
GOV]'. POLYTECHNIC BALANGIR

Depart mellt ol \4echanical Ergineering

COURSE OBJECTIVES:
At the end ofthe course the students will bc able to

l. Understanding thc behaviours ofmaterial and their uses,

2. Understanding tbe design ofvarious fastening elements and their ildustrial uses.

3. Understanding the different faihres ofdesign elements.

4. Understanding lhc changc ofdesign to accomplish the differeut ficld ofapplications.
5. Design shal'ts, keys, couplirlgs required for power transmits Desiglr closed coil helical spring
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Unit I - lntroduction (Design ol Machinc Elcnrcnts) (Total Classes: l2)
Class
No, Fr'"--=l Teaching,\idsi^ctivilics |c"r.-E

I obj..tlyg l

I

m;;;t
I Machlne oesien 

I

Mcaning of machilc design, its purpose in
cngiucering; classifi cation into adaptive,

Real-lifc product demo,
chalkboard cxplauatiou

2 ffi
ceramics, composites; criteria tbr selection 

]

Samples of nraterials,
classification charl

cor

3 @;,"-"l Explanation of physical and mcchanical properties:
strcnllth. ductility. hardncss. rcsilicncc. ctc.

f P"rt"r*h.*trgp..p"rty
I curves. real object demos

co1

4 [t-*--r"* 
--lffi

I srress. viclcl stress. ultirrratc strcss. lactor ol saletv I

Numcrical problems, visual
stress models

col

5
Stress-Straiu Curve

(MS)

Complstc strass-strain diagram of mild steel:

elastio lirnit, yield poiDt, ultimate strelgth, brcaking
point

Shess-straiD chart, projccted
graph animation

co1

Li__l I 

Stress-Strant Curve 

I

Stross-strain hehawin,,r nl cr(t irnn conrnal.rxl io Side-by-side graph conrpatisolr,
matcrial tcst videos

cor| 
---* 

*rra r""i. trr"r" 
"". 

ar"ili. rilrr. 
-- 

|

Ef;-"r-"-l Elastic deformation, yieldilg, brittle flacturc. Animated clips showing failure,
failurc part models

cto3

trrffil Static, dynarric, impact, fluctuating loads and their
effects on failure modes

Diagrams showing loading
corditions, simple load

cxperiment
co3

9
Design

Considerations
Factors afl'ecting design: loacl conditions, serrrice

I ilb, manutacturabil ity, aesthetics, cost
Industrial case exatnples

(gear/shalt design discussion)
CO,1

t0
Selection of

Materials
Factors for matedal selection: shength, co[osiol)

rcsistance, cost, availability, etc.

Group discussion or selecting
material for a fan blade or bike

frame
ClOrl

I

col

Design Materials



General steps: problem identification, need

analysis, synthesis. modeling, analysis.
Flowchart of design process,

sirnplifi ed r eal-world exarnple

Recap ol ftrll unit through Q&A, MCQ quiz, and

discussion on real-world applications
Quiz activity, group discussion,

U nit II - Design of Fastening Elements (Total C

CIass
No.

'l0pic Subtopic I reaching Aids/Activities 
I

Course
Objectivc

li Introduction to
Joints

Dcfirrition cnd nccd oljoints i,, ,rr.hi* dGgrl
classification: pcrm rcnt (wclded rivclcd) and 

I

lcmporcry rbolled/pinned) |

Chart ofjoint typcs, physical
demo of bolted vs welded joint c02

Lrl l Wcklcrl .loints
Types: butt, lap, fillet, comer, edgejoints; symbols

as per BIS
Welding symbol charts,
wclcled metal samples

co2

E Advantagcs of
Welded Joints

Over riveted and bolted joints: better appearance,

lighter, less stress concentration, ease offabrication
Comparison table, classroom

discussion
c()2

til Design o1'Welded
Joint

Concepts of direct and eccentlic loading; calculating
thloat thickness, weld length, moment arm; Y,,eld

siziirs

Nume cal cxample using
diagram on board

co2

17
fuvetcd Joints &

Rivets
Types of riveted joints (lap, butt, siugle/double);
rivct heads (snap, pan, countersuuk); applicatioDs

