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2.2 Torces
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2.3 Rectangular Components (2D)
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2.6 Three - Dimensional Force System Rectangular Components
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Couple in three dimension (LL'i\‘i'rj;iﬂ'Jlllu 3419)

51 213 usa 2 ssdiflvanhmusfirmsasefud

“T’!]ll”l : Russell C. Hibbeler.




e A R g
[RSRURE—— .

dilrfinenfinm « st Agsndees. INENTNIE

T =y w Y o o g.)»' or g4 gd
Couple  apauyagarugnoigluiade 24 2 18 dadulumeiidumsveeany
9t A a r§ 3 ey =4 e LY (= a — -
Whladavnly 3 46 310 203 wemsdanse 2 uselnnamauuananeasnudy F use F
A a o & . 4 ' fors — —
nsgyhuuing el T Gousendege B uwuwause -F ldige A vuuivewss Foga
& ° e . w & P
A uag B gnuaadlaspnaeivendumis T, uay Ty 9inge O Audumasauedlhnuudued
(138 2 U5950UgA O fe
Mo = Bx T +Tgx(F) = (5 -tg)xF (2.24)
o _ e & ¥ o B = o o M@ owor o
UA Ty - Ty o= T Asuumsdedaiavuaigagudnaialuud o velideing nezTuwmd vowuss
T N~
AR FATGRIVIAT:
M = T xF (2.25)
=3 &L o) ?1"/ 1
M50 M = Fd @9 d (UUSZBZNNNININTSHIUUINIIUDATI 2 1159
ar ' & ! o Jes o o &
fFauna a1 Tuudvons AL 11nnesoese (free vector) AILH ILUATDILIITOULA
o 4 o
1a o dmilue ladnnaes
& I o = =Y o o .’{, o
nrueo e g nhminsanaungueSinannmeidaiug 2.23 nnmes

! b = = o0 o ' — =S —
VBILIIFHIY 1\/11 [PAINLETS Pi L§E 71‘1 Has NI YDA 1Y leﬂﬂ"ﬂ']ﬂllﬁﬁ F2 ay —

1
o —_

K
BT A — -— —_— = = - o =y 3
1‘2 AIUUHATINUDILT Fl Hae F2 = F Llﬁ&’,—Fl_-i' F2 = — [ NEUTRNALIIRAIU M '3?3

ALY Fouay —

o 1
31 2.14 nwosURI )

71941 - Russell C. Hibbeler.
3, 'Cfﬂﬂ'lﬂ"ll?ﬂﬂ
3.1 Introduction
a ¥ = ¢ . o 1 Y PN U= T 2
TRV UTDARTENS ( Static ) 1’Tf|ﬂﬂﬁiﬂﬂi?ﬂ‘ﬂu@Qﬂ“l]ﬁ']ﬂﬁgmﬂﬂ(lul\‘iﬂu hﬁmmm G|
o o 2 o o A @ & A = @ 'd
’ﬁWL’]JufiJWﬂtLUﬂWi‘iﬂ“ﬁﬂﬁﬂﬂ'l’TiJﬂﬁﬂiu1"]‘5\175']\'1 PINYNN 2 Lﬂuﬁ@ﬂ‘l’!ﬁﬂ'}ﬂéﬂﬁnﬂﬂkﬁﬂ Imimm LEF9

R g e g e
Al Lm‘ﬂ‘l"l‘HL“lJ‘Hﬂ1‘i1’]’TTIG’I'PJII‘U’EN‘]'I‘EUWﬁ"H\‘]WHJﬂﬂﬁT’Tﬂi Lmzawﬁaﬁzymmamumaq N

ST IuATaRS

213198




22

{ o 16 o ar o g = o = 1 ar 4 2
Lﬁm@@iﬂ@]mﬂuﬂﬂngﬁmaaa HAAWTVBALGINNUANATE NIV EUA UWMAVEUS 37u03

o = e o T = s 1 LY éf. ~ & ar
Plﬂi'}?]‘lﬁ)ﬂiiﬂ,‘lﬂi@] (M) fo"I'IH’Hﬂ‘U?;JTHEJ LHHADINY &5W%Qﬂa'l’éllﬁl'ﬂ'Jﬁﬂﬂ“ﬂﬂluﬁﬂ?']?ﬁﬁﬂ(ﬂﬁﬂﬂﬂ

aqung

ZF =0 uwr X M=0 (2.26)

