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1. This question paper has Two PartS Part A and Part B. Part A has three (03) qué&tions

and Part B has five (05) questions. Answer only four (04) questzons selecting at least one
(01 } questton  from Part A, but not more tlum Three (03) queshons from Part B.

2. Al questions carry equal marks.

3. - Read the questions carefully before you start answering each question.
4. Write the relépant questibn number at the beginning of the a_nswef. _

5. Before submitting your answer script, fill the box on rke ﬁ'ont page by wrmng the questzon :

numbers for wlnch you have already answered.

6. Some questions require design data. They are provided to you separately. Do not write

- anything on these data books. At the end of the exaim'nation return them to the supervisor. |

7. Assume any missing dtmensmns or. desxgn data, All suck ass:m:ptwns shall be clearly

stated appropnate{y in the relevant answers ‘
8. Any sketches that you provide to explain your answer shall be neatly drawn and labeled.

9. Use the charts, catalogues, data sheets and tables available and return them to the

supervisorat the end of the examination.

- 10. Use SI Units in all calculations, and present the answers underlined with correct units.
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PART A

Question 01.

a. Discuss the primary objectives of maintaining interchangeability in mass production
' of a particular component. With a suitable example explain how mterchangeablhty is
employed in design practice. '

b. Briefly define or explain within the context of machines, the terms of each pair given

‘below distinctly.
1. Reliability and safety factor.
ii. - Ergonomics conditions and operator safety.

c. Discuss how v1bratlon can occur in machines whlch are in operation and the effects .
of vibration on machinés. Quote relevant examples to explam your answer.

Qﬁestion_ 02.
Write answers to any four (04) of the following:

a. Compare and contrast shafts and axles con51der1ng their de51gn and practlcal
"applications,

b. Explain the self locking condition of screw threads.

C. W'hat are the categones of engineering fits between two matmg components? Explam
" your answer with relevant sketches :

d. Explain Lio life ofa rolling element bear'mgs._

‘e. What is preloading of a bolt and the necessity of preloading a bolt?

 Question 03.

a. Some technologlcal mnovatlons have altered the course of history and greatly
influenced in further developments in englneermg Explain such an innovation
. usmg an appropriate example : : '

b. DISCUSS the changes in the traditional design process with the mtroductton of
-computer aided design and computer alded manufacturing.

c. Consider a latest engineering produot and - explain the important featutes in its
design that the- 'des1gner has considered related to environment, ergonomlcs ,
sustainability and economic factors. Also explmn/Justlfy clearly, why it is 1mportant -

~ to consider the above factors. '
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PART B
Question (4,
Pulleyé are used to transmit power from one shaft to another by means of belts or sometimes
ropes. These pulleys may-be made from cast iron, cast steel or processed steel. Fig.4 shows an

overhung cast iron pulley with 6 arms mounted on to a shaft, where a leather belt of density
1,000 kg/n® is used to transmit power of 40 kW at 250rpm.

Pulley
-/
Bearing
Shaft
. 350mm
1‘
@ . W

Fig.4: (a) Sketch of a pulley arrangement, (b) Different types pulleys

Following design data are given;

® Density of cast iron is 7200kg/m’, ® Maximum tensile stress of belt material is 2.6MPa, »-
Tensile stress of pulley arm material is 20MPa, @ Tensile stress of pulley rim is 20MPa, »
Shaft is equally strong in tension and compression which is 75MPa, e Shear stress of key is
50MPa e Thickness of the belt 10mm, @ Friction coefficient is 0.25. . '

Calculate the, /. Diameter of the pulley
2. Width of the belt
3. Diameter of the shaft
4. Dimensions of the key _ _
5. Dimensions of the arms, which have elliptical cross section with minor
diameter is half the major diameter. :

Question (5.

Show that the torque (T).required to raise a load (W) by a square threaded screw and nut pair
can be derived as, ‘ '

T=Wtan(a+¢)-g

* Where, a is the helix angle, ¢ is the friction angle and d is the mean diameter of the SCIew. |

The cutter of a broaching machine is pulled by a square threaded screw of 55mm external

diameter and 10mm pitch. The operating nut which takes an axial load of 400N to remove

metal on a flat surface, has an internal diameter of 60mm and external diameter of 90mm. If.

. the cutting speed is 6m/min, determine the power required to rotate the operating nut. Also find .
the efficiency of the screw. ' ' - ' :

You may consider the coefficient of friction for all contact surfaces of the nut as 0.15,
S C Page 3.0f6 ‘ '
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Question 06.

