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UNIT -1
Static Force Analysis

Define equilibrium with re spect to two force members and three force mmbers.

Moment equilibrium requires that FA and FB share the same line of action, which can
only hgppenif they aredirectad along the line joinng points A and B.
.. . : : - F=F

2M =0 or M, =0

Therefore, for any two-forcemember to be in equibrium, the o forces acig onthe
member must have the @me magnitude, act in gposte directions and have he sane line o
action, directedalong the line joinng the two points where these forces act

il) Three-Force Members:

If a subgcted to anly three faces, it is called a tree-force memter.

Moment equilibrium can be sdisfied orly if the three forces form a conaent or parallel force
sygem.
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2. A four bar mechanism under the action of external force is showm in Fig QIl(b).
Determine the torque T, and various forces on links for the equilibrium of the system

\ | F = 2000 N at 45" on CD
\ | AB =200 mm
A I AD =215 mm
\ BC - 370 mm
l DC = 350 mm

ﬁ\ CE = 100 mm
} -\ \ £ ® 3
W
Fig. Q1 (b)

Step: 1
Draw the given figure toscale | : 5. It is shown in Fig.
Step: 2
To find theforces ad coupk, draw the free body diagam of eachihk asshown in Fig: 153
Step: 3

Considetflink: 4

It is athree force memberTheyare F=2000N,Fl4 andFu

F isknown in magnitude and direction for FJ4 direction known and magnitude is unknown
The drecion of Fuisfoundasshown in Fig: 1.54 [For explanation refer analysis of 4 bar
mechanism]

Step: 4

Draw the force polygon for link. 4 asshown in Fg. 1.55 [for explanation refeanalsisof 4
bar medansm]

From forcepolygon

FJ4 = abx scak ==2.4 x 500= 1200 N

Fl-1 = ob x scde =1.8 x 500= 900 N
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Step: 5

Consideflink: 3

It is a two facememberi.e.,F43andF23 Fa equilibrium these two forces are equal and
opposite and acts alongiaxfBC. But since F43and F34arte equal and oppositeF34 =
F43=F23=1200 N

Step: 6

Considetlink: 2

It is atwo forcemember i.e., F32and F,~ and atorque T2

F3~ard F23 are equal and opposdte Also for equilibrium FH2 andFI2 are equal and opposite as
shown in Fig Fl.I=F32=FI2= 1200N

Now. Togue, T1 = FJ2 h, whereh = 3.96 x5 =19.8 em = 198 mm

=1200x 198

= 237600 N mm

= 237.6 Nm(cw)
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g F=2000N

AB =200 mm
AD=215mm
BC =370 mm
DC =350 mm
CE =100 mm

Scale 1:5

Force Polygon
Scale,l em =500 N
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3. State the conditionsfor static equilibrium of a body, subjected to a gstem of i) two
forces ii) threeforces. 04 Marks)

i) Equilibrium of two — force members: A member under the action of any two forces will be
in equilibrium if the forces act along the same line, equal in magnitude but opposite in direction
as shown in Fig: 1.1

ii) Equilibrium of three — force members: A member under the action of three forces will be
in equilibrium if (i) the resultant forces is zero and (ii) the lines of action of the forces interest
at a point known as point of concurrency.

A member acted upon by three forces F . F, and F, shown in Fig : 1.2 is an equilibrium as the
lines of action of forces interest at a point O and their resultant is zero.

\\

Fig: 1.1

F}
Fig: 1.2 Fig: 13

In Fig 1.3 shows the vector diagram of the forces. It is in equilibrium as it is closed. The same
three forces acted an the member shown in Fig. 1.4 is not in cquilibrium, as the line of action of
forces do not intersect at one point.

