 Medium deep It is used for high-production horizontal fillet welds in heavy sections.
E6027 Medium It is iron powder electrode that is fast and easy to handle.

Table 8.12 Weld design stress by C H Jennings

Types of weld and stress

Permissible stresses (MPa or N/mm?)

Static load Reversed load
Butt welds
Tension 110 55
Compression 125 55
Shear 70 35
Fillet welds | 95 | 35

Table 8.13 Mechanical properties of weld deposits

Electrode number

Tensile strength (MPa or N/mm?)

Yield strength (minimum) (MPa or N/mm?)

E XXX -41

410-510

330

E XXX -51

510-610

360

Table 8.14  Fatigue stress concentration factor for welded joints

Type of weld K;
Reinforced butt weld 1.2
Toe of transverse fillet weld 1.5
End of parallel fillet weld 2.7
T- butt joint with sharp corners 2.0
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Table 8.15 Minimum size of fillet welds

Thickness of thicker part to be joined (mm) Weld Size (mm)
Up to and including 6.4 32
Over 6.4 and up to 12.5 4.8
Over 12.5 and up to18 6.4
Over 18 and up to 38 8.0
Over 38 and up to 57 9.5
Over 57 and up to 150 12
Over 150 15

Table 8.16 Fatigue strength of fillet welds (AWS recommendations)

Number of stress cycles Fatigue strength (S) (MPa or N/mm?)
20% 10° r 1
S,= 5(1) or 84 MPa
1-=K
L 2
(whichever is minimum)
6x10° r 1
S,= 7(1) or 84 MPa
1-=-K
L 2 |
(whichever is minimum)
1x10° r 1
S,= _80 or 84 MPa
1
1--K
L 2 |
(whichever is minimum)
Note: (i) K= minimum load _ minimum stress

maximum load maximum stress

(ii)) K=+I (for steady load) (iii) K = 0 (if load varies in one direction)
(iv) K=-1 (for completely reversed load)

W) (5,),=(5) (%]
A

(S)), = fatigue strength for N, cycles
(S))p = fatigue strength for N cycles

¢ = 0.13 for butt weld

¢ = 0.18 for plates in axial loading- tension or compression
(vi) The above expressions are recommended by AWS in bridge design and based on more conservative

design.

Welded and Riveted Joints
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8.5 STRENGTH EQUATIONS FOR WELDED JOINTS

Table 8.17 Basic strength equations

Butt weld
P=o,1 8.1)
P=o,tn 8.2)
0,= permissible tensile stress for weld
(MPa or N/mm?)

P =tensile force on plates (N)

t = thickness of plates (mm)

/= length of weld (mm)

n = efficiency of welded joint (in fraction)

Single parallel fillet weld

h‘t

t="hcos (45°) or t=0.707h (8.3)
P=0.707hlt (8.4)
P = tensile force on plates (N)
h =leg of weld (mm)
t = throat of weld (mm)
/= length of weld (mm)
7= permissible shear stress for weld (MPa or N/mm?)

Double parallel fillet welds

P=1414hit (8.5)
h] t

Single transverse fillet weld
P | P=0.707hlo, (8.6)
/ 0, = permissible tensile stress for weld (MPa or N/mm?)

h
1 P
t
Double transverse fillet welds

P | P =1.414hic, 8.7)

»hkw

b
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Table 8.18 Axially loaded unsymmetrical welded joints

¢|1’

)

Y
P P G
3;2
N\/Z-J
—,—
Equations Notations
P,=0.707hl,7 (8.8) | P = external force acting on joint and passing through centre of gravity
_ G(N)
P,=0.707hiyz (8.9) P, and P, = resisting forces set up in the welds 1 and 2 respectively (N)
P=P +P, (8.10) | /, and /, = lengths of welds 1 and 2 respectively (mm)
Iv=] 811 |1 and y, = distances of welds 1 and 2 respectively from centre of
COCE ®.11) gravity G (mm)
L+h=1 (8.12) | /= total length of all welds (mm)

h = leg of weld (mm)
7= permissible shear stress for weld (MPa or N/mm?)

Table 8.19 Polar moment of inertia for group of welds

A

Gy

.

Equations Notations
S LIZ ®.13) J, = polar mg)rnent of inertia of the weld about its centre of gravity
=1, : G, (mm”)
A = throat area of weld (mm?)
/ = length of weld (mm)
Jo=Jg +Ar (8.14) Jg = polar moment of inertia of weld about axis passing through G (mm®*)
s r, = distance between G and G; (mm)
JGA[Z#} (8.15)
12
J=J+ L+ )3+ .. (8.16) | J;, J,, J3,.= polar moment of inertia of welds 1,2,3...respectively about

centre of gravity G (mm*)
J = resultant polar moment of inertia of all welds about G (mm®)
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Table 8.20 Eccentric load in plane of welds

T Tz T2 %11
WWHHHPE/L N 3
T
LT ANy -
(AN
Equations Notations
P 7,= primary shear stress (MPa or N/mm?)
=7 (8.17) | p = eccentric force (N)
A = throat area of all welds (mm?)
Mr 1, = secondary shear stress (MPa or N/mm?)
LT (8.18) | A= couple (N-mm)
e = eccentricity of force P (mm)
M=Pxe (8.19)

r = distance of a point in weld from G (mm)
J = polar moment of inertia of all welds about G (mm®)

Note: The secondary shear stress at any point in the weld is proportional to its distance from the centre of gravity.
Obviously, it is maximum at the farthest point such as 4. The resultant shear stress at this point is obtained by vector
addition of primary and secondary shear stresses.

Table 8.21

Welded joint subjected to bending moment

W,

~b—|

2

Equations

Notations

(8.20)

7,= primary shear stress (MPa or N/mm?)
P = eccentric force (N)
A = throat area of all welds (mm?)

(8:21)

(8.22)

M, = bending moment (N-mm)

I=moment of inertia of all welds based on throat area (mm?)
y = distance of the point in weld from neutral-axis (mm)

e = eccentricity of force P (mm)

0, = bending stress (MPa or N/mm?)

(8.23)

I=moment of inertia of two welds about XX axis passing through G (mm®)
b = length of each weld (mm)
d = distance between two welds (mm)

(8.24)

2
2w

7= resultant shear stress (MPa or N/mm?)
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8.6 BOILER RIVETS

Table 8.22 Preferred length and diameter combinations for boiler rivets

Diameter (mm)

48

42

39

36

33

30

27

24

22

20

18

16

14

12

Length

(mm)

28

31.5

355

40

45

50
56
63

71

80
85

90
95

100
106
112

118

125

132

140

150

160

180
200
224
250

Note: Preferred combinations are indicated by X.

8.15
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Table 8.23 Rivet hole diameters and tolerances on boiler rivet head

Basic size of Rivet hole Tolerances (in mm) on
e () (i) dlan(l::::)Mm Diameter of head Height of head Permissible
Countersunk All other types eccel;:rl;lty of
head” (both of heads” ca
types)

12 13.0 +0.35 +1.2 +0.8 0.7
-0.0

14 15.0 +0.4 +1.2 +0.8 0.7
-0.0

16 17.0 +0.5 +1.2 +0.8 0.8
-0.0

18 19.0 +0.5 +1.2 +0.8 0.8
-0.0

20 21.0 +0.8 +1.2 +1.2 0.9
-0.0

22 23.0 +0.8 +1.2 +1.2 1.1
-0.0

24 25.0 +0.8 +1.2 +1.2 1.3
-0.0

27 28.5 +0.8 +1.2 +1.2 1.5
-0.0

30 31.5 +0.8 +1.2 +1.6 1.6
-0.0

33 34.5 +0.8 +1.2 +1.6 1.6
-0.0

36 37.5 +1.6 +1.2 +1.6 1.8
-0.0

39 41.0 +1.6 +1.2 +1.6 1.8
-0.0

42 44.0 +1.6 +1.2 +1.6 2.0
-0.0

48 50.0 +1.6 +1.2 +1.6 2.0
-0.0

* Refer to Table 8.24 for different types of rivet heads.
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Table 8.24  Proportions of boiler rivet heads

1 0.25D
0.7D |
08D

15D
|

o
S
A1

Length 0 0.125D !
<> 1 PT 6D 74{ |

- Length =~/ | 0125D
Snap head L N7
I
Conical head
y mm 1.7D
0.6D 1.6D ;
1%D ‘ f 045D
Length \%7 0.125D Length
= -
Ellipsoid head Countersunk head
D
0.7D
t
I
r I 1.6D { *
Length e | 0125D
| ==
1 ~—Db— Rounded countersunk head
Pan head (Type 1)
——D— 2D
| i
Length 0.125D Length e | 0125D
L > l >
14D13D  — Steeple head
Pan head (Type 2)

1.4D = for rivets under 24 mm
1.3D = for rivets 24 mm and over

(Contd.)
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Length
L 15°

r=0.063D 070

r ‘J—LeD«P—l 05D

!

=—D

Pan head with tapered neck

(Steeple means a tall tower of church)

Table 8.25 Mechanical properties of steel rivet bars for boilers

Property Grade
Grade St 37 BR Grade St 42 BR
Tensile strength (MPa or N/mm?) 360-440 410-500

Yield stress Min. (MPa or N/mm?)
(a) Up to and including 20 mm 220 250
(b) Over 20 mm 200 240

Elongation (percent) Min. 26 23
Note: (i) Grade St 37 means minimum tensile strength 37 kgf/mm?.

(ii) Grade St 42 means minimum tensile strength 42 kgf/mm?>.
8.7 COLD FORGED RIVETS (GENERAL PURPOSE)
Table 8.26 Dimensions of cold forged steel rivets with snap head
—05d |-—
r
r "k T f
Ty — —ds
| !
~~
~k |
Nom. 6 8 10 12 (14) 16
d Max. 6.15 8.15 10.3 12.3 14.3 16.3
Min. 5.85 7.85 9.7 11.7 13.7 15.7
(Contd.)
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d, Min. 5.82 7.76 9.4 11.3 13.2 15.2
Nom. 9.6 12.8 16.0 19.2 224 25.6
e Max. 9.9 13.1 16.36 19.6 22.8 26.1
Min. 9.3 12.5 15.64 18.8 22 25.1
Nom. 4.2 5.6 7 8.4 9.8 11.2
k Max. 4.44 5.84 7.29 8.69 10.09 11.55
Min. 3.96 5.36 6.71 8.11 9.51 10.85
r Max. 0.3 0.4 0.5 0.6 0.7 0.8
o =~ 5.7 7.5 8 9.5 11 13

Note: The nominal diameter d in parenthesis is of second preference.
Designation — A snap head rivet of 6 mm diameter having a length 30 mm is designated as ‘Snap Head Rivet 6 x 30°.

Table 8.27 Dimensions of cold forged steel rivets with flat countersunk head

T ‘TO.Sd

a dft—f—fg———— —ds
1
(k|
|

Nom. 6 8 10 12 (14) 16
d Max. 6.15 8.15 10.3 12.3 143 16.3

Min 5.85 7.85 9.7 11.7 13.7 15.7
d, Min. 5.82 7.76 9.4 113 13.2 15.2

Nom. 12 16 20 24 21 24
dk Max. 12 16 20 24 21 24

Min. 11.3 15.3 19.16 23.16 20.16 23.16
k ~ 3 4 5 6 6 6.9
P 90° 60°

Note: The nominal diameter d in parenthesis is of second preference.

Designation — A flat countersunk head rivet of 6 mm diameter having a length 30 mm is designated as
‘Flat countersunk head rivet 6 x 30°.
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Table 8.28 Dimensions of cold forged steel rivets with flat head

—=10.5d [=—
r
A —
+ f
—k |
Nom. 6 8 10 12 14) 16
d Max. 6.15 8.15 10.3 12.3 14.3 16.3
Min. 5.85 7.85 9.7 11.7 13.7 15.7
d, Min. 5.82 7.76 9.4 11.3 13.2 15.2
Nom. 12 16 20 24 28 32
d Max. 12 16 20 24 28 32
Min. 11.3 15.3 19.16 23.16 27.16 31
Nom. 1.5 2 2.5 3 3.5 4
k Max. 1.9 2.5 3 3.6 4.1 4.6
Min. 1.5 2 2.5 3 3.5 4
r Max. 0.3 0.4 0.5 0.6 0.7 0.8

Note: The nominal diameter d in parenthesis is of second preference.
Designation — A flat head rivet of 6 mm diameter having a length 30 mm is designated as ‘Flat head rivet 6 x 30°.

Table 8.29 Diameter-length combinations for cold forged rivets for hot closing

Length /
(mm)

Nominal diameter d (mm)

10

12

14

16

12

14

16

18

20

22

24

26

28

30

32

35

I i e it el el e B

DR PR PR R DR DR PR R R 4| X

I s b e

D PP R DR DR < <

PR PR R R R <

PP PR < R
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38 X X X X X X
40 X X X X X X
42 X X X X X X
45 X X X X X X
48 X X X X X X
50 X X X X X X
55 X X X X X X
60 X X X X X
65 X X X X X
70 X X X X X
75 X X X X
80 X X X X
85 X X X X
90 X X X
95 X X X
100 X X X
105 X X
110 X X
Rivet hole 6.3 8.4 10.5 13 15 17
diameter
(mm)

Note: (i) The nominal diameter d in parenthesis is of second preference.
(ii) Preferred combinations are indicated by X.
(iii) The tolerances on length are as follows:

a) For (/<10 mm Tolerance = +0.5 m
0.0
(b) For (10 mm </ < 20 mm) Tolerance = 4;)1.00
(c) For (/> 20 mm) Tolerance = —-:)165 mm

(iv) Basic tolerance on rivet hole = H12

Table 8.30 Mechanical properties of steel for cold forged rivets

Property Grade

Annealed condition As-drawn condition
Tensile strength (MPa or N/mm?) 330410 410-490
Yield stress Min. (MPa or N/mm?) 160 190
Shear strength Min. (MPa or N/mm?) 270 300
Elongation (percent) Min. 30 20
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8.8 HOT FORGED RIVETS (STRUCTURAL PURPOSE)

Table 8.31 Dimensions of hot forged steel rivets with snap head

—105d [-—
r
S o —
NG !
=~k |
Nom. 12 (14) 16 (18) 20 (22) 24 27) 30 (33) 36
d | Max. 12.8 14.8 16.8 18.8 20.8 22.8 24.8 27.8 30.8 33.8 36.8
Min. 12 14 16 18 20 22 24 27 30 33 36
d, | Min. 11.3 13.2 15.2 17.1 19.1 20.9 22.9 25.8 28.6 31.6 34.6
Nom. 19.2 22.4 25.6 28.8 32 35.2 38.4 432 48 52.8 57.6
d; | Max. 19.55 | 22.8 26.1 29.3 33.2 36.4 39.6 44.4 49.2 54 59
Min. 18.85 | 22 25.1 28.3 30.8 34 37.2 42 46.8 51.6 56.2
Nom. 8.4 9.8 11.2 12.6 14 15.4 16.8 18.9 21 23.1 25.2
k| Max. 9.3 10.7 12.3 13.7 15.1 16.5 17.9 20.2 22.3 24.4 26.5
Min. 8.4 9.8 11.2 12.6 14 15.4 16.8 18.9 21 23.1 25.2
r | Max. 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.4 1.5 1.7 1.8
I = 9.5 11 13 14.5 16.5 18.5 20.5 22 24.5 27 30
Note: The nominal diameters d shown in parenthesis are of second preference.
Table 8.32 Dimensions of hot forged steel rivets with flat countersunk head
T ~—‘0.5d ~—
T —
{ !
L <+
k|
|
Nom. 12 | (19 16 [as)y [ 20 [@) [ 24 Jen |30 [@33) ] 36
d Max. 12.8 14.8 16.8 18.8 20.8 22.8 24.8 27.8 30.8 33.8 36.8
Min. 12 14 16 18 20 22 24 27 30 33 36
d, Min. 11.3 13.2 15.2 17.1 19.1 20.9 22.9 25.8 28.6 31.6 34.6
Nom. 18 21 24 27 30 33 35 40.5 45 49.5 54
dy Max. 18 21 24 27 30 33 35 40.5 45 49.5 54
Min. 16.9 19.7 22.7 25.7 28.7 31.4 34.4 38.9 43.4 47.9 52.1
k = 5.2 6.1 6.9 7.8 8.7 9.5 10.4 11.7 13 14.3 15.6
o 60°

Note: The nominal diameters d shown in parenthesis are of second preference.
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Table 8.33 Dimensions of hot forged steel rivets with flat head

—J05d [-—
r
1 r—
+ f
—i k |
Nom. 12 (14) 16 (18) 20 (22) 24 (27) 30 (33) 36
d | Max. 12.8 14.8 16.8 18.8 20.8 22.8 24.8 27.8 30.8 33.8 36.8
Min. 12 14 16 18 20 22 24 27 30 33 36
d, | Min. 11.3 13.2 15.2 17.1 19.1 20.9 229 25.8 28.6 31.6 34.6
Nom. 24 28 32 36 40 44 48 54 60 66 72
di | Max. 24 28 32 36 40 44 48 54 60 66 72
Min. 22.7 26.7 30.4 34.4 38.4 424 | 46.4 52.1 58.1 64.1 70.1
Nom. 3 3.5 4 4.5 5 5.5 6 6.75 7.5 8.25 9
k | Max. 3.6 4.25 4.75 5.25 5.75 6.25 6.75 7.65 8.40 9.15 9.9
Min. 3 3.5 4 4.5 5 5.5 6 6.75 7.50 8.25 9.0
r Max. 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.4 1.5 1.7 1.8
Note: The nominal diameters d shown in parenthesis are of second preference.
Table 8.34 Diameter-length combinations for hot forged rivets for hot closing
Length / Nominal diameter d (mm)
(mm) 12 (14) 16 (18) 20 22) 24 27) 30 33) 36
28 X
30 X
32 X X
35 X X X
38 X X X
40 X X X X
45 X X X X X
50 X X X X X X
55 X X X X X X X
60 X X X X X X X
65 X X X X X X X X
70 X X X X X X X X X
75 X X X X X X X X X
80 X X X X X X X X X
85 X X X X X X X X X
(Contd.)
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90 X

95 X

100

105

X[ R R <

110

115

DD PR R R | 4

120

il e e A e ke

125

130

135

Sl I el i b R b A R A e ke

140

145

150

155

Dl i el i e e e R e A R A R K A e ke

160

165

170

175

el el il e el B e A R R R R A e el e A R R K A e A e A K

180

185

190

195

200

el e e e e e R e e e e A e e e e e A A e R R A R e

205

210

215

220

225

Rivet hole 13.5 15.5 17.5 19.5 21.5 23.5 25.5 29.0
diameter
(mm)

32.0

M Rl R R R e e e e e e e e A e e e R A R K A R A R A e A e A R A R A R

<)
.g'g><><><><><><><><><><><><><><><><><><><><><><><><><><><

[9%]
(=]

Note: (i) The nominal diameters d shown in parenthesis are of second preference.
(i) Preferred combinations are indicated by X.
(iii) The tolerances on length are as follows:

(a) For (d< 16 mm) Tolerance = % mm
(b) For (d > 16 mm) Tolerance = % mm

(iv) Basic tolerance on rivet hole = H12
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Table 8.35 Mechanical properties of hot-rolled steel rivet bars for structural purposes

Property Requirement

Tensile strength (MPa or N/mm?) 410-530
Yield stress Min (MPa or N/mm?)