\_ - |
\\_-- . V1 Alldimensions in mm

140
Fig.6 -

A C-clam amp shown in F1g6 is made of steel casting which has an allowable stress of
100MN/m°. The cross section of the clamp at section X-X is rectangular; its width (b) is
equal to twice the thickness (£). If the clamp carries a load (P) of 25kN, determine,

a. the dimensions (b and t) of the clamp

b. the stresses at sections Y-Y and Z—Z_sections.

Page 4 of 6’
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Question 07.
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All dimensions in mm

Fig.7

Four bolts are tsed to retain a solid bracket can'ymg a vertical load of 15kN which acts' '
through the centre of the hole, as shown in the Fig.7. Two circular arms with dlameters d
and d, are used to. obtam the relevant extensmn to the load.

_ Calculate

 a. the diameters d, and d2 of the c1rcu1ar arms if the permissible stresses are
100114N/m in tension and 60MN/m? in shear. '

b. the forces acting on the bolts and also the bolt diameter.

* Page5of6 -
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Question 08.
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Pig.S: Skétch ofa Knuckle jcﬁut !

Fig.8 shows a Knuckle joint. Ifthe design strengths are 75MPa in tension, 60A/Pa in shear and

150MPa in. compression, design the knuckle joint completely to transmit a tensile load of =~ -
150kN. _ _ -

Note b" the diameter of rhe Rad is dj as shown in'the Fig.6, thé other related d:menszons can -
be fixed emptrzcally as; ‘

Diameter.of the pin, d = d;
Outer diameter of the eye, dr = 2d; o
- Diameter of the Pin head and the collar, D = 1.5 d;
Thickness of the eye (rod end), b = 1.25d,
. Thickness of the fork, a = 0.75d,;
. Thickness of the pin head, t = 0,5d;

You should check for following strengths, 1. tension of the solid rod, 2. 'fazlure.of the knuckle
~ pin inshear 3. eye (rod end) in tension, 4. eye (rod eénd) in shear, 5. eye (rod enaﬂ in crushing,
6. fark ends in tenszon 7. fork ends in shear 8. fork end in crushing..

ALL RIGHTS RESERVED
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1. This question paper has o_nly one question. Answer: all parts of the qizesﬁon.

2. Devote 15 to 20 minutés to read an‘d‘ imderstand thé«q‘uestion careﬁllb. _

3. Wherever approprmte, use cata[ogues, tables, data sheets and charts pro wded fo
yau at the exammatzon hall. State in the answer clearly if you extract and use

any data or mformanonﬁ'am such I:teraturc 10 support design calculation.

4. At the end of the examinaﬁon, hand over all such literature to the supervisor or

aninvigilator.

5. Anmy mtssmg data may be senszbly and reasanably assumed, prawded that sach

data are clearly stated with reasons to accept them.

6. Any 1deas/0ptmons presented in the Jorm of neatly drawn sketches in place of

Wrrtten presentatmn are encouraged

7. Any results ﬁ'om calculatton should be presented with their correct units, unless :
| they are dimensionless. Al such results should be underlined _ ’
8. Itis important that candzdates answer all parts.of the question hsred in that

given order in the questmn.

9. Use SI units in all calculatmns and present the answer underlined wn‘h correct

umts
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Introduction to the Question

In the paddy post harvest system, it is a common practice that paddy is transported, or -

conveyed from one place to another. Traditionally, the method of transportation is
manual. However, manual methods have been replaced by bucket elevators and
CONVEYOrs.

Paddy is a highly abrasive material and it causes excessive and rapid wear on mechanical
parts such as screw, chain, pneurnatic conveyors, etc. For this reason, bucket elevators
and belt conveyors (both using rubber-covered belts) are preferred to. Not only the latter
- is economical, but has longer 0perat10nal life.

Bucket elevator, shown in Fig.1, is a lifting device that can be used to lift bulk matenals_ '

from one elevation to another and Sri Lankan rice milling industry uses bucket elevator y

. to elevate the rice from ground level to parboiling tanks, where the paddy is boiled and

directed to requ1red locations by belt conveyors, as shown in Fig.3.

