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aawga
BHIYDI §NIZYBIUTIN ULANHITNHNIVHIAUAZH AN

WANGANITHIANIBYDIUTIHAIUUILHNA NI UNN

A
Wanwy
4.1 mamsﬂuamwaa«qa

4.2 umummmaaaiv

4.3 ﬂg]ﬂ'immmaﬁuumamma"lu‘[mmsw 2 i

4.4 amﬂawaqmamsﬂiu 2 NB

4.5 Statlcally 1ndeterm1nate reaction & Partial constrains
4.6 aamawaqmamsﬂmﬂimmsﬂﬁvmwmu,'sq 2 1IN
4.7 aamawammmsﬂmﬂ"lmmsﬂsvmwmu:N 3 LI
4.8 tt‘iﬂﬂ{]ﬂﬁﬂ"l‘nﬂﬂﬁaﬂ‘iﬂ Ltﬂuﬂﬂmalu‘[ﬂﬁﬂﬂﬁ’m 3 {6
4.9 aamawammmsﬂh 3 {
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ngagluannzauna
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Tiaadselamilumsldnulataiivazilaansns
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|
4.1 S’mqﬂﬁgﬂuﬁﬂngﬁuqa

‘sgfuuI,L‘Nmﬂuaﬂﬁﬂsgﬁwiaﬁ’mqﬁ’uﬁusﬁ’wﬁaﬁwﬁ’u 0

\

— \
2F =0 2M =2 (rXF) =0
2F, =0 XM, = 0
ZFy=o ZMy=o
2F =0 2M =0
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4.2 WHUNININYDH5E (Free Body Diagram ; FBD)

WS aUMNULEAINGHNTIHNBIFUYBIUT
unusuniwidsing

ALY UL UNINNIVBNG
P =y Y ol v o
BIDUYN D YIUUINFEIUD LG HAI N U

dadAny nadldusalinsunnusa




dNaalInamasy
9 9 U

Ty 2 36
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4.3 wsaljisennansassunazandiinnani

§1%5ULlAINFINULUY 2 HE

LHBHITUUUTNMNEUBNNILNIABIND
AziusIlnIenInIasunrIagncatiiassig 9

usaUinIennedu § 3 anuaz A9
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wsaUfasen 1 use Liszne Juuanssin 1 Unknown

Number of

Support or Connection Unknowns

=

Short cable Short link Force with known
line of action

Fi
Force with known

line of action

rrk%?,l,l.?:.;“md Frictionless pin in slot




2. w3alfnsen 1 use Lisewne Lisuwanssm

Frictionless pin Rough surface Force of unknown
or hinge direction

2 Unknown

3 Unknown

Fixed support

Foree and m‘mp]e
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4.4 aa«qawaﬁmqmgﬂlu 2 36

ﬂw;awaﬁﬂqmgﬂlu 2 346) %:ﬁaumsaa«@a 3 dun9

D
2F, =0
2F, =0
2M =0

MR FINI5911@7 Unknown b&  LaLAH 3 @0
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Q

mqmgﬂmﬂé’ﬂwmﬂajmmsamﬂ'1 Unknown g
ﬁ)ﬂﬁ&lﬂ’l’iﬁ&l@aﬂﬂa (Indeterminate) L2

C D — < <
= B Taanmna
e t t (,
RA RB
3 Unknown 31ANINENNIS
C D I L U GER
A B AX X BX X e Unknown
A A 1 (Y]
—— NINNI 3 1
AY BY
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|
MDY 4.1 daye  Uuaum3a §ixa 1000 kg

gNRUBUN 2400 kg

HORIY pin #1 A 1taz Rocker 9 B

darr  Temusednsann A uaz B

2.0 | 4.0 oM

ey FBD WaAILII0N )

=y

A v UM = (9.81x2400)/1000
23.5 kN - 935 kN
By uu. Y1 = (9.81x1000)/1000 kN
= 9.81 kN
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-, |,
MY 4.1