(a) 6 mm up to including 12mm 260

(b) over 12 mm up to and including 20 mm 250

(c) over 20 mm up to and including 40 mm 240
Elongation (percent) Min 23
Ultimate shear strength Min (MPa or N/mm?) 330

Table 8.36 Mechanical properties of high tensile steel rivet bars for structural purposes

Property Requirement
Tensile strength Min (MPa or N/mm?) 460
Yield stress Min (MPa or N/mm?)
(a) 6 mm up to including 12 mm 310
(b) over 12 mm up to and including 20 mm 300
(c) over 20 mm up to and including 40 mm 280
Elongation (percent) Min 22
Ultimate shear strength Min (MPa or N/mm?) 370
8.9 RIVETED JOINTS
Table 8.37 Length of rivet
I=t,+t)+a (8.25)

t

|——o

\

|

|

|
|- d —

! = length of rivet shank (mm)

1, t, = thickness of plates (mm)

a = length of shank portion necessary to form the closing
head (mm)

Note: Depending upon the shape of the head, the magni-

tude of ‘a’ varies from 0.7d to 1.3d

a=0.7dto 1.3d

d = diameter of the shank of rivet (mm)
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Table 8.38 Types of lap joints

Single-riveted Lap joint

Double-riveted Lap joint

Double-riveted Lap joint

(Chain riveted joint) (Zigzag riveted joint)
,/\‘Oo 100 )~ P 0%~ P
T
t_ & 17} t ‘ A T
= T
Ay ?
A 1 Py |
I RSy I ] | T 5
pP< < pP< < p< L <
o oo 1104
|
< S < I < < @; <
@ DO @
1 L L
——Im ~ —Im— vy —
Proportions

For single-riveted Lap joint,
p=3d
m=1.5d

p = pitch of rivet (mm)
d = shank diameter of rivet (mm)
m = margin from edge (mm)

For double-riveted Lap joint,
p=3d
m=1.5d

p, = 0.8p (for chain riveting)
p, = 0.6p (for zigzag riveting)

p, = transverse pitch (mm)
p, = diagonal pitch (mm)

Table 8.39 Types of butt joints

Single-riveted butt joints

Single-strap butt joint

Double-strap butt joint

1.5d 1.5d
1.5d

‘ Vany

o
v

t

1.5d

Y=—— Stra
S p

Plate-A

AN
U = d L Plate-B

Plate-A

A

=

<

154 1.5d 1.5dJ 154
=N =N
N=—— Strap
tﬁy Al | S Strap
Ny A
—=l =—d Plate-B
O 9
! l
F;? | <
QD
|
< | <
Q@
|
|
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Double-riveted double-strap butt joints

| =]

ey
©

Chain pattern Zigzag pattern
1.5d 15d 15d 1.5d 15d 15d 15d 15d
\ : : Strap ; \ : N Strap
ez 2 1NN T i |
\ 71 ; ; ZJ—— Strap % \ 7zl ; = Strap
W T w» \du A
— <7d ——] |—

o0t
0T

@j}}
o
o

Table 8.40 Strength equations of riveted joints

Shear strength of single-riveted lap joint

For single-riveted lap joint,

P= %dzr (for single shear) (8.26)

P, = shear resistance of rivet per pitch length (N)
d = shank diameter of rivet (mm)

T = permissible shear stress for rivet material (MPa or
N/mm?)
For double or triple-riveted lap joint,

P= %d 2tn (for single shear) (8.27)

n = number of rivets per pitch length
For double-riveted joint,

n=2
For triple-riveted joint,

n=3

Shear strength—Double-strap single-riveted butt joint

LN /N
NN,

wo

NN
it N7
NV \

—ld— —id

P = 2[%&1214 (for double shear) (8.28)

s

(Contd.)
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Tensile strength of plate between rivets

L e ],

<

{

P,=(p-djo, (8.29)
P, = tensile resistance of plate per pitch length (N)
p = pitch of rivets (mm)
t = thickness of plate (mm)

o,= permissible tensile stress of plate material (MPa or
N/mm?)

Crushing strength of plate

P.=dto,n (8.30)
P_ = crushing resistance of plate per pitch length (N)

0, = permissible compressive stress of plate material
(MPa or N/mm?)

Efficiency of riveted joint

R 4

n= Lowest of P, P,

and P,

P

P=pto, (8.31)

Note: (i) The strength of riveted joint is defined as the force that the joint can withstand without causing the failure.
(i) The efficiency of riveted joint is defined as the ratio of the strength of riveted joint to the strength of un-

riveted solid plate.

8.10 RIVETED JOINTS FOR BOILER SHELL

Table 8.41 Efficiencies of riveted joints for boiler

Type of joint

Efficiency (percent)

Lap joint
Single-riveted
Double-riveted
Triple-riveted

45-60
63-70
72-80
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Double -strap butt joint
Single-riveted
Double-riveted
Triple-riveted
Quadruple-riveted

55-60
70-83
80-90
85-94

Table 8.42 Longitudinal butt joint for boiler shell

Layout of longitudinal butt joint

l«— Outer row

,@, —@ ,@,e Middle row

€D - -6~ G—Innerrow
) - D
)

76}‘6};6}‘ > - o strfap
> OO OO oo
@@k O—m"

—={p/2 T t

Thickness of cylindrical boiler shell

t= L?D

20',7]

L1CA

(8.32)

t = thickness of cylinder wall (mm)

Pl_ = internal pressure (MPa or N/mm?)

Di = inner diameter of the cylinder (mm)

0, = permissible tensile stress for the cylinder material
(MPa or N/mm?)

n = efficiency of the riveted joint (in fraction) (Table 8.41)

CA = corrosion allowance (mm)

Note: The minimum corrosion allowance is 1.5 to 2 mm.

Permissible tensile stress

(8.33)

S, = ultimate tensile strength of the plate material (MPa or N/mm?)
(fs) = factor of safety

Note: The factor of safety in boiler application varies from 4.5 to
4.75. It is safe practice to assume the factor of safety as 5.

Ultimate tensile strength of plate material

Grade

Sy (MPa or N/mm?)

(Note: There are two popular grades of steel used for boiler shell

St 37 BR

360440

and boiler rivets. They are designated as Grade-St 37 BR and

St 42 BR

410-500

Grade-St 42 BR)

Diameter of rivet

(a) When the thickness of plate is more than 8 mm, the rivet diameter is calculated by following Unwin’s formula,

d=06.t (8.34)
where,
d = diameter of the rivet (mm)
t = thickness of the cylinder wall (mm)
(Contd.)
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(b) When the thickness of plate is less than 8 mm, the diameter of rivet is obtained by equating shear resistance
of rivets to crushing resistance.
(c) Inno case, the diameter of rivet should be less than the plate thickness.
Pitch of rivets
The pitch of the rivets in outer row is maximum. The pitch of the rivets in middle and inner rows is one half of the
pitch in outer row, that is, (p/2). The pitch of the rivets in outer row is obtained by equating the shear strength of the
rivets to the tensile strength of the plate.
_ (m+1.875ny)md’t N
4to,

d (8.35)

where,
n, = number of rivets subjected to single shear per pitch length
n, = number of rivets subjected to double shear per pitch length
The pitch obtained by above equation has maximum and minimum limits. According to Boiler Regulations,
(a) The pitch of the rivets should not be less than (2d) to enable the forming of the rivet head.

Pmin = 2d (836)
(b) In order to provide leak proof joint, the maximum pitch is given by,
Puoax = C1 +41.28 (8.37)

Refer to Table 8.44 for values of ‘C’

Transverse pitch (p,)

Case I In a lap or butt joint, in which there are more than one row of rivets and in which there is an equal number of
rivets in each row, the minimum distance between the rows of rivets is given by
(For zigzag riveting)

p,=0.33p+0.67d (8.38)
(For chain riveting)

p,=2d (8.39)
Case II In joints, in which the number of rivets in outer row is one-half of the number of rivets in each of the inner
rows and in which the inner rows are zigzag riveted, the minimum distance between the outer row and next row is
given by

p,=02p+1.15d (8.40)
The minimum distance between the rows in which there are full number of rivets is given by
p,=0.165p + 0.67d (8.41)

where p is the pitch of rivets in outer row.

Margin (1)

The distance between the center of rivet hole from the edge of the plate is called margin. The minimum margin is
given by

m=1.5d (8.42)
Thickness of straps (¢,)
Case I When the straps are of unequal width and in which every alternate rivet in outer row is omitted,
t, = 0.75¢ (for wide strap) (8.43)
t, = 0.625¢ (for narrow strap) (8.44)
Case II When the straps are of equal width and in which every alternate rivet in outer row is omitted,
1, = 0.6251 [ p-d } (8.45)
p-2d

where ¢, is the thickness of straps. The thickness of strap, in no case, shall be less than 10 mm.

(Contd.)
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Permissible stresses

According to Clause 5 of Indian Boiler Regulations, the ultimate tensile strength and shear strength of steel plates and
rivets are 26 and 21 tons per square inch respectively. Therefore,

| 26X20X6890 _ 0, g
10
= 21X 22406590 22;‘006X 6890 _ 32411 Njmm?

Assuming a factor of safety of 5, the permissible tensile and shear stresses are given by,

o= Su 40127 _ g4 55 Njmm?
(f5) 5
oo Sw 32 er N/mm?
(fs) 5

There is no provision for calculating permissible compressive stress in Boiler Regulations. Assuming,
o.=1.5¢,

we get,
0. =1.5(80.25) = 120.38 N/mm?

Therefore, the permissible tensile, shear and compressive stresses are assumed as 80, 60 and 120 N/mm? respectively

Note: The procedure and equations given in above table are for the academic exercise of students. The practicing
engineers should strictly follow Boiler Regulations and other Codes.

Table 8.43 Relationship between rivet diameter and diameter of rivet hole for boiler

d (mm) 12 14 16 18 20 22 24 27 30 33 36 39 42 48

d’ (mm) | 13 15 17 19 21 23 25 | 285 | 31.5 | 345 | 375 41 44 50

d’ = diameter of rivet hole (mm)

Table 8.44 Values of C

Number of rivets per Values of C
pictilEnth Lap joint Single-strap butt joint | Double-strap butt joint
1 1.31 1.53 1.75
2 2.62 3.06 3.5
3 3.47 4.05 4.63
4 4.17 — 5.52
5 — — 6.0
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Table 8.45 Circumferential lap joint for boiler shell

AN AN
TSR
A 0220
NARRN
DN M
VI
NN
\1/3«

/4R
T
NN
=

i

Thickness of cylindrical shell (¥)

1= B0y oy (8.46)
ZGtT]

Diameter of rivets (d)

(a) When the thickness of plate is more than 8 mm, the rivet diameter is calculated by Unwin’s formula.

d=6yt (8.47)

(b) When the thickness of plate is less than 8 mm, the diameter of rivet is obtained by equating shear resistance
of rivets to crushing resistance.
(c) Inno case, the diameter of rivet should be less than the plate thickness.

Number of rivets ()

nz(g)zﬁ (8.48)
T

(Contd.)
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Circumferential pitch of rivets (p,)

p—d
m= (8.49)
: P
n, = efficiency of circumferential joint (in fraction)

p; = pitch of circumferential joint (mm)

The guidelines for the values of efficiency are as follows:
(1) When there are number of circumferential joints in the shell, the efficiency of intermediate circumferential
seams is taken as 62%.
(ii) The efficiency of end circumferential joint is assumed to be 50% of that of the longitudinal joint, but in no
case less than 42%. Therefore,
For intermediate joints

1n,=0.62
For end joints
n; = 0.57m or 0.42 (whichever is less)

Number of rows

_ m(D+1) (8.50)
P
n, = number of rivets in one row
number of rows = - (8.51)

n

Limiting values of pitch

After determining the number of rows, the type of joint such as single-riveted lap joint or double-riveted lap joint is
decided. The pitch is again readjusted. The pitch p, obtained by above procedure has minimum and maximum limits.
They are as follows:

Pnin = 2d (8.52)
Punax = Ct +41.28 (8.53)
Refer to Table 8.44 for values of C.

Transverse pitch (p,)

The overlap of the plate, denoted by a, is given by
a=p,+2m (8.54)
m = margin
The number of rivets in each row is equal.
(For zigzag riveting)

2,=0.33p+0.67d (8.55)
(For chain riveting)

p,=2d (8.56)
The margin m is given by

m=1.5d (8.57)

Note: (i) The notations used in above table are same as those given in Table 8.42. (ii) The procedure and equations
given in the above table are for the academic exercise of students. The practicing engineers should strictly follow
Boiler Regulations and other Codes.

Welded and Riveted Joints  8.33



8.11 RIVETS FOR STRUCTURAL

Table 8.46 Permissible stresses for rivets

APPLICATIONS

Type of stresses and method of Permissible stresses
manufacture of riveted joints (MPa or N/mm?)
Axial tensile stress on gross area of rivet:
(i) power-driven rivets 100
(ii) hand-driven rivets 80
Shear stress on gross area of rivet:
(i) power-driven rivets 100
(i1) hand-driven rivets 80
Bearing stress on gross area of rivet:
(i) power-driven rivets 300
(i) hand-driven rivets 250

Table 8.47 Minimum edge distance of holes (Margin)

Gross diameter of rivet Edge distance of holes (mm)

() For sheared or hand For machine flange
flange cut edges cut or planed edges

13.5 and below 19 17

15.5 25 22

17.5 29 25

19.5 32 29

21.5 32 29

235 38 32

25.5 44 38

29 51 44

32 57 51

35 57 51
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Shafts, Keys and Couplings

9.1

DIMENSIONS OF TRANSMISSION SHAFTS

Table 9.1 Diameter of shaft subjected to torsional moment

5000
4000
3150
2500
2000
1600
1250
1000

800

630

500

Material| (7)N/mm?2

(1) 55
2 40
(3) 375
@) 30
(5) 25
(6) 185

/

20
112125 14 16 18 20224 25 28 31535540 45 50 56 63 71 80 90 100112
(12)

2

(32) 36)

Diameter of shaft (mm)

(110)

The design of shaft is based on following relationship:

3 16M,

7(7)

and d*

_584M,1
Go




Table 9.2 Diameter of shaft subjected to bending and torsional moments

4500

3550

2800

2240

1800

1400

1120

900

710

560

450

355

280

224

180

140

12

Equivalent bending moment (M ) (N-m)

90

7

56

45

355

28

24

12
10

/

/1/

(6) 40Ni6CraMo3
(case hardened) /

40Ni6Cr4Mo2

Zl

(through hardened)

(5)‘ 16Mr‘15Cr4 ‘ / /

13Ni13Cr3 -

(case hardened) N

(3) 45C8
] (as supplied)

SN

(4 60C6 /

as supplied)

(case hardened)

/
/
/ ><7 (2) 14C4
A

NN

(1) 14C4
N—"H
/ s supplied)

M

SO

NN

/ Material (0,) N/mm 2

m 30

2 4

€]} 525

NN

/ (@) 62.5

/

(5) 67

(6) 2

/

/
/
/

/

12 125

(12)

14 16 18

20 224 25 28 315 355 40 45 50 56 63 71 8 90 100 112

22 (32) (36)
Diameter of shaft (mm)

(110)

The design of shaft is based on following relationship:

9.2

o 32M,

Machine Design Data Book
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Table 9.3 Dimensions of round steel bars for structural and general engineering purposes

(hot-rolled)

Designation Diameter (mm) Sectional area (cm?) | Mass per metre length (kg)
ISRO 5 5 0.196 0.154
ISRO 6 6 0.283 0.222
ISRO 8 8 0.503 0.395
ISRO 10 10 0.785 0.617
ISRO 12 12 1.13 0.888
ISRO 14 14 1.54 1.21
ISRO 16 16 2.01 1.58
ISRO 18 18 2.54 2.00
ISRO 20 20 3.14 2.47
ISRO 22 22 3.80 2.98
ISRO 25 25 491 3.85
ISRO 28 28 6.16 4.83
ISRO 30 30 7.07 5.55
ISRO 32 32 8.04 6.31
ISRO 35 35 9.62 7.55
ISRO 40 40 12.6 9.85
ISRO 45 45 15.9 12.5
ISRO 50 50 19.6 15.4
ISRO 55 55 23.8 18.7
ISRO 60 60 28.3 22.2
ISRO 65 65 33.2 26.0
ISRO 70 70 38.5 30.2
ISRO 75 75 44.2 34.7
ISRO 80 80 50.3 39.5
ISRO 90 90 63.6 49.9

ISRO 100 100 78.5 61.7
ISRO 110 110 95.0 74.6
ISRO 120 120 113 88.8
ISRO 140 140 154 121
ISRO 160 160 201 158
ISRO 180 180 254 200
ISRO 200 200 314 247

Table 9.4 Dimensions of square steel bars for structural and general engineering purposesa

(hot-rolled)

Designation Side width (mm) Sectional area (cm?) | Mass per metre length (kg)
ISSQ 5 5 0.25 0.196
ISSQ 6 6 0.36 0.283
ISSQ 8 8 0.64 0.502

