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ART. 2/2 FORCE

(4 Replace the Iwo forces \
by @ single equivalent ’
Jorce K ond find tHe
ongle & belweern K
and the X-ax/s. Solve
both geommetrically
ond by LuSirg urii
veclors { and/. |

Geornelric |
Graptiical . consiruct
paralle/ograrn &

measure X & @ " 50 |
Trigonometric: 307, .
Law of COSirnes |
22 = 4% 6%- 2(2)(6)co5 80° “X |

= 437, |R=6.6/ KN
a2 = (6.6/)% 6°- 2(6.61)(6)c05(8-30)
o-30% cos”0.8029-36.6° |©=66.6
vector c?/gebf"a
R, = 60530~ 405 50" = 2.63 AN
Ry, = & 5/ 30"+ 45/n 50 = 6.06 AN
,_f_e Z63( + 606] kN, o=tarz % -le6.6°

\ ' SLAN J




ART 2/3 RECTAMGULAR COMPONENTS (2-0)

g Force fin rectangular
COMponents /s given by
F=-90L + 60/ N.
Determine the non-
recliarigu/ar comn -
Lorrents of F in the

Y- and h-directions.

Graphircol/ solution:
Cconsiruct f then A,
form paral/el/o-
grarn. Measure

£ & Fy,

e
rr/qgonometric Solution:

o = tan™ £2=33.7" F=y(#0)%+ (607 = 72.1 N

- 72,/ 4 |
W ———= 2 ___ L =800MN
Ay of s S/ 307 5/ 337° L4 9o0

B=/60-30-33.7=//6.3°

5 72/ z
S/ 116.3° " Ss7in30° Ly




ART 2/4 MOMENT (2-D)

~

eré woys.

Calcwlale the morment
oF the 400-N force aboul
pomnt O in five arifer ‘

|
from the geomelry 5 /(_—’ |
a * 004 =0./20 tar 60° R |

a =0./68 m ,/;’"T‘*‘@?
0./720- & = 0.040 tarn 30° . ”*\dy 5 |
b -0o09sam Y5k v
o =L oS 30° :""Pi""_ == O- --X ’i
=0.0839/m ——a |

(1) My=Fd= 200 [0.0839) =\33.6 N'/1

() M, =400 (0.12 5/ 60" - ©.040 0560 ")=[33.6 AM-/1T2
(m) M, = 5 L= 700 S/ 60°(0.096%) =|33.6 M/T)
(7) M, F =400 co560(0./68) =
(V) M, =1XF= (OO#J*OHZ/)Xé@O(ﬁJWé’& "+ c05 60°)

33.6 M-/7?

\_ = Gk - H.6k=-33. 65 N-17

ok




ART 2/5 couvrLE (2-0)

( replace the force ond couwple acting C?f‘?\
| Lhe wrench by @ Single equivalent
rorece F applied ol D. Delermine b.

Repl/ace 60-Nim couple by @rn egu/v-
alent couple cons/sting of two 300-N
rorces o orstonce o opart ploced o
Cancel the girven force. Thus, resw/ltomnt
/5 |F=300N]| Jocoteo E:?z‘_ L where

Mp=Fd,; 60=300d, c=02m
L=02/ccse0” =0.213m or|b=2/3mm

N AL AT /




ART. 2/6 RESULTANTS (2-D)

/ ™
Represent 1he respltant OF Hhe fhree ]

forces and one coup/e by ar egwivalent |
force R at A ana a couple M. Frnd A ond
the magnitude ona direcrion of K.

e} — 1.5 m—- 1.5 kN ‘

= 2.5 kN | |
R,= 25 = 2cos30 -4 \L s B |
= =227 kN m| L5 AN

|
MSZMA=K,5+4(2')—ZC&530°(2+;_5)~;{.5’(;‘.5’) \
|

L5l A m |

' 0 Y AT

Ry=Sf=25m30°+ 15 . »,{‘
A

=\ 7. /88 kN-m (W Rx o ton 227

R 2.5 'I
| : -
\ = |42.2 ‘

RV '

Y A 4 s




ART 2/7 RECTANGULAR COMPONENTS (3-0)
/Fc:rr a=3Im, b=6m, c=2m, \
F=/0 kN, Qeterrmine the 2
maQrIluaes oF rhe
COmporients or F Q/ong
AC and AD and the
Lroectiorn of F o/orng -
£C.

