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General Instructions: READ THE FOLLOW]NG ]NS/”R UCTIONS CAREFULLY BEFORE
ANS WERING THE QUESTION PAPER ) )

1. This question paper has two parts, PART A and PART B. Answer the questron (Question - -
[) in PART A which is compulsory; and any three out of five questions from PART B. '

2. Answers to the question in PART A carries 50 marks, whereas in PART B, each 17 marks.

3. Attempt all parts in Question 1 in that given order. Spend approxrmately 2 hours and 45
" minutes to answer lhe questlon in PART A and rest f01 Questrons m PART B.

4. Wherever appropriate, use the given ‘catalogue, 1nformatron, and data sheets, provided to
you in the-examination hall. At the end of the examination return all such material to the
examiner/ supervisor of the examination hall. You will be provided with, /. 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 as per your

‘ request

5. Any missing dat‘a can be sensibly and reasonqblv assumed, ‘but-such assumphons are
not acceptable unless they are justified and clearly stated.

6. Wherever relevant use neatly drawn sketches to explain your answers.
7. Any result from calculations should have units unless they are dimensionless.

8. All answers to the given questions should be underlined for the purpose. of easy
identification. .

9. Write the question numbers to which you have answered, on the cover page.
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PART A

Question 1
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A company needs a large quantity of firewood to fuel its boilers and the design engineer has
proposed a tree-log-chipping-machine to produce woodchips from tree trunks. The layout of the
main elements of the tree-log-chipping-machine is given in Fig.Q1 (the complete frame/housing is
not illustrated). Assume you are the newly recruited engineer to the company and the chief
engineer requests you to design the main parts of the mechanism and to provide suggestions for
improvements. Fig.Q1-b shows a 3D pictorial view developed by a modeling software.

The Conveyor-1 carries the Tree-trunk towards Supporting-rollers (4 Nos.), and the Supporting-
rollers hold and push the Tree-trunk towards the Chipping-roller. Top Supporting-rollers (2 Nos.)
rotate’ anticlockwise and the bottom rollers clockwise. All supporting rollers are of the same
diameter and the push velocity is well matched with chipping rate of the tree-trunk to ensure the
smooth and continuous chipping action. Chipping-roller consists of series of cutting edges around
it, which cuts the Tree-truck to wood chips of appropriate size. The anti-clockwise rotation of the
Chipping-roller allows the woodchips to fall under gravity to the Conveyor-2 which then transports
to the storing bay (not shown in the figure). Four Supporting-rollers and the Chipping-roller
operate by two separate drive systems. The Chipping-roller and its driving mechanism is illustrated
in the Plan view of Fig.Q1, which the output of the Motor is attached to a V-belt drive and then the
power 1s transmitted to the Chipping-roller through a speed reduction Geeu drive. The Gear drive
(with spur gears) consists of only one geau mesh '

The diameter of the Chlpp1110~roller is 400 mm and two cutting edges simultaneously engage in
chipping action. - A tangential force of 100 N exerts on one cutting edge when cutting. The
- maximum rotating speed of the Chipping-roller is restricted to 240 rpm. A dxedglng torque of 10
Nm exerts on the ChlppmgD -roller at the start of cuttmg

Chipping-Toller | f

Tree-trunk

H

Conveyor-2
Conveyor-1

Bottom Supporting—rollers

Fig.Q1-b: 3D pictorial view of the mechanism.
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Answer the following questions.

1.

Propose a drive system/s to operate the supporting 1olle1s (You shall provzdc an illustration

of the proposed system cl@m/y showmo the mazn componems Calculatzons are noz‘” o

nccewary) o : ‘ ‘ S e marks)

Estimate the power required to operate the Chipping- 1011e1 at its full capacity, and select an
appropllate motor. (You may disregard the weight of the Chipping-roller ana’ inertia effects

’ 0/ movmg parl‘s for power calculatzons You shall select a 4 pole motor) L '[6 mar ks] S
Design a suitable V-belt drive system incorporating standard pulleys. . U m‘arksy]
Design the bair of s}pui~ gears. S ! DI ‘ (9 marks]

- Determine the minimum diameter of the inpuf shaft of the gearr box. ; [9 m“ark;s‘]

-Select a suitable key to the driven pulley. S - 15 marks]

Select an appropriate pair of rolling element bearihgs to input shaft of the gear box. [4 marks]

Ind1cate the most approprlate locauon/s Wthh couphng/s needed o be incorporated and state-
the most suitable type of coupling for selected location/s. (You may point out the location
with the proposed coupling on the Fig.Q1 and attached it to the answer script). |2 marks)

Note: Assume the efficiency of the, gear mesh as 94%, belt drive as 90%, coupling 96%, and the
~ bearings as 95%. The machine is required to operate for over 10 hours continuously a day. For
power transmission shafits shock and falzgue factors for bendmg and torsion can be conbldered as
2and 1.5 respeczfzvely You may consider safety factors appropnately

END 0F QUESTION 1 AND PARTA E

Page 4 of 7




a.