(Contd.)
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ISSQ 10 10 1.00 0.785
ISSQ 12 12 1.44 1.13
ISSQ 14 14 1.96 1.54
ISSQ 16 16 2.56 2.01
ISSQ 18 18 3.24 2.54
ISSQ 20 20 4.00 3.14
ISSQ 22 22 4.84 3.80
ISSQ 25 25 6.25 491
ISSQ 30 30 9.00 7.06
ISSQ 35 35 12.2 9.58
ISSQ 40 40 16.0 12.6
ISSQ 50 50 25.0 19.6
ISSQ 60 60 36.0 28.3
ISSQ 70 70 49.0 38.5
ISSQ 80 80 64.0 50.2
ISSQ 100 100 100 78.5
ISSQ 120 120 144 113
Table 9.5 Dimensions of cylindrical shaft ends
[ i)
I, ‘
;
*1
Diameter (d,) Length (/;) (mm) Diameter (d;) Length (/;) (mm)
(mm) Long series Short series (mm) Long series Short series
6,7 16 — 80, 85, 90, 95 170 130
8,9 20 — 100, 110, 120, 125 210 165
10, 11 23 20 130, 140, 150 250 200
12, 14 30 25 160, 170, 180 300 240
16, 18, 19 40 28 190, 200, 220 350 280
20, 22, 24 50 36 240, 250, 260 410 330
25,28 60 42 280, 300, 320 470 380
30, 32, 35, 38 80 58 340, 360, 380 550 450
40,42, 45, 48, 110 82 400, 420, 440, 650 540
50, 55, 56 450, 460, 480.
500
60, 63, 65, 70, 140 105 530, 560, 600, 800 680
71,75 630
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Table 9.6 Tolerances for cylindrical shaft ends

Diameter (d;) (mm) Tolerance

6,7,8,9,10, 11,12, 14, 16, 18, 19, 20, 22, 24, 25, 28, 30 j6

32, 35, 38, 40, 42, 45, 48, 50 k6

55, 56, 60, 63, 65, 70, 71, 75, 80, 85, 90, 95, 100, 110, 120, 125, 130, 140, 150, 160, 170, mé6

180, 190, 200, 220, 240, 250, 260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 450, 460,

480, 500, 530, 560, 600, 630

Table 9.7 Dimensions of 1/10 conical shaft ends—Short series
d, —1] |d,
~—d,—
Section A-A
d1
Section A-A
Diameter Length Key and keyway External Internal
d; I, I, Iy d b h ; thread thread
dy d,

16 28 16 12 15.2 3%x3 1.8 MI10 x 1.25 M4
18 28 16 12 17.2 4x4 2.5 MI10 x 1.25 M5
19 28 16 12 18.2 4x4 2.5 MI10 x 1.25 M5
20 36 22 14 18.9 4x4 2.5 MI2 x 1.25 M6
22 36 22 14 20.9 4x4 2.5 MI2 x 1.25 M6
24 36 22 14 229 5%X5 3 MI12 x 1.25 M6

(Contd.)
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25 42 24 18 23.8 55 3 M16 x1.25 Mg
28 42 24 18 26.8 55 3 M16 x1.25 M8
30 58 36 22 28.2 5x5 3 M20x 1.5 M10
32 58 36 22 30.2 6x6 3.5 M20x 1.5 M10
35 58 36 22 332 6x6 3.5 M20x 1.5 M10
38 58 36 22 36.2 6x6 3.5 M24 x2 M12
40 82 54 28 37.3 10x 8 5 M24 x2 M12
42 82 54 28 39.3 10x 8 5 M24 x2 M12
45 82 54 28 423 12x8 5 M30x2 Mi16
48 82 54 28 453 12x8 5 M30 x 2 Mi16
50 82 54 28 473 12x8 5 M36x3 M16
55 82 54 28 523 14%x9 5.5 M36x3 M20
56 82 54 28 533 14%x9 5.5 M36x3 M20
60 105 70 35 56.5 16 x 10 6 M42 x 3 M20
63 105 70 35 59.5 16 x 10 6 M42 x 3 M20
65 105 70 35 61.5 16 x 10 6 M42 x 3 M20
70 105 70 35 66.5 18 x 11 7 M48 x 3 M24
71 105 70 35 67.5 18 x 11 7 M48 x 3 M24
75 105 70 35 71.5 18 x11 7 M48 x 3 M24
80 130 90 40 75.5 20 x 12 7.5 M56 x 4 M30
85 130 90 40 80.5 20 x 12 7.5 M56 x 4 M30
90 130 90 40 85.5 22 x 14 9 Mo64 x 4 M30
95 130 90 40 90.5 22 x 14 9 Mo64 x 4 M36
100 165 120 45 94 25x 14 9 M72 x4 M36
110 165 120 45 104 25x 14 9 MS80 x 4 M42
120 165 120 45 114 28 x 16 10 M90 x 4 M42
125 165 120 45 119 28 x 16 10 M90 x 4 M48
130 200 150 50 122.5 28 x 16 10 M100 x 4 -

140 200 150 50 132.5 32x18 11 M100 x 4 -

150 200 150 50 142.5 32x18 11 M110 x 4 -

160 240 180 60 151 36 x20 12 M125 x 4 -

170 240 180 60 161 36 x20 12 M125 x4 -

180 240 180 60 171 40 x22 13 M140 x 6 -

190 280 210 70 179.5 40 x 22 13 M140 x 6 -

200 280 210 70 189.5 40 x22 13 M160 x 6 -

220 280 210 70 209.5 45 %25 15 M160 x 6 -

Note: All dimensions are in mm.
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9.2 STRESS EQUATIONS OF TRANSMISSION SHAFTS

Table 9.8 Stresses and angle of twist for soli

d shafts

Maximum principal stress theory of failure

=T (k) ()

16 3 3 0, = maximum principal stress (MPa or N/mm?)
0= d> [My++[(My)"+(M,)"] (9-1) | d= diameter of shaft (mm)
M, = bending moment acting on shaft (N-mm)
o= Sy (9.2) M, = torsional moment (torque) acting on shaft (N-mm)
(55 S,, = yield strength of shaft material (MPa or N/mm?)
(fs) = factor of safety
Maximum shear stress theory of failure
16 3 5 Tnax — Maximum shear stress (MPa or N/mm?)
Tnax = d? (My)"+(M,) 9:3) S, = yield strength of shaft material in shear (MPa or N/mm?)
S, =058, 9.4)
S, 0.58
T, g (9.5)

Equivalent torsional moment (torque)

(9.6)

(M), =~/(M,)* +(M,)*

(M,), = equivalent torsional moment (torque) (N-mm)

Equivalent bending moment

(M,),=[M,+ ,(Mb Y+ (Mt)z ] 9.7) (M,), = equivalent bending moment (N-mm)
Angle of twist
_584M,1 6= angle of twist (°)

6= Gd* 98) | 1= length of shaft subjected to twisting moment (mm)
G = modulus of rigidity (N/mm?)
Note: The permissible angle of twist is 0.25° per metre length
for machine tool applications and 3° per metre length for line
shafts. For steel shafts, G = 79300 N/mm?.

ASME code
_ 16 2 2 Tmax = 030 Syt
Tnax = 3N (ko M)"+ (kM) ©9) | or T = 0.18 5, (9.10)

(whichever is minimum)
If keyways are present, the above values are to be reduced by
25 percent.

k, = combined shock and fatigue factor applied to
bending moment

k, = combined shock and fatigue factor applied to torsional
moment (torque)

(Contd.)
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Values of k;, and £,
Application ki,
(i) load gradually applied 1.5 1.0
(ii) load suddenly applied (minor shock) 1.5-2.0 1.0-1.5
(iii) load suddenly applied (heavy shock) 2.0-3.0 1.5-3.0

Table 9.9 Stresses and angle of twist for hollow shafts

Maximum principal stress theory of failure

o= _ 16
' ordla-ct
S _
o, = —L an i=C
(f5) d,

(M, + (M) + (M) ] (9.11)

9.12)

d, = outside diameter of hollow shaft (mm)
d; = inside diameter of hollow shaft (mm)
C = ratio of inside diameter to outside diameter

0, = maximum principal stress (MPa or N/mm?)

M, = bending moment acting on hollow shaft (N-mm)

M, = torsional moment (torque) acting on hollow shaft
(N-mm)

S, = yield strength of shaft material (MPa or N/mm?)

(fs) = factor of safety

Maximum shear stress theory of failure

= maximum shear stress (MPa or N/mm?)

_ 16 2 2 Tmax
Tmax = 3.1 4. (M) +(M,)] 9.13) S, = yield strength of shaft material in shear (MPa or
nd,(1-C") Y N/mm?)
_ Sy _ 0.5S,,
Timax 9.14)
(f5) (/5)
Angle of twist
584M,1 0 = angle of twist (°)
= m 015 | 1= length of hollow shaft subjected to twisting moment

(torque) (mm)
G = modulus of rigidity (N/mm?)
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9.3 KEYS AND KEYWAYS

Table 9.10 Dimensions of parallel keys and keyways

— X ﬁ_ ¢
/. A% 2y,
| I h i t
_&__\T\____\N B\YZ) 71
i 4
— Section XX

Keyway

Key

Shafts, Keys and Couplings

Details at A
Shaft diameter Key dimensions | Keyway depth | Keyway radius Chamfer of Key length
) key (s)
Above Up to b h In Inhub [ Min. Max. Min. Max. | Min. | Max.
shaft )
@)

6 8 2 2 1.2 1.0 0.08 0.16 0.16 0.25 6 20

8 10 3 3 1.8 1.4 0.08 0.16 0.16 0.25 6 36

10 12 4 4 2.5 1.8 0.08 0.16 0.16 0.25 8 45

12 17 5 5 3.0 2.3 0.16 0.25 0.25 0.40 10 56

17 22 6 6 3.5 2.8 0.16 0.25 0.25 0.40 14 70

22 30 8 7 4.0 3.3 0.16 0.25 0.25 0.40 18 90
30 38 10 8 5.0 3.3 0.25 0.40 0.40 0.60 22 110
38 44 12 8 5.0 3.3 0.25 0.40 0.40 0.60 28 140
44 50 14 9 5.5 3.8 0.25 0.40 0.40 0.60 36 160
50 58 16 10 6.0 43 0.25 0.40 0.40 0.60 45 180
58 65 18 11 7.0 4.4 0.25 0.40 0.40 0.60 50 200
65 75 20 12 7.5 4.9 0.40 0.60 0.60 0.80 56 220
75 85 22 14 9.0 5.4 0.40 0.60 0.60 0.80 63 250
85 95 25 14 9.0 5.4 0.40 0.60 0.60 0.80 70 280
95 110 28 16 10.0 6.4 0.40 0.60 0.60 0.80 80 320
110 130 32 18 11.0 7.4 0.40 0.60 0.60 0.80 90 360
130 150 36 20 12.0 8.4 0.70 1.00 1.00 1.20 100 | 400
150 170 40 22 13.0 9.4 0.70 1.00 1.00 1.20 110 | 400
170 200 45 25 15.0 10.4 0.70 1.00 1.00 1.20 125 | 400
200 230 50 28 17.0 11.4 0.70 1.00 1.00 1.20 140 | 400
230 260 56 32 20.0 12.4 1.20 1.60 1.60 2.00 160 | 400
260 290 63 32 20.0 12.4 1.20 1.60 1.60 2.00 180 | 400

(Contd.)
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290 330 70 36 22.0 14.4 1.20 1.60 1.60 2.00 200 | 400
330 380 80 40 25.0 15.4 2.00 2.50 2.50 3.00 220 | 400
380 440 90 45 28.0 17.4 2.00 2.50 2.50 3.00 250 | 400
440 500 100 50 31.0 19.5 2.00 2.50 2.50 3.00 280 | 400

Note: (i) All dimensions are in mm.
(i) The material for the key is steel with minimum tensile strength of 600 MPa.
Designation — A parallel key of width 12 mm, height 8 mm and length 50 mm is designated as Parallel key 12 x 8 x 50.

Table 9.11 Preferred lengths for parallel keys (2 x 2 to 20 x 12 mm)

Preferred
length
(/) (mm)

Key dimensions (b X k)

[
X
[

w
X
w

4x4

5x5

6x6

8x7

10x 8

12 x 8

14x9

16 x 10

18 x 11

20x12

6

8

10

12

14

16

18

20

it liaiisitadte

22

25

28

32

36

ittt el sl el el ialisl

40

45

ittt lisl st il sl sl it liails

50

56

i e i e it el el KT Bl b

63

70

el e e e e el e el B T B A

80

90

I e it e bl el e B i i

100

110

Sl e i i e e e bt B Bl

125

140

I e e el i b il e Ee T kel ke

160

it sl it b el e bl tad kel ke

180

i e e et el e T B Bl ke

200

el e e e A E A E A A A E P E R P

220

D PR PR DR[| R P4 R | < [ 4| 4

Note: (i) The preferred lengths are indicated by X.

(ii) Assume density of steel as 7.85 g/cm?® for calculating the weight of key.
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Table 9.12  Preferred lengths for parallel keys (22 x 14 to 56 x 32 mm)

Preferred

Key dimensions (b X &)

length (/)
(mm)

22 x14

25x 14

28 x

16 | 32x18 | 3620

40 x 22

45 x 25

50x28 | 56x32

63

o

70

80

90

100

110

125

140

160

180

200

220

250

I e A R e A e A R R R R R e

280

Ll el b e s B R s R R e

320

IR sl e e e R e A e R e R R R e R

360

IR A A e e e e A A R e R R R B

400

I R e e e A R e R e R K e A e

R A e A R A R A e R R R e R e

IR e ks R R ke R K e

I R e e A e R R R e R e

IR e s R e e

Note: The preferred lengths are indicated by X.

Table 9.13  Preferred lengths for parallel keys (63 X 32 to 100 X 50 mm)

Preferred length
() (mm)

Key dimensions (b X &)

63 x 32

70 x 36

80 x 40

90 x 45

100 x 50

180

200

220

250

280

320

360

400

R > <] |

AR R R R e

P R R R K

MR R R

XXX

Note: The preferred lengths are indicated by X.
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Table 9.14 Dimensions of tangential keys and keyways

A\

Taper 1:100 a

A\

9.12  Machine Design Data Book

Shaft Key Keyway
dia. (d) Thickness | Calcu- Chamfer Depth Calculated Radius
() lated (s) width R)
Rt Min. Max. In In In In Max. Min.

®) hub shaft hub shaft

()] () (by) ()
60 7 19.3 0.6 0.8 7 7.3 19.3 19.6 0.6 0.4
63 7 19.8 0.6 0.8 7 7.3 19.8 20.2 0.6 0.4
65 7 20.1 0.6 0.8 7 7.3 21.1 20.5 0.6 0.4
70 7 21.0 0.6 0.8 7 7.3 21.0 21.4 0.6 0.4
71 8 22.5 0.6 0.8 8 83 22.5 22.8 0.6 0.4
75 8 23.2 0.6 0.8 8 8.3 23.2 23.5 0.6 0.4
80 8 24.0 0.6 0.8 8 8.3 24.0 24.4 0.6 0.4
85 8 24.8 0.6 0.8 8 8.3 24.8 25.2 0.6 04
90 8 25.6 0.6 0.8 8 8.3 25.6 26.0 0.6 0.4

(Contd.)



(Contd.)

95 27.8 0.6 0.8 9.3 27.8 28.2 0.6 0.4
100 28.6 0.6 0.8 9.3 28.6 29.0 0.6 0.4
110 30.1 0.6 0.8 9.3 30.1 30.6 0.6 0.4
120 10 33.2 1.0 1.2 10 10.3 332 33.6 1.0 0.7
125 10 33.9 1.0 1.2 10 10.3 339 34.4 1.0 0.7
130 10 34.6 1.0 1.2 10 10.3 34.6 35.1 1.0 0.7
140 11 377 1.0 1.2 11 11.4 37.7 383 1.0 0.7
150 11 39.1 1.0 1.2 11 11.4 39.1 39.7 1.0 0.7
160 12 42.1 1.0 1.2 12 12.4 42.1 42.8 1.0 0.7
170 12 43.5 1.0 1.2 12 12.4 435 442 1.0 0.7
180 12 44.9 1.0 1.2 12 12.4 44.9 459 1.0 0.7
190 14 49.6 1.0 1.2 14 14.4 49.6 50.3 1.0 0.7
200 14 51.0 1.0 1.2 14 144 51.0 51.7 1.0 0.7
220 16 57.1 1.6 2.0 16 16.4 57.1 57.8 1.6 1.2
240 16 59.9 1.6 2.0 16 16.4 59.9 60.6 1.6 1.2
250 18 64.6 1.6 2.0 18 18.4 64.6 65.3 1.6 1.2
260 18 66.0 1.6 2.0 18 18.4 66.0 66.7 1.6 1.2
280 20 72.1 2.5 3.0 20 204 72.1 72.8 2.5 2.0
300 20 74.8 2.5 3.0 20 20.4 74.8 75.5 2.5 2.0
320 22 81.0 2.5 3.0 22 22.4 81.0 81.6 25 2.0
340 22 83.6 2.5 3.0 22 224 83.6 84.3 2.5 2.0
360 26 93.2 2.5 3.0 26 26.4 93.2 93.8 2.5 2.0
380 26 95.9 2.5 3.0 26 26.4 95.9 96.6 25 2.0
400 26 98.6 2.5 3.0 26 26.4 98.6 99.3 2.5 2.0
420 30 108.2 3.0 4.0 30 30.4 108.2 108.8 3.0 2.5
440 30 110.9 3.0 4.0 30 30.4 110.9 111.6 3.0 25
450 30 112.3 3.0 4.0 30 30.4 112.3 112.9 3.0 25
460 30 113.5 3.0 4.0 30 304 113.6 1143 3.0 2.5
480 34 123.1 3.0 4.0 34 34.4 123.1 123.8 3.0 25
500 34 125.9 3.0 4.0 34 34.4 125.9 126.6 3.0 2.5
(IS0: 3117)
Note: (i) All dimensions are in mm.
(i) The length / is taken as 10 to 15 per cent greater than the length of the hub.
(iii) The material for the key is steel with minimum tensile strength of 600 MPa.
Designation — A tangential key with thickness 8 mm, width 24 mm and length 100 mm is designated as
Tangential key 8 x 24 x 100.
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Table 9.15