A ¢

Crioose X-y-Z GXes.  p
AB=V3%r 62+ 2% <777 '
AC =V2%+ 6%= 2Vi0 m
AD=V2%7 3% = Vi3 m
DC=V3%+6%=3V5 m

Vo
Fac = FCOS & = 10 === =[5.04 AN|
fopn= FCOS-8 = /0 E= B /5 AN

Ler n=wnit vector alorng DC :—-‘—3———-; F o J

= 5+ 2))
Fe10(F+28/+£) hw

3

fpe= £ 0= G2+ 6j+2k) o (i + 2))
e (-3 +12) =[575 AN

N\ SEAA /

o om

-




ART. 2/8 MOMENT AND COUPLE (3-0)

Determine the moment of the 500-N
Force £ aboul the X-gX/5.

Dimensions in
Millimeters

Scalar solution

],£;| = 400 sin30"cos60°= 125 N
S00 co5 30" = 433 N

5] - 00 co3 36 = 45
1,:5"‘ = 500 Smn30°5im60" = AIT AN F‘-
M, = —433(0.3)+2/7(0.2) Y .

' Dimensfons (n

= |-86.6 M- :

j Milirmekers

Veclor sofuliof

M =D XE where L= 03L+02 ~0.3k m
a3 oz =03

- P *J: = - :."36-6 M‘m
At =AML _fo'é 125 -433 /7 .

/ o o

K o virt S




ART. 2/9 RESULTANTS (3-D)

(Fe;::fm:‘e the PO \

forces and cownle by 200N
O werench. Fipd the
moment M oF the
Wrenclht and rhe
coordinaies of point
o the y-2 plane
tArowgh which Fhe

force of the werernch pLosses. ™
R=2F=200(+/50; N et
A Z 'z‘f';f; Wrench Yo
SSLITIE p0s
1me poss y EFN

SO direction Cosires of A
are those of 2 or 08,06 0 N

NI, = 200(0.3-2)] ~200(0.3-y)k +/50ZL +/150(0.2)k ~30{
=(-30+/502)¢ * (60 -200z)/ + (-30+200y)k N-m
Lquale direct/ion cosines of ZpMm, 8 JF & get
(~30+/502) /At = 0. 8
(60-200z2)/A1 = 0.5
(~30+200y)/M = O
Jolve & gel Y= O0./5 m or |yz/E0mm
Z=0.264m ©or |Z:z264mm
& M= (30 +150[0.264])/0.8 = 12 N-m | [ M = 12(0.50 20.6]) N-m

o | vern

Where M eguvals the
magritude of ZAM,




ART 3/3 EQUILIBRIUM CONDITIONS (2-D)

AN,/

/ﬁ}ez‘errm}?e the pull
P or the rope exerfed
by the man o Aol/d i
the cralte in the posi- | \5m
tiorn Shown. Also 7ind
the tenision 7 in lHe =
UpHLEr robe.

M&

G

N

So/ution (I)  X-y axes yroooY
ZE=0. 0.866P - -57'—0 l|a15m_
2/—“ o -05,D~200(f?5x)+o?547 o :ém :

Sofve St ltaneously & gelt T

(P=87/N, T=25/3N

Jmuz‘f}:w (77)  xX-y aexes

ZE,.=0. | 200(98/) N
5 cos (39 174592000081 E =0 | O G745
=87/ N lCOS [745°=0 954
EF,70!
7 - a?z SIn (3071745 ) —200(9.8¢4) c0S /7457 =0
\_ 7= 25/13 N I




ART 3/3 EQUILIBRIUNM COMDITIONS (2-0) MNO.2

/The wrrtortm 40-k¢ har with N
Small end rof/ers 15 Sup-
Lorted by the horizonral

2l

]

_,..
—
e

il R S

aril verlico! Swrifaces 1 m
aric! by wire AC. Calcw/ote v |
the tensron T the wire T ;?
arrd the forces o 4 arna B. g

F__

P

SO Ly (451570 Fivo m0-
mernl Coualions artd one
Force eQuarion.