PART B

Qués’ﬁon 2

ert(, the Bendmﬂ equatlon and the Torsion equatlon . o l 14 marks]

3

Nole all nolafzom used must be dcﬁned

: DCI‘IVC LXpI(ASlOIB for section modulus about X XmS (Z}\) and Y Xms (Z),y) for the 1c,ctangu1cn
© cross- suchoncd (Flg 02~ b) beam. .~ 7 S Lo (4 marks]

y

Yo

!
»

b
Fig. Q2 b

A combmatlon of a toxswn (T) and a bendmg moment (M) are applied on a mﬂd steel qhaﬁ ofa
diameter 50 mm. The bending moment is 2000 Nm. Find the maximum value of the torque that
can be. applied without yielding of the shaft according to the maxnnum pnnupal stress criteria.
chld stress of mlld thGl in tension is 200 MPa o T ' 19 marks)

.Questi()n 3

,Lnomeemno deszgn is not an zndzvza’ual e/forz‘ ofjusl engzneers zl s a. col/aboraz‘zvc e//ort of
'dz//erenl people involved in different professions. o ' s - ' ‘
" Do you agree with this statement? Clarlfy you1 answer quotmg appxopuatc, cxamplcs within
: lhc contcxt 01 modcrn cngmcemng d631g11 ‘ ‘ T S [6 marks]

- 'Sequ@nlzal descrlptzon of activities: Zhal z‘ypzcally occur in deszonmo I8 call@d the “Design
. Process”. ; '

e Stdtc why 1L 15 ncccssary to’ have plOpClly deﬁncd demgn p1occss S [5 marks]

You are asmgncd to d051,g,n WO manually operated. uolleys one f01 a supcrmdxkct for shoppers
“to carry grocery items, while the other for an automobile Workshop (garage) to transport engine
_pcuts like engine housm})s Cyhndcr heads, crank shafts etc. Wlthm thc pmml%% Dmungjulsh

4: - .the properties and requirements of each ﬁnal product.:

(You may consza’er design approach, data collection, working envzronm@nis mecharical and

- material properties, mcmuarabllzly Jorce - iequued to handlc ergonomics and aesthetic
vfac tors, ) ‘ : :

[6 marks)
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Question 4
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Fig.Q%l shows a machine clamp with following parameters.

Outmdc dlameter of the scr cw = 12 mm
Root diameter of the screw = 10.16 mm
Pltch (single tread) of the screw = 1.5 mm
C011a1 friction coefficient = 015 ‘
Screw fiction coefficient = 0.15

Tread angle = 60°

Effecuve radius of the handlc =120 mm

- The mechanist'can ;comfortably exert a maximum_ force of 120 &N on the handle.

Determme

. the clamping force fipve’oped between ﬂlc Jav'o, o f he C‘;amp. 17 marks} ;
b the efficiency of the clamp Sl e temarks]

Question;jiii
- a Cleaﬂy illustrate the possible ways a riveted Jomt may fail. o o [4 marks}

b Draw an examplc for an cccentucally loaded nveted Jomt and lm the stcps fo be followcd n
demgmng such a joint. oo ST S PR N 15 marks)

c. Find the efficiency of a double riveted lap joint of 6 mm plates with 20 mm diameter rivets.
Rivets are placed having pitch of 65 mm. The permissible tensile stress of plate material is 120
MPa, pcrmlssﬂ)le shear stress of rivets is 90 MPa and permissible crushing stress of rivets is
180 MP(Z © el . [8 marks)
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Question 6

Fig.O6 shows a band break which consists of a straight arm 750 mm long pivoted at O. The arm
OC 1s placed perpendicular to the vertical centre line going through D. The break band has an
.angle contact, 270°, where one end of the band is fastened to the fixed pin O and the other end is
fixed to break arm at B, 125 mm away from pin O. Diameter of the drum is 600 mm and which is
running at 200 rpm. The coefficient of friction is 0.25. =

a. Calculate the minimum pulling force (P) necessary on the end of the break arm to stop the
wheel if 35 kW of power is to be absorbed. Clearly state the direction of the pull. [10 marks)

b. If the thickness of the band is 2.5 mum, calculate the required width of the band, if the
maximum tensile stress of the band material is 50 MPa. : 7 marks)

END OF PART B

END OF THE PAPER
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