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Methods to calculate center of gravity

* By Geometrical consideration.
* By Moment.
* By Graphical method.

* Integration method.
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— 2h
__ h Y =73
Yy=3 A ’
‘ —_»b _ 2b
Az | > K =77
1
Area:§><b X h
SAHCTR ANATF (NI 0K I B ACATE (D o7 AT
bh3 hb3 bh3

IXX = — lyy =— Ixx = —
36 Yy 36 12



T d? 2
Area = or Tr* Area = rr
., ()
| >
SACHE ACATT (NG & 21 SAHE ACATT (NG &< 20
4 D4

IXX =lyy = n6_4 IXx =0.11 7‘4Iyy: e



2b 2h

33 (B e C &g @e)

(r, 0.424r) (@ (AT

. 0.576r) C (T® leor = Tan = 135

(r r) C : | !’“’_ 128
x Ipp = 0.63 14

(0.424R, 0.424R [ven o]

(0.576R, 0.576R)
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y
150mm l
25mm
120mm
\ 4
A e A
20mm




d:= 150x20 = 3000 mm? 1 20mm
2= 25%120 = 3000 mm? |
Yi=120 + 22—0 = 130mm 2 120mm
120 _
yz—T = 60mm !
—-_aiy1t ay: 2 I V2l A
 arta 25mm
_(3000%130)+ (3000%60)
- (3000 + 3000)

= 95mm



|| 150mm |

1 20mm

A

—> 25mm €«—

Y1=130mm 2 120mm

\ 4
Y2=60 mm  Y=95mm

Ixx = (lei+ Aihi2) + (le+ Acho? )

3 b2h2?
_ bilu FA(Y-y)? + izz

B + Ao y-Y2)?

<(20) 25%(120)°
— 222043000 x (95-130)2 + iz )

= 11.05 x 10° mm*%

+ 3000 x (95 - 60)2
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Area =Db x h n
T v
b
SAH ACATT (NG &< JI0 B ACATF @D &K I
N E _bh?

IXX = — lyy =— IX =
12 Yy 12 3



fTere™ (N5 o9

— 2h
__ h Y =73
Yy=3 A ’
‘ —_»b _ 2b
Az | > K =77
1
Area:§><b X h
SAHCTR ANATF (NI 0K I B ACATE (D o7 AT
bh3 hb3 bh3

IXX = — lyy =— Ixx = —
36 Yy 36 12



T d? 2
Area = or Tr* Area = rr
., ()
| >
SACHE ACATT (NG & 21 SAHE ACATT (NG &< 20
4 D4

IXX =lyy = n6_4 IXx =0.11 7‘4Iyy: e
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2b 2h

33 (B e C &g @e)

(r, 0.424r) (@ (AT

. 0.576r) C (T® leor = Tan = 135

(r r) C : | !’“’_ 128
x Ipp = 0.63 14

(0.424R, 0.424R [ven o]

(0.576R, 0.576R)
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—> Scm |[«——

20cm

| .

<«<—l16cm —> T




5cm

.= 20x5 = 100 cm? X :g — 25 em

= = 2
d>=11x5=55¢cm X, :5+12_1:10.5 om
20 _5 _ 20cm
y1:7 =10cm =75 = 2.5Cm
5
——_A1X1 1+ A2Xo o
re art a ~—-_ a1y1 T axy2 16cm
- art a
_|_
=(100X(21'3()) +(g§;< 19.5) _(100x10)+ (55%2.5)
= 5.34 cm Ao o0

=7.33 Ccm



5cm
di= 100 cm? 1=10 cm
a=55cm2  Y>=22Cm
7 = 7133 20cm Y:i=10cm
Ixx = ( IG1+A1h12)‘|—( I+ Azhzz) S5cm
3 b2h2? Y2=2.5cm
3 11x(5)3
= SXSO) + 100 x (7.33-10)% + 1; ) +55x (7.33-2.5)2

~ 5443.90 cm 4



S5cm

8:= 100 cm? LRl

X2=10.5cm
Q= 55 cm?2 -

X =534 20cm X1=2.5 cm

; 3 X2=10.5cm
lyy= hllgl + A ( X-X1)2 + hilz)z + As( X-X2)? o
l16cm
3 5%(11)3
_ 201x§5) +100 x (5.34-2.5)2 + iz ) 55 (534 105)

~13033.88 cm 4
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<«—380mMm——— l
10mm
A )
130mm
N }
10mm 10mm
T <—100mm—>| T



d:1 =100x10= 1000 mm?

d2=130x10 = 1300 mm?