~ o 2 d‘u =1 = 1 o’ T =]
aunmsi (3.1) LiJmaau"lwmmlmmwwEJaw@mamsmﬁmwﬁuaaﬂ‘lmwn o812 57
Egﬁﬁ'ﬂmﬁﬁ,\‘lﬂﬁﬂ‘lg})?\'iﬁutlﬂflﬁfNWE)’TﬁJmEL'E‘UT]ﬁﬂ‘UEN1’13\37%;1Qﬁ]“’@%}ﬂ\mﬂﬁnﬂﬁﬁ]’liﬂﬂﬂi LB
E)EJN13ﬂ?ﬂJJT’]Sﬁﬁi‘NﬂNﬂWE‘JﬂT‘»‘HJEN’Jﬂﬂi]?.ﬁ!fﬂu 3 U8 usafinsandnlngernesgniivisan

Lﬁi]'ﬁ]uﬁiNL'lJ‘ld?m“U“JJ 2 i@ HJE)Lé'i\ﬂ‘l’]ﬂﬂﬂﬁ“”l’ﬂ@ﬂl'té‘i H1U1ﬂﬁmiﬂll“}’mﬁﬂ‘i@@ﬁ]ﬁ]wﬂﬂ projection @4

’
A o |

wwszulaszuumileld wididie sty Lieinsagnnszvhegly 2 3818 Tywsiuidoninn
= o ey
wWnsauily 3 94

3.2 Mechanical System Isolation

< = b g os = ! o/ 5
sunenamansgninuaiouniluihiagiudes  wienguvesing  deannsagn
o 4 Z t = a Y o i
ueneoNIINTARIUT Naua udazszuvemziiutgFuien wie 330907

9

Qs as

damu Jag
=1 o 3 < .. < = T o - 4 ) o
o1tniudaguiannia  (ieid) 3o UANgU  (nonrigid)  WinsrvUSIzgnileniuitaues
VWS Wioma 13e0100zFlumssnmesvednasuve s 2e3'Is A ﬂﬁ’ngﬂﬂwﬂmm
Lﬂmﬂummasmmsvuu Llf\‘iE]'lﬁ]i‘lw‘l_]'iwﬂ@“Uﬂ’aﬂ’éﬂﬂ%’umﬂ’m‘iﬂﬂ‘mH%’u5'Jllﬂu ﬁ]amgﬂumamamm
mmwmiﬂnaﬂm}mac mﬂmm umummlfmﬁhﬂﬂNﬁiwaﬁamaa'ma (Free body diagram)
m’mmnaﬁnmumﬁmﬂuamamﬂiums%msamﬂﬂmﬂ‘n 2.15 Laﬁmﬂmw’oamiﬂawﬂmjamaa
vuszvuln 2 58 ﬁ]TﬂﬂQ‘UEl'ﬂ 3 YD J,Lsaﬂsam‘ummmﬂmsaﬂgﬂsmumwﬁmqmwﬂumm

ﬂ\‘i‘l\m"»’lﬁ’%ﬂﬁ‘vﬂ\ulﬁﬂﬂﬂﬂﬁEJ’]‘Il‘“']Jﬁ"lﬂf]“lﬁ«lFJ'JTCTZIJWﬁLL’iw‘Uﬂ’TWNﬂﬂﬂQﬂﬂ']JPJ’.]’.JQEI




23

MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS
Type of Conhact 'md Fm ce 01 1g1n Action on Body to be Isolated

1 Flexible cable, belt,
chain, or rope o { Force exerted by

a flexible cable is

Weightbfcéble always a tension aw
Liible ays a tension away
neghel from the body in the
Weight of cable = direction of the cable.
not negligible

2, Smooth surfaces -
Contact force is
compressive and is
normal to the surface.

