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o Let us REVISE

I/

= Question 1
=  Indicate whether the following statements are True or False by ticking the appropriate selection box.,  ——

T | F
X Engmeering design process 15 an individual task performed o meet some
requirement of humankind.

X Mechamical design process 15 the use of scientific principles and technical
information to define machine that will optimally perform a required function.

X General-purpose elements are components of the same machine which are

different in the shape and geometry and carry out different tasks.

The 1solated system together with all forces and moments due to any external

X | effects and the reactions with the main system 15 called equilibrinm.

X Strength 15 an mherent property of a material built into the part because of the
use of a particular material and process.

X Stress 15 a state property of a body which 15 not a function of load, geometry,

temperature and manufachuring processing.

X A static load 15 a force or moment with frequent change 1n magnitude, point of

application and direction that acts on a member of a2 machine or mechanism

X A static load can be axial tension. compression, a shear load, a bending load, a

torsional load or anv combination of these.

If the time of application of load 1s shorter than three times 1ts natural period,

X dvnamuc effects are neglected and the load can be considered static.

Factor of safety 1s ratio between loss of a function load and allowable load.

X strength and stress of a material.
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Factor of safety 1s ratio between strength and stress of a material.

Thread pitch is a distance between adjacent thread forms measured parallel to
the thread axis.

Metric threads are usually pipe threads.

Both metric and unified threads can have coarse and fine pitch.

A component that prevents relative motion between two bodies 1= called
bearing.

Ball beanings take more load then cylindncal bearings.

Fating life of a beaning. L, is number of revolution or hours of operation that
90% of a group of identical bearmngs will achieve or exceed before the failure.
An axle is a rotating element that carries torque and 15 supported by rotating
bearings.

The reason to use gears 1n speed reducers is because torque 15 easv to generate,
while speed is not.

The fundamental premuse of gearing 1% to mamtain a constant relative rotation
rate of gears.

Trusses are structures composed entirely of members that are loaded with forces
11 two points

The method of joints emplovs the summation of forces at a joint to calculate
forces in members.

A fatlure mode is any event that prevents a functional failure of a2 machine or a
sysiem.

Failure effects describe what happens when a fatlure mode occurs
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C Question 2

—_—

There are eleven (11) general considerations which should be taken mto account during 2 mechanical design of
S— a component or system. These are related to it most important design and manufacturing features. List at least
five (3) of these and give their brief explanations.

Answer

1. Type of load and stresses induced;
To design a machine part it is necessary 1o know the forces, which the part must sustain.
2. Mation of the parts or kinematics of the machine;

Forces and their relations change during the motion of the part. The motion of the part may be:
—Rectilinear motion
—Zundlinear motion

—Constant or vanable velocity
—Constant or vansble acceleraton
3. Selection of materials;
Body of the component is the matenal. The designer should have thorough knowlaedge of the properties
of the materials and their behaviour under working conditions.
Imporant characterstics of materials are: atrength, sbiffmessMexibility, durabiiify, weight, rezisfance fo
heat, corrogion and wear, abiify fo cast, weld or hardened, machinability, elecirical or magnetic
properfies elc.
4 Form and size of the parts;
The smallest practicable cross section may be used;
Ensure that the stresses induced are reasaonably safe.
Easy to machine. Part ar assembly should not involve undue stress concenirations.
Small weight and minimum dimensicns should be the criteria (shape and mafensl)
5 Production soundness;

The component should be designed such that its production requires the minimurm sxpenditure of labour
and time.

5 Ahmed Kovacevic, City University London


http://www.staff.city.ac.uk/%7Era600/PageME1110.htm
http://www.staff.city.ac.uk/%7Era600/PageME1110.htm

IT

0
£Y
23
r4
|2
:

& Mumber to be manufactured,;
The number of componants to be manufaciured afects the design in a number of ways.
7. Cost of construction;
The cost of construction of a pant is one of the most importan: considerations involved in design. The aim
5 o reduce the manufacturing costs in any circumstance.
8. Safety;
The shape and dimensions of the par should ensure safety of the personne! responsible for not only ts
manufaciure but during its ogeration in a maching also.
sWorkshop facilities;
A design engineer should be familiar with the limtations of the availlable workshap. Here, the policy to
manufaciure or to by should be decided.
10.Use of standard parts;
The use of standard paris is closely related o cost.
The standard or stock parfs should be usad whenever possible:
gears, pulleys, beanngs and screws, bolls, nufs, pinz.
Variety (number and size) of such paris should be as few as possible.
11.Conformance to standards and codes;
Any part should confirm to the standards covering the shape, grade and type of material and safety
codes where applicable.
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(Juestion 3

