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ZFx = Fp—12(sinb,,4,) =0
sz = Ny +Ng—12(cosbpu) =0
Z Mg = N,(2.5) + 12sin6,,,, (0.45) — 12cosb,,,, (1.5) =0
Ny =12 cos 0,0 — 20 Sin O,
P J.\a_é‘- adid) adstdl ) ijjbj
12(cos0,4,) — 44.6(sinB,4,) = 0
Sin 6,4 12
—) =12 = tanfpe = —— = 027

446( 44.6
P e s a fas s

€0S O ax

O, = tan~1(0.27) = 15.1°
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ZFY = Ny + Ng — 12 (cos Opqy) = 0
Z M, = — Ny(2.5) + 12 5in6,,, (0.45) + 12 cos 6,4, (1) = 0
DAl e ool ods e et
22.16(sin B,,4,) = 7.2(cOS Omay)

Shens 0.325
2216

Omax = tan~1(0.325) = 18.0°
DAY A g sl e Jped) LiSs amd) sda e Ialazel
Ny=618kN ; Ny =523kN , Fnp=371kN
skt 5 Jilo
UNSOLVED PROBLEMS

tan 0,4, =

t (1) o8y Vlwe

o sllally, Pl sjsjguc&ngaicbyﬁﬁc90kg«d:§fé;mj§»dd\m

a) P =300 : sl & (3 > ol 05w paall Al U] BLoYL F auldl S8V 55 o
N  b)P=400N

a) F=259.8 N (no motion) , b)F=272.8 N (motion) Dol
W=mg
90 kg E
% — ';'3():
Us=0.5
=04

O 2 o JawV) 2 VY e A0 KQ adks” 18 ol 3 yp ) ¢ T st 6,80 Lo aedl) oo f

0.4 sl 2 U sLaa W) ey Jad) s o SIS ol
Tmin =60.2 N : ik
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i) Al (s edll Oyl g
EQUILIBRIUM OF FORCES IN SPACE

.(Moment of a force about axis) ,y= ) &l 5581 p3e ~1
.(Force reduction) ;& Ji =t =2
. (Equations of equilibrium) o3 &l w¥sles -3

(Moment of a force about axis) : % (L) drwdly 3 4! o -1
Y Al 381 e e RS o 3wl (550l o BAN 6 g8 Bl o U] s S
DAY eV Blel e e AL sds 35,2y (1) U (3 sty gn LS RIS gl e 02
3 3sall ada de el (s oluy Lgese OB Ll UilusY) 2 e ugﬁ; 558l ol O @
(1-6) JSa 3 LS 21 2l o s i
o sl 4 Lgase 0B Sl U)ok 35 552 oS 15 @

{_@\\/M S s & o g 3o 0L U )j;d@;jgs\);‘uba\f\si °
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& ks 2 .|
(1-6y JSCadt
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e 05y ¢ aslldl Ojlie 01 sl STl o8V (3 ag O sl O w2 o Sl
Aslldl ojlas ae 01 gl sl OIS 13
052 55l el (sl O g) o e 5 Lal Wi T e el A) B0 plisnad (SE LS e
W bl o5 ol 3521 Wiud (sl 01, sl LA OIS 131 ¢ Lo a3l 0S5 Eoms DU
el ol VL ALY oy Lakis oa)
(38) ¢y die
LSe bl 3 el CD 1S sustuas, 3 ao g boisdy « W=180 N W5 dilonte Bmsioo
@ o5l =1 2 a5l 150N (g5t 1S 3 8l Tl 58 its 131 Sl 3 iz po 0
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UV 2l =3 A wdd e aadi 58 sl el sl 22 0 A el e WSl sl s

........................................................................ e
DA alszaly A ds gl dbad) J e 58 & sl g sl psalt ke sy
My = M+ M,j+ M,k
Ol e daliall 5 1) ¢ Aorge Bale 0S5y L Bsall sl 5 (sl O, sl oL p Al 5 L) e
I3l 0,55y ¢ asludl jlae O, g STl olEWH (3 cougt OF, sl OF oUW 2 ol