Parboiling Tank

Bucket — -
Elevator

Fi.g.3: Schematic diagraﬁl of the paddy flow, shown by arrows:

Bucket elevators operate by usmg ani endless belt on whlch rectangular buckets refer

Fig.4, are mounted. The belt revolves between a top and bottom drum and the buckets are

carried by the belt. At the bottom the buckets pick up paddy fed into the elevator boot, -

and at the top the paddy is discharged as the bucket turns downward over the head pulley

(top drum). It is a centrifugal discharge, where the speed of the belt around the top pulley
(top drum) flings paddy out of the bucket and falls directly into the drscharge spout of the

upper casing. Spilling of the material is avoided by selecting the correct speeds;

correspondmg upper puliley diameter and proper adjustment of the drscharge spout on the

upper casing.
Bucket elevator mainly con515ts of the following parts -

1. Boot section (Lower part) Wlth boot pulley(drum) and paddy 1nlet hcpper (refer
Fig. 2c)

' Page Jofi2
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I_ntmductioh to the Question

In the paddy post harvest system, it is a common practice that paddy is transported, or
conveyed from one place to another. Traditionally, the method of transportation is
manual. However, manual methods have been replaced by bucket elevators and
conveyors.

Paddy is a highly abrasive material and it causes excessive and rapid wear on mechanical
parts such as screw, chain, pneumatlc conveyors, etc. For this reason, bucket elevators
and belt conveyors (both using rubber-covered belts) are preferred to. Not only the latter
- is economical, but has longer operatlonal life.

Bucket elevator, shown in Fig.1, is a lifting device that can be used to lift bulk matenals‘

from one elevation to another and Sri Lankan rice milling industry uses bucket elevator y

- to elevate the rice from ground level to parboiling tanks, where the paddy is boiled and

directed to requ1red locations by belt conveyors, as shown in Fig.3.

Parboi ing Tank

Bucket —
Elevator

Fig.S: Schematie' diagrefn of the paddy ﬂow, shown by arrows.

Bucket elevators operate by'usmg an endless belt on which feetanguler bucketé refer
Fig.4, are mounted. The belt revolves between a top and bottom drum and the buckets are

carried by the belt. At the bottom the buckets pick up paddy fed into the: elevator boot, -

and at the top the paddy is discharged as the bucket turns downward over the head pulley
(top drum). It is a centrifugal discharge, where the speed of the belt around the top pulley

(top drum) flings paddy out of the bucket and falls directly into the d]scharge spout of the ‘_ '

upper casing. Spilling of the material is avoided by selecting the correct speeds;

correspondmg upper pulley diameter and proper adjustment of the dlscharge spout on the -

upper casing.
Bucket elevator mainly cohsists of the fo]ldwing parts -

1. Boot section (Lower part) with boot pulley(drum) and paddy 1nlet hopper (refer
Fig. 20)

' Page 3o0f12
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2. Head section (Top part) w1th top puI]ey(drum) dI‘lVB mechanism and paddy outlet
spout (refer Fig.2a). .

3. Belt (bucket carrier) & buckets.

4. Sheet metal housing.

Questio'n

Assume that you are a consulting design engmeer and you have been asked to design a-
bucket elevator to the following basic requirements. :

Elevator eapacnty for paddy - 24Ions/hr
Elevator height -Tm
- Bulk density of paddy - 576kgfm

Design the bucket elevator.answering-the Questi'ons given below

‘Following details are given from hand books and catalogues to support your demgn
analyms :

e " The hei ght of the elevator can be con31dered as the helght from the centre of the
. boot pulley to centre of the top pulley

. Arrangement of the sultable bucket is shown in the Flg 4 (a) and (b) The eapaclty
of a bucket when filled to level A-A (refer Fig.4a) is 1,416 cm’. Because of the .
difficulty of loading the buckets to. maximum capacity, it is desirable to have a -
smiall tolerance when designing the elevator. The effective capacity-is generally -

- considered as 90% of the full eapac:lty The spacing of adjacent buckets is 165 mm
as shown in F]g 4b

L o 2tmm ||
v wul

| 178mm ,

165

Fig.4a: Dimensions of bucket

Fig.4: Elevator Bucket o = |
7 g% Blevator Bue Fig.4b: Arrangement-of Buckets -
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FPulley B: Drive_.
Pulley connects to
the output shaft of

- Bearings between the shaft
and the elevator housing,

-.-Il% '
- l_._J i
1

-.-..Jk

Driven Pulley

the gear box

Fig. 5 Schematlc dlagram illustrates the head section and drive arrangement

with motor shaft

puiley

(assume any rnlssmg dimensions).

. Be_';ngs.

i chaft

Pulley B: PuIley',
" engaged with Pulley' A

and’ pulla} an‘angénﬁent T P

Fig.6: ‘Schematic diagram of the gear box
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The most suitable head pulley (drum) and the boot pulley (drum) have a diameter
of 610 mm.

‘The drive mechanism shown in Fig.6 consists of a gear train to obtain appropriate
speed reduction. A belt drive system transmits power from the motor to the gear

box input shaft, and a second belt drive system transmits power from the output

shaft of the gear box to the top drum shaft (dnve shaﬁ) of the bucket elevator

The speed for centrlfugal bucket elevators is usually ir the range of Im/s to 2m/s .

to.ensure the paddy throws into the chute at the head pulley.