G
A
1.
.C
2.0 | 4.0 |
AX v = an ::: Vv =
23.5 kN w3UNNIe NEaINITHI A

9.81 kN
(~4 ¥ [~1 .
A, A, Wuwsegay 2 wsd wsH1ztdu Pin

={ ] (<Y = <
BX HL39agmLtm el tWINztUY Rocker
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MY 4.1

2 M, =0

B.(1.5m)-(9.81)(2m)-(23.5)(6m) = O

BX = + 107.1 kN
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-, |,
MY 4.1 ‘

¥ A ZFX=0
AX+BX=O
A +107.1 =0

A, = -107.1 kN

WA

Y 2F, =0
A, -9.81-235 =0

A, = 33.3

_ 2 2

A =fAZ+A,
=\/107.12 + 33.32
= 112.2 kN

0= tan"'(A,/A) = 17.35 I\

)
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|
MI2e9 4.2 NG
U

U2 2 1 ﬁ"mﬁ’ﬂmmﬂ
2 kip 4: kip o ' ' < Y
| ‘3 kip nIEMIRaLEUBan 693U
° L/ v 0 A L?Juam'saq%’uuuu
Roller 26 B (¢ Pin
A B 9
2 Kip :
2 e [P
l Y —\ O\ dl
Thriusalnseni A uaz B
—>BX
A B, 31|  @au FBD
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-, |,
MIeN 4.2 ‘

2 kip 4 kip # A 1Uu Roller Husauinszen
3 kip . &
l l Tuwuanu Y 91w (A)
—By 9 B (Uu pin azdiusedfnsems
) B, 2 wiunu (B,, B)
R B
2F, =0; B, =0
walaaud 1A ;X M, = 0 2F, =0
B,(6)-2(1)-3(3)-4(5) = 0 A+B -2-3-4 = 0
B, = 5.17 kip ! A = 38.3 kip)|

salsziasg @

15 9% ¢
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M2a8749 4.3 o
REE

24 in. \ S0UTINNUDY agjﬁwuﬁmﬁm

L}
o o g EaY

MINHAUUUING 25§ 1UD

5500 Ib aﬂﬁﬁ%mﬂﬂﬁzﬂ G
= v Y PN (Y]
gﬂmhmmﬂma M3

Jaynn

v = =N
TByIusenelutatta was
wsalfnseniaausaza
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MmN 4.3 ‘

35N

‘@ FBD srauny X, Y 19
wnu X agluwinunuse
MUaIgLALUS T

WA Y [IUaaBU

LENIIBUN 5500 1b

G ugunu X, Y
W. = 4980 Ib

-23201b

=
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-, |,
MmN 4.3 ‘

2M, =0
-(2320)(25)-(4980)(6)+50R,, = 0

R, = 1758 Ib

R, + R, -(2320) = 0

R, = 562 1Ib

2 F, =0
-T +(4980) = 0

T = 49801b

5.3y A139%e 20




- v dl =R ]
S A REE c»jnuﬂu AB 8@ty
ndare A ﬁuﬂﬂszﬁwmgﬂ

800N 400N
200N I o
day  winsslfnsennansassu A

A B .
%M 8y FBD

15| 25 | 2.0

wsaunnsendsznaume R R, ,M

800N

l 400N 900N > FX 0

. R, = O

2F, =0
R, - 800 - 400 - 200 = 0
R, = 1400 N
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MagIg 4.4 800N
| l 400N 900N

A
Ly
RY
1.

- 5| 25 | 2.0
wilaauaUfnsen M 0 A | | |

2M, =0

-(800)(1.5)-(400)(4)-(200)(6)+M = 0
M = 4000 N§m

wunnNIem A = 1400 N |
Tauauadfii3e1i A = 4000 N § m D
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M2a¢19N 4.5

A
Ay )
1.=8” dada UU.400 1Ib Ll,?.I"J‘I«!‘IJ‘I«!ﬂ']‘I«!T,EIﬂ AO

A1AInyatadse K=250 Ib/in

dusqluantawa O = o
W=400 1t L

250 Ib/in - flgyzn  TvweunUdanIU

e’i'iw‘iﬂﬁ’l,ﬁﬂanngaa«qa

35N

ey FBD (Nadgusegmaan S

o T A '
NIIBINIULVBUNN AL W']ﬂfla:l'a\l 9
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-, |, 4
3NN 4.5 ‘