W=mg =40(9.8/)=392N B e _______ E
- il "L & i
&= Jen Euj‘i? It ¥
C‘!: I
G IMz=0: 28-392{:)=0 So A
B /472 N L
g . e Afn;-- 4
G 2M=0: (Teos 33772 - 392(52) -0
7= /769 N

Z@,:o: AF I176.9 5/n33.7°-392=0
A= 294 N

g e )




ART. 3/3 EQUILIBRIUM CONDITIONS (2-D)

NO. 3

of the Force supporied by the pin at o.

r’ 45 m ’——j
Cl rl.ﬁ m
s ;‘s w: g.,ﬂ?.s::f‘:___ = e -:-.--';: ;' T ..;f‘-.x;i_

S N
X Ge e P 1m
| “0.5m ABl | -
e 1m
| = y

Coslar A brovides horizontal supbort only.

rpeplace force by Force

A=i2 524 N or A={2.52 kN
3F =0 1252 - 35/n30°-0,= 0, 0= 4102 AN
ZR,=0: 0_,,—500(?. g/) - 3 €0S 30°=0, 0, =750 KN

and couple at C. 3m__ 157 iﬁ

== 1 "
fn
T A

A m

2Mp =0 3AN 1y 500(9.8/) 2
500(9.8/}{1.5) -2A | y N L
. oS Ox

4+ 3000 (4.5 cos 30°+ 33517 30°) + 1500 = O »

8%

2 2 £ =
K 0-1/5/-02) #(7.50)%=|/3.34-KN JLM J

KMember oBC and Sheave C have a /mass of 50049
with mass center at G. Calculate 1he magnituade

e ——————




ART 3/d EQUILIBRIUM COND/ITIONS (3-5)

MO

ﬂ:: Pigti-voltage power
INe 15 Suspended as
SHOWnN. Ternsior /»

he line of the /-
SLIQRIOrS /5 3 RN

Colculate the fens/ion
77 limk AD ond the
Compressorn C /7
ks AB cridd AC.

Zi Z
Efg:f;'.' : D
. e P '|\
P-2(3)5/77 /5% 0 P
X ozmesanys BN
Pz /553 kN ST mJL Ji\r\?:?,ﬂiﬁ
m_<_ 7
. 1B T
AC =AD- Y 2%+ (15)° )~ Y
= 2.5 /77 (5" C

2h =0 TS/me&-,553=0

_ 4553 —
’?_'55/.;:5 ) [7=22.59 AN
§§=O: 2C cos B -2.5¢ Cos58 =0

2.59(2/2
z(zjzgﬁj’ €242 kN

\_




ART 3/4 EQUILIBRIUM CONDITIONS (3-D) NO.2

//

Connections atl
ABCD are bal/

& sockel joinis.
Neglect weight
oF e bers.
L comrbleéssion
P in legs BD§ CO
ond ragr/ i ae _
of force of A. o

300 (G 8/)(4/5)=2354 N
- 300(98/){3/5)=/766 N
W= F0O(9.81) = 2943 N |

o= forn 1 E4 2= 6347 |

_F;_" 2 2Ps/n& =0 |
\ 2 _ v |
2
B TEm
Zh=0: A ~2354=0, A, =235¢ N L= PN,

>
2M=0! /é’A -2354(4.8) +2¢4_3(? §)*/766 (1.8} =0,
ZF <O /570 + PIF ~2943-/766 =0, (2= J7E5 N

A Viz354)%r (7570)% = (2850 M. s S




ARV /3 METHOD OF JOINTS

(ﬂez‘ermme the forces i members FG, £G, )
QR GO ror the simple rruss,

fe — 4 panels at 4 m —a-{

F G H I J B
e 3
3 m -
Y "

4 kN ff

By inspectiorn of joint F FG=FF =0
Jornl £

_ ctan’d omp-3 -
EF=0 £6G 8=tan ;},—, -.5".-’.-"?5~§', 03 &+

_;
5

-

ED
LN EE:0: E6(E) - FD cos 10.62°= 0

oy 3 - e .
| 25,200 £6(Z) + ED S 10.62°~ 4 =0

So/VE o oprain |FG=533 kN T

| Joint G
~G=0 G GH ~ . _3 -
7;[——*;— 2K, =0: _5@-535(-5) =0
&7 |GD =320 AN C
533 AN

W i =




ART /4 MNMETHOD OF SECTIONS

P

Determine the forces
1 members DI, DE,
ara EI for the
Senple Iruss.