'Thé total load on the belt (bucket carrier) attributes to‘the weight of product to Be
lifted plus the dredging drag load as the bucket scoops up the paddy The
dredgmg load is assumed to be 25% of the bucket load.

The buckets are 178 mm wide, so o the width of the belt can be assumed equal or

‘ slightly wider than width of the bucket. Considering the low operational speed,
bucket width and projection (which is 114 mm), the most suitable belt is a 5-ply
28-o0z belt, with a mass of 0.0022 kg/mm width/meter length/ply

'The most sult_able head pulley weighs 44 kg. -

Page60f12
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Answer the followfng;

1.

Determine the number of buckets needed to pass top of the elevator to achieve the

required elevator capacity.
Decide the linear speed of the belt.

Calculate the theoretical power tequired to drive the bucket elevator at maximum
capacity.

Estimate the required motor power needed to drive the elevator, '.co_nsidering the
mechanical inefficiencies, hence select a suitable electric motor as the prime
mover. ' : '

A proposed arrangement of the drive system is shown in Fig.6. It consists with
first V-belt drive system between mofor and input shaft of the gear box, and
second V-belt drive system which connects output shaft of the gear box and top
head shaft. ' . :

i Define suitable speed reductions at each stage of the drive system.
ii. Design a suitable V-belt drive system with standard pulleys and select
suitable keys for the first belt drive between motor and input shaft of the
* gear box. SO o - -
iii. Design the suitable a pair of spur gear in the gear train completely, from
the point of strength, wear and dynamic loads. o
iv. Calculate the minimum diameter of the output shaft of the gear box.

Detérmine the hﬂinimum diameter of the top head buliey/druin shaft on which the
driven pulley is mounted as shown in Fig.5. Also select suitable rolling element
bearings for this Shaft. ' ‘ '

There are two main prob-lems in these kind of elevators. They are: 1. in the case of

~ 'a power failure the belt tends to rotate backwards which cause many difficulties.

2. the belt tension gradually tend to reduce when operating, which cause many
problems. Illustrate suitable mechanisms to prevent the elevator's backward
rotation and -a belt tensioner which enable tensioning the bucket carrier belt. .

This type of belt bucket elevators can fail in a number of ways. Discuss five (5) - |

ways which it can fail. ' '

Page 7 of 12
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The following information is provided in support of the design analysis, where all
data and equation given below:may or.may not be needed for your calculations,
Apart from the data given below you are provided with, 7. Instruction booklet of
~spur and helical gear design, 2. Motor catalog, 3. Bearing selection manual, 4.

Handbook of metric keys and keyways and 5. Handbook of V-belt drives.

~ Please note that you are given only basic formulae and such formulae need to be further
dealt with before applymg them approprlately '

Power transmlssmn efficiencies are:

Electric motor : 85%
Belt Drive : 90%

Gear Drive : 95%
Bearings : 95%

Density of steel: 7.8 x 10° kg/m3

Design shear stress = 0. 3 x yield stress in tension -
= (.18 x ultimate stress in tension or whlch ever smaller

Design value of t‘h‘e‘normal stress = 0.36 x ultimate stress in tension
- B ' = 0.6 x yield stress in tension
or which ever smaller.

o« If necessary select one of the following steels for the shaft material

AISI Number Yield strength | . Ultlmate tensﬂe strengths

L . (MNInm®) ' (MNIm?) .
1010 . 303 366,
1018 - | 373 . o 442
1045 = - ' 532 626
4340 : 683 . |- 766

If key ways are present then values are to be fedueed by 25%.
For ductile fnaterial‘s Yield stress in shear = 0.5 x yield stress in tension.

. A shaft havmg a dlameter d, when sub_]ected to combined bendmg and torsion the
eqmvalent bending, and torsnonal stresses at any point on the shaﬁ are,

-t,q :: [K M+J(K M)2+(K T)z}
s.nd Teq = %[(KbM)z +(KfT)2_]%

| :Pege 8of12
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- . . kb kt
For Stationery shafts:

Load Gradually applied 1.0 1.0
Load Suddenly applied o 1.5 t02.0 1.5t02.0
For Stationery shafts: ' :
Load Gradually applied ‘ .15 1.0
Load Suddenly applied (minor shock) 1.5.t0 2.0. 1.0to 1.5
Load Suddenly applied (heavy shock) 2.0t0 3.0 1.5t0 3.0

—
L o,+o, |fo,—o ,
o, (max)=—= Y+\j[ . YJ +1,°

 For gears, basic Louis Equation is :

F=sbP, y

For ordmary desngn conditions, the face width is llmlted to a maximum of 4 times the

clrcular pitch. Letting b kP., where the factor, k < 4

21V(bc +F).