Sample veted plates, rivet
hcad models lcorl

IE
Failure of Riveted

Joints
Modcs: teadng of plate, shearing of rivct, clushing

of rivetl f'ailure paths in chain/zig-zag joints
Diagrams and lailurc models

(paper rivet experinlent)

l9 Strcugth &
Efficienoy

Strength ofjoint based on rveakest failure mode;
joint efficiency: (strength ofjoint / strength ofsolid

Plate) x 100

Board derivation, example
with lumerical data

cro2

20 Rivctcd Joint Dcsign
Design principles for pressurc vessels: diameter &

pitch ofrivet, plate thickness, margill; BIS standards
Solve a design ploblern using

a vessel diagram
('o2

21
Numerical: Welded

Jo int

Solve numerical problems on eccentric loading in
weldedjoints; calculate throat thickness, size of

weld

NumericaI rvorksheet, step-by-
step plobletn solving

co2

't'l Numerical: Riveted
Joirt

Numcrical problems on riveted joiuts: strcngth
calculation, efficiency, pitch, malgin, failure check

Practice problems, group
activity u'ith peer checking

c02

23
Rcvision &
Application

Sunmary olall types offastening elements; real-

world examples like bridges, boilers, automotive
frames

Case studies, joint design
analysis from engineering

field
co2

24
' Cllass

T{]st/Assignment
Corlduct assessmert rvith design-based and

numerical questions on welded and rivetcd ioints

Test paper, viva discussion,
reinforcement activity

co2

Dcsign oISh:rfts and Kc)s (lbtal Classcs: l2)

Class
No.

Topic Subtr)pic (\vith eltlbor'rtion) Teaching,\idsi Activiti('s Corrrsc
( )biecli\,e

c'o525 tD*,c" "f 
,h"ft. l

I and keys 
I

I Functions olshal(s in nrechanical .ytt.,nt...p., 
I

I tlansnrittints torque, supportinB roLatinp palts, etc.
I Real cxaurples ot shatis tiom lab

I o,1L+!lgr,plqlqr,y,dgq*

26
Materials for

shat'ts

Disouss oommouly used shaft materials like mild
steel, alloy steel, carborl,stecl. Compare tlteir'

mechanical propet'ties and cost-

Chart showing properties of shaft
materials

('( )5

27
Design of shafts

($trength)
Design of solid and hollow shalts using shear stress

arrd conrbinerl bending and tension slrcss cqualions.

Whiteboard derivations, sample
problems, problem-solving

u'orksheet
co5

ll Machinc Design
Proccdure

CO4

12
Revision and
Assesslrent

co r , co3,
co4

co2



Anglc oltwist, torsional deflection, modulus of
rigidity, and relatcd fomrulas. Conditions for

orsion shafl setupDesign of shafts
(rigidity)

IS code sanrple or PDF', shallntloducc IS slandalds rclatcd to standard
lnd tolcrances rrl'shal ts.

Display of various kcys, actualPuqrose of kcys. typcs like sunk, saddle, tatgeut,
Iiues. Matelirls uscd for diffclont

Failule charts, shaft-key
assemblies, aninrations of iaih"u'e

nrodes

Shear and cmshing lhilule of keys, weakening o1'

shalt duc to keyway, strcss concenttation issucs.

Design for strength using shear and crushiug
theories. Assumptiors irr

Foflnula derivatiou and exaurple
calculation

Empirical relation tbr key length: I : ( 1.5 to 2)d;
ication lor l'ast kev sizing in i

Design chart, ernpirical fbrmula

Standard dimcnsions, dcsignation of keys: parallel
key, gib-head key, taper key. Rcading

Solved problems involving shaflt design based on
strength ard dgidity. Power tmnsmission at given

RPM.

Solved exaurples ol design ofrectaugr,rlar suuk kcy
for giveu shaft tolque. Verification against failure

criteria.

Unit5: Design of Coupling (Total Classes: l2)
Class
N0,

Topic Subtopic (lYith elab0ratior) Tcaching Aids/Activilics Conrse

37
Design of Shaft

Coupling

Irrtroduction to shaft couplings. Thcir necessity in
transmitting porver bet\i'eel shafts, maintaining
alisnment. and absorbins shocks and vibratiors.

Physical demo of couplings,
machiDc animations

clo5

38
Requirements of
good coupling

Discuss functional, mcchanical, and economrc
requirements - alignment, ease of

assemblv/disassemblv. maintenance. cost. alrd

Chalkboard discussion,
poste|ls showing good vs, bad

coupling examples
co5

slr.cngth.