ZM =0: DE (3 cos 45°) - 18(3})=0

DE =255 KN C

i
[

Zf—;: O: D ces45°- 1800545 7°=0

EBD OF entire

DI = /8 kN C

Seclr/on

HES K er

Joini £ CZ Zh=0: |[EL

\ ‘DE/ ’ AL /

]
O




ART. 4/5 SPACE TRU5S5E5
ﬁ?efermfne the forces \
/1 mermbers AD, BD,

|
CO & LL of the Space E|\ | ;i\

\ ! / fl’
Irvss Joaded ond “I Nl N
s NS N
Suppoorted as SHOWR. B a6
. Ky e ~\.B
verify ihe odequacy R P

of internal stabrirty. N

ANo. of members m=12,; No. OF jorrts /=6
(mi+6=s8) = (3/218) S0 rmembers ore ageguwalte
1 nuember @nd comprise rigid tefrohedrons.

Jont B EE=0 gives Jirgﬂ —éf:a, o ES—V‘% {7)
All wunkrnown Jorces Yakern (+) ferns5/00
Jornt O
Loo* oo (-2~ F4) =57 (-1 -38)
et ep -]
oo™ ol - = 22(-4)
= G0 4 - i +j)

- 28/(3vE) + £, [VE =0
-F/VE o~ fap/VZ 2O

Sorve & gel F:-f—‘or’r:) F= 2 .f?')! £ = 22 (1)

\ Ap 3 co” Yz




ART- /6 FRAMES AND MACHINES N

~0.15m w
P N
=
=0

Determine the rota/
force (ShHear) supporied
by the pin atf B8 1or the
loaded rrame.

£Erom FBD oOf entire frame

ZM,=O: iy

C (0.5YZ) -50(9.8/) (75 +0.45)= 0
€= 595 N

SF=0! A~595=0, A= SIEN

From FBD of member 8C
ZMg= 0!
a5 G5
SG5 E) —5@(?3;)(0.;5)‘@(1,? =0

C, = 386 N X
SF70! B +50(981)f/2 -595=0, Bx= 248N

ZR=0: 386 +50(80)Z-By=0, B,=733N

roral Yorce (shear) B=Y(248)+(733)°F = 774N

.
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ART. 4/6 FRANMES AND MACHINES

NO Z

Deter/nine the tmaegn/-

lude of | the rforce

Supporiteqd by the bin

al C.

2 m

> 600 N

0.2m

Ernlire Frome

ZMo=0:. O4E - 0.6(600)=0

L |lezm

£ =900 N o m
.Z&-_*G: AK:EODN .
. 0.2m o.zmT
Hymor A mweon A, ||oam £
LIDBLCR 2Mp O N A Teoon
C.
CX KO-E) - 600 (0.4): o, Cx: I1200N B A W
LiNK ABC ZMg=0: . o \[C
Yy
Cy(o.2)-600(0.2)-1200(0.2}=0 Lj’_ﬁ
X ":)X
Cy= /800 N 600 )F
Ny ‘D_:v’
C=V11200)% ¢+ (1800)% = [2760 N "‘*I
700 N virt )




ART. 5/3 CENTROIDS

-~

Deltermine the X-
coorainate of e
cernitroid of the
shaded orea.

B (Xz- X, )y
( \/5,17 -y/z)ay

A / Wy - y/f)dy
[ /By y/4]

o) b 3
-4 [ (by-y74) =2 (‘f’y y)<50 |

&
X A sb/24 &
A soz L2

X =




ART 5/3 CENTEROIDS NO. 2

(ﬂez‘ermme thre Z-coor-
1ele of the rmoss

center of the so/rc
oblairned by revoly-
10g the guarter- cir
cwier oreg @bowt
ihe z-0x/s.