Dimensions of gib-head keys and keyways

Taper 1:100
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Section XX |
— X
Keyway Key i
r 0
& sx45 % ? —
Details at corner [ Taper 1:100
h, h
b |
Shaft diameter Key dimen- Keyway Keyway Key chamfer Key length hy
sions depth radius (r) )
Above | Up to b h In In Min. | Max. | Min. | Max. | Min. | Max.
shaft | hub
()] ()
10 12 4 4 2.5 1.2 0.08 0.16 0.16 0.25 14 45 7
12 17 5 5 3.0 1.7 0.16 0.25 0.25 0.40 14 56 8
17 22 6 6 3.5 22 0.16 0.25 0.25 0.40 16 70 10
22 30 8 7 4.0 2.4 0.16 0.25 0.25 0.40 20 90 11
30 38 10 8 5.0 2.4 0.25 0.40 0.40 0.60 25 110 12
38 44 12 8 5.0 24 0.25 0.40 0.40 0.60 32 140 12
44 50 14 9 5.5 2.9 0.25 0.40 0.40 0.60 40 160 14
50 58 16 10 6.0 3.4 0.25 0.40 0.40 0.60 45 180 16
58 65 18 11 7.0 34 0.25 0.40 0.40 0.60 50 200 18
65 75 20 12 7.5 3.9 0.40 0.60 0.60 0.80 56 220 20
75 85 22 14 9.0 44 0.40 0.60 0.60 0.80 63 250 22
85 95 25 14 9.0 4.4 0.40 0.60 0.60 0.80 70 280 22
95 110 28 16 10.0 5.4 0.40 0.60 0.60 0.80 80 320 25
110 130 32 18 11.0 6.4 0.40 0.60 0.60 0.80 90 360 28
130 150 36 20 12.0 7.1 0.70 1.00 1.00 1.20 100 400 32
150 170 40 22 13.0 8.1 0.70 1.00 1.00 1.20 110 400 36
170 200 45 25 15.0 9.1 0.70 1.00 1.00 1.20 125 400 40
200 230 50 28 17.0 10.1 0.70 1.00 1.00 1.20 140 400 45
230 260 56 32 20.0 11.1 1.20 1.60 1.60 | 2.00 — — 50
(Contd.)
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260 290 63 32 20.0 11.1 1.20 1.60 1.60 2.00 — — 50
290 330 70 36 22.0 13.1 1.20 1.60 1.60 2.00 — — 56
330 380 80 40 25.0 14.1 2.00 2.50 2.50 3.00 — — 63
380 440 90 45 28.0 16.1 2.00 2.50 2.50 3.00 — — 70
440 500 100 50 31.0 18.1 2.00 2.50 2.50 3.00 — — 80

Note: (i) All dimensions are in mm.
(i) The material for the key is steel with minimum tensile strength of 600 MPa.
Designation — A gib-head key of width 12 mm, height 8 mm and length 50 mm is designated as
Gib-head key 12 x 8 x 50.

Table 9.16 Preferred lengths for gib-head keys (4 X 4 to 25 X 14 mm)

Preferred
length (/)
(mm)

Key dimensions (b x &)

4x4

X

5

5

X

6Xx6

8x7

10x 8

12 x8

14 %9

16 x 10

18 <11 [20x12 |22 x 14 |25x 14

14

16

18

20

22

25

28

32

36

40

45

il il it il isitadte

50

56

it e el e b e i el b bl b

63

70

it el it e e Ee el et Kl ke

80

90

PR PR PR DR DR PR DR DR | R < 4 | <

100

110

i e e i e el el el b el i e

125

140

il it b el et l el kel ke

160

it lisl st lisi sl taltallsl

180

i e e el e el el el bl ks

200

Sl el it e i e el bl ke

220

DR PR DR DR PR R R R <R 4

250

il licitaitadialisiialiadle

280

Sl el et E i e el bl ke

Note: (i) The preferred lengths are indicated by X.
(i) All dimensions are in mm.
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Table 9.17 Preferred lengths for gib-head keys (28 X 16 to 50 x 28 mm)

Preferred Key dimensions (b X &)
length () 28x16 32x18 36 %20 40 x 22 45x 25 50 x 28
(mm)
80 X
90 X X
100 X X X
110 X X X X
125 X X X X
140 X X X X X X
160 X X X X X X
180 X X X X X X
200 X X X X X X
220 X X X X X X
250 X X X X X X
280 X X X X X X
320 X X X X X X
360 X X X X X
400 X X X X
Note: (i) The preferred lengths are indicated by X.
(i) All dimensions are in mm.
Table 9.18 Dimensions of taper keys and keyways
Taper 1:100
b — X
[ ——] t2 ‘
| %,
h
= =l
Section XX
— aper 1:100
Keyway Key
e hI
sx45 |
Details at corner I:'
Shaft diameter | Key dimensions | Keyway depth | Keyway radius | Chamfer of key Key length
) (©)
Above | Up to b h In In hub | Min. Max. Min. Max. Min. Max.
shaft (tp)
)
6 8 1.2 0.5 0.08 0.16 0.16 0.25 6 20
8 10 3 3 1.8 0.9 0.08 0.16 0.16 0.25 8 36
(Contd.)
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10 12 4 4 2.5 1.2 0.08 0.16 0.16 0.25 10 45

12 17 5 5 3.0 1.7 0.16 0.25 0.25 0.40 12 56
17 22 6 6 3.5 2.2 0.16 0.25 0.25 0.40 16 70
22 30 8 7 4.0 2.4 0.16 0.25 0.25 0.40 20 90
30 38 10 8 5.0 2.4 0.25 0.40 0.40 0.60 25 110
38 44 12 8 5.0 2.4 0.25 0.40 0.40 0.60 32 140
44 50 14 9 5.5 2.9 0.25 0.40 0.40 0.60 40 160
50 58 16 10 6.0 3.4 0.25 0.40 0.40 0.60 45 180
58 65 18 11 7.0 34 0.25 0.40 0.40 0.60 50 200
65 75 20 12 7.5 3.9 0.40 0.60 0.60 0.80 56 220
75 85 22 14 9.0 4.4 0.40 0.60 0.60 0.80 63 250
85 95 25 14 9.0 4.4 0.40 0.60 0.60 0.80 70 280
95 110 28 16 10.0 5.4 0.40 0.60 0.60 0.80 80 320
110 130 32 18 11.0 6.4 0.40 0.60 0.60 0.80 90 360
130 150 36 20 12.0 7.1 0.70 1.00 1.00 1.20 100 400
150 170 40 22 13.0 8.1 0.70 1.00 1.00 1.20 110 400
170 200 45 25 15.0 9.1 0.70 1.00 1.00 1.20 125 400
200 230 50 28 17.0 10.1 0.70 1.00 1.00 1.20 140 400
230 260 56 32 20.0 11.1 1.20 1.60 1.60 2.00 — —

260 290 63 32 20.0 11.1 1.20 1.60 1.60 2.00 — —

290 330 70 36 22.0 13.1 1.20 1.60 1.60 2.00 — —

330 380 80 40 25.0 14.1 2.00 2.50 2.50 3.00 — —

380 440 90 45 28.0 16.1 2.00 2.50 2.50 3.00 — —

440 500 100 50 31.0 18.1 2.00 2.50 2.50 3.00 — —

Note: (i) All dimensions are in mm.

(i) The material for the key is steel with minimum tensile strength of 600 MPa.
Designation — A taper key of width 12 mm, height 8 mm and length 50 mm is designated as Taper key 12 x 8 x 50.

Table 9.19 Preferred lengths for taper keys (2 X 2 to 20 X 12 mm)

Preferred
length (/)
(mm)

Key dimensions (b X k)

2x2

w
X
w

6X%x6

8x7 [10x8

12 x 8

14x9 |16x10

18 x 11

20x12

6

8

10

12

14

16

18

20

I il el i

22

25

PP PR PR DR DR D4 < <

I il el il

PR PR R R <

X PR < R

lkalle

(Contd.)
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28 X X X X X X
32 X X X X X X X
36 X X X X X X X
40 X X X X X X X
45 X X X X X X X X
50 X X X X X X X X
56 X X X X X X X X X
63 X X X X X X X X
70 X X X X X X X X
80 X X X X X X X
90 X X X X X X X
100 X X X X X X
110 X X X X X X
125 X X X X X
140 X X X X X
160 X X X X
180 X X X
200 X X
220 X
Note: (i) The preferred lengths are indicated by X.
(i) Assume density of steel as 7.85 g/cm? for calculating the weight of key.
Table 9.20 Preferred lengths for taper keys (22 X 14 to 50 x 28 mm)
Preferred length Key dimensions (b X h)
(§) (mm) 22x14 | 25%x14 | 28x16 | 32x18 | 36x20 | 40x22 | 45x25 | 50x28
63 X
70 X X
80 X X X
90 X X X X
100 X X X X X
110 X X X X X X
125 X X X X X X X
140 X X X X X X X X
160 X X X X X X X X
180 X X X X X X X X
200 X X X X X X X X
220 X X X X X X X X
250 X X X X X X X X
280 X X X X X X X
320 X X X X X X
360 X X X X X
400 X X X X

Note: The preferred lengths are indicated by X.
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Table 9.21 Dimensions of Woodruff keys and keyways

Keyway

Section AA

e

l— > —

Details at Z sx 45° : ~
Key dimensions Keyway depth Keyway radius (r) Chamfer of key (s)
b hy D In shaft (¢) | In hub (%,) Max. Min. Min. Max.
1.0 1.4 4.0 1.0 0.6 0.16 0.08 0.16 0.25
1.5 2.6 7.0 2.0 0.8 0.16 0.08 0.16 0.25
2.0 2.6 7.0 1.8 1.0 0.16 0.08 0.16 0.25
2.0 3.7 10.0 2.9 1.0 0.16 0.08 0.16 0.25
2.5 3.7 10.0 2.7 1.2 0.16 0.08 0.16 0.25
3.0 5.0 13.0 3.8 1.4 0.16 0.08 0.16 0.25
3.0 6.5 16.0 53 1.4 0.16 0.08 0.16 0.25
4.0 6.5 16.0 5.0 1.8 0.25 0.16 0.25 0.40
4.0 7.5 19.0 6.0 1.8 0.25 0.16 0.25 0.40
5.0 6.5 16.0 4.5 23 0.25 0.16 0.25 0.40
5.0 7.5 19.0 5.5 2.3 0.25 0.16 0.25 0.40
5.0 9.0 22.0 7.0 2.3 0.25 0.16 0.25 0.40
6.0 9.0 22.0 6.5 2.8 0.25 0.16 0.25 0.40
6.0 10.0 25.0 7.5 2.8 0.25 0.16 0.25 0.40
8.0 11.0 28.0 8.0 33 0.40 0.25 0.40 0.60
10.0 13.0 32.0 10.0 33 0.40 0.25 0.40 0.60
(ISO: 3912)

Note: (i) All dimensions are in mm.
(i) The material for the key is steel with minimum tensile strength of 590 MPa.

Designation — A Woodruff key of width 4 mm and height 6.5 mm is designated as Woodruff key 4 x 6.5.
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Table 9.22  Relationship of shaft diameter to size of Woodruff key

Shaft diameter (d) Key size
Series 1 Series 2 bxhyxD
Over Including Over Including
3 4 3 4 1.0x1.4x4.0
4 5 4 6 1.5%2.6x7.0
5 6 6 8 20%x2.6x7.0
6 7 8 10 2.0x3.7x10.0
7 8 10 12 2.5%x3.7x10.0
8 10 12 15 3.0x5.0x13.0
10 12 15 18 3.0x6.5x16.0
12 14 18 20 4.0x6.5x%x16.0
14 16 20 22 4.0x7.5x%x19.0
16 18 22 25 5.0%x6.5x16.0
18 20 25 28 5.0x7.5x19.0
20 22 28 32 5.0%x9.0x22.0
22 25 32 36 6.0 x9.0x22.0
25 28 36 40 6.0 X 10.0 x25.0
28 32 40 - 8.0x 11.0 x28.0
32 38 - - 10.0 x 13.0 x 32.0

Note: (i) All dimensions are in mm.
(i1) Series 1 is used for torque applications and Series 2 for positional applications (For example, interference
fit where the torque is not transmitted through the key but through the shaft-hub interface.).
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Table 9.23 Dimensions for retaining screws, jacking screws and spring dowel sleeve for parallel

keys

&

1

A
87

7 |

Hole for retaining screw

Hole for jacking screw

dg

Hole for spring dowel sleeve

& -0

-2 Section ZZ -Y

Section YY

-H
[N
[.

BN TR o \
=
S | =S
| (] | ‘ |

=Y

—~Z

)
BN

Shafts, Keys and Couplings

Key Holes for retaining screws, Jacking screws and Spring dowel sleeves Retaining | Spring
bxh Key Shaft screw dowel
sleeve
dy d, ds dg A Iy dy dg I, I Is
8x7 3.4 6 M3 4 24 4 M3 4.5 4 7 5 M3 x 8 4x8
10x 8 3.4 6 M3 4 24 4 M3 4.5 5 8 5 M3 x 10 4x8
12x8 4.5 8 M4 5 32 5 M4 5.5 6 10 7 M4 x 10 5x10
14x9 5.5 10 M5 6 4.1 6 M5 6.5 6 10 8 M5 x 10 6x12
16x10 | 5.5 10 M5 6 4.1 6 M5 6.5 6 10 8 M5 x 10 6x12
18x11 | 6.6 11 M6 8 4.8 7 M6 9 6 11 11 M6 x 12 8x 16
20x 12 | 6.6 11 M6 8 4.8 8 M6 9 6 11 10 | M6x12 8x 16
22x14 | 6.6 11 M6 8 4.8 8 M6 9 8 13 10 | M6x 16 &x 16
25x14 | 9.0 14 M8 10 6.0 10 M8 11 9 15 12 | M8x16 | 10x20
28 x 16 11 18 | MI10 12 7.3 10 | M10 13 9 16 18 | M10x 16 | 12x24
32x18 11 18 | M10 12 7.3 12 | M10 13 10 17 16 | M10x20 | 12x24
36 %20 14 20 | M12 16 8.3 14 | MI2 17 12 | 20 | 20 | M12x25 | 16 x30
40 x 22 14 20 | M12 16 8.3 16 | MI2 17 12 | 20 18 | M12x25 | 16x30
45 %25 14 20 | M12 16 8.3 16 | MI12 17 15 | 22 18 | M12x30 | 16 x30
(Contd.)
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50 %28 14 20 | MI12 16 8.3 16 | MI12 17 12 19 18 | M12x30 | 16 x32
56 x 32 14 20 | MI2 16 83 16 | MI12 17 13 | 20 18 | M12x35 | 16 x32
63 x32 14 20 | M12 16 83 16 | Ml12 17 13 | 20 18 | M12x35 | 16 x32
70 % 36 18 26 | Ml16 | 20 11.5 | 20 | Ml6 21 17 | 24 | 24 | MI16x40 | 20%x40
80 x 40 18 26 | Ml16 | 20 11.5 | 20 | Ml6 21 18 | 25 | 24 | M16x45 | 20 x40
90 x 45 22 33 | M20 | 25 135 | 25 | M20 26 20 | 28 | 30 | M20x50 | 2540
100 x50 | 22 33 | M20 | 25 135 | 25 | M20 26 20 | 28 | 30 | M20x55 | 2550
Note: All dimensions are in mm.
Table 9.24 Proportions and stress equations of keys
Empirical proportions of square key
d b = width of key (mm)
b=h= 2 (9.16) | p= height or thickness of key (mm)
d = diameter of shaft (mm)
Empirical proportions of Flat key
d
b=— 9.18
4 (9.18)
2 d
h=— b=—= 9.19
3 6 ©.19)
I=1.5d (9.20)
Stress equations for Square and Flat keys
2M, M, = transmitted torque (N-mm)
T= bl ©0:21) | = permissible shear stress (MPa or N/mm?)
aM 0, = permissible compressive stress (MPa or N/mm?)
c,= L (9.22)
dhl
Stress equations for Kennedy keys
oM 9.23) _2m, 9.24)
V2 abl < dbl

Note: Kennedy keys consist of two square keys spaced at an angle of 90° on the circumference of shaft.
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9.4 SPLINES

Table 9.25 Dimensions for straight sided splines (Light duty series)

k x 45°
Splined shaft Splined hub
Nominal size | No. of | Minor | Major | Width | 4, e f g k r Centreing
NxdxD splines | dia. dia. (B) | Min. | Max. Max. | Max. | Max. on
@) Q)] D)
6x23 %26 6 23 26 6 22.1 | 125 | 3.54 0.3 0.3 0.2 Inside
6 %26 %30 6 26 30 6 246 | 1.84 | 385 0.3 0.3 0.2 diameter
6x28 %32 6 28 32 7 267 | 1.77 | 4.03 0.3 0.3 0.2
8x32x36 8 32 36 6 304 | 1.89 | 271 0.4 0.4 0.3 Inside
8 X 36 x 40 8 36 40 7 345 | 1.78 | 3.46 0.4 0.4 0.3 |diameter or
8 x 42 X 46 8 42 | 46 8 | 404 | 168 | 503 | 04 | 04 | 03 flanks
8 x 46 x 50 8 46 50 9 446 | 1.61 5.75 0.4 0.4 0.3
8 x 52 x 58 8 52 58 10 | 497 | 272 | 4.89 0.5 0.5 0.5
8 X 56 X 62 8 56 62 10 | 53.6 | 276 | 6.38 0.5 0.5 0.5
8 x 62 X 68 8 62 68 12 | 59.8 | 248 | 7.31 0.5 0.5 0.5
10 x 72 x 78 10 72 78 12 | 69.6 | 254 | 545 0.5 0.5 0.5
10 x 82 x 88 10 82 88 12 | 793 | 267 | 8.62 0.5 0.5 0.5
10 x 92 x 98 10 92 98 14 | 894 | 236 | 1008 | 0.5 0.5 0.5
10x102x108 | 10 102 108 16 | 999 | 223 | 11.49 | 0.5 0.5 0.5
10x112x120| 10 112 120 18 | 1088 | 323 | 1072 | 0.5 0.5 0.5

(ISO: 14)

Note: All dimensions are in mm.