Q

24 = (<Y J v
‘szﬂzﬂmmaﬂsaamwuﬁﬂuqu

s = r( O/180)

(O7t/180 Wlutstean)

F = KS = K(r O71/180 )

szazluwisiu A0 tnu L( sin O)
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-,

M2a819N 4.5 ‘

2 M, =0
WL(Gsin Q) -rF = 0
WL(sin 0) - r K(r O7T/180) = 0
WL(sin 0) = r K(r O7t/180)
R = Kr2 O1/180

sin O = (Kr2 O71/180)/(WL)

Tuannsii O aENIFa979

1

U\

i

aaﬂﬁﬂamgﬂ(Trial and Error) m@hag'aﬂéf

O = o5 uaz 80.33
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4.6 ﬂﬂslﬁ!ﬂ?lﬂﬂihi!ﬂﬂgﬂﬂ”lﬂlﬁtﬁﬂ 2 L33

Lﬁai’mqmgﬂgﬂﬂsgﬁwﬁamtsqtﬁm 2 154
159 2 LWSIHUAD

~ WINY NNANINATIVINNIY
- a§i1uté’umsqtﬁﬂqﬁ’u
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4.7 ﬂNQﬂﬂaﬂﬁjﬁQﬂﬂgﬂﬂWﬂiﬁtﬁﬂ 3 L33

E \{

T .............. j/ B ——
v :.- (e

::. /

/

Lﬁaﬁ’mqmgﬂgﬂﬂszﬁwé’amtsq 3 154

159 3 LUWSIHUAD
=y v o o =4 v Y] s v v
- NUWIUSIARNUNIALAEINY %98 LA 2IYUIUNY
— WA INYDILUITILVINU O

2F =0, XF,=0, XM=0
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FIaEN 4.6 daya  waAunie fudananviaulel

B #HN 10 kg &1 4 ¥ 093U

255 U T¥wmusefsvasmaauil

wazusalnIengm A

9N

1284 FBD

NI 3 U Gluamfazzamga Aa T, W, R
LLSINY 3 ﬁ%ﬁ’mwuﬁ’uﬁwtﬁmﬁ’u

T uas G @NUN C AIUH R @adeu C g
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?I28N 4.6

Wd@927 R ﬁaqiﬁﬂmq

‘[ﬂﬂ°lﬁﬁwag34ﬁ’mtm'imwhﬁ’u o
Ay oL Wi laanzui (3)
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AN Ol wwlé’awngﬂﬁ (3)
AF=FB=ABcos453
=4cos45§ = 2.83 m
CD=EF=AE=(1/2)AF
-(1/2)(2.82) = 1.415 m

NN CBD = 30+45=753 755 B
c_>=]
BD=CD/tan75% D

= 1.415/tan75§= 0.379 m
CE=DF=FB-BD = 2.83-0.38 = 2.45 m

tan OL = CE/AE = 1.732
O = 60g
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O = 60§

bli,i} sine law

(T/sin150)=(W/sin135)
T = (W/sin135)(sin150)

T = 69.4 N
1L59A9 = 69.4 N

(R/sin75)=(W/sin135)
R=134 N

UIIAIVANTIIAUH = 69.4 N
wNURNIeM A = 134 N | mau
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dNaalInamiIsu
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Ty 3 36
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4.8 UNNUNNIBINIANIBITUUIZINGDLTDN

§1%5ULlAI9d319 3 N6
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Frictionless surface

Foree with known

line of action
{oRe unknown)

Force with known
line of action
{one unknown)

Uniwversal Three force components
joint and one couple

Roller on g i
rough stuface Wheel on rail
S — =
-~ Three force components
Ball and socket
LS.
| ¥, A2
1 -
- — o M . ¥, AL
= N . | i e [] of -
= F, - . ! s

rmr— oo M }' e

Fhree force components

Fixed support and three couples

Two force components
{and twor couples]