The design of the assembly m Figure a Transition fit', class HT - k6, between the shaft and the
crank housing. The transifion fit ensures accurate location and stability under varymng loads.
Some form of mechanical assistance may be requured to fit the crank to the shaft.
Using the B34300A data sheet provided on the next page complete the table given below
deternumng the max. and nun. working linuts for the diameter of the hole (bush) and shaft
end diameter using:

- Classof fit- HT - kb

- Basic size of 35 mm

- Basic size of 85 mm

- Basic size of your own choice
Alzo, fill in fields for & maximum and minmum clearance
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Example Shaft

Determine the diameter for the solid round shaft 450
mm long, as shown in Figure. The shatft is supported by
self-aligning bearings at the ends. Mounted upon the
shaft are a V-belt pulley, which contributes a radial load
of F,=8kN to the shaft, and a gear which contributes a
radial load of F2=3kN. The two loads are in the same
plane and have the same directions. The allowable
bending stress (strength) is S=170 MPa. Assume factor
of safety 1.5.

F1=8 kN; F2=3 kN

a=450 mm b=150 mm

c=200 mm

S=170 Mpa f=1.5

d="?

SOLUTION:
Assumptions

- the weight of the shaft is neglected
- the shaft is designed for the normal bending
stress in the location of max. bending moment

Ahmed Kovacevic, City University London
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Shaft formulas

M Mc _ 32M

Bending stress o, 7 | d 3 c=d/2 - maximum span
|I=nd*/64 - second moment of area
_ o T . TC . 16T Z=cll - section modulus
Torsional stress zy S J zd?3 J=nd?*/32 - second polar moment of area
S=c/J - polar section modulus
32 f 3 f - factor of safety
Minimum diameter d = 3 s IM?+=T2 °
distortion energy theory 7Z'Sy 4

12 Ahmed Kovacevic, City University London


http://www.staff.city.ac.uk/%7Era600/PageME1110.htm
http://www.staff.city.ac.uk/%7Era600/PageME1110.htm

I
Solution

L

2

Clear
I:é”‘iﬁ 3 S'M, =—aR,+(a—b)F,+(a—b—c)F,
v F1=8000 N F2=3000 N R1 =6kN
| l l R, =5kN
5 A z {-T : M_. =M,=b-R =900Nm
R1=6000 N R2=5000 N I_Second moment of area (moment of inertia)
/i Section odulus ST T
I/ rd? —d_ |max span
VINI | 8000 64 9
3
a ==, Z =l=7z-d ~0.1d°
2000 c 32
~5000 Stress = Strain = Bending moment / section modulus
f=S/ s S—fo-fMe_(M_ 902 ~170-10°
M [Nm] 900 | Z 0.1.
d= 5| 127900 =0.01995m = 20mm
B i V170-10°
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I O Example bearings

— E -——u Select the bearings and determine their rating life for the
| driving mechanism shown in the Figure. The shaft is 450
—_— 3('32;4 mm long and supported by deep-groove bearing in point O
8 kN and plane roller bearing in point C. Assume minimum

(1) shaft diameter to be 20 mm. Mounted upon the shaft are a
V-belt pulley, which contributes a radial load of F;=8kN to

v F1=8000N  F2=3000 N the shaft, and a gear which contributes a radial load of
l’ l F,=3kN. The two loads are in the same plane and have
0 « the same direction. Minimum required bearing life is 2000
t i . "T h with 90% reliability. Shaft rotates constantly at n=1000
i rpm.
PRIRHEAY BRI F1=8 kN a=450 mm c=200 mm
@) F2=3 kN b=150 mm d=20 mm

L10n=(L10n)0=(L10n)c=2000 h  n=1000 rpm
SOLUTION:

6 a
Lm:ég—n(%) :C:P*a,/%Lmh P,=R =6000N  P. =R, =5000N

60*1000 Selected from the cataloque for deep- ball beari X
_ * 3 _ g p-groove ball bearings:
C, =6000 \/ 72000 =29,595N 6404 20x72x19 mm C=30,700 N

0*1000 Selected from the catalogue for cylindrical roller bearings:

C, = 500()*3.36/6T 2000 = 21,025N NU 204 20x47x14 mm C=25,100 N

14 Ahmed Kovacevic, City University London
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cv - Method of Joints ~-Example

Using the method of

joints,
a) Find is the truss el el
determinate 1_-1-..1:.u, ‘l......n. |
] A n 14 _
b) the force in each ' t
member BD. *T‘
::-| e re—
6 et 12 ft —t=6 ft =

15 Ahmed Kovacevic, City University London
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Method of Joints ~Example

d=m+r-2]=0

Calculate restraint reactions

Draw the free body diagram ‘ | |
of the truss and solve for the : —1—
|

. ? F.
equations: —L )
ZFX =0: Cx =0 B ft-=t=—12 ft— ""-Lﬁft

> F,=0:  2000-1000+E+C,=0= E+C,=3000 Ib
> M =0: 2000(24 ft)+1000(12 ft)—E (6 ft) = E =10000 Ib
C, =3000-10000 = -7000 Ib