¥

-

Fig. 1.4
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4. A four bar mechanism under the actn of two external forces is shown in the Fig. Qb).
Deter mine the torque to be applied on tre linl cAB for static equilibrium. The dimensions
of the links are AB =50 mm, BC = 66 mm CD =55 mm CE =25 mm CF = 30 mm,
AD=100 mm, ande BAD =60°, P = 500N and Q = 600N

D Fig. Q1 (b) M
Step 1 : Draw the figure to scale 1 : | as shown in Fig : 1.58
Step 2 : To find the forces and couple, draw the free body diagram of each link as shown in

Fig : 1.59
Step 3 : Consider link 3 and link 4 as shown in Fig. 1.60
F,, is resolved into two components F ™ and F_,'. which are parallel and perpendicular respectively
to link CD. The magnitude of F_,T os found by taking moments about ‘D’
ie,F,TCD=Pxa

. F,,Tx55=500 % 2]
Fo Bl =190:9N

On link 3 the reactions at C are equal and opposite to those at C on link 4. [f we examine link 3,
we notice that there ate three unknowns. Magnitude and direction of I_, and magnitude of F ™. The
magnitude of F_ N can be found by taking moments about B.
F,Nxd=F,Txe+Qb
F, N x66=1909 x 3.5+ 600 *x31.5
F,N=2.96.5N
(Assumed F .7 direction is towards left downward and F, ¥ direction is upward. Since F~ is
positive (i.e., + 269.5N), the assumed directions are correct.)
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Fig. 1.60

e = Perpendicular distance
between B and F '
—7d
: z
I~
S
o
<, =550 Fig. 1.63
Scale | cm =200 N

5. Give significance of static force analysis of mechanisms.

Static force analysis gives the magnitudes of forces and torques acting on the links of a
mechanism when the svstem is in static equilibrium. It also helps is identifying the dead centre

positions.

Page 7

10ME54
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6. Explain the procedure for static force analysis of sider-crank mechanism
-

!

B}
FRD o ik \

Pt ok Loree ol [ 1363 ot Ik 2
Steps inle static force analysisofider-crank mechaism
i) configuraton diagram is drawn to scaleis the input force olink 4
i) Link 3 is a member with two forces. Free body diagram d 8nis drawn showng
forces F3 and F4 along line AB.
For equilibrium of link 3F:3 = F4J
iii) Applying Newton's third law, we have
F34 = F43
iv) Free bodydiagram oflink 4 is drawn. F is the iy force, B4 is parallel to link 3andF14s
perpaendicularto the sliding stface.
V) Force polygon is drawn to aitable scale. From force pgyon findou the vdue afforce F34
Therefore, 23 = F43
and F12= F23 from Nevton's Il | aw
vi) Freebodydiagamof link 2isdrawn. fore FJ2is pardlel to link 3 adFI2 is an equal and
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7. Explain principl e of virtual work applic ation to static force analysis

Another approach to forceandysis is basgé on the principle of virtual (imaginary) work. Trs
method ishasel on an energy balance of he sysem, which requires that the net change in
internal energy of a systeduring snall disgdacement rast be eqal to the difference between
the work input tahe sysem and the wak output ncluding thework dine @ainst friction, if
any, Therefore if a syiem which is inequilibrium under the action of difference forcess
givena small displacementdm equilibrium, then the né change inthe nternd energy will be
equawill be equal to the ark done a the sysem In short the pringple ofvirtual wak can be
statedas "The work done duringnual displacemat from the equilibrium is equal to zro.

8. Explain the procedur e for static force analysis of four bar mechanism.
Analysis of Four — bar Mechanism
Consider a tour bar mechanism as shown in Fig. 2.1 with a known force I' acting on the link 4.

F
= F y G % B
2 32 B 3
B 2 - . B i 4
Fi Fse
4
A FIQ
D

l Fig. 2.1 1 . Fig. 2.2

Our aim is to find the forces on various links including the Torque “T,” on the link 2 To find
these forces and the couple. First draw the free body diagram of each link as shown in Fig. 2.2

Link:4: Forst consider link4. There are three forces acting on link 4. They are F, F,, and
F .- Fis known in magnitude and direction. Since link 3 is a two force member (i.e., F,, and
F,,), for equilibrium these two forces must be equal and opposite and acts along the axis of
BC. But since F,, and F,, are equal and opposite, F,, must act along the axis of BC. For the
link 4 to be in equilibrium, F,, must pass through the intersection of F and F,. Therefore the
direction of F , is obtained as shown in Fig 2.3.

i.e.. Form 'C’ draw a line parallel to BC(L.O.A.F,)) It intersects the extension of *F’ line at O.
Join D to O. Now DO is the line action (L/O.A) of F ,.