39 Types ofCoupling
Rigid (sleeve, clamp, flange) and flexible (Oldham,

uuiversal joint, etc.) couplings. Compdre their
aDDlications and suitabilitv.

Real samplcs, models ol cut-
sections of different coupling (o5

40
Sleeve,Muff

Coupling: intro &
construction

Constnlctional features, operation principle.
Application in aligned shafts. Load transfer via key.

Cross-sectional diagrams,
exploded vieu, animatiolt

cC)5

41

Design of
Sleeve/Muff

Couolins:

Dcsign procedure: Torque transmission, slecvc
dimensions, key dimensions, and matcrials.

Step-by-stcp desigr
derivation on board, real-case

example
cos

42
Clamp Coupling:

into & corshuctior

Conshuction and furction of clamp ot split-muff
coupling. Bolted comrection for easy asscmbly and

disassembly.

Physical coupling sample, lab
videos

c05

43
Design of Clarnp

Coupling
Design calculations involving bolts, sleeve, key, and
shai1. Consideration of cmshing and sheal sltesses.

Exarrple problerns, sirnpli fi edl
bolt design exerq$ l

co5

44
Numerical on

Couplius Design I
Solve a nuurerical on muffcouplilg for given power,
RPM, and material propefiies. Design sleeve ald key.

Worksheet with a solved
example

('o5

2tt cos
0r'simulatiou

2q
Standard shaft

sizcs
c'o5

30
Keys: function and

tvDcs
co5

3l
Failure and

kcyway eflbct
c'os

3l Dcsign of sulk
key (theorv) cos

33
Dcsign using

empirical formula
c'o5

34
IS specilication of

keys
IS chart and catalog, neasuling

tools demonshation
clo5

35
Numedcal on shafl

design
Whiteboard calculations,

assignments
CO:

36
Numerical on key

design
Workshccts, group activity on

nurrcrical problems
cos

tyrrcs



45
Numerical on

Coupling Design - 2

Solve a numerical on clamp coupling - including
bolt design and torque transmission. Evaluate safety

against failure.

Assignment fol students,
collaborative peer-solving

sessiol
col

l)csign of a Closcd Coil Hclical Spring (l4elllqq !?t
Class
No.

'fopic Subtopic Teaching Aids/Activities Course
Obiective

4 Design a closed coil
hetical spring

Inhoduction to spring design, types and
impoltance of springs in mechanical

systems

Physical models of various springs,
charts showing applications

50
Materials uscd fbr

hclical sprirg

Discuss spring materiats like high-carbon
stee[, staitrless steel, and their selection

criteria

Sample material swatches,
comparison table of propcltics

cro5

5l Standard size spring
rvire (SWG)

Explain Standad Wire Gar.rge (SWC), use

charts to relate SWG to wire diametel
SWG chart, real spring r.r,i[c samples co5

52
Tenns used in

compressiol spring
Define free length, solid length, pitch,

sprilq index, coil diamster etc.

Chart showing spring terminology,
labelled diagrams

cos

5-3
Stless in helical

spl.lng
To$ional shear stfess, direct shear stress,

Wahl's factof l'or strcss correction
Formula delivation on boatd,

numerical example denlonstlation
co5

54
Deflection ofhelical

spring
Deflection formula derivation and factors

affecting deflection

Graph ofdeflectiou vs. load,
animation showing spring

conrpression
co5l

i

55
Deflection of helical

spring (Contd.)
Solve numerical problems on deflectron

using giveu parameters
Practice worksheet, calculator-based

session
co5

56 Surge in spring
Explain surge phenomenon, tesonance in

sprinqs, ways to reduce surge
Video demonstration of spring
vibration, cxample of dampers

CO5

51
Dcsign procedure

summary
Cbmbine stress and deflection lonnulas into

design methodology
Step-by-step dcsign fl owchart, board

explauation
co5

5tt
Numerical Problem -

I
Solve a design problem involving given

load, number ofcoils, material elc.
] Problem solving with board ald

group partrcrpatron
co5

59
Numerical Problem -

II
Solvc another practical design problem
(variation in spriug index or matelial)

Group wofksheet, discussion of
altemate solutions

co5

60
Revision and Class

Test
Recap ofspring design concepts, briefquiz

or class test
Question paper handout, oral quiz

round
CO5

#^ qa,
Sionatrrrc of the Hf)D

co5

Signatule of the Faculty