5
i
-]

Diflerential e/ement /s @ washer of rod/s
P anag @ ond RICAIEs55 GF with Vo/iurme

7V = n(rf @) 0z =17 (at-2tr 2ayal -z ) oz
Jfzav /J?/czz 23+202VE)0'2
zﬁ[az z“ 20}//"‘1—2)3] H_.Q.;t
_/cfl/ /ﬁ(az z%zm/ﬁf)a’z
—;7[5? z- = fafzj/aTz"‘szsm_ ‘EJEFQ?’(’EE + 1)
"

3r2/3+477/2)° (4 +37)
T ﬁ:fi/ T a2/ 47772) ) e




1By,

ART. 5/4 COMPQOSITE BQDIES AND FIGURES

b
|
|

fma semicircular ana straight bars are made =)
From Sfock with a mass of 75 kg per /neter of
length and are welded to the triangular plate
mage rrom rmaterial with a mass of /00 kg per
square meter of area. Calculale the coordinates
OF the mass center OF the assembly.

Part m X Y% mx my
Kg mm | mm |Ag-mm|\Kg-mm
crreular bar 2.2517| ©O 600/ O /350
Brace 5.54 338 /50 /1870 83/
Baseé 20.25 | 225 @, 4556 @)
Sums |32.86 6426 | 218!
- 2mX 6426
s = = —— /95.6 mm
A Z. 32.86
—. iy 218
Y = —E_ el 66.4 min

JLN /




ART6/3 DRY FRICTION NO., /
(Uniform 60-kqg barAB
/s subsected to force F
Smooth guldes al B.
Al A, U =0.8.

(@) If P=400 N, find Tric-
r/on force al A.

b) Find P reguired
o cause S/pprage
el A.

= = i
T
g o BE R R

W=mg=60(98/)=589 N
(@) P=400N. ASSUNIE eqgull.
Z K07 N=689-0, /f=569 N
ZM=0: 400 £ 5in 60°

+569£.C0S 60°~F4 5/ 607 0

[F=370 N] < [ 4N, = ©8(589) = 47/ N]

S0 assumpltion /s valid

(b) F= YN, =47/ N

ZM =0, P5SIn60+ 589 £.c0560°-47/ (2 5ir1 607)=0
P=602 N

.......

L % srr




ART. 6/3 DRY FRICTION NOQ. 2

/}" e hubs OF The uniform
50-kg Wwheel rest orn inclined
rarls. IF support at A s
removed, determine the
friction force acting on
the wheel If =050, A4 =090,
whHaet would hapbern if
b= 030 g 44 =0257

First. QSSUIMe eGuilibriusm.
2N, =0
T (500 +250 €05 30°)-50(9.81)(250 Sin 3¢°}=0
7= 856N
ZRFO. _
M ~50(9.8/) CO530 - 85,6 5//130°=0

N=d68N
Zh =0

- 856 CO530 + 50(281)5/77 30°=0, F=/7/ ﬂ.r’
StCE (B qugpar = ' TN} < (F a5V = 0.50(468) =234 N),
equtlibrium CSSUMBEION 5 valid & |~= 1TIN
I AG=030 K5 = O.30[468) = 1404 N < /7/ N
SO wheel Wil S, Bul F#O25(468) N Sirce

N+ 468 N unger acceleraling condéions.
\ At J



ART. 6/5 SCHEWS

( £achn screw or the jack has a meah G’f'amerer\\
o7 2//mm ana a /ead of § mm, one a right-hand
ana the other a /eft-naena thread. For 6=30°
aelermine (a) the torgue M reguired to rarse
the load P=75 kN ana (b) the torgue M’ re-

quired o /Jower the load. The coerficient of
friction 1s 4= 0.20.

—& M

For eguilibrium
W =2Ccos30°, P=2C5/n30°

SO W=P ctn 30°= 75V3 =/2.99 kN N
FF/'CZ'/O/’? ang/e @ =ran “020=//3/°
Helix angle o =tan ‘5= s

Ser = dan nizz) " 6.9/°
M=2Wr tan (@ +o) =2(2.99)21/2) tan (11.3/°+6.9/°

@) M= 898 AKN-mm or (M= 898 N-m
M'=2Wr tan (@-x)=2(/2.99)(2//2) tar (//.3/°~6.9/°)

b) M'=2/0 kn-mm  or |[sm'=2,0 NV-m
\ AL A /




ARTT 6/6 JOURNAL BEARINGS

" The coefficient of kiretic
friction beltween the 30-rmm-
aramelter o/ and the pulley
/s 0.25. Colculale the 7ension
7 requ/red o (a) rasse 7te /oad
and (b)) o lower the /oad at
a corstant speed. Aeglec?
1he /mass of 1/he DU/Ey.