Then draw the force polygon for link 4as shown in Fig. 2.4 i.e., draw oa parallel to force ‘F’
and magnitude equal to F. From *a’ draw a line parallel to L.O.A of F,, and from o draw a line
parallel to L.O.A of F|,. These two lines will intersect at *b’, Now ab=F,, and ob=F ,. If the
force polygon is drawn to scale, then multiply the corresponding values with the scale.
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Fig. 2.4

Link 3:
[tis two force member i.e.. F, and F,, For equilibrium these two forces must be equal, opposite

and along the axis of BC. But since F; and F |, are equal and opposite.

C
/OA/F“

Fig. 2.5
Link 2:
It is two force member F, and F | and a torque T,. For equilibrium these two forces must be
equal and opposite and the torque produced by these two forces must be equal and opposite to
the applied torque T ..
ButF, and F, are equal and opposite, its direction is parallel to BC as shown in Fig. 2.6
FJ’ - F'_’S = Fll

h= perpendic[zlar distance between F,, and F ,

.. Torque, T,=F, h (cw)
F_—Parallel to Bc

32 f\
T

T

5
i

FIJ e j
Parailel to F, 2 Fig. 2.6
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9. For the static equilibrium of the mechanism shown in Fig. QI(b), find the required

input torque T2A The di mensi onBC=AD=E0MMBRCEIDAMMM
CE=100mm, and EF=450mm. (14 marks) (June 2013)
E

Fig. QI{

\E” 250 N : Fe
I 16

250 N

Fis Scale: lmm =5 N
Fsy
FBD ot 6 Force Polygon

FBD of 5

FBD of 4

Scale: Imm =S N
Force Polygon
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From FBD of link 6 and force polvgon

F.. =280N
From FBD of link 3
F.\-', =K 15

But F = F, = 280N
F,.=280N

Also F_ = F = 280N

From force polygon of link 4
F. = 365N

Also F,, = F = 365N

From FBD of link 3
F.,=F, =365N

Also F, = F, = 365N

From FBD of link 2

x=125mm
Torque T. =F,.» x =365 » 125=45.625 N-mm or 45.6 N-m iclock-wise)

10. For a mechanisnshown in Fig. QI (b), find the required input torque, for the static
equilibrium. The lengths OA and ABare 250 mrn and 650 mm respectively. F = 500N.
(15 Marks) (Jan 2014)

FEST> ol hink 43

Force polseun

“ ¢ FBD ol hink 2

Form FBD of link |
From forcc polygon ¥F_,

14

F
477.5 IN
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F32= F23= 477.5N

From BD of link 2

x=144mm

Torque on link 2

T2 =F32X X =4775144=6876 N-m

11. A four bar mechanismshown in Fig.QI(b) is acted upon by a force P =100 N at 120°
onlink CD. Thedimensions ofvariouslinks ae AD;™ 40 mm, BC = 60 mm, CD =50
mm, AD =30 mm, DE = 20 mm, Deter mine the input torque on link AB for static

equilib rium. (16 Marks) (june 2014)

(o3

FBD of link 3

FBD of hnk 4

Force polvgon FBD oflink 4
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From FBD of link 3F23=

F43 From force polygon

F'4 ~ 962N

F34= 277N F43=

F34=27.7N

and R3=Fn=27.7N

From FBD of link 4 x = 3% mm

Torque on link 2, 2= F32X X = 27.738.5 =106645 Nmm(cw)
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UNIT i 2
Dynamic Force Analysis

1. Derive an expression for 'size of flwheel'. (6 Marks) (June 2015)
XA J

AT AR e mEmws

~atd
Mg |
I—

e ——

o

Fig. Rim of a fly wheel

Size of flywheel

Dimensions of the Flywheel Rim

Consider arim of the flywhed as $iown in Fig

Let D = Mean diamed#r of rim in meters,

R = Mean radus of rim in meters,

A = Crosssedional area of rmin rn’,

p = Density of rim material in .kg/rm',

N = Speed of the flywheel inp.m.,

0) = Angular velocity of the flywheel in

rad/s v = Linearvelocity a the mean radius

in m/s=0). R=n D.N/60, and

0' = Terslle stressor hoop stressin N/m2 due to the centrifugal force.
Consider a snall element of the rim as shown shaded in Fidget it subtends an angle 09 at
the centre ofthe flywheel

