4 -1

dunana (Mechanical Equilibrium)

SUAINANN : www.pixabay.com

unfl 4 dunana

9
AranuNiamsatnnlunisaduianisirfauntasing Aa  “Ingag
anmnrstadauitiuinag 1aadnals?”  “aglsillugumn i Iissuuingiia

AsEAINRELTULAL TA?” war “arlsAatauluiiIvissuringau?”  Tuuni
awad U838 lun1suAmattasAIa NN ulIAfLanll

Pinfist : ifissudnumauiany uazaauAnud



4-2

dunana (Mechanical Equilibrium)
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b
L4

Problem 4.1

AVNAAUENA1UIANNFUAUANS

C = 3.00 kg uaz D = 4.00 kg?

y(m)

2.00

-3.00

[

-2.00 -1.00 1.00 2.00 3.00

x(m)

PN

ifla A = 1.00 kg, B = 2.00 kg,

v
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Problem 4.2
§1 O fiwnadszunay 15.999u war H fiwnauszuisy 1.008u
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Problem 4.3
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N
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Problem 4.4
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Problem 4.5 Challenge
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b
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Problem 4.6 Challenge
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PN

Problem 4.7 Challenge

ANRAUENANIATRMIRgENY L ansiaguunau x  Teafiuaiedagagi
v x = 0 waz x = L wasdenuvuwbuieduiuldauaunis
Ax) = ax? il a An mmﬁ'fﬁamﬂﬂdﬁauﬂ?

v
A

Pinfist : fissudnwimautany uazaaudnun



4-12

dunana (Mechanical Equilibrium)

NaRauiInmas (The Vector Product)

a
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27 nagruiuaneas (The Vector Product) 2 _ Zyg
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b
L4

Problem 4.8
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Problem 4.9
WTUIATAY AxB

Win
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37 + k?
21 - 62

PN

v

Pinfist :

fisuudAnwimaulany uargauAngn

PN



v

4 -15

dunana (Mechanical Equilibrium)

b
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Problem 4.10
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nawmas A = 3.0i + 40] uar B = 5.0i a AxB  Uasyusswing
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Tulusiva s WAz TULNYFATaWSHAU (Moment of
Force and Couple Moment)
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(Cartesian Coordinate System)
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Problem 4.11
NFUAUAN A TUNUEENSSaURA 07
10.0 m
80N —
50 N 5.0 m 10.0 N
Problem 4.12

NFUAUAN A TUNUEENSSaURA 07

v

10.0 m

50 m

10.0 N
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N
L4

Problem 4.13
NFUAIUAN 399N TULUUGTRIUSIAAIL?

10.0 N

10.0 N

Answer : 60.0 N'm fidgnautinuiinnn (Anticlockwise)
Problem 4.14
NGUAIUAN 39 TULLUFIUSIAAIL?

6.0 m

100 N ——pt -
40 m
10.0 N

Answer : 40 N'm faAniutiuunina (Clockwise)
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dupana (Mechanical Equilibrium)

a

A
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amamamaau"n (Translational Equilibrium) Aa an1aefiing laiudausnamn
nsipdaufl viafanusailugud (f@annwdind usangis)
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duRanIsuyy  (Rotational Equilibrium) Aa  dn1iening luilasuaninnis
vy vsadanusaiay @ udud @anumsniyuasi wsalifinnsyu)

a=0 > 3IM=0

Aupadtin (Static Equilibrium) Aa Angagilwazlifinnsvyy
dupaaal (Dynamic Equilibrium) Aa AnguAdaufidian11ugine vianyy
AEAMULSUTIYUAIN

fiadunm

Ingfindaufianang lusunatasnisindaufild  dvingiiuadaufidae
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b
L4

Problem 4.15

PN

useEunss fvum 3 N, 5 N waz 7 N d@unsaswfunarauna livsald 61
16 yusgminsdansisnaziuminla?

N
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Problem 4.16
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useEunss flvwam 2 N, 5 N uaz 10 N d@wnsesiufiunddsuga lavdald
dl yuseninedaswsnastiiuninln?
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Problem 4.17

ASAUIRNAIUVAHLAIWTY ABC 81961uaz £ widuinguia m Tinnalu A
sUFuaN AmIIATaLsINnsEiiA1L BC?
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Problem 4.18

mquia M dafiafiulauianuia m AszAngdlEIaEY € AegUAUENN
WMILIALSIA Tuldulimnianfsnansuaddulinn ?