F, =
: 21V+JbC+F.

‘Where,” Fy= dynamic load, N
: -V =pitch line velocity, m/s
b =face width, m

- gear torque 2M /D
pitch diam, of gear
C=a constant, in N/m
Fu=DpbK Q
Where, D, = pitch diameter of smaller gear (pmlon) m'

b = face width of gear, m
K = stress factor for fatigne, N/m® -

Q =2Ny/(N, + Ng)

Page 9 of 12
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Ng= number of teeth on gear
Ny= number of teeth on pinion

o s2 (sin¢){I/E, +1/E, )
' 1.4 '
Where, Ses = surface endurance limit of a gear pair, N/m

E, = modulus of elasticity of the pinion material, N/m
Eg modulus of elasticity of the gear matenal N/m?
b pressure angle.
The surface endurance limit may be estlmated from, -
+ Ses = (2.75 (BHN) - 70) MN/m”
where, BHN may be approxnmated by the average Brmell hardness number of the gear
‘and pmlon up to a BHN of about 350 for steels. s

The wear load Fw is an allowable load and must be greater than the dynamic load Fq,

Values of Deformation Factor C in kN/m — for dynamic load check.

Page 10 of 12.

. Materials Involute | Tooth Error-mm
Pinion . | Gear tooth 0.01 10.02.-| 0.04° 0.06- | 0.08
' | - “form | : 9
| castiron | castiron | 14%° 55 110 220 '_3_30 440 |
|. steel | castiron 14%° | 76 152 ' 304 456 60_8 '
Csteel | steel | 141%° | -110 220 | 440 | 660 880"
castiron | castiron | 20°fufl [ 57 14 | 228 | 342 | 456
' . depth . ‘ N -
steel | castiron | 20°full | 79 158 | 316 474 - | 632
. depth T . .
steel steel | 20°full 114 . 228 4'56. - 684 912
| - depth : . : '
castiron | castiron | 20° stub 59 118 - 236 354 | 472
steel cast iron | 20° stuB 81 162 -324 486 648
| steel | steel | 20°smb | 119 | 238 | .476 | 714 | 952
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Values for Ses as used in the wear load equation depend upon a combination of the gear
and pinion materials. Some va]ues for vanous materials for both Ses and k are tabulated.

Stress Fatigue -

Average Brinell Hardness Number of Surface
steel pinion and steel gear Endurance _Factor K (kN/m?)
‘ i _ Limit 14%° 20"
Ses(MN/m*) | :
150 . 342 ' - 206 - 282
200 480 405 555
250 618 673 - 919
300 755 1004 1372
400 1030 1869 2553
'Brmnel Hardnéss Number BHN T
Steel Pinion - Gear ' .
150 Cl. 342 303 414 -
200 - C.L 480 . 600 820
250 B I o 618: - 1000 - 1310
150 | Phosphor Bronze 342 317 427
_ 200 Phosphor Bronze 445 . 503 689
C.I. Pinion C.L Gear 549 1050 | - 1420
C.I. Pinion ~ Cl Gear 618 . 1330 © | 1960

" Form Factors y —for 1 ise in Lew1s Strength Equatmn (transformed) F= sn‘?kym is gwen
in the followmg table; -

Page 11_,of12
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Number of Teeth

14/ Full Depth | 20° Full Depth | 20° Stub Involute
Involute of Involute :
Composit_e _

12 0.067 0.078 0.099
13 0.071 0.083 1.103
14 0.075 0.088 0.108
15 0.078 1 0.092 0.111
16 0.081 0.094 0115
7 0.084 0.096 0.117
8 0.086 0.098 0.120
19 0.03‘3~ | 0.100 0.123
‘20 0.0% 0.102 0.125
21 . 0.092 6.1_04 . 0.127

23 0.094 . 0.106 0130
25 0.097 0.108 0.133 -
27-_ 0.099 0.111 0.136
30 0.101 0.114 0.139
34 0.104 '76.118 | 0142
38 0.10‘6 0.122 0:145
43 -0._108 | 0.126 0.147

50 - 0.110 0.130 - 0151
" 60 - 0113 0.134 0.1'54'
75 0.115 0.138 0.158
100 0117 © 0,142 0.161
150 0.119 0.146 0.165
" 300 0.122 0.150 - 0.170
Rack 0.124 0.154 0.175

ALL RIGHTS RESERVED
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