Pin and bracket

Hinge and bearing supporting
axial thrust and radial load

Three force components
(and two couples}

L T (R e e

walgnsen
1 AN

walgnsen
2 NANI

walgnsen
3 NAN

waalgnsen
4,6 NANN

waalgnsen
4 AN

waalgnsen

o NANN 34




4.9 aa«qawaﬁmqmgﬂ"lu 3 NH)

Tu 3 §6 § 6 daxNT

2F, =0
2F, =0
2F, =0
2 M, =0
2 M, =0
2 M, =0
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_
@IeaN 4.7 >
REND

tuladisna 20 kg 305893V A, B
\UuLUU Flanged Wheel (8naaiisad)
NUUTN ﬁf\g‘m C tuuuy
Unflanged Wheel (82533401) UMHUY
deuduuuuulaaulunen fiwna
80 kg winthminTxzasiulasuay
ﬁhﬁﬁﬁqml)ﬁhgﬂ

Jaunn

WuUnIeIn A, B, C °lu§1jl,l,sﬂsiaﬂ
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Ma819 4.7

Wee FBD Uule

Ck
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UIBUNTIN W = -(80+20)(9.81)
~(981 N}j =‘(981N)j

2 F=0;

A j+A k+B_j+B k+Ck-(981N)j = 0

(A,+B, - 981IN)j + (A, +B_+C)k = 0
(1)

2M, = (rXF)=0
(1.2i)X(B,j + B k)+(0.9i-0.6k)X(-981j)+(0.6i+3j-1.2k)X(Ck) = 0
(3C-588.6) i - (1.2 B, +0.6C) j + (1.2 B, -882.9) k = 0

@2y
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NNENNT (2) 2 M, = 0
(3C-588.6) i - (1.2'B, +0.6C) j + (1.2 B, -882.9) k=0 (2)

v oo
10 duUIEEND i, j, k lHaun15(2)

2. M. = 3C-588.6 =0
—~(981 N}j NN j

2 M, =1.2B, +0.6C =0

2M,=1.2B, -882.9 =0

UWAENNIS @ C =196.2 N

B, = 763.0 N

B, = -98.1 N
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PMNFENNT (1) L F=0
(A,+B - 981N)j + (A +B +C)k =0 (1)

v o

10 dudszansd j, k luaunis(1)

1M j ; _ _ _
J5 X F,=A+B -98IN=0

Mk Y F =A+B +C =0

wnu@ C, B,, B, unaxns la

A,= 245; A, =-98.1N
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- Y, 3 @ a O
(328N 4.8 waa‘ga ‘i’]uam Derrick 10Nt

WasuININg M9
daunn
BI04 lLALUanada9(BD, BE)

wazusalnsend A Tusdusedas

01 1y FBD va9duau

C fl Unknown S GT’J
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8979 Vector UBLLIIGN 9
BD = -8i-12j+6k ; BD = 15.62’
Unit Vector 14 BD; A& = BD/BD

A, = (-8i-12j+6k )/(15.62)

A = (-0.512i-0.768j+0.384k)
BE = -8i-12j+6k ; BE = 15.62’
A, .= (-0.512i-0.768j-0.384k)

selsziasy A13ete )




NALABSYBILTIAI )

W = 4000 j
T;3D = TBD (KBD)

X
X
o

T, =T, (-0.512i-0.768j+0.384k)
T, =T, (-0.512i-0.768j-0.384k)

Vv o —
dINIALEBILYI AB, AC AB =12
AC =Xi+Yj+ZKk = (12c0s30)(c0os20) i + (12sin30) j +12(c0s30)(sin20) k

AC =(9.77)i+(6)j+(3.55)k
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NALABSYBILTIAI ]

Y W = 4000 j
}\, TE) = BD (7\'BD)
T, =T, (-0.512i-0.768j+0.384k)
. C T, =T, (-0.512i-0.768j-0.384k)

I'W  AB =12
eX ']