A

m
Answer : (M + ?)g
Problem 4.19
mguia m ndefulianiuifegliuae  amnusidsludulianiiEns?
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mg
2sin®

Answer :
Problem 4.20

NNUAILAN FRggauurufmetianiunanudy azuruudalauingaminle L
tanusazidusunssligedgn T wazyu 0° < 6 < 90°?

A
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N
L4

Problem 4.21

NgUAIUANN AussaTudulianusazidu?
5m

Answer : T3, = 16N and T4, = 12 N
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N
L4

Problem 4.22

PN

AMUAILFLDINA m 819 L WIduMeianiung £ AegUAUAIN AnIUSIAd
Tuduiianiisdaadu?

Answer :

A
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PN

Problem 4.23

anliwia m  gadefiudaniuiadadsdiusaniun lsauila  fgnlalduinas
anVidany uiufuludisanudine feguduan qnlisedacliusadiatan
1waminla?

0

Problem 4.24
aanuss F AviRgeiuszuusaniun 15anuilanastimniun

v
=1

i
dunsossmiiniuunldunganinln? F
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v
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Problem 4.25

anliua M gasiafiussuusaniun 15auila tianiun wazAIuuIa m 913ntna
Uihndafandausiad F o figudiuan mrivasanuAnitmiinuasgn o ld
i la?

PN

Answer : (M + m)g - 5F
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N
L4

Problem 4.26

< . G e M
Inguaa M uas m aglussuuaugadtegiiduang amn -2

Answer :
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Problem 4.27

Rguoa m dadfaunazina M vilidau aglussuuaunafiguituany A
98 M azagpnitseiiu AB tinla?

PN

M2

Answer ;| ———
2v/4m? - M?

A
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N
L4

Problem 4.28
Inqumiin W aglussuudunaiesuauany  amnimiin w'?

Answer :
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Problem 4.29

RgNsenaudAll r wa m uagingnsinaudal R wa M 21 lunaamss
aszuandafl p Taefl p < r + R Feguduane drlidausadenniu A
nnatasmsuaniiniuluan B2

PN

r
—

Answer : (m + M)g
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Problem 4.30
Imgnsenszuandal R W m sinfiuautuuunudy Asguduans faeld

use F uweadetdauninla thalwingiisauivliuanaanainiiu?

R
—

PN

A
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Problem 4.31

TRYNTNANNIA M IDHUUNUAEN TSUSARIANIURIGUAIUAN A9ILSILUD
nNNudTNaaInsEinfivingnainann?

PN

mg mg
- and ng = —
sind(cot® + cotod) sinB(cotb + cotd)

Answer : ny =

]
2l
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Problem 4.32

TRYNTNANNIA M IDHUUNUAEN TSUSARIANIURIGUAIUAN A9ILSILUD
nNNudTNaaInsEinfivingnainann?

PN

mg mg
- and ng = —
sind(cotd - cotd) sinB(cot® - cotd)

Answer : ny =

]
2l
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Problem 4.33
ImgnsenaudaAl R wa m filiangnn R gadnuianena Ifunudesslsuse
lduAnIUAIYL 6 AunudseRy AgUAUaN  Amuseasludulinnsangan?

PN

2mgsin6
V3

Answer :

v

-
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Problem 4.34
IRNsenaudAl r 18 m uaz3All R 1a M (R > r wag M > m) gaaneld

ARAULUNUAENINTINYY 8 Aunudssiy  faegddtuans  druszunsudnmnia

dulalsusuduaniu awnuuansinuaa m aseinfivuia M (useian D)?

PN

Mg(R + r)sin®
2¢y/rR

Answer :

A
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Problem 4.35

mguia m eegilsuudonsinauial R vuduviedadurioyy 6 Auuuifa
AegUAuaNe  AwnFulsEanannnudeaniuseninedngfiuiansnausiinan?

|

PN

Answer : tan®

]
2l
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Problem 4.36

aanuss F dsfiuunageqn 100 N Adinquiesingy 30° fuuuasu fgudy
A ddaensingedaud lluuRuuasudeanmdned  Tnafulssans
AnudEanRatssiRuiwiRgIintu 0.25 Jngfinantasiaddiunaliifiu
wila?