Designation — A six splined shaft or hub with minor diameter 28 mm and major diameter 32 mm is designated as
Spline 6 x 28 x 32.
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Table 9.26 Dimensions for straight sided splines (Medium duty series)

kx 45°
Splined shaft Splined hub
Nominal size | No. of | Minor | Major | Width | 4, e f g k r Centreing
NxdxD splines | dia. (d) | dia. B) Min Max. Max. | Max. | Max on
@™ D)
6x11x14 6 11 14 3 9.9 1.55 - 0.3 0.3 0.2 Inside
6x13x16 | 6 13 16 | 35 [ 120 | 150 [032] 03 | 03 [ o2 | diameter
6x16x20 6 16 20 4 14.5 2.10 [0.16| 0.3 0.3 0.2
6x18x22 6 18 22 5 16.7 195 |045| 03 0.3 0.2
6x21x25 6 21 25 5 19.5 198 |[195| 0.3 0.3 0.2
6 x23 %28 6 23 28 6 213 230 |[1.34] 0.3 0.3 0.2
6x26x32 6 26 32 6 234 294 |1.65| 04 0.4 0.3
6x28x34 6 28 34 7 25.9 294 |1.70| 04 0.4 0.3
8x32x38 8 32 38 6 29.4 330 |0.15| 04 0.4 0.3 Inside
8 X 36 x 42 8 36 | 42 7 | 335 | 301 [1.02] 04 | 04 | o3 | diameter
8 x 42 %48 8 42 48 8 39.5 291 |257| 04 0.4 0.3 ﬂe?nrks
8 x 46 x 54 8 46 54 9 42.7 4.10 |086| 0.5 0.5 0.5
8 X 52 % 60 8 52 60 10 48.7 4.00 |244| 0.5 0.5 0.5
8% 56 x 65 8 56 65 10 52.2 474 250 05 0.5 0.5
8Xx62x72 8 62 72 12 57.8 5.00 {240 0.5 0.5 0.5
10X 72 % 82 10 72 82 12 67.4 5.43 - 0.5 0.5 0.5
10 x 82 %92 10 82 92 12 77.1 540 |3.00| 0.5 0.5 0.5
10 x 92 x 102 10 92 102 14 87.3 520 [450( 0.5 0.5 0.5
10x 102 x 112 10 102 112 16 97.7 490 |630| 0.5 0.5 0.5
10x 112 x 125 10 112 125 18 1063 | 6.40 |440| 0.5 0.5 0.5

Note: All dimensions are in mm.
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Table 9.27 Dimensions for straight sided splines (Heavy duty series)

gX45°\\
-
i ,////
4 ,
d, =
k x 45°
Splined shaft Splined hub
Nominal size No.of | Minor | Major | Width d, g k r Centreing on
NxdxD splines | dia. (d) | dia. (D) (B) Min. Max. Max. Max.
w)
10 x 16 x 20 10 16 20 2.5 14.0 03 0.3 0.15
10 x 18 % 23 10 18 23 3 15.6 0.3 0.3 0.15 | nside
diameter
10 x 21 x 26 10 21 26 3 18.44 0.3 0.3 0.15 or
flanks

10 x23 x 29 10 23 29 4 20.3 0.3 0.3 0.15

10 x 26 x 32 10 26 32 4 23.0 04 0.4 0.15

10 x 28 x 35 10 28 35 4 24.4 0.4 0.4 0.25

10 x 32 x40 10 32 40 5 28.0 0.4 04 0.25

10 x 36 x 45 10 36 45 5 31.3 0.4 0.4 0.25

10x 42 x 52 10 42 52 6 36.9 0.5 0.4 0.40

10 x 46 x 56 10 46 56 7 40.9 0.5 0.5 0.40

16 x 52 x 60 16 52 60 5 47.0 0.5 0.5 0.40

16 x 56 X 65 16 56 65 5 50.6 0.5 0.5 040 | Flanks
16 X 62x 72 16 62 72 6 56.1 0.5 0.5 0.40

16 X 72 x 82 16 72 82 7 65.9 0.5 0.5 0.40

20 x 82 %92 20 82 92 6 75.6 0.5 0.5 0.40

20 x 92 x 102 20 92 102 7 85.5 0.5 0.5 0.40

20x 102 x 115 20 102 115 8 93.7 0.5 0.5 0.40

20x 112 x 125 20 112 125 9 103.7 0.5 0.5 0.40

Note: All dimensions are in mm.
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Table 9.28 Tolerances for straight sided splines

Tolerance on

Width of hub Minor diam- | Major diam-
(B) eter of hub eter of hub
@ ()
Soft | Hardened Soft or Soft or
hardened hardened
Splined hub | For centreing on inner | Shaft sliding or D9 F10 H7 H11
diameter or flanks fixed
Splined shaft | For centreing on inner | Shaft sliding h8 e8 f7 all
diameter inside hub
Shaft fixed in hub p6 h6 j6 all
For centreing on Shaft sliding h8 e8 - all
flanks inside hub
Shaft fixed in hub ub ko6 - all
Table 9.29 Torque capacity of straight sided splines
B

M= py IN(D? =)

(9.25)

M, = transmitted torque (N-mm)
P,, = permissible pressure on spline ( MPa or N/mm? )
D = major diameter of splines (mm)
d = minor diameter of splines (mm)
[ = length of hub (mm)
N = number of splines

Note: The permissible pressure on the splines is limited to 6.5 MPa.
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Table 9.33  Types of misalignment between driving and driven shafts
Angular misalignment (6)
End float (f)
|
i
—— f ——
Table 9.34 Service factors for bush-type flexible couplings

Type of driven machine

Service factors for prime movers

9.32  Machine Design Data Book

Electric High Petrol engine Diesel engine
motor, speed 4 or more | Less than | 6 or more 4 or less
steam steam or cylinders | 4 cylinders | cylinders cylinders

or water | gas engine

turbine

Alternators and generators (ex- 1.5 2.0 2.5 3.0 35 5.0
cluding welding generators),
induced drought fans, print-
ing machinery, rotary pumps,
compressors and exhausters,
Conveyors.
Wood working machinery, ma- 2.0 2.5 3.0 3.5 4.0 5.5
chine tools (cutting), exclud-
ing planning machine, calen-
dars, mixers and elevators.
Forced draught fans, high 2.5 3.0 3.5 4.0 4.5 6.0
speed reciprocating compres-
sors, high speed crushers and
pulverises, machine tools
(forming)
(Contd.)




(Contd.)

Rotary screens, rod mills, tube, 3.0 3.5 4.0 4.5 5.0 6.5
cable and wire machinery, vac-

uum pumps.

Low speed reciprocating com- 3.5 4.0 4.5 5.0 5.5 7.0

pressors, haulage gears, metal
planning machines, brick and
tile machinery, rubber ma-
chinery, tube mills, generators
(welding)

Table 9.35 Dimensions for bush-type flexible couplings

AB |+ — —f———H
Vo [ N
|/
»
N
\_ Y,
Coupling No. | Load rating per Bore diameter D A B C E F
100 rev{/*rinn-kw Min. Max.
FB 1 0.368 15 22 80 40 32 18 2
FB 2 0.441 18 25 90 44 35 25 3
FB3 0.736 20 30 100 50 40 25 3
FB 4 1.18 25 35 112 62 45 25 3
FBS 1.84 28 40 125 65 50 28 3
FB 6 2.94 32 45 140 76 55 28 3
FB 7 4.63 35 50 160 85 60 38 3
FB 8 7.36 42 60 180 102 70 38 3
FB9 10.3 50 70 200 120 80 38 4
(Contd.)
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(Contd.)

FB 10 14.7 57 80 225 134 90 42 4
FB 11 20.6 64 90 250 154 100 45 4
FB 12 25.7 71 100 280 166 110 55 4
FB 13 38.2 78 110 315 180 125 55 4
FB 14 58.8 85 120 355 200 140 68 5
FB 15 80.9 92 130 400 218 160 80 5
FB 16 110 100 140 450 240 180 80 5
FB 17 235 114 160 560 300 220 122 5
FB 18 331 128 180 630 340 240 122 5
FB 19 456 135 190 710 370 260 145 6
FB 20 618 170 240 800 405 290 145 6
FB 21 883 185 260 900 440 320 165 6
FB 22 1250 200 290 1000 490 350 165 6

Note: (i) All dimensions are in mm.
(i) The flanges for coupling are made of cast iron FG 200.
(iii) The bushes are made of flexible material such as rubber, having a hardness of 80 IRH.
(iv) For cast iron couplings, allowable maximum peripheral velocity is 30 m/s.
(v) The bore of coupling has a tolerance of H7 and surface finish of N6.
(vi) The maximum permissible shear stress for pins is 35 MPa.
(vii) The maximum allowable compressive stress for rubber bushes is about 2 MPa.
Designation — A bush-type flexible coupling FB 4 for shaft diameter range of 25 to 35 mm is designated as Flexible
Coupling FB 4.
kW of power application X service factor x 100

(*)Load rating per 100 rev/min kW = — - —
rev/min of application

Table 9.36 Rigid flange couplings — Basic relationships

SN |
D, dj_% ————— —ED§D3 D,
N 7R
e ,

Case I: Bolts are fitted in reamed and ground holes
(Power transmitted by shear resistance of bolts)

D M, = torque transmitted by the coupling (N-mm)
M,=Px 72 XN (926) | p= force acting on each bolt (N)
D, = pitch circle diameter of bolts (mm)
N = number of bolts

(Contd.)
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(Contd.)

8M

t

nD,Nd}

(9.27)

7= permissible shear stress for bolt (MPa or N/mm?)
d, = nominal diameter of the bolt (mm)

Case II: Bolts are fitted in large clearance holes
(Power transmitted by friction between two flanges)

2 (RB= R R, = outer radius of the flange (D,/2) (mm)
Ry=——%—5- (9.28) | R, = radius of the recess (D;/2) (mm)
EEERVERYES
M,=UPNR, (9.29) P, = initial tension in each bolt (N)

= coefficient of friction between flanges

9.7 DESIGN FOR LATERAL RIGIDITY

Table 9.37 Bending moment and deflection of beams

Case A: Cantilever beam — End load

y | (i) Reactions
™), (RyatA=P 1)
7 B (ii) Bending moments
(- A — (M,)at A=—Pl )
= (M,)at x=P(x—1) (3)
RAt (iii) Deflections
X Px*
d)atx=——(x—3/ 4
Mb/ (@ atx= g =3 @
PP
) t(x=0)=——— 5
(O)max at (x=1) 3E] (%)
Case B: Cantilever beam — Intermediate load
y (i) Reactions
M) (R)atA=P 6)
7;3 b (ii) Bending moments
( * ¢ X (M,)at A=—Pa 7
2
(Mp)atx=P(x—a) for (x<a) (8)
RAT (M,)atx=0 for (x> a) ©)
" X (iii) Deflections
b P2
Natx=—(x-3q) for(x<a 10
(8)at x 6E](x a) ¢ ) (10)
2
(8)atx:%(a—3x) for (x > a) (11)
Pa®
[ t(x=l)=——(a-3I 12
(0)may at (x=1) 6El(a ) (12)
(Contd.)
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Case C: Cantilever beam — Uniformly distributed load
y | (i) Reactions
( b)A W (R)atA=wl (13)
; + + + + + + ‘ B+ (i) Bending moments
@
74 X le
Mp)at A=——— (14
R T 2
A w
X (M) at x=——(I - x)? (15)
M 2
b
(i) Deflections
2
wXxX 2 2
S)atx = 4lx —x" -6l 16
©@)atx= g Hx=x-60) (16)
wi*
[ t(x=0)=—— 17
(O max at (x=1) SE] (17)
Case D: Cantilever beam — Moment load
y (i) Reactions
M) A | ) (R) at4=0 (18)
2 8 ~-\Mc (i) Bending moments
C X ) My)atA=My)atx=(M,)atC=M, (19)
Z
1 (iii) Deflections
R 2
A
(8)at x = MeX (20)
Mb + i 2E]
X 2
M.l
4 t(x=1/2)=—¢ 21
Byt (x=1/2) =< @D
Case E: Simply supported beam —Centre load
y | (1) Reactions
- (R)atA=(R)at C= g 22)
A L B cC (ii) Bending moments
h A
RJ TRC (Mb)atx=% for (x < 1/2) (23)
M, +] (M,)at x= le_ ) for (x> 112) (24)
* X
Myt (r=1/2)=2 (5)
(ii1) Deflections
Px(4x* = 31%)
Satx=———"-= fi <lIn 26
(0)at x A3E] or (x <1/2) (26)
PP
) at (x=1/2)=— 27
Oy at (x=1/2) == @7
(Contd.)
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Case F: Simply supported beam —Intermediate load

y | (1) Reactions
— Rata= 2 (28)
A JL B C
p 1 (R)atC= Pa 29)
R, R /
(i) Bending moments
M I
b + (Mb)atxszbx for (x < a) (30)
M) atx=LU=D g (o a) 31)
(iii) Deflections
Pbx(x*+b>=1?)
dat x=——-—————= for (x< 32
(0)at x oEll (x<a) (32)
(8)at x = Pa(l —x)(x"+a” - 2Ix) for (x> a) (33)
6EIl
Case G: Simply supported beam — Uniformly distributed load
y (i) Reactions
| wl
W (RyatA=(R)atC= > (34)
A * * * + + + + % C (ii) Bending moments
h A
X —
Ry TRC (Mb)atxzw (35)
M T 2
N (Mt (5 =1/2) = (6)
(ii1) Deflections
2 3 53
(8)at x = wx(2lx*—x"=17) (37)
24EI
Swit
[ t(x=1/2)=- 38
(0)max at (x=1/2) 38451 (38)
Case H: Simply supported beam — Moment load
| (i) Reactions
~a b (R)atA=—(RyatC= Mz (39)
A BT & l
v C (i1) Bending moments
Ry Mgx
(Mp)atx= for (x < a) (40)
My + u /
- M,yatx=M8C=D o s a) (A1)
(Contd.)
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(iii) Deflections
2 2_ 2
(&) at x= Mpx(x~+3a”—6al +2I7)
6EIl
for (x <a) (42)
3272 2 2y a2
() at x = M p[x” =3Ix"+ x(2I"+3a”) — 3a"l]
6EI1l
for (x > a) (43)
Case J: Simply supported beam —Twin load
y | (1) Reactions
a a R)yatA=(R)atD=P 44)
JLP P“ (ii)) Bending moments
Al B c (M) at x=Px for (0 <x<a) (45)
RAT (M,)at x=Pa for [a<x< (I a)] (46)
(Mp)atx=P(l—x) for [({-a)<x<I] (47)
M, b, (iii) Deflections
‘ ‘ (O atx= 6%(;8 +3a®=3la) for (0<x<a) (48)
(8 atx= %(_%x2 +a®=3lx)
for[a<x<(l-a)] (49)
Pa 2 2
o t(x=1/2)= 4a* -3l 50
(0)max at (x=1/2) 24El(a ) (50)
Case K: Simply supported beam —Overhanging load
y ’ | a (i) Reactions
RAl/\ l (R)atA:—& (51)
A B /
R v _F
B (R)atB= 7(1 +a) (52)
M
g (ii) Bending moments
— (Mh)atxz—? for (x < I) (53)
(M) atx=P(x—1—a) for (x> 1) (54)
(iii) Deflections
Pax(l2 —x? )
Satx=——"—"=fi < 55
(0)at x S Ell or (x <1) (55)
p— p— 2 p— p—
(S)atx= P(x-D[(x-D)"—aBx-1)]
6E1
for (x > /) (56)
Pa*(l+a)
&)yt (x=1+a)=——"—"2 57
Ot (x=1+a) == (57)
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Case L: One end fixed and one end simply supported beam —Center load

M)y =2

. 7A
Cf]
Mb

(i) Reactions

11P
Ryatd=— 58
@®) T (58)
R)atC= EL 59
(RatC=", (59)
(ii) Bending moments
3Pl
(M)at A=——"— (60)
16
P
(Mb)atng(llx—y) for (x <1/2) 61)
5P
(Mh)atng(l—x) for (x > 1/2) (62)
(iii) Deflections
(d)atx= P’ (11x=9I) for (x <1/2) (63)
 96EI
@ atx=LU=9 (5224 902 10
96E]

for x>12)  (64)

Case M: One end fixed and one end simply supported beam —Intermediate load

y

~——2a

b——|
P
B

(M),
€
%

RA]
My

(i) Reactions

(R)atd= %(3;2 -b?) (65)
2
(R)at C= %(3[ —a) (66)

(ii) Bending moments

(M) at Az%(bz—lz) (67)

(M) at xzp—[;[bzl —B+xBI*-b?)] for (x < a)

2
(My)atx= 112)%(312 —3lx — al + ax) for (x > a) (69)
(iii) Deflections

Pbx?