500 kg

&= tan 025+ /404" o

17=rsin @ =00/5 Sir1 14.04 = 0.0036%

L=500(98/)= 4905 N

(@) 7o rarse /oad.’ ZMg=0
0.25T- 4905 (0./125 + Q00364) = O

7= 2524 N or |7T =252 kKN

(b) 70 /lower /oad:’ ZMg=O
0.25 T -4905(0./25-0.00364)=0
7= 238/ N or 7= 238 AN

7O fower

\ ; v JLM

o




ART. 6/8 FLEXIBLE BELTS

Calcwliale the force P on the hancle of z‘he\
Ggrirerential band brake
that will brevend fhe
Hywhee! From turning
QR 185 Shaotfl fo which
the forguwe M=/50 Nom
/S appliea. The coeltfr -
cient of friction belween

the band arnd the Hy-
whee/ 15 A= O 0.

Y 1.;5
j |
bomm 2 X D
0.490 oy
Bona T=re’  r.re®®T Lissr oy
Flywheel EM=0; 150 + (7 ~7)0.150) =0
I3~7, = /000 N -{2)

fondle ZAM,=0; 0./507, - (7" 5/r 305%(0.075)-0.450 P~ 0
Solve (1) & 12} & gel JE300N, 7= /300 N

Selve for P g gel P= GOF A/

N Sy




ART. A2 DEFINITIONS NO. /
Co/cuwicie the rmmoment
oF inertia of rhe Shoded
Qreq eboul the x- ond y-
axes. A/50 find the rad-

L
G

) i o]

h —lE et B - .

IUS of gyralion k. 0 Time 40mm
_V
~or rectarngular grea f‘”‘x — |<_c:r‘><
cbowl /ts base I=#b6A° so | &\J?»[qo
Aly=§y°ax = 4 (s0x/2) Fax |17
¥
:uﬂm:)j/fa’x .
G 40 f
Zy = 21r0)7 | 5 aix s 267
e mm

o

‘?6-@}/ ‘E( 5)):: /‘?j = ?‘/ ‘3”7 T2 ro)? (33 ‘?ﬁ'r’fo) mm
area A= fyax- 318 /,»;ffem 215 700 ot
Ao
=\ZT, /A =\//3 95,%::)4/700 <[22 mm
%,=/xfdﬂ :ﬁzydx=é—3w_§ ):g/‘ga?’x
i

27,7140
s g—@(‘;}%}xé] = |5 23 (10)F P7rn®
/0

\ LA J




ARTT Af2 DEFINITIONS

/

Calcuiole the momenit
of nrertiq or the rec-
rangular area aboul
LHE X-OXis and find
the po/ar rmoment of
mertia aboul poind C

B0 mm

¥

|
For reclangul/ar X B . 9,

30
area recal’ A b ¥eckeds
F-Lpn’ 2l i

o al [ ' 60
z Ao~ T— " F G mim
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ART. A/3  COMPOSITE AREAS

/Compuz‘a the momenl oF ineritra about the \
X-Qax/s and the polar rodies of gyration about
Q For fthe area Sshownrn.

Dimensions in millimetors
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|
|
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(+) 20
mm| (-)
-———X o -————X
=40 mm 20 I

For quara‘er c:xrcwar area A—-(qza) = /257 mm?
- . 4 7 = g o
Ly fj, 4 4 ré)= e 40)" = 503(10%) mm
L,=1, + L, = 2(503)(10%) = /005 (10%) rnm*
For Square area A= -20(20): -200 mm?
Le=L = ~Fbhs -4 (20)20)°= ~533(10% rmm®
L= 7 # L, = —2(53.3)(10%) = - 06.7(10%) rmm *
Fornet area I, : (503 - 53.3)(07) = ]44?&0-’9 mim®
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