Rough surfaces are
capable of supporting
a tangential compo-
nent F (frictional

- foree) as well as a

- normal component
N of the resultant
contact force R,

8. Rough surfaces -

4. Roller support

‘Roller, rocker, or ball
support transmits a
compressive foree
normal to the
supporting surface.

5.1
. Collar or slider frec to
move along smooth
guides; can support
force normal to guide
~only,

N
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3.3 Equilibrium Conditions ( 2D)
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3.4 Equilibrium Condition (3D)
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: MODEL_!NG THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS (cont. )
“Type of Cantnet and Foree Origin o Action on }Snd}f lf__)__l__:g__ Eﬂ;{aﬁm!

6. Pin connection Pin Pin A frezly hinged pin

- frec notfreo  connection is capable

{olurn toturn  of supporting a force

in any diveetion in the

plave normal to the

axis; yswally shown

{ a5 two components R,

and i, A pin not Fuo

"o tum may ulzo
support a couple A,

7. Boilt-In or fixed suppori A A builein or fixed
support is capable of
supporting an iuxial
force I, 5 transverse
force V (shear fareel,
and a couple M
(hending momaont) to
prevent rotation,

Gravilational atfraction R - The resultant of
Sl . S . - - gravitational
atteaction on all
elements of a body of
mass m is the weight
Woo g andd aets
By 52 toward the conter of
Vi the earth thraugh the
contor mnss &,

£ mgaciimz oo WA R L .Bpnngfurca is tensile

Lmem Nonlinear, . - i spring is stretehod
" ba and compressive if
t me!enmg compressed. For a

linearly olastic spring

% ; ~the stiffness & fs the
';m\,‘»«-e-- Sﬂnmmb : force required fo
= g deform the spring a

unil distance,

- ana A ' aa
3U# 220 wermausalAzenfigavuuazyafoudetuszuy 3 45
AT : Russell C. Hibbeler.
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2E, = 0 requires /' = 7,

LF, = 0 requires F) = 0 4
b - 1= A - R
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4.4 Method of Sections (ﬁﬁ%‘lsﬂl‘lﬁ”mﬁﬂ)
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Center of Mass

5.2
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¥ 1 =S T 1 o
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. zdm
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Sifoueglugivewnmeiviedu dugil 5.3 Fuagninaae G gruenduula lnofey

~ A A ~ ~
¥
o
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2) nsdiidufuf (Arcas)

dm = pwdA, m = pr‘dA = piA
[xdA [yda  JzdA
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A A
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r g X4
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1) ny@diuauan (Volumes)

dm = pdv, m = pldv=pv

_ deV _ Jde 5 Izdv
SoX = , = Z=
Vv Y 2

Tat (X, 7,7 ) Unusriiavedyn centroid v001l51103 Vv

4) Choices of element for integration
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. . 1 1 t : . A A
4.3 Discarding higher-order terms (‘Im‘m*ﬁmmmﬁgaﬂm) 1‘])’1,43‘1_' 2.23 HiUVIU94 element
i o ar o ar oAl r a =Y =]
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6.1 Introduction
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62 Work (91%)
6.2.1 VUHBININUIL (Work of a force) Rawarwswmed F Ainszrhuuingsagyd 6.1 (a) &

maoud lilmwszunmngs A 61 A" Teeunulugvesnnmed As  miFenh asuia
{ fptis=-" o b= ! o or ar 4
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¥5e W = F(AS cos O0) ‘ (2.34)
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622 UNBAIINISIRAIY (Work of a Couple)
yorneuRiEaenuswdd fallauiiBannusagan (Couple) 31 2.25 (a) HEAaBsIgATY
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6.2.3 MUY (Virtual Work)
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Sw = F.Of i OW = FOScos O
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Tuvasfimanivsaeiouvesaifs 8 nuedouvuafaiduwiiiomsnEounlas
yaendsnudnddangu |
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