A/tA \(—)@ ..... .......... T (9.77) i+ (6)j + (3.55) k
7 i It

o
e
o
o
o
o
o
-

X
e
K
kS

2F=0; Ai+tAj+A k+ T

o +T -4000j=0

(A,- 0.512T, - 0.512T, ) i +
(A,-0.768 T, - 0.768T,_ - 4000) j+
(A,+ 0.384T, -0.384 T, ) k=0
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(A,- 0.512T, - 0.512T, ) i +
(A,-0.768 T, - 0.768T,_ - 4000) j+
(A,+ 0.384T, -0.384 T, ) k=0

2F, =0; (A,- 0.512T, - 0.512T, ) =0 (1)
2F, =0; (A,-0.768 T, - 0.768T,_ - 4000) =0 (2)
2F,=0; (A,+0.384T, -0.384 T, ) =0 (3)
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2M, =2 (rXF) =0

(4.61T, -4.61T, +14200) i + (6.14T, +6.14T, ~39080) k = O

2M, =0; (4.61T, -4.61T,,+14200) = 0O
2M,=0; (6.14T, +6.14T, -39080) = 0
wNaNNI3 la

T, =16401b  uaz T, = 4720 b *wweees

wnue T, waz T, 11(1),(2),(3)
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T, =16401b  uaz T, = 4720 b ******

wnue T, waz T, 11(1),(2),(3)

2F, =0; (A,- 0.512T, - 0.512T, ) =0 (1)
2F, =0; (A,-0.768 T, - 0.768T,_ - 4000) =0 (2)
2F,=0; (A,+0.384T, -0.384 T, ) =0 (3)

unanns (1) (2) (3) o

A, = 3260 Ib.
A, = 8880 Ib.
A, =1183 Ib.
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228149 4.9

v
g ﬁ /"T VIRENG)
Lk [N YU
bl 240 mm
240 mm

210 b thidananun 30 nn
Wavasly avg;
A Wuuusamuusaluniun
< = | Y
B tuudalaignuuseluiuinny
dary  mussmeluada CD

uazusaUnnaen A uaz B

9N

ey FBD shnawazuusg
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MagIg 4.9
j T = T(DC/DC)
LY

T =-(6/7)T i +(3/7)T j-(2/7)T k
W = -(294N) j

v o 1 v
/T’ AINIALODIYBDNLLINEIN ) lﬂ
’ .
240 mm

Z40 mom

wsaURNIEM A, A, A, Ak

wsal]nsenn B ; B.i, B j
2F=0

 ALi+Aj+A k+B_i+B j+T-(294N) j = 0
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Y

80 mm

>2F=0
A d+A j+A k+B i+B j+T-(294N) j = 0

[A+ B~(6/7)T 1i +[A, +B +(3/7)T-294N1j +[A -(2/7) Tk = 0

2F, =0; [A+ B - (6/7)T ] =0 (1)
2F, =0; [A, +B, + (3/7)T - 294N ] =0 (2)
2F,=0; [A-(2/7) T ] =0 €)

5.3y A139%e 50




2M, = (FXF) = 0
[2(240)k X (Ai + A j + Ak )]
+ [{2(240)i+240Kk} X {(-6/7)Ti+(3/7)Tj-(2/7)Tk]
+ [(240i+240k) X (-294N)jl = 0

[-2A,-(3/7)T+294N | i+[ 2A -(2/7)T | j+[(6/7)T-294N | k = 0

2M, =0; [-2A,~(3/7)T + 294N ]=0 (4)
2M, =0; [ 2A,-(2/7) T ] =0 (5)
2M, =0; [(6/7)T - 294N ] =0 (6)

TA.UISIN37 A133T0 51




2F,=0; [A+B-(6/7)T] =

- (1)
2F,=0; |[A, +B + (3/7)T - 294N ] = 0 (2)
2XF,=0; [A-(2/7)T)] =0 €)

XM, =0; [-2A,-(3/7)T +294N] =0 (4)

XM, =0; [2A.-(2/7)T] =0 (5)

2M, =0; [(6/7)T - 294N ] =0 (6)

NNFENNIT (1) 89 duNI5 (6) wNFNAIT be

T=343.0 N

A,=49.0 N, A =73.5 N, A,=98.0 N

B,=245 N, B =73.5 N

5.3y A139%e
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M228749 4.10 ﬁ’aada 29BN 450 Ib K2

Y < Y
E]%Iﬂ‘ljiﬂﬁﬂ Wiﬂﬂﬂﬂgﬂ

< (Y}
A Wwag D l,ﬂusgmaﬁu
LUy Ball and socket
=y =\ = Vv
Jatda EG daladl)

L

daurn a) ¥IAIUHIN G N1
v T, vasiign
=R
b) ¥ waied T .