ds =80x10 = 800 mm?
10

Y1 =5 =5mm
Y2 =10 + % =75 mm

10

Vs=10+130+ -~ = 145 mm

2

<—80mMmM———> l
10mm
130mm
v L ‘1‘
10mm 10mm

aiy1t+ axy:+ asys T 100m l T

y: Qi+ at as
_(1000%5) + (1300x75)+(800% 145)

(1000 + 1300 + 800)

=70.5 mm



<—30mMm———> i
Ys=145 mm
8= 1000mm2  Yi=5mm o
d2= 1300 mm? Y2=75 mm T t
as = 800 mm?2 Ys= 145 mm 30mm|  [¥2=romm
Y =70.5mm l 1 !
10mm Ji=s mm‘ 10mm
Ixx = (lei+ Aihi2) + (le2+ Ach?) + (les + Ashs?) A e A
OOmm—>|
bihi3 b2h2? bshs?
= T3 FAYY ) o Ay YR A(yeys )
_ 100%(10y 10%(130)? 80%(10)?

13— +1000 X(70.5-5)2 + —————+1300x (70.5  75)? + ————+800x( 70.5- 145)?

= 1060.26% 104 mm*
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10 cm

4

60 cm

F

}(—40 cm

4



d:i= 60x40 = 2400 cm?

dz=

_60
Y=

T X(10)?

=30 cm

= 78.54cm?
Y2=40 cm U e
v
L

_(2400x30) — (78.54x40)
~ (2400 — 78.5%)

= 29.66 cm

10 cm

‘lllll’
60 cm

E—

—

—Y



10 cm

—

di=2400cm? Yi=30cCm
3.2 — 7854Cm2 y2 = 40 cMm — O
60 cm

Y =29.66 cm

40 cm

Ixx = (lei+ Aihi2) - (lez+ Ach2?)

_ bih?? , D* ,
= St AYYR - - A Y-2) }‘—‘“’C”‘—"

3 4
= 300, 2400 x (29.66 - 30 - T 78,54 (29,66 - 40)

~711389.42 cm 4
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10 cm

Ixx = (lei+ Aihi2) - (lez+ Azhz?)

bihs? nD*
S Ixx = 11 21 + Ai(Yy-y1)? - o1 A y-Y2)?

60 cm

40

— Y —Y
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10 cm

Ixx = (lei+ Aihi2) - (lez+ Azhz?)

bihi3 D*
- A Ixx = 1121 +A1(y1)2 -E-Az( y2)2

60 cm

40

% 2 .
}(—40 cm—)‘
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10 cm

lyy = (lei+ Aihi2) - (le+ Azhz?)

hib:3 nD*
—5— lyy= ot Al ( X-X1)? - P Ao X-X2)?
60 cm T D%
40 W= 15"

— Y —Y
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80 mm

40 mm

40 mm 40 mm



st AB Ut




o b1h13 +TL’D24 nD34

|
TTTI2T 128 64

_80%(80)3 x(80)F  wx(40)*
12 128 64

=4292979 mm?




W i€, O 79 20 1 7a0e Fa cFawe dA
dA @I ZFE X @32 Y

foraa sl (Fa 20e SR AR, 12 = X2 + Y2

X or% zeo dA F8 (Faba GIes o< 24911, Ixx = y2dA

g Y % Tee dA F@ (Faba (s o) 241, lyy = x2dA
To93, 12z = rJdA
(T cweaa BT OF IR YRS wiess w1
SRR CATTS Taies o9 =it 0T | TP J
AT SI6® /T R | 1z=1J=[r:dA
=[(+y>)dA
= [x2dA + [ y2dA
= IxXx + lyy













n=2j-3
G, N = P IS
j = B0 ST AR

n=2j-3
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Joint Method

For Joint A
+ Y Fy=0 Fag FABSIiN60°

= Faesin60° - 1000 =0
= Fagsin60° = 1000

FaB cos60°

60°

1000 Fap < S

= = Sneos
. Fas =1154.70 kg (Tension)

1000 Kg

+

Y Fx=0
= -Fap-Fascos60° =0
= Fap = - Fae€c0s60°
= Fap =-1154.70 cos60°

= Fap =-577.35 kg
. Fap = 577.35 kg (Compression)



For Joint B

Fep

+ YFy=0

= - Fepsin60° - Fas sin60°=0
= - Fep SIn60° = Fag SIN60°
= - Fepsin60° = 1154.70 sin60°

= -Fep =

1154.70 sin60°

sin60°
~. Fep= - 1154.70 kg

- 1154.70 kg (Compression)
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3t 6t

l l . FaB sin60°
B C For Joint A : Fag
FAaB c0s60°
60° =
60° QO s oo \ e
A D
F 4m )’(E 4m 4
- R0 3.75t
Afrs @S 7 =R, ( +Y Ma= 0
+ > VF=0
—3x2+6x6-Rpx8=0 |
—Rp=5.25t = Fassin60°+ 3.75=0
+ YFy=0 = Faesin60° = - 3.75
=>Ra+Rp-3 — 6=0 = Fag = — 3.750
=RA=9-5.25 sin 60