12EIP

(8)atx= BI(B* - 1)+ x(312 - b%)]

for (x <a) (70)

Pbx* 2 P P(x—a)3
3B - 1%+ x(31* - bH)] - ————L
25113[ ( )+ )] 6EI

for (x> a) (71)

(5)atx=1

(Contd.)
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Case N: One end fixed and one end simply supported beam — Uniformly distributed load

9.40 Machine Design Data Book

y (i) Reactions
| Swl
- T s -
C
sz\ AT X (R)atc=3—Wl (73)
042151 R 8
Smax (i) Bending moments
Ry TT wi?
M,
- * X (M,)at x:g(4x2+51x—12) (75)
(iii) Deflections
2
8)at x=——(I - x)(2x -3 76
(0)at x 48El( x)(2x - 31) (76)
74
5. =" 77
() 185E1 77
Case O: Both ends fixed— Center load
y | (1) Reactions
P
(My), =12 jp (M), (Ryatd=(R)atC= - (78)
. A ‘ B ¢ Z ) X (i) Bending moments
Pl
‘ My)atA=(My)atC=—— 79)
i TT Re i
M, /\ (M,)at x= §(4x —1) for (x<12) (80)
- ! — X
| P
(Mb)atx:§(31—4x) for (x > //2) (81)
(iii) Deflections
(0)atx= Py’ (4x —=3I) for (x <12 82
48EI or (< 172) (82)
PP
(9] t(x=1/2)=-
(0)max At (x ) 1921 (83)
Case P: Both ends fixed— Intermediate load
y (i) Reactions
i b Pb*
(My), ﬂp M) (Byatd= —~(3a-+b) (84)
C A B <7\ . i
7 7 (RyatC= =5-(b+a) (85)
R, ] /\ ch (ii)) Bending moments .
| Pab
M, 7 Lt _ N (My)at 4 == (86)
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Pa’h
(M,) at C=— ;’2 (87)
Ph*
(Mb)atx=7[x(3a+b)—la] for (x < a) (88)
2
(Mp)atx= Pl—lg[x(3a +b)—la] —P(x—a)
for (x > a) (89)
(iii) Deflections
2.2
(0)atx= %[x@a +b) —3al]
for (x < a) (90)
Pa*(l - x)*
(O)atx= Tﬁ[(l —x)(3b+a)—3bl]
for (x > a) 91
Case Q: Both ends fixed— Uniformly distributed load
y (1) Reactions
(M) 'W (M) (RyatA=(R)at C= le (92)
. ; ; ¢ ¢ ¢ ¢ ‘ ‘ ‘ ; ‘ ) « (ii) Bending moments
A C 2
2 B (Mb)atA:(Mb)atC:—% (93)
Ra ” TTRC (Mh)atx=%(6lx—6x2—lz) 94
EEIL\ (iii) Deflections
W N 5 ey ©3)
( )atx——ﬁ( - x)
/4
B =1/2)=——2 96
O 2t =12 =~ o7 0

Notations:

(R) = reaction at support (N) M,=bending moment (N-mm)

(0) = deflection (mm) P = external force (N)

w = load intensity or external load per unit length (N/mm) M = external moment (N-mm)

[/ = span length (mm) E = modulus of elasticity (MPa or N/mm?)
I=moment of inertia of cross section (mm®*)

Note: (i)

(i)

(iii)

The maximum permissible deflection for the transmission shaft is generally taken as
(0)nax = (0.001)/ to (0.003)/

where / is the span length between the two bearings.

The maximum permissible deflection at the gear is taken as
(8)ay = (0.01)m

where m is the module of the gear teeth.

In practice, the lateral rigidity of the structure is improved by the following methods:

(a) Reduce the span length; (b) Increase the number of supports; (c) Reduce the number of joints; (d) Assemble the
components with pre-load; (e) Lubricate the contact surfaces with high viscosity oil; and (f) Select a cross section

in which t|

he cross-sectional area is away from the neutral axis, such as I or tubular section.

Shafts, Keys and Couplings
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9.8 CRITICAL SPEED OF SHAFTS

Table 9.38 Critical speed of shafts

First critical speed of shaft

% kg 2 , = natural frequency (rad/s)

W,=,|—= \/; = 5. (9-30) | = shaft spring rate (N/m) (k = ®/8,,=mg/5,)
st m = attached mass (kg)

w = weight of attached mass (N) (w=m g)

g = acceleration of gravity (m/s?) (g = 9.81 m/s?)
o,, = static deflection (m)

Shaft with uniform cross section

(Contd.)
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— [g(w151 + w252 + w363 +)
! V (MO + Wy83 + wyd5 +--)

(9.32)

Wi=mg Wp=nmg Ww;=mg
0,,0,,0;, etc. = static deflections at the respective
masses viz. my, m,, ms, ...etc.

Note: This equation is called Rayleigh—Ritz equation.

Shaft with non-uniform cross section

_ (g8, + w8, + wiSs+ )
V (WOL+ w5 + wyd3 +---)

Note: The mass of the entire shaft is broken into num-
ber of parts, m,, m,, ms,... etc., and each part is treated
as concentrated mass at its centre of gravity.

9.9 FLEXIBLE SHAFTS
Table 9.39 Dimensions of type-A flexible shaft—Assembly and details

|6

Outer casing end fitting

jiiiiia

it

Inner shaft

RUUREL ESSN
s w,'/////,,.\

\\\\\\\\\\
NN
PN

\\\\\\

I\I\N\l TN \\\\\\\\\\
“\\

Assembly of flexible shaft
Designation | d, | d, | d; | dy | ds | dg A 13 L L | I | L | LI | Ly [ Lol lu| Ly
7 %1500 200 6 | 9 3 | M6 | 1500 — 147040 | 133 (36|13 (35|10 | 19 | 12
7 % 2000 7 1206 |9 | 3 | M6|2000| - — 122040 | 133 (36|13 (35|10 | 19 | 12
10 x 1500 10 | 28 | 8 | 12| 4.5 |M10|1500| 1570|1610 |1460| 40 [ 133 |36 | 13 | 50 | 15| 27 | 17
(Contd.)
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10 x 2000 10 [ 28 | 8 [ 12| 4.5 | M10 2000|2070 [2110|1960| 40 | 133 |36 | 13|50 | 15| 27 | 17
12 x 1500 12 [ 28 | 8 [ 14| 4.5 | MI10 1500|1570 | 1590 |1450| 40 | 133 |36 | 13| 55|20 | 27 | 17
12 x 2000 12 [ 28 | 8 [ 14| 4.5 | M10|2000 | 2070 {2090 |1950| 40 | 133 |36 | 13| 55|20 | 27 | 17
15 x 2000 15 [ 34 | 8 [ 18] 6.5 | M10|2000|2090 (2114 |1930| 40 | 133|36| 13|70 | 25| 35| 22
15 x 3000 15 [ 34| 8 [ 18] 6.5 | MI10|3000|3090 (3114 |2930| 40 | 133|36| 13| 70| 25| 35| 22
20%2000 | 20 | 40 | 8 | 23 | 6.5 | M14|2000 | 2090 | 2114 {1920 40 {133 (36| 13 | 75|30 | 35 | 22
203000 | 20 | 40 | 8 | 23 | 6.5 |M14|3000 (3090|3114 (2920 40 {133 (36| 13| 75|30 | 35 | 22

Note: (i) All dimensions are in mm.
(i) Type-A flexible shaft has threaded shaft end fittings on both ends with outer casing sliding at the driving

end.

(iii) The inner shaft is made of spring steel.
Designation — A flexible shaft with inner shaft diameter of 12 mm and length 1500 mm is designated as
Flexible shaft 12 x 1500.

Table 9.40 Dimensions of type-B flexible shaft —Assembly and details

9.44  Machine Design Data Book

| s |
5 | | | 14 |
==, 7 — ly —— i
A I | A U
4 VA4 3y~
g e e e e +——J—— s e =11 d
\
- 7
, l,
I |
Assembly of outer casing
_d, _.(is e ' —d, I g _'30 b E
Qs e ] B e R
—~l, — L1 I‘_Iw_’ —d, —du x| Hdy
el I | Section
ly ! at xx
l,
Assembly of inner shaft
Designa- d; d, dy d, | ds dy d, | dg dy dy dy A 1 L
tion
7 % 1500 7 30 8 120 | § MI10 | 22| 8 8.5 5.0 3.9 | 1500 | 1590 | 1547
7 %2000 7 30 8 120 | 5 MI10 | 22| 8 8.5 5.0 3.9 | 2000 | 2090 | 2047
10 x 1500 10 30 8 120 | 5 MI10 | 28 | 8 12.5 7.5 5.9 | 1500 | 1605 | 1548
(Contd.)



10 x 2000 10 30 8 120 | 5 MI10 28 | 8 14.0 7.5 5.9 | 2000 | 2105 | 2048
12 x 1500 12 | 30 8 | 140 | 5| MI10 | 28 | 8 | 14.0 7.5 59 | 1500 | 1607 | 1550
12 x 2000 12 | 30 8 140 | 5 | MIO | 28 | 8 | 14.0 7.5 5.9 | 2000 | 2107 | 2050
15 % 2000 15 | 40 8 | 1757 | M14 | 35| 8 | 175 11.0 | 8.9 | 2000 | 2109 | 2059
15 % 3000 15 | 40 8 | 175 7| M14 | 35| 8 | 175 11.0 | 8.9 | 3000 | 3109 | 3059
20 % 2000 20 | 40 8 [23.0| 7| Ml14 | 40 | 8 - - — | 2000 | 2086 | 2110
20 x 3000 20 | 40 8 2307 | Ml4 | 40 | 8 - - — | 3000 | 3086 | 3110
(Refer to figure of Table 9.40)
Designation |/, s ls Ll | L | ho|by |hy| b |by|bs|be|bs|bs|ho| b
7 %1500 1452 | 30 | 86 |33 |10 |40 | 11 | 24 | 18 | 75 | 31 | 33 | 20 | 15| 20 | 38 | 18
7 % 2000 1952 {30 | 96 |33 |10 |40 | 11 |24 | 18 | 75 [ 31 | 33 |20 | 15| 20 | 38 | I8
10 x 1500 1436 | 30 | 102 (40 | 10 | 47 | 15| 25 | 18 | 90 | 40 | 40 | 28 | 20 | 23 | 52 | 18
10 x 2000 1936 | 30 | 102 |40 | 10 | 47 | 15| 25 | 18 | 90 | 40 | 40 | 28 | 20 | 23 | 52 | 18
12 x 1500 1430 | 33 | 105 |40 | 13 | 50 | 18 | 25 | 18 | 95 | 40 | 40 | 28 | 25 | 30 | 52 | 18
12 x 2000 1930 [ 33 | 105 |40 | 13 | 50 | 18 | 25 | 18 | 95 | 40 | 40 | 28 | 25 | 30 | 52 | 18
15 %2000 1959 (40 | 95 |45 13 |64 |26 | 33 | 23 | 95 | 50 | 45 | 34 | 25 | 28 | 55| 13
15 % 3000 2059 |40 | 95 |45 | 13 |64 |26 | 33 | 23 | 95 | 50 | 45 | 34 | 25 | 28 | 55| 13
20 x 2000 1960 | 43 | 110 | 35| 16 | 73 |30 | 33 | 23 | 110 | 43 | 35 | 27 | - - - -
20 % 3000 2960 | 43 | 110 |35 | 16 | 73 |30 | 33 | 23 | 110 | 43 | 35 | 27 | — - - -

Note: (i) All dimensions are in mm.
(i) Type-B flexible shaft has fixed end fittings at both ends for outer casing and sliding end fitting for the shaft

at the driven end.

(iii) The inner shaft is made of spring steel.
Designation — A flexible shaft with inner shaft diameter of 12 mm and length 1500 mm is designated as
Flexible shaft 12 x 1500.

Shafts, Keys and Couplings
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Springs

10.1 PROPERTIES OF STEEL SPRING WIRES

Table 10.1 Tensile strength of patented and cold drawn steel wires—unalloyed

Uncoated wire dia. Tensile strength (MPa or N/mm?)

(Nominal) (mm) Grade-1 Grade-2 Grade-3 Grade-4
0.10 — — 2530 _
0.11 — — 2520 _
0.12 — — 2520 _
0.14 — — 2510 _
0.16 — — 2500 _
0.18 — — 2500 _
0.20 — — 2490 2700
0.22 — — 2480 2680
0.25 — — 2470 2670
0.28 — — 2460 2660
0.30 1720 2060 2460 2660
0.32 1710 2050 2450 2650
0.34 1710 2050 2450 2540
0.36 1700 2040 2440 2630
0.38 1700 2040 2430 2620
0.40 1700 2040 2430 2620
0.43 1690 2030 2420 2610
0.45 1680 2020 2410 2600
0.48 1680 2020 2400 2590
0.50 1670 2010 2390 2580
0.53 1660 2000 2380 2570
0.56 1660 2000 2370 2560
0.60 1650 1990 2360 2550
0.63 1640 1980 2340 2540
0.65 1640 1980 2330 2540
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0.70 1630 1970 2320 2530
0.75 1620 1960 2300 2500
0.80 1610 1950 2280 2480
0.85 1600 1930 2260 2460
0.90 1590 1920 2250 2440
0.95 1580 1910 2250 2420
1.00 1570 1900 2240 2400
1.05 1560 1890 2210 2380
1.10 1550 1880 2190 2370
1.20 1540 1860 2170 2340
1.25 1530 1850 2140 2320
1.30 1520 1840 2130 2300
1.40 1500 1820 2110 2290
1.50 1490 1800 2100 2260
1.60 1470 1780 2080 2250
1.70 1460 1760 2050 2220
1.80 1440 1750 2030 2190
1.90 1430 1730 2010 2180
2.0 1420 1720 1990 2160
2.1 1410 1700 1960 2130
2.25 1400 1680 1940 2100
2.40 1380 1660 1910 2070
2.5 1370 1640 1890 2050
2.6 1360 1620 1860 2030
2.8 1340 1600 1840 2000
3.0 1320 1570 1830 1980
32 1310 1550 1790 1960
3.4 1290 1530 1760 1920
3.6 1270 1510 1750 1890
3.8 1260 1490 1720 1860
4.0 1250 1480 1700 1840
4.25 1250 1460 1680 1820
4.5 1230 1440 1660 1800
4.75 1210 1420 1620 1770
5.0 1190 1390 1600 1750
5.3 1170 1370 1570 1720
5.6 1150 1350 1550 1690
6.0 1130 1320 1530 1670
6.3 1120 1310 1500 1640
6.5 1110 1290 1480 1620
7.0 1090 1260 1460 1610
7.5 1070 1250 1430 1570
8.0 1050 1220 1400 1540
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8.5 1020 1200 1370 1500

9.0 1000 1180 1350 1480

9.5 990 1150 1310 —
10.0 980 1130 1290 —
10.5 — 1100 — —
11.0 — 1080 — —
12.0 — 1040 — —
12.5 — 1030 — —
13.0 — 1020 — —
14.0 — 990 — —
15.0 — 970 — —

(ISO: 8458-2)

Note: The modulus of elasticity for above mentioned wires is 210 790 MPa and the modulus of rigidity is 81370 MPa

(or N/mm?).

Applications— (i) Grade 1 is used for springs subjected to static or low load cycle —low stressed applications. (ii) Grade 2
is used for springs subjected to moderate load cycle — statically stressed applications. (iii) Grade 3 is used for highly
stressed static springs, for springs under moderate to high dynamic stresses and in smaller diameters even for impact
loaded springs. (iv) Grade 4 is suitable for maximum stressed static springs and moderately stressed dynamic springs.

Table 10.2  Tensile strength of oil hardened and tempered spring steel wire (SW) and valve

spring wire (VW)— unalloyed

Wire dia. (Nominal) (mm)

Tensile strength (MPa or N/mmz) (Min)

SW

VW

1.00

1.05

1.10

1760

1670

1.20

1.25

1.30

1.40

1720

1620

1.50

1.60

1.70

1.80

1.90

1670

1570

2.0

2.1

2.25

2.4

1620

1520

2.5

2.6

2.8

1570

1470

Springs
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3.0
3.2 1520 1430
3.4
3.6
3.8 1480 1400
4.0
4.25
4.5 1440
4.75
5.0
5.3
5.6 1400 1340
6.0
6.3
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
12.0 1250 —
12.5
13.0
14.0

1370

1360 1300

1290 —

(ISO: 8458-3)

Note: The modulus of elasticity for above mentioned wires is 205 880 MPa and the modulus of rigidity is 81370 MPa
(or N/mm?).

Applications — (i) Oil hardened and tempered spring steel wire (SW) is used for moderately stressed springs. (ii) Oil
hardened and tempered valve spring wire (VW) is used for dynamically stressed and moderate impact loaded springs.
(iii) Both types of spring wires are used under elevated temperature conditions.

Table 10.3 Tolerances for oil hardened and tempered spring steel wire (SW) and valve spring
wire (VW)—unalloyed

Wire diameter (Nominal) (mm)

Tolerance (mm)
From Up to and including
1.00 1.4 +0.015
1.50 1.90 +0.020
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2.0 3.2 +0.030
3.4 5.6 +0.040
6.0 8.5 +0.060
9.0 10.0 +0.080
10.5 14.0 +0.12

Table 10.4 Tensile strength of oil hardened and tempered spring steel wire —alloyed

Wire dia.
(Nominal) (mm)

Tensile strength (MPa or N/mmz) (Min)

1S

1D

28

2D

1.00

2060

2060

1.05

1.10

1.20

1.25

1.30

1.40

1.50

1.60

1.70

1.80

1.90

2.0

1860

1760

1960

1960

2.1

2.25

2.4

2.5

2.6

2.8

3.0

3.2

1760

1670

1910

1910

34

3.6

3.8

4.0

1670

1570

1860

1860

4.25

4.5

4.75

5.0

1590

1520

1810

1810

5.3

5.6

6.0

1520

1470

1760

1760

Springs
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6.3
6.5 1470 1420 1720 1720
7.0
7.5

— — 1670 1670
8.0

Note: The modulus of elasticity for above mentioned wires is 303 920 MPa and the modulus of rigidity is 81370 MPa

(or N/mmz).

Applications — (i) Grade 1 S and 2 S wires are used for static working springs. (ii) Grade 1 D and 2 D wires are used
for dynamic working springs. (iii) Both types of spring wires are used under elevated temperature conditions.

Table 10.5 Tolerances for oil hardened and tempered spring steel wire—alloyed

Wire diameter (Nominal) (mm)

From Up to and including Tolerance (mm)
1.00 1.4 +0.015
1.50 1.90 +0.020
2.0 3.2 +0.030
3.4 5.6 +0.040
6.0 8.0 +0.060

Table 10.6  Tensile strength of stainless spring steel wire for normal corrosion resistance

Wire diameter (Nominal) (mm)

Tensile strength (MPa or N/mmz) (Min)

0.10

2060

0.11

0.125

0.14

0.16

0.18

2010

0.20

0.22

0.25

0.28

0.30

0.32

1960

0.34

0.36

0.38

0.40

0.43

0.45

0.48

0.50

1910

10.6  Machine Design Data Book
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0.53

0.56

0.60

0.63

0.65

0.70

0.75

0.80

1860

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

1760

1.30

1.40

1.50

1.60

1.70

1.80

1.90

2.0

1670

2.1

2.25

2.40

2.5

2.6

2.8

3.0

3.15

1570

32

34

3.6

3.8

4.0

4.25

4.5

4.75

5.0

1470

Springs
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5.3

5.6

6.0

6.3

6.5

7.0

7.5

8.0

1320

8.5

9.0

9.5

10.0

1270

(ISO: 6931-1)

Note: (i) There are two grades of stainless spring steel wires — Grade 1 and Grade 2. The limiting temperatures are
250°C for Grade 1 and 350°C for Grade 2.
(i) The modulus of elasticity and rigidity of the wires are as follows:

Modulus of elasticity Modulus of rigidity
Grade (MPa or N/mmz) (MPa or N/mmz)
Tempered Untempered Tempered Untempered
1 190 200 = 4900 180 390 + 3920 73530 + 1960 69610 + 1960
2 295 100 + 4900 190 200 + 3920 78430 + 1960 73530 + 1960

Applications— Both grades are used in applications involving corrosive atmosphere. Both grades withstand normal
atmospheric as well as steam and other corrosive media.