PN

30°

v

A
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Problem 4.37
SYULIARUIA M war M WniRfus

metdaniun oyl fegudnuans
FuszAnSanuduanuainseyinenufiuga M midfiu u Wl m e
Fgn 1A ln?

PN

Answer : pMtan6

v

]
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Problem 4.38

duimguisnanssaasiaatinate  fiundiuiauiitannanntauifzany €
ffulszansanudsanuadaadingiulfariniu § Inginannasian
thugainla Sessulnaawranifznuusaliugnr

PN

v
A
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A

Problem 4.39
RguIa m gRAIELSIIIA Fosguduane anndng luuunudisuuseans
AMULEIANNULTNAY 1 AzFadnanusitaugaminla?

F

3
«Q

Answer :

Ny

v
A
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Problem 4.40 Challenge

imgua m uaz M gause F ulviaglusnnsauns sadulszanianudun
mufiusurindy a, finflsudariifu b wasfissnineingfissauniifiu ¢ ag
yuss F tasgafiilissuuiaunanai?

PN

F—> W
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m((1 - ac)sin® - (a + c)cosd)
Answer : ( : - aM)g
(c + b)sin® + (1 - bc)cosBO

N
L4

A

Problem 4.41

MngUALEN §1ma m, indaufidianuidiadd wariuussAnganuidun
NUFLWINUIA m, Uag m, WU p aunFuUszAnanuduaniuszning
1A m, Kunu?
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A
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Problem 4.42
RQUIa m NguuAuAIge 8 waslFulsEansauduANIUSEINaNY

1]
vdu

fiuwna m iy p AegUauae amnuuaua M Ay ldlanisaein1duna

A

m agiluuiudealanlilaa?

g
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Answer : mcosB(tan® - p) £ M < mcos6(tan® + p)

Problem 4.43
ALALELRENY L 1A M damuag lunuissaunazgauuiu 1ifiulianiunds

Suuseligegn Foazunouina m o vineanfsnaniatuiiussasninlaieasin i
tianua ldnan?

]
2l

L L
X =7

L
m 2
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N
L4

Problem 4.44

A

A AB 178 20 kg nszaadinauagnnsilviagiissonain BC uazanemig
WA 100 kg AesUsuae amussieluduain BC?

o 100 kg

A
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N
L4

A

Problem 4.45
Auglsia L gause F, uaz F, = 0.3 N aszinlviagludnnsauna  fegd
AUAN drausinaniintansyanaaiduataziiviasandugnafu

0.8 kg/m JwuaLas F,?

F, = 03N

60°

v
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N
L4

Problem 4.46

A

AR M AszAEEElnala  gadutianiun Tindansdunis  wazdndnu
VUIANUAARILURANTY AesUFTUAN Anieazausn e la?

Answer : —

A
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Problem 4.47 Challenge

nguduaelurauiiiclifina m wadasfian B uiu AB dwna L wawnn
uasfiautufudanauuniafl r asndditaguuisiunad  liavenina m fian B
Wiy AB aufesingy 6 ifisufiuuunsy Geuinlisavyusinasfeausalida
0N AANAsiTadALSs ﬁﬁ'\‘lﬁ‘ssuuag‘luamazau@aﬁuu 0 fnan?

A

v

PN
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N
L4

Problem 4.48

nsinszuanuiin W 3all R filaniuiiuagiuaunsinszuan 69

WUUIAIASY F aasidanaianlunuasiy i linsinszuan
39 h lAwaR?

u
P
=1

11U

A

SUAIUENN A9

TUuuLaug

v
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A

Problem 4.49
mgnsenanduial R dwiin W nszanpalaua duss Founssrinlunun
sehiu MegUAuae drdndseAnaseninamsenausiufiunufsnaninfu

WAl h A liRgnsenauaau lduunu lunussiufennugined ag 1
ARIAEILTI?

v
A
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Problem 4.50

MAGAY AB defiina m nszangAduaua 811 L drfiina M ouauuiu
Widae B ggudmans wastans A mdeliutufufiunedegudnuang
awnuansadluduiiinssuuag luauga?