=y (~4
gy FBD LASILHan

SA.UILIATT A139% 53



untdamlealdluwudsau AD
A Uu Unit Vector 11 AD

— K _
XM, =A. M5 =0

M®, = (AEXT) + (AC X W)

AAMLRNIE M 28349 T ag W

M 6aausau AD uaudnsn

1Hin

A (AEXT)+A.(ACXW) =0

A.(AEXT) = -A.(ACXW) (1)
AC X W = (12i+12j)X(-450j)=-5400k
A = AD/AD = (2/3)i+(2/3)j-(1/3)k
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X.(AEXT) = - A, (ACXW) (1)
AC X W = (12i+12j)X(-450j)=-5400k

A = AD/AD = (2/3)i+(2/3)j-(1/3)k
A . (AC X W)= [(2/3)i+(2/3)j-(1/3)k ] . [-5400k ] = 1800

unumadlu (1) lo; A.(AEXT) = -1800 Ibg ft (2)

10 (2) Weulnd A . (AE X T)=[T .(A X AE)= -1800 Ibsft (3)
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-,
289 4.10

1rnir

0 (3) T .(X' X AE) = -1800 Ib.§ ft

Wa AX AE Aa M’, azld T.M’, = -1800

W T.M, = M (T cos0) = -1800 (4)
Py [~ ] - ¥ [~ ] PRIy,
@ M, uaz -1800 tdumiasn a1 (T cos0) azluArmanans
INIEREUN T aziasiign 1@ cosO 3nnhan
cosO 3NNgA = 1 = cos0g  (3yn32%IN T AU XX AE = 0)

#5a T 202921 IUHBIanIulud ULl A X AE
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8979 4.10 |

i

A X AE = [ (2/3)i+(2/3)j-(1/3)k X [ 6i+12j] = 4i - 2j + 4k

1% U 1y Unit Vector 289 A X AE

U= (4i- 2j + 4k)//42+22+42
U = (2/3)i-(1/3)j + (2/3)k

WMa T muagnu A X AE 3914 Unit Vector 3330ule

T=T[U]1=T[(2/3)i-(1/3)j + (2/3)k ] (5)
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fﬁ’aasinq 410 | T=T{U1=TI(2/3)i - (1/3)j + (2/3)k]1  (5)
A X AE = 4i - 2j + 4k

0 (3) T.(AXAE) = -1800 Ib§ ft
unuAl T waz A X AE Tu (3)

T[(2/3)i-(1/3)j+(2/3)k].[4i-2j+4k] = -1800
WAENNIT L6y T = -300

WNuAI T=300 luanns (5)
T= T[(2/3)i-(1/3)j+ (2/3)k ]

T = -300[(2/3)i-(1/3)j+ (2/3)k]
T=-200i+100j- 200k (6)

_ 2 2 2
T, Q/&oo +100% +200

T = 3001b
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WINURUIIA G f‘imumﬁﬁ’ﬂqm G(x,y,0)

Z Wy 0 WIZagUNMINIEUIY XY
WNmIn E(6,12,6)
T muagnu EG lddadiussasdausale
T=-200i +100j - 200Kk
EG = (x-6) i+ (y-12) j - (0-6) k

(x-6)/(-200) = (y-12)/(100) = (0-6)/-200
¢ x=0; y=15
eI A0 G agjiuuu,ﬂu Y gﬁulﬂ 15 v\!m

g3 a) Munian G agununu Y gﬂﬁulﬂ 15 W

b) tLNﬁﬂmmﬁaﬁaﬂﬁqﬂ WAy 3001  Gau
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