Aslldl Oojlas pe wus O gl ol OIS

WSy Y X st o babazey < Z LgLadl ) ()5 58 ada O oS0 W J 5313 5801
Yo dm bomgn b gy 0 Xt Jm Wl L s b ¢ ISl 3 e ) aabnal) o
3 e eluy (s sl e an ) e J gl g8) 7 ) peld 2l gl 5l L 5T sy e
P Y el Je ol el e 3, S0 G e e s

= —180(0.3) = —54 [N.m]
80(0.4) = 72 [N.m]

Mx
M,=1
M,= 0

DA el olall sl e fad e el
M, = —54i 4 72§

My = /(=54)% + (72)? = 90 [N.m] ;

X Wl 2 655 Ty LoV o delaze S o (U552 sl Ldowry Yol T 0 T &30 3 400
el e g S5 a0l ¢ (D) S 3 s s ST Z Bl 2 sl T Al
Doy

0.6
a= tam-lﬁ = 36.87°

T, = 150 cos 36.87° = 120 [N]
T, = 150sin 36.87° = 90 [N]
Do el e s sdll e e e gl BueB e BBy G5 e el
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M, = 90(0.9) = 81 [N.m]
M, = —90(0.4) = —36 [N.m]
M, = 120(0.9) = 108 [N.m]
M, = 81i —36j + 108k Dol 4g e el
M, =/(81)2+ +(—36)% + (108)2 = 140 [N.m]
DAL oAl e o) LW sl e e 1 9580 Y1 8 5
M, = (zMx)i+ (ZMy)j+ (ZMZ)k
My = 27i+36j+ 108k : of o japeidliy
My =/(27)2 + +(36)? + (108)% = 117 [N.m]

(39)‘.3)‘_5\.@

3 moy o LS il 3 cl AB S suaels, B aop boid o Sa)) At Bmio
i 558 2l oS H-1 0 dee gB 10 KN (s sles LS 3500l T il 38 cals™ 131, i
.05 J s .zl 558 ol 5 sl o5 -2

DT aidh 848 desuall ot,sj

LI 2 63l Ty LWt dalaze oS 0 &0 U T w58 LU W(b) JSad =2 5
e dpamdly L 7 OB 2 il T, Wy ¢y oY 2 ily Ty 25Ul X
Tyy 358l e Bae L o Xy 8V (sl o 2l 3 T 8,80 i c iy JpW ons 1
SRl 3, S A LS g s L Ty Ty onisd) e el an had Ll i
D agy)

3 8
a = tan_lz =36.87°; B = tan_lg = 58°

Tyy = Tcos p =10(0.53) = 5.3 [kN]
Ty = —Tyysina = —5.3(0.6) = — 3.18 [kN]
T, = —Tyycosa =—5.3(0.8) = —4.24 [kN]
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T, = T,sinf = 10(0.85) = 8.5 [kN]
T = —3.18i — 4.24j + 8.5k
DYWL O SN J e 5l sl ol 5 ) (‘J’,x.j\ Sie sds: T i) 8 48 3
M, = M+ M,j+ M,k
Ol e dmliaal) 25 13 ¢ o ge 33le 0S5y L 5sal sl (sl O gt sl aall 3 La] slas
3 Al 05Ty ¢ asludl O lis O s STl sV (3 oug O, sl OF Uil 2 ol

Aslldl ojlas pe wug O sl ol OIS
. C)\.c;\vb-‘w )j\ﬁ J? 5j}i§\ <‘J9 g_,.,w..{lc f}}*‘S\ 5.¢\.9L§v,ﬁ L;)UA)U 6,UJ sz&;bj
M, = T,(4) = 8.5(4) = 34 [kN.m]
M, = —T,(3) = —8.5(3) = —25.5 [kN.m]
M,= 0
0 akad Ll awdl ol psadl e fad a il
M, = 34i —25.5]
M, =/(34)? + (—25.5)? = 42.5 [kN.m]

(Force Reduction) : s sdV JI j1 —2

AL 2% oy b e (385500 28140 (6380 n e et 15l (2-6) S (3 il o LS LSs
Hash A Al ala Jlpl Bl (s £y L Ay st (3 A ol Al (3 cnsand ) A Ll
Aasialy ¢ Ste 0 23Kl SLY Al 5 ¢ A4S Jsd S il M 2 g3l R 5,30

s gV B
R=EFR)i+(ZF)j+ (ZF)k (1)
M =(Z M)i+(Z M)j + (£ M)k (2
M
:

(2-6) s
DoY) o o] Bl Wb ¢ a8l B (6 deses )l s
S sil is ezt Jps W sds 3. RM =0 (&&J\) @3l cludl s 0,5 LA e
8jl5 W 3 o il degaz OF 5 ¢ Laib M dmgose J) Wy ¢ kB R 35 ) L) a4l
. (R=0, M=0)
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S5 e gazt S DL 0dn 3. RM # 0 (alilly ool shadl L 0,505 1 ) ALl @
i a8 0 LT e i gl e Ol S I A Al
(40) o8, Juas
M=12N.m Lo e o g50 B 83LoYL ¢ 65wl 51 mast bl (55l 20 (B) JSad) o
el L OXZ s dl (53l g (3 o B g 11 O 2 sl o laa STl oY) ¢ i
i aiey s U] de el ods Jipl

i
é?\i
% D
iy |
O _S— |
2A
+%/// \@
X//‘%S) i /®\)
by J

R=EFRJI+(Z Fyj+ (2 F)k
M = (2 M)i +(ZM)j + (Z M)k
o5 sl Ol sl a5 Lal Wil T eaelld O jlie o el A B0 pisns Ol o) &Y
Oy 5l o) OIS 131 ¢ Lom yo 25t 055 o (D) IS (3 e 58 LeS™ S g2 g 55301
G s oEVL ALVl sy Laie sad) ) bl o olEL ¢ 2eld) O jlie oS 8580 S (o)
BB g al) 250 se 3 AN ST Lo g 0S5 58N o OF L ols W me L el
FraWy o ¥ ol e ol Fy LYo opdebaas ouS 0 U1 Ry sjzj\dfuqujﬁv\g
OV el e bage S R aud ¢ (D) IS 3 oty a LS Z Bl 2 sl g
_,06
a = tan" — = 36.87°
0.8

E, = 100 cos 36.87° = 80 [N]
E, = 100sin 36.87° = 60 [N]

Doy
Forces Fi Fs =N =
X 30 0 0 0
Ll y 0 0 0 100 (cos a) =80
z 0 -40 -20 100 (sin a) = 60
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My 0 0 [-20(0.8) 0
2o | My | 30(0.6) | 40(0.5) 0 - 60(0.5)
M, 0 0 0 80(0.5)
D05 Vel G OT S ds
LF=30N
XF,=80 N
XF,=0

% My = -20(0.8) = -16 N.m
2 M, = 30(0.6) + 40 (0.5) - 60 (0.5) +12 =20 N.m
% M, = 80(0.5 = 40 N.m
DAY Apaadldeladd) o2l o fad sl
R =304i + 80j N
R = ,/(30)% + (80)% = 85.44 [N]
M =-16i + 20j + 40k N-m
M = ./(—16)? + +(20)% + (40)? = 47.5[N.m]
LAV el Ol (550l p s il Olsly YM 3 R Of Ly
R.M=ZF .IM+ZF,.ZM+2F,.2M,
R .M =30 (-16) + 80 (20) + 0 (40) = 1120
ip 5,8l (g sal) A past OB Iy pielae 2 M g R ngesll OB \Z:M S sy Y sl s Of Us

LSS U s

(Equations of Equilibrium): O3l s} <Ysles =3

pr 0315 Al s o Rl Y BN Gl B et G pa (o e 0515 Bl )
ST OSG @Vslall suey Joalsl e O o a1 641 L & ) (5 B gost S i Lo
A o he et BT Jiod psaadl am g o s BT Ly L 8O sl ol (o)) Akl Al 3 e
e TMp Sl g M i 9503 B F 3l R 35 o0 (alls ool aslS ala 1) a8 40
PV aebaddl il 05 oles Jo fast

SF=0 (3)
SMy=0 (4)