. RA=3.751 s Fag=-4.33t (Compression)

+
> HF=0

= FasC0s 60° + FAE= 0

= FAE= - Fagcos 60°

= FaAe=- (- 4.33)cos 60°
~ Fae=2.165t  (Tension)



3t

Ny

6t For Joint D

e

60° 600\ /\60° 60°
am >'<E 4m
Rp
+ Y VE=0

= Fcpsinb0®°+5.25=0
= Fcpsinbe0° = -5.25

= Fop = — 5.25
“® = 5in 60°
s Fcp=-6.06t

(Compression)

Fcp Fep sin60°

Fcb cos60°

60°
FpE <

SAS)
+

> HF=0

= - Fcocos 60° - Fbe=0
= Fpe= - (- 6.06)cos 60°

- Fpe=3.03 t (Tension)



3t ot For Joint C

Fce Fco

+ Y VE=0 +

| _ Y He=0

- 0._ 0 =
= F6 siFnCGE (;50'”_606 F(C%Sgggimsog = - Fec -Fcecos 60° + Fcocos 60° =0
= Fce =-0-(-0.

e = Fec= -Fcecos 60° + Feocos 60° =0
= Feesingd =2 015 = Fec= - (-0.87) cos 60° + (- 6.06)cos 60° = 0
sin 60° s Fec=-2.6t (Compression)

s Fce=-0.871 (Compression)

= Fce =



3t 6t

. l l - ForJointE  pgp Feesing0® Feesingo® -
60° 60°
A \600 0 \600 60° 5 Fae < . > Foe
F 4m——>€—4m 4
RA Rp + Y VFE=0
= FeeSING0° + Fcesin60° =0
= Fee=- FcE
= Fee=- (-0.87)

~ Fee=0.87t (Tension)






K From (i) & (ii
oK O (5(_})() A Rrs @ 63 2R, +YMa=0
D = X\/B = 73
500Kg = x=1.25m — 600 x 2.5 + 500 x 6.25 - Rex 10 = 0
— Rex 10 = 4625
~ RB=462.5 Kg
A | o B
? i E’(‘x’l 3m ’T + Y VE=0
A R EF=xf. - EB =Ra+Re— 600 -500 =0
~ FB = (S_X) m O CF =>RA= 1100-RB
ACEF-¢ tan 30° = 5 =RA= 1100-462.5
_CF 1 CF . D
tan 60° = == _ s Ra=637.5 K
(;F RAVRE G :
= \/3 - = CF = (5\/_;() ..................... (ii)



For Joint A

+ Y VE=0

= Fabsin60° + 637.5=10

= Fapsin60° = - 637.5
_—637.5

= A0 = 5600
~ Fap=-736.12 kg
(Compression)

. Fabsin60°
: Fap

FaD cos60°

60°
>FaAe

Ra=637.5 kg
+
> HF=0

= Fapcos 60° + FAE= 0
= FaAE= - Fapc0s60°
= FaAe= - (- 736.12)cos 60°

. FAe=368.06 kg  (Tension)



For Joint B Fac Fecsing0o

FBc cos60°

FBe <«

Res=462.5
+ Y VE=0 +
= Facsin30° + 462.5 = 0 = 20 - Fane 0
i 0—._ = rFBCc COS - FBE=
- FBCS'n_:gg s 5462'5 = Fee= - Facc0s30°
= Fec= Sin 360 = FBe=- (' 925)COS300
- Fec=- 925 kg . Fee=801.07 kg  (Tension)

(Compression)



600 Kg For Joint C
AT o 19 qeretet [Reawa1 o6, 5 Kg

500 Kg
60° g
FCD( ""‘)600 > FBC
C l._) 500 cos60°
URIL 5in66g
Fce
+ > VF=0 %‘1 Hee 0

- i 0 ._ —
Z FS 0(1 S|2(§5(§) siango ° = Fec— Fcp + 500c0s60° = 0
= = Fcb = Fect+ 500c0s60°

= Fce=- 433.01Kkg | = Fcp = - 925+ 500c0s60°
(Compression) - Fcp=-675 kg

(Compression)