Volume d thesmadl element

=A xR. 09

Mass ifthe snall element

dm = Denrsity x volume = pAR.09

andcentrifugal force on tle dement. actingradially outwards
dF =dm.0)2.R=pAR". 0)".b9

Vertical omponenbf dF

=dF.9n 9 =pA.R2. 0)2.h9sin 9

Total vertical upward force tendingd burst he rim across tediameterX
Y =p.A.RW2 2Jsm. 1(.7).de=p.A.Rw2 2[- cos EID it

(6]
. (i)
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This vertical upvard fore will produce tende stress orho stresgalso called centrifugal
stressor circumferental stress), and it is rested by 2P, such that
2P = 20A (ii)

Equaing.equatons (i) and (ii),

2 pA.R2AD)2= 20'A

O=-pAR2. 0)2=pV' (v=

O).R)V =if (ii'l

We know that mass oftie rim, m

= Volumex density = 1tD.A.p

A=~

71D.p ....... (iv)

From eqations(Ui) and(iv), we mg find the value of the mean radius and cross
sectionakrea of the rim.

2. A punching machine is required to punch 5 holes per mute of 50 mm diameter in40
mmithick plate. The ultimate shear strergth of plate material of 22 5 MPa. The punch
hasastroke of 100 mm. Findthe power of motor required of mean speedf

flywhed is 18 mls.  coeffi cient of fluctuation of speed § 4%, find mass of the
If flywheel.

s =100 mm't = 225 Nzmm? u
d=50mm t=40mm v = 18 nsec
K=4%s

(i) Power of motor

shearing force F= shearimy gressx sheared eea
=r xndt
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=225 x 1t 50 x40
' =1.4137 x10°N

Work done per hole = % Ft= % x |.4137 x 10° x 40
=28274.4 x |0° Nmm
=28274.4 Nm
= Total work done per hole =E

Work fone per minute =Work done per hole x Holes per minute

=28274.4 x5
= 141372 Nm/mn
.. Power required to drive the machine
_ WD per min ute

60 x 1000
172
= 18137 = 2.3562KW
60 x1000

(ii) Mass of fly wheel
Maximum fluctuation of energy

e =E [1—11 - 28274.4[1— s ]
2 2%100

=22619.52Nm
’ _ KW' KMy
" 100 100
 4xMx18’

100
Mass of flywheel M = 1745.3 kg.

22619.52
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3. Define coefficiem of fluctuation of speed and coefficient of fluctuation of energy.

Coefficient of fluctuation of speed ct> Theratio of thedifference bw smallest angular
velocity and the largésingubr velocity to the mean angulareocity <I> = (0,)2-0,)1) / 0)
Coefficient of fluctuation of energy (J3) : The rtio of greatest fluctuation in kinetic energy
to the wak done ¢ callal coeficient of fluctuaion of energy

Maximum fluctuati on of speed: The differencébetween smalkst angular velocity and
thelargestangula velocityis cdled max fluctuation o$peed.

Maximum fluctu ation of energy: The diffaence betveen minimumand maimum variation
Aof energy is caled maximum fluctuaton of erergy.

4. What is the function of a flywheel?How does it differ from that of a governor?
Ans. The functon of a flywheeis to reducehe fluctuation of speedIt staresthe energy in the
form of kinetic energyWhen the speed of the shaft increases abim/enea sped the exra
energy is stored in the flywheel and when the speed falls bedlewnean spek it gives aut
energy, thus smodtening the variaton. A governor controls the spkly varying the amaint of
fuel supplyto the engine, but flywheel does not have control dkemean speed.