16 Ahmed Kovacevic, City University London


http://www.staff.city.ac.uk/%7Era600/PageME1110.htm
http://www.staff.city.ac.uk/%7Era600/PageME1110.htm

12 0t
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v Method of Joints -Example

4C

L,

)
|
5t

l

Joint A 'i

ZFyzOz—gFAD—ZOOO b

Ed
E J
=12 ft— ""‘Lﬁﬂ -

F.p =—2500 Ib = [F,, = 2500 Ib (C)

ZFX:OZEFAD_l_FAB:_

5
Fe =1500 Ib =

17

3
5

F,s =1500 Ib (T)

00 10

(~2500 Ib)+ Fyq

Ahmed Kovacevic, City University London


http://www.staff.city.ac.uk/%7Era600/PageME1110.htm
http://www.staff.city.ac.uk/%7Era600/PageME1110.htm

v Method of Joints -Example

12 M2
b B F,, N 2500 b

o e /DB
|
=6 f

L
3

t==—12 ft— "'Lﬁft-!

Joint D

4 4 4 4
Y F,=0 =EFAD +EFDB :g(—2500)+g|:DB

Fog = 2500 Ib ={Fp, = 2500 Ib(T)

> F,=0= —g F.s +§ Foo+F, = %3(—2500)+§(2500)+ F.

Foe = —3000 Ib = F,. =3000 Ib(C)

18 Ahmed Kovacevic, City University London
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 Example screws

B The cover of a pressurised cylinder is attached by a
self-energising seal and 6 identical bolts M10x1.5 of

class 8.8. The fluid pressure is essentially constant at 6
MPa. A safety factor of three is required. Check if the

‘4— 7 180 —l“ given bolt can sustain the pressure!

| ' | _4:-:' P=6MPa 6 class 8.8 M10x1.5
i 5_, d,=120 mm N =3
S, /o=?
oo t/0=
SOLUTION:
Force on the cover ﬂd 2 -0.122
caused by the pressure: FF=p-A=p F. =6-10°~——-"=67858N =67.9kN

o F
Force on the individual bolt F = 6= _67. % F, =11.3kN

From tables: Tensile stress area A = 58mm* Proof strength S, =590 MPa
Stress on each bolt: o= I% = 1130%8 o =194MPa
S
L= @ =3.04= N,
o 194

Selected number of bolts can sustain the load o o
9 Ahmed Kovacevic, City University London
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“* | oad that a bolt can sustain

Tenslle stress:

exposed X zaction - through
e Q —F‘ F threads -l—l pitch | [— exposed threads
{a) 0T — b { 4 a
P—— o %11
-
(b 1
e | . stress area
— Shear stress:
{c) 1 _ P
g - | 'Z-

LE—+ /A
P

class no. 4.6 5.8 8.8 9.8 10.9 129 | NRE

St | Tensile [Mpa] 400 | 500 | 800 | 900 | 1000 1200

Sy | Yield [Mpa] 240 | 400 | 640 | 720 900 1080 | Strength

Sp | Proof [Mpa] 225 380 590 650 830 970 table
Elongation % 22 20 12 10 9 8

20 Ahmed Kovacevic, City University London
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Nominal Coarse-Pitch Series Fine-Piich Series

Maijor Tensile- Minor- Tensile- Minor-
Diameter Piich Stress Diameter Pitch Stress Diameter
d P Area A, Area A, P Area A, Area A,
1.6 0.35 127 1.07 °
2 0.40 2.07 1.79 Metrlc
25 0.45 3.39 2.98
3 0.5 5.03 4.47
3.5 0.6 6.78 6.00 threads
4 0.7 8.78 7.5
5 0.8 14.2 127 (all dimensions in mm)
é 1 20:1 1759
8 1.25 36.6 32.8 1 39:2 36.0
10 1:5 58.0 52.3 1.25 &1.2 56.3
12 1.75 84.3 76.3 1.25 92.1 86.0
14 4 115 104 1.5 125 116
16 2 157 144 1.5 167 157
20 2.5 245 225 1.5 272 259
24 3 353 324 2 384 365
30 3.5 561 519 2 621 596
36 4 817 759 2 215 884
42 4.5 1120 1050 2 1260 1230
48 5 1470 1380 2 1670 1630
56 55 2030 1910 2 2300 2250
64 6 2680 2520 2 3030 2980
72 6 3460 3280 2 3860 3800
80 6 4340 4140 1.5 4850 4800
20 é 5590 5360 2 6100 6020
100 6 6990 6740 2 7560 7470
110 7. 2180 2080
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