600 Kg

For Joint E

Foe Fpe sin60° Fce sin60°

Fce

60° 60°
NI > FBE

+ > VF=0
= FbEe sin 60°+ Fcesin 60°= 0
= FDE= - FcE
~ Foe=-(-433.01) kg
= 433.01 kg (Tension)






gg9i(Friction)
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(3) I8 @ MTF 57K TAG@Y 7 I99 39 o7 [oidre s e +ea |
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(©) =1 ot TR =7y elfefera 3@t (N) «az s w1t Awi®
TR AT 7] 9 | L, I%: ol
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- () oife 954 F@1 (F) @32 = ot $o1 719 alfsfart qeea (N) Speiieed S &1 A4t |
o @b AR AT 99T Tee @Fp 0 7 | Afafeweid, FIN= &9 721y |

« (o) T +fS7 Ty IS TR M 1 ACF | O[S @C (AN @R T AN FCH AW

+ () *IfS TR N 0 oo™ PreR §oF fed 361 |

» (8) oIfS TR T o0 ST (FATCEF TR (TSN T | OF BICoR TR fqoaie |

- () T4 T *(feq Toi7 fqoaie 73 | o= Sfeiie oo CFea e T &7 #IF |
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(I I8 AENG 56 JCF eva Wi 2T THwrs 21, @9t ST ’M

G (FAIC] OFAP AT AN @ (&I TRF FAE €T TG O[5 \
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\

i
F 60 0 . Wcos6

F Wsiné

e = 0=t -
R  Wcos6 tand ar

| o
<€



A aAfSierl I W3 15 AfSlerTl I TGO! (FFE T4 (&I I |
Gt O € AF* /91 =3
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3 T | 96 G T, @R AL AT AL ASIATOIT FoET
WG FL FCI AL (04! 41 7Y | ATIATE Wg TS 1A (rungs)
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TR @37 fr 3fC ormas
SR AR e PP (AR

RB B RB B

Ra RA



ot emeIBH roqTERNFoRC oo HREE ? IBLAeT500 Kg «eraem=aiy = 0.25

45%\




IS CerFeld [esEd @ AR, + Y Fy =0
= R =500 + P sin 45°

w<E, F = uR
= F=0.25 (500 + Psin 45°)

+
IS Sgoieoicd [eaad ed 2R, > Fx =0
= F =P cos 45° (i)

w29 (i) 8 (ii) 2C® 13,
=P c0s 45° = (0.25 (500 + P sin 45°)

=0.70/P =125+0.177P

125
=P = 033 ~P =235.70 Kg Ans.

O —

F <

F.B.D

P cos 45°

>

J Psin 45°
v 500 kg
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> 0

F < : > 50 Kg

60sin30°<—

300

60 Kg
60 cos 30°:
GOVKg I CeTFeld [esEd @ A, + Y Fy =0
TS A JeNFe [umd @ R, + Y Fx=0 = R-60c0s30°=0
=50 — F— 60 sin 30° = 0 = R=51.96 Kg F 20
=F= 50 — 60 sin 30° T F=pR - Su=o = 55

~ F= 20 Kg Ans. ~ 1 =0.38 Ans.
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= Re(1+5 3 )=186%5
= Re(%1)-93 .. Re=
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= 79.71 Kg
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62 cos45°

6.43m
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(1) PG, W=FxS
(ii) PG, W = FScos6
(iii) =, p=

(iv) P.E = mgh
(v) K.E= %mv2

. PLAN
(vi) IHP = —Zo~

(vii) ifes e, 7 = Do







(i) PTG, W =F xS
(ii) PG, W = FScosb
(iii) =, p=

(iv) P.E = mgh
(v) K.E= %mv2

. PLAN _ PLAN
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AB 5sec- 8m
'F = 500N
e , S =8m
.......... t = 5sec
N B
W = FS cos6 wFarel, P= %
=500 x 8 x COS60° _ 2000
= 2000 N-m _ 2
2000 Joule = 400 Joule/sec

— 400 Watt.



60 10 ?

’ , W =60 kg
,H=10m

, P.E =mgh
= Wh
=60 x 10
=600 Kg-m
=600 x 9.81 Joule [+~ 1Kg-m=9.81Joule]

_ 5886
4.2

= 1401.43

[1 =42 ]



= 50,000 = 50,000

150,000 _
N W=>"2 = 833,33
7’]:85% = 1—00 =0.85 H=30m

= WH = 833.33 x 30= 25,000 Kg-m
WH _ 25.000

BHP = 7255 = 250~ = 5.56 hp

B.H.P 5.56

n=1ar >V =1HP

5.56

LH.P = 552 = 6.54 hp
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n=% = BHP = 50 x 0.90 = 45 hp

WH _ P x 60
B.H.P= 75 = 73

P x 60
$45—T

=P =% = P =56.25 Kg/sec

= P =56.25 x 3600x 24 Kg/day
~ P =4.86x10°Kg/day
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= V=+196

-V = 14 m/sec
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