Table 10.7 Tolerances for stainless spring steel wire for normal corrosion resistance

Wire diameter (Nominal) (mm)

Tolerance (mm)

From Up to and including
0.10 0.18 +0.005
0.20 0.80 +0.010
0.85 1.40 +0.015
1.50 1.90 +0.020
2.00 3.20 +0.030
3.40 5.60 +0.04
6.00 8.50 +0.06
9.00 10.00 +0.08
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10.2 PROPERTIES OF BARS AND FLATS

Table 10.8 Mechanical properties of bars and flats for volute, helical and laminated springs for
automotive suspension

Treatment condition
Untreated Quenched and tempered Elongation
Grade of steel hardness Soft annealed Yield stress . (Perc.ent)
(HB) Hardness (HB) (Min.) Tensile strength (Min)
. 2
(MPa or N/mm?) | (MPa or N/mm’)
55Si7 =270 245 1130 1320 to 1570 6
608Si7 =310 255 1130 1320 to 1570 6
65Si7 =310 255 1180 1370 to 1620 6
50Cr4v2 >310 245 1180 1370 to 1620 6
60Cr4v2 >310 255 1180 1370 to 1620 6

10.3 HELICAL SPRINGS
Table 10.9 End styles for helical compression springs

Plain ends Plain and ground ends Square ends Square and ground ends

(a @\
& &

A
&
2
&)

N=N, N=(N,-1) N=(N,-2) N=(N,-2)

Note: N = number of active coils N, = total number of coils
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Table 10.10 End styles for helical extension springs

Form A (Half hook) Form B (Full hook)
|||||| |||||||
‘ S =ﬁ|| T
| <\ L || () || I\ ||
U U

Ly=0.55D,10 0.8 D,

L;=08D,t01.1D,

| T
OCH | O
= ﬁ'.nnn
OO | ®CH
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Form G (Elongated hook)

Ly =~1.1D,

Notations: L, = distance of inside edge of hook from body of spring (mm)

D; = inside diameter of coil (mm)

Note: When the end connections of spring are not considered, number of active coils is equal to total number of coils.

Table 10.11  Stress and deflection equations for helical springs

D, + D

D, = inside diameter of spring coil (mm)

p= 2% (10.1) D, = outside diameter of spring coil (mm)
2 ’ D = mean coil diameter (mm)
D d = wire diameter of spring (mm)
C= " (10.2) | C= spring index
k = stiffness of the spring (N/mm)
P P = axial spring force (N)
k= 5 (10.3) | 6= axial deflection of the spring corresponding to force
P (mm)
3PD 7= permissible shear stress for spring wire
T= K( e ) (10.4) (MPa or N/mm?)
. 4C—1+0.615 s K = Wahl factor
T 4C-4 C (10.5)

(Contd.)
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8PD’N
o= 7 (10.6) o . . 2
Gd G = modulus of rigidity of spring wire (MPa or N/mm”)
Gd* N = number of active coils
k=—3 (10.7)
8D°N
1 . .
E= ) P (10.8) | E = strain energy stored in spring (N-mm)
Two springs in Series
1 _ 1 " 1 or k= Kk, (10.9) k, = stiffness of spring 1 (N/mm)
k Kk Kk b+ ky k, = stiffness of spring 2 (N/mm)
Two springs in Parallel k = combined stiffness of two springs (N/mm)
k=k +k, (10.10)

Buckling of helical springs

A helical compression spring, that is too long compared to the mean coil diameter, acts as a flexible column and may
buckle at a comparatively low axial force. The spring should be preferably designed buckle-proof. Compression
springs, which cannot be designed buckle-proof, must be guided in a sleeve or over an arbor. The thumb rules for
provision of guide are as follows:

M <26 [Guide not necessary]
mean coil diameter

free length

_ [Guide required]
mean coil diameter

Table 10.12  Concentric springs

A concentric spring consists of two helical compression springs, one inside the other, having the same axis.
Assumptions: (i) The springs are made of the same material. (ii) The maximum torsional shear stresses induced in
outer and inner springs are equal (iii) They have the same free length. (iv) Both springs are deflected by same amount
and therefore, have same solid length.

d, = wire diameter of outer spring
d, = wire diameter of inner spring

D, D, = mean coil diameter of outer spring
D, D, = mean coil diameter of inner spring
7S i P, = axial force transmitted by outer spring
Eﬂ@ d, P, = axial force transmitted by inner spring
@ZEEEEQ P = total axial force
éﬁij% ‘ 8, = deflection of outer spring
7y 6, = deflection of inner spring
@%g ? 2 N, = number of active coils in outer spring
Ej@% N, = number of active coils in inner spring
@ — Sz T, = maximum torsional shear stress in outer spring
Ba

T, = maximum torsional shear stress in inner spring
C = spring index
¢ = radial clearance between springs

(Contd.)
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T,=1,

55, d,N,=d,N, (10.11)
B d} D D, ..

—=— 10.12 —==C =spring index (10.13)
P, d} ( ) dy d,

d__C (10.14) c=@=9) (10.15)
d, (C-2) 2

Applications: Concentric springs are used as valve springs in heavy duty diesel engines, aircraft engines and rail road

suspensions.

Table 10.13  Helical springs subjected to fluctuating load

Mean and amplitude shear stresses

P, = maximum value of fluctuating external force
acting on spring (N)

1
By= E(P max + Poin) (10.16) P_;, = minimum value of fluctuating external force
acting on spring (N)
P = %(Pnmx -P.) (10.17) | P, = mean force (N)
P, = force amplitude (N)
_ 8P, D
tn= KS( wd® ) (10.18) 7, = mean shear stress (MPa or N/mm?)
K, = correction factor for direct shear stress
K=(1+%) (10.19)
‘ C
8P.D
Ta= K( 77;23 ) (10.20) 7, = torsional shear stress amplitude (MPa or N/mmz)
K = Wahl factor
k=21, 0615 (10.21)
4C -4 C
Pulsating shear stress cycle for springs
RSLSE, 77777777777 _ A spring is never subjected to a completely reversed load,
changing its magnitude from tension to compression and
E passing through zero with respect to time. A helical com-
=3/ \ N pression spring is subjected to purely compressive force.
é 3 On the other hand, a helical extension spring is subjected
R to purely tensile force. In general, the spring wires are
subjected to pulsating shear stresses, which vary from
00 Time zero to (S,,) .

(Contd.)
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H. J. Elmendorf relationships

For patented and cold-drawn steel wires (Grade 1 to 4),
Se=021S, (10.22) S, = endurance limit in shear for the stress
S, =0.42S5,, (10.23) variation from zero to some maximum
2
For oil-hardened and tempered steel wires (SW and value (MPa or N/mm®)
VW grade), S,, = ultimate tensile strength (MPa or N/mm?)
§7.=0228,, (10.24) S,, = yield strength in shear (MPa or N/mm?)
S, =0.458, (10.25)

Fatigue diagram for spring

RS . .
{ NN Line of failure

s 2 C Design line
H
! Load line
- T 777777 10N

E'1GABIF \UD B
0 Ti Tm Tm

In this diagram, mean stress (7,,) is plotted on the abscissa, while stress amplitude (7,) on the ordinate. Point 4 with

1 1 o . . . . . . .
ESS’e, ESS/ej indicates the failure-point of the spring wire in fatigue test with pulsating stress cycle.
Point B on the abscissa indicates the failure under static condition, when the mean stress (7,,) reaches the torsional

coordinates (

yield strength (S). Line AB is called the line of failure. To consider the effect of the factor of safety, a line DC is

— S
considered from point D on the abscissa in such a way that, OD = ﬁ
5
The line GH is called load line. It is starts from point G on abscissa at a distance 7; from the origin. The torsional
shear stress due to initial pre-load on spring (P,) is 7. The slope of the line GH (6) is given by,

T
tan O = —+
Tm

The point of intersection between design line DC and load line GH is X. The co-ordinates of point X are (T,,,. T,).

1 7
ESse

(10.26)

1
X ™ Ss _7Ss/e
() T2
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10.4 TORSION SPRINGS

Table 10.14  Helical torsion springs

M, =bending moment acting on torsion spring (N-mm)
P = external force acting on spring (N)

M, =Pr
b (10.27) r = distance of line of action of external force from
central axis of coils (mm)
0, = permissible bending stress for spring wire
2
_(32M, (MPa or N/mm"~)
%= K( nd’ j (10.28) d = wire diameter (mm)
K = stress concentration factor due to curvature
4C*-C -1 K; = stress concentration factors at the inner fibre of
Ki=——— (10.29) coil
4C(C -1
5 K, = stress concentration factors at the outer fibre of
0:4C +C-1 (10.30) coil
4C(C+1) C = spring index
6 = angular deflection of spring (rad)
4 PrDN D = mean coil diameter (mm)
0= 67r4 (10.31) - .
Ed N = number of active coils
4 k = stiffness of the helical torsion spring, i.e., bending
= Ed (10.32) moment required to produce unit angular displace-
64DN

ment (N-mm/rad)
E = modulus of elasticity (MPa or N/mm?)

Note: The spring index is generally kept from 5 to 15. When it is less than 5, the strain on the coiling arbor of the
torsion winder causes excessive tool breakage. When it is more than 15, the control over the spring pitch is lost.
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10.5 SPIRAL SPRINGS

Table 10.15  Spiral springs

spring

P = force induced at the outer end 4 due to winding of

the arbor (N)
M=Pr (10.33) r= ?Iljrti;lce of centre of gravity of spiral from outer end
M = bending moment due to force P acting at a distance r
(N-mm)
0, = permissible bending stress (MPa or N/rnmz)
o,= 12];/[ (10.34) | = thickness of strip (mm)
bt b = width of strip perpendicular to plane of paper (mm)
12M1 6 = rotation of arbor with respect to drum (rad)
0= 3 (10.35) | 1 =length of strip from outer end to inner end (mm)
Ebt E = modulus of elasticity (MPa or N/mm?)
5= 12MIr 10.36) | © = deflection of one end of spring with respect to other
- 3 ( . )
Ebt end (mm)
2
= 6EAZ 31 (10.37) | U = strain energy stored in spring (N-mm)
t

10.6 LEAF SPRINGS
Table 10.16  Semi-elliptic leaf springs

2L

2P

Master
leaf
Two extra
full length
leaves

Gratuated-length
leaves

(03), = bending stress in graduated length leaves
(MPa or N/mm?)

(0,), = bending stress in extra full-length leaves
"~ (MPaor N/mmz)
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L =length of the cantilever or half the length of

12PL semi-elliptic spring (mm)
(0})g= Gt 2 bi2 (10.38) P = force applied at the end of the spring (N)
(3ny+2n, )bt n, = number of extra full-length leaves
18PL né = number of graduated-length leaves including
(03),= Gt b (10.39) master leaf
(3ny+2n, )bt b = width of each leaf (mm)
2P t = thickness of each leaf (mm)
= (10.40) 6 = deflection at the end of spring (mm)
Ebt"(Gny+2n,) E = modulus of elasticity (MPa or N/mm?)
Nipping of leaf springs
QP13 C = ‘nip’ or initial gap between the extra
= Enbp? (10.41) full-length leaf and the graduated-length leaf
before the assembly (mm)
pe 2ngn, P (10.42) n = total number of leaves
! n(3n;+2n,) ’ P, = initial pre-load required to close the gap C
between the extra full-length leaves and
o, = 6P, 124 (10.43) - gradl‘lated-leng‘th leaves (N) ,
nbt 0, = bending stress in all leaves (MPa or N/mm®)

Nominal thickness of leaves

t(mm)=3.2,45,5,6,65,7,7.5,8,9,10, 11, 12, 14 and 16

Nominal width of leaves

b (mm) =32, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100 and 125

Hardness of steel leaves

Material Hardness after heat treatment
50Cr4Vv2 409 to 485 HB
60Cr4Vv2 432 to 485 HB

55Si7 378 to 432 HB

60Si7 363 to 435 HB

65Si7 363 to 432 HB

Table 10.17  Eye styles for semi-elliptic leaf springs

Up turned eye

Down turned eye

\\

Reinforced eye

Berlin eye

Springs
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Plain end mounting

Pretensioned spring eye

10.7 BELLEVILLE SPRINGS

Table 10.18 Belleville spring washers

ES 3
P=———— —[(h—6/2)(h—=06)t+¢
M )h=8)t+1]
ES
o=——+———[Ci(h—6/2)+ C,t
=@ ar oGl
r 2
M- 6 (d,/d;)—1
”10ge(d0/di)_ (do/di)
C - 6 [ (d,/d)-1 .
' mlog,(d,/d,)| log,(d,/d))
6 _(d(,/di)—l}
C,=
mlog,(d,/d;)L 2
Eht

(P)at = when (§=h)

(1-pMd,/2)*

(10.44)

(10.45)

(10.46)

(10.47)

(10.48)

(10.49)

P = axial force (N)
(P)ga = axial force at flat position when
(6=h)(N)
6 = deflection of spring (m)
t = thickness of washer (m)
h = free height minus thickness (m)
E = modulus of elasticity (N/m?)
o = stress at the inside circumference
(N/m?)
d, = outer diameter of washer (m)
d; = inner diameter of washer (m)
1 = Poisson’s ratio (0.3 for steel)
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Nesting of Belleville spring washers

Series combination

Parallel combination

Parallel series combination

200
h/t=2.828 -
180 /H h/t_l — = 17/}
160 h/t=2275 = = 27/
140 / ] ',\/ /]
SN
[l / |ht=1414 P /
5100 / ; /,7“ ==1 /
i 80 // -~ - /' /
g oL/ Pl N
S ol e 17
= 40 z
W —h/t=04 /
20 s
0 E- ‘ N
0 20 40 60 80 100 120 140 160 180 200
9% deflection to flat
Significance

(1)
(i)
(iii)
(iv)
™)

(vi)

The deflection and force of Belleville spring are zero at the free position of spring
One hundred per cent deflection represents the condition when the spring is completely flat and 100% force
represents the axial spring force when the spring is flat. This is the central position of all characteristic curves.

When [(/4/f) = 0.4], the spring rate is almost linear and similar to spring rate of helical spring.
When [(h/f) > 0.4], the spring rate becomes non-linear.
When [(//f) = 1.414], the curve has a portion of nearly straight line at the central position where the spring is flat.
In this region, the force deviates less than 1% of the force value at 100% deflection.
When [(h/f) > 1.414], the curves become bimodal. It indicates that for a given force, there is more than one
possible deflection. If such a spring is mounted in such a way so as to allow it to go beyond flat condition, it will
be bistable, requiring a force in either direction to trip its past centre.

Springs
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10.8 HELICAL SPRINGS OF RECTANGULAR WIRE

Table 10.20 Helical spring of rectangular wire

=t~

Iy p—— |

b

Load-stress equation
PD
T= 5
2o0bt

Load-deflection equation

5o nPD’N
4BGbht

(10.50)

(10.51)

7 = permissible shear stress for spring wire (MPa or N/mm?)
P = axial spring force (N)
D = mean coil diameter (mm)

b = side of cross section parallel to axis of spring (mm)

t = side of cross section perpendicular to axis of spring (mm)
6 = axial deflection of spring (mm)
N = number of active coils

G = modulus of rigidity of spring wire (MPa or N/mm?)

o, B = constants depending upon ratio (b/¢) (Table 10.21)

Table 10.21 Constants o and B for helical spring of rectangular wire

bit 1100 [120 |[1.50 |1.75 [2.00 |250 |3.00 [4.00 |[500 |6.00 |8.00 |10.0 oo
0.208 [0.219 |0.231 [0.239 |0.246 |0.258 |0.267 |0.282 |[0.291 [0.299 |0.307 | 0.312]0.333
B |0.1406|0.166 |0.196 |0.214 |0.229 |0.249 |0.263 |0.281 |0.291 | 0.299 |0.307 | 0.312|0.333
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10.9 FLAT FORM SPRINGS

Table 10.22  Flat form springs

v

Notations

b = width of spring (mm)
t = thickness of spring (mm)
| = effective length of spring

P = spring force (N)
6 = deflection of spring (mm)

(mm)

k = bending stress correction factor

R = radius assumed by spring on loading (mm)

E = modulus of elasticity (MPa or N/mm?)
0, = bending stress in spring (for static loading)

(MPa or N/rnmz)

0y, = permissible stroke stress (for dynamic loading)
(MPa or N/mm?)

S,, = ultimate tensile strength of strip material
(MPa or N/mm?)