DAY Al dy ) SVl Al plasaad Bsle (64 BLLL = 3

S Fe=0 % M, =0
S F,=0 %M, =0 (5)
S F,=0 % M,=0
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A et Bl ey B (3 (6 s i e A 6 Bl 3 VL sl ks 005 S
1AS 24y (S e by L sy WLl Sl 555, S5 (3 e 350 8 e o o)
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el
D
R, > P \c) 3
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Ball.and.Socket
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N
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g S JaL 3y Byl ASp SN ey
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fndi <3 (3 maZy () skl Ak e Ak Loie 1 (Journal Bearing) sV it L1
S e Yty oW Jper 0K Jadl 3, 0 ¢ e s Brjipe Lgmal s 5 T
FLdl o lalazal oo Ly ol S5 552 e pidalad) ) 21 020 ST e J1 LW
e Sl oo (X2) ol (V2) omsidl 08 21 a5, aasl b 0S5 )
(B S 3 s pa LS Al oLy
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A dose sy oBYI Jpe2 055 Jadl 5,y 0l ¢ Gale 558 gl e s 555 5
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Jadlh 5, 0B ¢ 655 ais sV S e wk s ¢ (Ball-and-Socket) ¢ St il 3
LolS e el ) e 1 oY g2 0S5
W S e B b oty oo 2 (Fixed support) sta¥ oS v ol Clall it 4

Ll g 50 Sy a5, 858 LS e S il 5, 0B ¢ Ll IS

e old (o5l Aabsl agladll BLLY o 3 051500 by yo pliserad 2487 45V A alzeY) =25

. A

41, oy Js

cAw\L}M%M\@MJCOJJJ\MOMSM P=4OON44J‘)JA~L;L§

2 mos LS il Gl gl e adish Dy Cy B WLl Lo ot 2,
L ol g1 ST 13 ¢ OLuadll ada @ st Aol (o salt gl 1 gl L () Kl
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: ——-y O\~ F-———»—-»
o 50 3 B &5 ’
: 3 A /// ¥
y s
i 5
(@) Ja 400N RCAT BT BN
e ) el

(D) IS & moly 58 LS ) el Lotz o 5 1Ay ¢ A il 0515 oy 1 ) ) lala
C A Al A g adll e e gest O3 g Wl LDl Lag.
352 6515 Six LsW  sdalene LS e AU Sy Al 3,31 o Yif Tag 1 0311 Y slae
G LS Z QLY g2 gl Sy Ay ¢y SN 52 (oil5 Sy &l ¢ X ol
XY B (s el) o o) 3 Sy 858 Lis iUy LW oS s ey (D) sl
oY oAl sl W g oz ¢ oS e ) els amy LS

Six = —S; cos 30° (sin 45°)

S1y = —S; cos 30° (cos 45°)
OF g DU jsle e oLl (ol ¢ sadt OB ¢ 035 Alla Asiaall (355500 o530 O L
LY O3 e¥oles G OF S8 e L e olazely L il Ul 055

Z E, = =5, cos 30°(sin45°) — S, =0

Z E, = —5; cos 30° (cos 45°) —S3 = 0
ZFzlesin30°—400=0

S; =800[N] , S, = S;=—490[N] : 42 Vsl ods Js,
Cbleail d- 3 Lg ACH AB 0leadl L ¢ as a3 AD B (ot Of amdl oda -2
(42)‘.3)‘_3\.@

S ¢ a)ple Dl oty 8 (S Gl ¢ B00N Wy ¢ ddlonsay IS8 Alatns i
G el aal s sl o Jlally @) SIS 3 b e 52 ST P=100N Lo i 1 55 Lde
. dedel) dlbl A5 JLA
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e
e LeSTe b Byl (68 e iy Sl londiall AV old bk n S B gadr) b2
slzel Je g AoVl olEL Tay Toy Ty @ sl SO aadl (6 amey AL o 3 . () S0 3
. doedal) Al LA

552 e gl (bl g gl O ¢ 0315 A2 Biall 3 8500 i O Lt 031 Yl
SV (5552 S S gl 6 g bl O LS pall Lgls 05 0 4 Z S
e o el a5l e lazsly ¢ Gow b e slyy Ll il gles 055 of L2y, X
D03 @Vsles oSG OF (S ¢ pgall ol jla) wad (3 aell)
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