A

A
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Problem 4.51

AUINA M ASEAEEAIIANENY L Maniadumge b Tasatsandiad
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A

o . v _a : f o d w v
Lé’mmqim Z 1A9NNANSAL R U13N928dULEND YMNNINIEERY mgﬂmu

AN dulsgangannuiduaniussnsnuiivingaasiivuiauasgainila dngas

azagiialaelulea? R,

A

Pinfist : ifissudnumauiany uazaauAnud



4-72
dunana (Mechanical Equilibrium)

\d@fasnanuading (Object Stability)

A
4

a

] '
d a o a

dupalafius (Stable Equilibrium) Aa d@n1izaunaniiaingiaaudiumiaan
ANNFURALANTRE RgasnauNgaunaLAnlAla

dupaduifiu (Neutral Equilibrium) Aa d@Andzaunaniiiningianusuiaan

AnFuRatan filvauliugugalninisuiuumdavfivaugaléiu

Augaliiadis (Unstable Equilibrium) Aa annisaugafidaingdausiiums
aannAuRaliaaantan  dngaz linduuniisaunalAn lalasdn
tadunm
AstluuusIHIUAUENANIATRY  InnasiadaufiTan liuay  usnse]
wunse Lirnugudnatanaing ngasaufivasuyulunday fu
Innasisuduflausuannnssinfivaugingwas
3ngfigluaunaanafiadusnimin  drquiddiuadingagse vsagnu
1aIRguAL ﬁuu,amqd']ﬁmﬁﬂumﬁmqﬁwaﬁaLaﬁﬂsmwumﬁmq

A
4

a

Pinfist : fissudnwimautany uazaaudnun



4-73

dunana (Mechanical Equilibrium)

Problem 4.63

IAQuIainLANDARWTN UaAzuTNENY L wasuiininfufionma - f1anauni
vwvdanannuivanaiiusses € fesUduane  aunssar € ungafiuni
annsadaufinldlasfundinguuilidu?

——

€ o€

Rl
2

A

9
9

v

Pinfist : fissudnwimautany uazaaudnun

A



v

4 -74

dunana (Mechanical Equilibrium)

Problem 4.64
WIRgUAaLITNENY L wagniininfiuionun - 61919 93RgIaanannuLieEnd

Wusere € MgUALAN  AWIIBIRTIIRgUINgaNa L sadaufiy 16
Taafinasuaaunadngialidu?

A

A

Pinfist : fissudnwimautany uazaaudnun



4 -75

dunana (Mechanical Equilibrium)

Problem 4.65

AfpdIA m nszApAnANe §1undne w g4 h Taedl h > w 2egiclunun
suiiu Fefidndulssansanuduamussinaufiundasinanatrindu il

a) awiasmanissiunsacluIsIIIAiNle nABIRIAsSIAGaLA?

b) Haswmanusiluta a) geaniwrinle naadielaalaylidu?

A

v

PN

Pinfist : fissudnwimautany uazaaudnun



4-76

dunana (Mechanical Equilibrium)

A

Problem 4.66

nsaqnAnsFaEAiaie Junte w g9 b Ladauilloaasmudaedan
Anudiael Besuduane aunyuiasiudsafsuiusunsssuiin Liing laa
1o laidu?

I'd

\

Answer : B < Tan’W(%)

v
A

Pinfist : ifissudnumauiany uazaauAnud



4 -77

dunana (Mechanical Equilibrium)

A

Problem 4.67 Challenge
wniadnguaanszanEalnaNagy L 21elduugiueny d waslidansdunilanns

o d L 51 P
aanunang uilusza: € Taaf (€ + d) > > TagAnuEINuaLluntg

m AegUFuaN drdRsinsn ndunedngivansdndnuniianinfiu v Tuwios
m/s AnaduttnaziAfauiimEdnsnsuila  uasunieingasnnanngiufitian

Winla?
L

f—f«b’

A 4
A

Pinfist : fissudnwimautany uazaaudnun



4 -78

dunana (Mechanical Equilibrium)

Pinfist : fissudnwimautany uazaaudnun



	บทที่ 4 สมดุลกล
	ศูนย์กลางมวลและศูนย์ถ่วง (Center of Mass and Center of Gravity)
	ผลคูณเชิงเวกเตอร์ (The Vector Product)
	โมเมนต์ของแรงและโมเมนต์ของแรงคู่ควบ (Moment of Force and Couple Moment)
	สมดุลกล (Mechanical Equilibrium)
	เสถียรภาพของวัตถุ (Object Stability)