Stress and deflection equations

(i) Cantilever spring with end load

‘ 6Pl
7 o,=k| —- 10.52
p h b (bl‘2 ) ( )
0 3
4Pl
7 ﬁ o= 10.53
Ebt® (10.53)
(i) Simply supported spring with centre load
p | ( 3Pl )
1\ y B b 2612 ( )
\ 112 /2 % P
6= (10.55)
P12 P12 B
(Contd.)
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(iii) One end fixed and one end simply supported spring with centre load

-
9P
o, = k| 222 10.56
b (Sbtzj ( )
3y
s A 3
7P
n n | =i (10.57)

Permissible stresses

For static loading For dynamic loading
0,=0.75S,, (10.58) 0,,,=0.6(0.75S,,) (10.59)
Modulus of elasticity

Material E (MPa or N/mmz)
(1) Cold-rolled steel strip 206 000
(ii) Austenitic stainless steel strip 190 200
(iii) Phosphor bronze strip 105 000
(iv) Copper beryllium strip 127 000

10.22 Machine Design Data Book



Friction Clutches

111

Table 11.1 Service factors for clutches (K,)

SINGLE AND MULTI-PLATE CLUTCHES

Type of Prime mover

Type of Driven equipment

Light steady loads
(Starting torque is
equal to or slightly
greater than running
torque)- centrifugal
pumps, light-duty
fans and blowers,
liquid mixers and
agitators, centrifugal
compressors, gear

Moderate loads
(High starting
torque or above
average running
torque)- machine
tools, heavy-duty
centrifugal pumps,
cooling towers,
slurry agitators,
boiler feed pumps,

Medium load (Start-
ing torque is approxi-
mately double
running torque) -
dredge pumps, light-
duty hammermills,
lineshafts, paper
converting
machinery, rotary
kilns, rotary or

Heavy duty loads
(High starting torque,
shock loading, light
torque reversals
during drive)- mine
ventilating fans,
reciprocating pumps
Or COMPIessors,
Paper making
machinery, heavy-

engines (Diesel)

pumps, textile and hoists and screw-type pumps for | duty hammermills,
wood working conveyors high viscosity fluids | ore crushers,
machinery pulverising mills
Steam and gas turbines 1.00 1.25 1.50 1.75
AC electric motors 1.25 1.50 1.50 1.75
DC electric motors, 1.25 1.50 1.75 2.00
hydraulic motors
Spark ignition engines 1.75 1.75 2.00 *)
(Petrol, natural gas or
propane)
Compression ignition 2.00 2.50 2.75 *)

(*) To be consulted with manufacturers

Note: (A/[t)des = Ks (A/[t)
where

K, = service factor

(M,)4s = torque capacity of clutch for design purpose
(M,) = rated torque




Table 11.2  Single and multi-plate clutches

B
.

D

(UP)

—lpl—— —lp =

Notations:
D = outer diameter of friction disk (mm)
d = inner diameter of friction disk (mm)
p = intensity of pressure at radius ‘7’(MPa or N/mrnZ)
P = total operating force (N)
M, = torque transmitted by the clutch (N-mm)

1 = coefficient of friction
P, = maximum pressure intensity at inner radius
(or at d/2) (MPa or N/mm?)
R, = friction radius (mm)
z = number of pairs of contacting surface
z, = number of disks on driving shaft
z, = number of disks on driven shaft

Single-plate clutch

Uniform pressure theory (UP) Uniform wear theory (UW)
p = constant (11.1) pr= p,(d/2) = constant (11.7)
P="L(D - ) (112) P:L’;d(p-d) (11.8)
T

M,= 1‘;”(133—513) (11.3) Mt:L"lg"d(Dz—dz) (11.9)
_HP(D’=d) M= D+a 11.10
= o (114) | M= -(D+d) (11.10)
M,=uPR, (11.5) M,=uPR, (11.11)

1(D*-d%) 1
== 11.6 R,=—(D+d 11.12

Note: (i) Use uniform wear theory for design of clutches. (ii) The ratio (D/d) is usually taken from1.5 to 2.0.
Multi-plate clutch
Uniform pressure theory Uniform wear theory
a3 Pz
t:'uPZ (Dz d3) (11.13) Mt:# (D+d) (1.14)
3 (D*-d¥) 4

z=(z; +z,-1) (11.15)
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Table 11.3  Clutch facings for automotive transmission

QEKKITD
[XRRRES
[X0HXSS
ot

X J
oo’: x
X o5
Nosese!
2 A XK
8o ISR K
CQHRXXN, R
N IONSS N 4
o SRR
X R

Preferred dimensions for clutch facings

Preferred outside diameter (mm) 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180, 190, 200, 210,
220, 230, 240, 250, 260, 270, 280, 290, 300, 325, 350
Preferred inside diameter (mm) 80, 85,90, 95, 100, 105, 110, 120, 130, 140, 150, 175, 200
Preferred thickness (mm) 3,354
Permissible deviations for outside diameter
Outside diameter (mm) Permissible deviation (mm)
120-160 0.0
-0.5
170-300 0.0
-0.8
Over 300 0.0
-1.0
Permissible deviations for inside diameter
Inside diameter (mm) Permissible deviation (mm)
80-110 +0.5
0.0
120-150 +0.8
0.0
Over 150 +1.0
0.0
Permissible deviations for thickness
Thickness (mm) Permissible deviation (mm)
3,35,4 +0.1
Rivet holding land
145° head
180° head L X
ZZMING W r
Land J‘ E L Land
Thickness

of clutch facing

(Contd.)
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The rivet holding land in drilled facing should not be less than 1.45 mm. Also, it should not be more than half of the
thickness of facing.

Types of clutch facings

Type A Solid woven or piled fabric with or without metallic reinforcement

Type B Moulded or semi-moulded compound

Requirements of clutch facings

(1) The average values of coefficient of friction should be within the range 0.25 to 0.35 during the friction test. The
temperature at the interface during this test should be 150° + 10°C. (ii) The wear of clutch facing should not be more
than 15 cm® per 100 horsepower-hour. (iii) The facing should lie flat after riveting to the plate. The difference in thick-
ness from point to point (parallelism) should not exceed 0.08 mm.

Table 11.4 Mechanical multi-disc clutches (wet type)

Single acting multi-disc clutch

Outer clutch plates Inner clutch plates
Release spring Adjusting disc
Pressure plate Nut (adjustable) ~ Shifter
S 1 | — r - pulley
Lever (slider)
§'§ NZVNINON Clutch
N QA0Q \ proper
N )’O/O/Olod
LZNZNZ
A

=N

(Contd.)
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Double acting multi-disc clutch

Outer Inner
clutch plate clutch plate
Pressure Adjusting Clutch
plate disc proper Release

Lever Nut (adjusting) spring

Shifter pulley

(slider)

Construction: (i) The clutch consists of number of pairs of inner and outer plates. The inner plates have internal lugs
or splines to engage in hub of the clutch. The outer plates have external lugs or involute teeth to engage with outer
housing. One of the pairs of clutch plates may be made from phosphor bronze, while the other shall be made of steel.
(i1) Slider is a ring collar that is used to shift and operate the clutch. A pivoted lever is used to transmit force from the
slider to the clutch plates. Adjusting nut is a ring nut provided on clutch to adjust normal pressure between plates. Hub
is the body of clutch on which inner clutch plates, levers, adjusting nut and sliders are mounted. Hub also receives one
of the drive or driven shaft of the machinery. Outer housing engages the outer clutch plates. It also engages one of the
drive or driven shaft of the machinery. (iii) The clutch is engaged by shifting the slider which will apply pressure on
the clutch plates through the lever. The pressure on the plates creates frictional force to engage the clutch without slip.
(iv) Single acting clutch implies a single clutch unit, which is used to engage or disengage only one drive. (v) Double
acting clutch implies two clutch units, which is used to engage either one or other drives by a common operation. The
double acting clutch may also have a neutral position where both the drives are disengaged simultaneously.
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11.2 FRICTION MATERIALS FOR CLUTCHES

Table 11.5  Coefficient of friction and permissible pressure for clutches

Contacting surfaces Coefficient of friction Permissible pressure
2
Wet Dry (MPa or N/mm"~)
Cast iron-cast iron 0.05 0.15-0.20 1.00-1.75
Leather-cast iron/steel 0.12 0.3-0.5 0.07-0.28
Cork-cast iron/steel 0.15-0.25 0.3-0.5 0.05-0.10
Woven asbestos-cast iron/steel 0.10-0.20 0.3-0.6 0.35-0.70
Moulded asbestos-cast iron/steel 0.08-0.12 0.2-0.5 0.35-1.00
Sintered metal-cast iron 0.05-0.10 0.1-0.4 1.00
Sintered metal-steel 0.05-0.10 0.1-0.3 2.10
11.3 CONE CLUTCHES
Table 11.6 Cone clutches
)p
(0-dj2—
T 0
o
%oid —eo <
J f D2

Uniform-wear

Uniform-pressure

Notations:
D = outer diameter of cone clutch (mm)
d = inner diameter of cone clutch (mm)
a = semi-cone angle of clutch (°)
b = face width of friction lining (mm)
p = intensity of pressure at radius ‘7’ from axis of
clutch (MPa or N/mmz)

P =total operating force (N)
M, = torque transmitted by the clutch (N-mm)
1 = coefficient of friction
P, = maximum pressure intensity at inner radius (or at
d/2) (MPa or N/mmz)
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Uniform pressure theory Uniform wear theory
p = Constant pr = p,(d/2) = Constant
p:%(D2_d2) (11.16) p:LP;d(D_d) (11.19)
THP 3 _ 3 TUPd 2 2
=———(D’-d 11.17 =Zla” (p?_
p IZSina( ) ( )| M, 8sina(D d*) (11.20)
313
- P
= KE D —d) arigy | M,=-E"—(p+a) (11.21)
3sino (D°—d*) 4sin o
_b-d (11.22)
2sin o

Note: (i) Use uniform wear theory for design of clutches. (ii) The semi-cone angle of clutch is usually taken as 12.5°.

11.4 CENTRIFUGAL CLUTCHES

Table 11.7  Centrifugal clutches

Friction

m[(P), - R]
Forces 6.
on shoe
i
P = spring force (N)
(11.23) | P, = centrifugal force (N)
m = mass of each shoe (kg)
w, = speed at which engagement starts (rad/s)
r, = radius of the centre of gravity of the shoe in engaged
position (mm)
mr, (wg _ w12) @, = running speed (rad/s)
Net force on drum = ——F———— (11.24)
1000
o wmr,( wg _ w12) U = coefficient of friction between friction lining and drum
Friction force = ———— (11.25)
1000
22 z = number of shoes
w; — @
M= pmry 1y 2(0) — &) (11.26) | 7, = radius of drum (mm)
1000 M, = frictional torque (N-mm)
1=r,0 (11.27) | = contact length of friction lining with drum (mm)
6 = contact angle of friction lining or shoe with drum (rad)
2 2 b = width of friction lining (mm)
mr, (@, — ;) _ .. S 2
p,lb)= (11.28) |  p, = permissible pressure on friction lining (MPa or N/mm°~)
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11.5 ENERGY EQUATIONS

Table 11.8 Energy equations for clutches

Clutch
TN D
ZI\
1,
[on ()
Driving Driven
shaft 1 k4 A shaft
ZN\ Wy
L+1, o = difference in velocities of driving and driven shafts
0= (0, - 0,) M;( 11 ]t (11.29) or relative velocity at time ‘t’ (rad/s)
"2 o, = angular velocity of driving shaft (rad/s)
@, = angular velocity of driven shaft (rad/s)
M, = clutch torque (N-m)
1, = moment of inertia of driving shaft(kg—mz)
1, = moment of inertia of driven shaft (kg-mz)
t = time (s)
_ (@, - w1, (11.30) ¢, = time taken by clutching operation or time at the in-
! L +1)M, stance when the angular velocities of two shafts become
equal (s)
I +1 u = rate of energy dissipation (J/s)
u=M | (0, —w,)-M,| 1—2|t (11.31)
1 | — @ 1y
12
1 (0, - 0,)* 1,1, E = total energy dissipated or heat generated during
E=7 (11.32) | clutching operation (J)
2 (h+1)
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Brakes

12.1 BLOCK BRAKES

Table 12.1 Block brake with fixed short shoe

Lever

Assumptions

(1) The block is rigidly attached to the lever.
(i) The angle of contact between the block and brake drum is small, resulting in a uniform pressure distribution.
(iii) The brake drum is rotating in a clockwise direction.

M, = braking torque (N-mm)
R = radius of the brake drum (mm)

M=HNR (12.1) 1= coefficient of friction
N = normal reaction (N)
p = permissible pressure between the block and the
2
N=plw (12.2) brake drum (MPa or N/mm~)

/ =length of the block (mm)
w = width of the block (mm)

(Contd.)
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Optimum width of block

l(drum diameter) < w< l(drum diameter) (12.3)
4 2

R.=uN (12.4) | R, = hinge pin reaction in X direction (N)

R,=(N-P) (12.5) | R,= hinge pin reaction in Y direction (N)

Actuating force on lever (P) (Three cases)

p= w < N (12.6) | P = actuating force on lever (N)

Case I (a > uc)

In this case, the friction force (uN) helps to reduce the magnitude of the actuating force P. It is seen from the free-body
diagram, that the moment due to braking effort (P X b), and moment due to friction force (UN * ¢) are both anticlock-
wise. Such a brake is called a partially ‘self-energizing’ brake. However, the brake is not self-locking, because a small
magnitude of positive force P is required for the braking action. This is a very desirable condition.

Case II (a = uc)

In this case, the actuating force P is zero. This indicates that no external force is required for the braking action. Such a
brake is called ‘self-locking’ brake. This is not desirable condition in normal applications. Some positive braking effort
(P) should be required to apply the brake, otherwise the brake will be out of control of the operator.

Case III (a < uc)

Under this condition, the actuating force P becomes negative. This is a dangerous operating condition, resulting in
uncontrolled braking and grabbing. The brake is out of control of the operator because he cannot apply it.

Desirable condition

In designing block brakes, care should be taken to see that the brake is not self-locking and, at the same time, full
advantage of the partial self-energizing effect should be taken to reduce the magnitude of the braking effort P. The

condition to avoid self-locking is given by,
a> lc (12.7)

(Contd.)
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Table 12.2

Block brake with fixed long shoe

Lever P :5

, 4sin 6
K=k g+ sin 20

Friction force = u’N
M;=u’NR

(12.8)

(12.9)

M, = braking torque (N-mm)

R = radius of the brake drum (mm)

1 = actual coefficient of friction between friction block and drum
1’ = equivalent coefficient of friction

N = normal reaction (N)

0 = semi-block angle (rad)

Note: The examples of block brake with fixed ‘long’ shoe, can be solved by using the same equations, which are
derived for block brake with fixed ‘short’ shoe, by replacing coefficient of friction () by equivalent coefficient of

friction (u”).

Table 12.3  Pivoted block brake with long shoe

P

Pivoted

@ shoes @
4R sin 6 h = distance of pivot from axis of brake drum (mm)
= 0+ sin20 (12.10)| R = radius of brake drum (mm)
0 = semi-block angle of each shoe (rad)
M,=2u R*w p,,,, sin 0 (12.11)| M, = braking torque capacity of each shoe (N-mm)

1 = coefficient of friction between friction lining and drum

w = width of friction lining (mm)

Pmax = Maximum intensity of pressure between friction lining and
brake drum (MPa or N/mm?)

R .= %prmax (20 +sin 20)

(12.12)

R, = reaction at each pivot in X direction (V)

R,= % URwp,, (20 +sin 26)

(12.13)

R, = reaction at each pivot in Y direction (V)

Note: In case of the pivoted shoe brake, the location of the pivot (%) from the axis of brake drum is selected in such a
way that the moment of frictional force about the pivot is zero. This is the main advantage of the pivoted shoe brake.
On the other hand, when the block is rigidly fixed to the lever, the tendency of the frictional force (1) is to unseat

the block with respect to the lever.
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12.2 INTERNAL EXPANDING BRAKES

Table 12.4 Internal expanding brake

Friction
lining

Pressure distribution on friction lining

Prs SIN O p = normal pressure on elemental friction lining

_ Fmax .

~ sin P (12.14) located at centre angle ¢ from the shoe pivot and
max subtending an angle d¢ (MPa or N/mmz)

Note: Pmax = Maximum intensity of pressure for friction lining
Omax = 90° when  6,>90° (MPa or N/mm?)
Oax = 6, When 6, <90° (12.15) 6, = centre angle from shoe pivot to heel of friction
lining (°)
6, = centre angle from shoe pivot to toe of friction
lining (°)
Moment of frictional force about the axis of shoe pivot (M)
dN = pRwd¢ (12.16) | @N =normal reaction on elemental friction lining
located at centre angle ¢ from the shoe pivot and
M= f/,t dN(R — h cos ¢) (12.17) subtending an angle d¢ (N)
0 R = internal radius of brake drum (mm)
o) . .. ..
M, = /,tpmawa J~ sin ¢(R — h cos 0)d¢ (12.18) w = face width Of.fI'l.CtIOI’l lining on shoe (mm)
Sin @, 9 M= moment of frictional force about the axis of shoe
pivot (N-mm)
1= coefticient of friction
h = distance of pivot from axis of brake drum (mm)
M, = UD oy RW[4R(cos 0, — 095 6,) — h(cos 26, — cos 20,)] (12.19)
4sin @,
Moment of normal force about the axis of shoe pivot (,)
M, =[dN (hsin ¢) (12.20) | M, =moment of normal force about the axis of shoe
Rwh% pivot (N-mm)
M, =m0 (G2 g g (12.21)
sin ¢max 6,
M, = Prnax RWH[2(0, — 9%) — (sin 20, —sin 26,)] (12.22)
4sin ¢,
(Note: 0, and 6, are in radians)
(Contd.)
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Braking torque (M)
UR? w
Mtzf,udNR (12.23) Mtzﬂjsin odo (12.24)
sm d)max 0I
2 [
M[ — :uR Prmax "‘T(COS 91 cos 92) (12.25)
sm ¢max
Actuating force (P)
For clockwise rotation of brake drum,
M,-M, .
pP= Ci» (12.26) P = actuating force (N)
. : . C = distance of actuating force from the axis of shoe
For anti-clockwise rotation of brake drum, pivot (mm)
M, +M,
= — (12.27)

Table 12.5 Automotive-type double shoe internal expanding brake

Right-hand shoe Left-hand shoe
M,-M, M+ M)
P= : (12.28) P=——" (12.29)
C C
Pmax = Maximum intensity of pressure for right shoe Dhax = Maximum intensity of pressure for left shoe
- CP Py
Prmax = Pmax M+ M, (12.30)
Total braking torque
M,= M)+ (M), (12.31)
M, = total torque-absorbing capacity of brake (N-mm)
(M) = torque-absorbing capacity of right-hand shoe (N-mm)
(M), = torque-absorbing capacity of left-hand shoe (N-mm)
R?w(cos 6, — cos 0 ,
w1, = BRVCOSOZC03) (i pr) (1232)
sin @,
(Contd.)
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Pedal force and deceleration

(1) The maximum force e