5. The turning moment diagram of a multicylinder engine has been drawn to a scale of
Imm= 500 Nm torque and 1 mm to 6° crank displacement. The intercepted areas
between output torque cure and mean resistance line, taken in order from one end,
in millimeter ar e: -30, +410-280, +320;330, +250, -360, +280 ard -260. If the mean
speed is 800rpm and fluctuation of sged is not to exeed2% of mean speed
determine

1) mass of theflywheel ii) mean diameter of the flywheel, if the centrifugal stress
in the flywheel rim is limited to 8N/mn2. Hi) Dimensions of the recangular cross
section of the rim by taking the width of the rim as 5 times the tltkness. The
density of cast iron is 7200 kg. Neglect the effect of hubs and armstbé flywheel
(15 Marks) (Dec 2014)
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AR =0 cCam_Jo ATy o\Gw /i T@J

0

0 ——>

Let the energy at A be F
Energy at B = E — 30 Min
Energy atC=E-30+410=E + 380
Energy at D=E + 380—-280=E + 100
Energy at E=E + 100 + 320 = E + 420 — max
Energy at F =E +420-330=E + 90
Energy atG=E + 90 + 250 = E + 340
Energy at H=E + 340 - 360 = E — 20 — min
Energy at | = E—20 + 280 = E + 260
Energy atJ =E + 260 - 260 = E
e_, = max energy — min energy
E + 420 - (E-=30)=450 mm

Scale Imm = 500Nm and

Imm = 6° = 6x—— - Imm? = 500x6—— = 52.36N-m
< 180 100
€ e = 450x52.36 =23561.9N —m
2
L e 1000 - fGiinises
: 100 60
2
o i, k=2%
100
2 6
23561.9:2xMxl6.67 B /sxlo S
100 7200
m =4239.4kg w:—=>r=—Y=—3_1515
r w 22
4239.44 = (0.39)x A x 7200 m=pxbxtx2nr
4239.44 = A8821.59 Givenb = 5t
areaof c/r: A = 0.48m’ 4239.4 = m = 7200 % 5t* x 21 x1.1515

t=0.1lm=110mm
b = 5rt = 550mm
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6.The turning moment diagram for four stroke gas emjine may be assumed for a simplici
to berepresated by four tri angles. The areas ofwhich from the line of zero pressure are

as follows: suction stroke = 0.45x 10-3m2, compresson stroke = 1.7 X 10-3 m', expansion

stroke=6.8x 10-3m", exhaust strole = 0.65x 10-3 m? each mi of area represents 3 MNm
of energy. Assume theresisting torque to beuniform find the massofthe rim of a flywheel

required to keep be spedbetween 202 and 198 rpm. The meanradius d the rim is 1.2m.

[ 0493 5 N-m

c

i

—_

2

~ -

2 2

= Tan ~ 954 93 N-=m ai

R e ] £
g i 4:
v \/:\//27 :

- L suction L COmDICssion expansion exhaust
Crank angle O (rad} -—

Given N, = 198 rpm
N, =202 rpm
N.—-N, =202 -- 198 =4 rpm

N, 2 21t < 200
Mean speed N = et By JOGHIDE 200rpm; ©® = SRX o —20.94rad/s
2 2 60
coefficient of fluctuation of speed,
N, —N 4
k. =——Lx100=——x100=2%
’ N 200
Mean Torgue ]Tm),
NCI \\"()l'kdone in a C)-Cic = \&l'[)xx.:‘:.\n ¥ \\‘"Du-mwc»;;»\m + “”I).‘sll;l:lr.lﬁﬂl = “”[)\:A‘I-tuil
=(—0.45 1.7 + 6.8 —0.65)107m*

=4 % [0 m*
Given im- area = 3MN-m of cnergy = 3 % 10° N-m
WD =4 107 x 3 x10° N-m = 12.000 N-m
- \VD_ - - 12000 =954.93Nm
Durationof acycle 47

Maximum torque (T, )
WD =6.8 < 10" *3 x 10°N-M = 2..400 N-m

expansien

Mean torque T =
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7.Explain turning moment diagram of 4stroke le engine and multi- cylinder engine.

The TMD for an IC enginedas show in the Fig3.1 As the pressure inside the cylinder is less
than atmospheric pragre during the suctiostroke, a negative loop is formed as shown in.Fig
2.33 During compesson and exhaug stroke, work is done on the gases and hence a negative
loop is formedDuring expanson strke, the work is done by the gases. WD is the product of
TM and angle ttned, area aiMD represent®VD/Cycle From this power cabe cdculated

AF - represents mean resisting torque. Area abovdi ttess excessnergy, using, excess
energy mass of the flywheel can be calculated
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