TRANSPARENCY MASTERS
Solutions to Typical Problems in

MERIAM & KRAIGE ¢ ENGINEERING MECHANICS, VOL. 1 STATICS, 4/E

This transparency master section includes 40 problems and their solutions selected to illustrate typical
applications in Statics. These problems are different from and in addition to those included in Volume 1 of

the Fourth Edition of Engineering Mechanics by Meriam and Kraige.

A list of the problems by chapter and article reference for Volume 1 — Statics follows below.

Instructors who have adopted either volume as a textbook are granted permission to have these masters
reproduced as transparencies for classroom use. Instructors who have adopted the text are also given
permission to use selected text illustrations as transparency masters. For best results the text illustration

should be enlarged on the sheet of copy film. Many electrostatic copiers have this capability.
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ART. 2/2 FORCE

K/Pep/ace the {wo forces )
by a Single equivalent
Jorce K ond find the
ongle & belweern R
and the X-ax/s. So/lve
bollr geosmmelrically
ond by ws/rg writ
veclors ¢ and/.

> 6 kN

Geornelri/c
Graphti/ca/: consilruct
paralle/ograrn &

measure K & . 50
JF/gonometric: 307~
Law of Cos/nes £
R?= 4%+ 6%~ 2(4)(s)cos 80° X

=437 [R=6.6/ kN
92 = (66/)+ 6" - 2(6.6/)(6)cos(0-30")
©-30% c0570.8029=36.6° |©=66.6"
veclor al/gebra
R, = 6c0s30°- 4cos5 50" = 2.63 kN
Ry = 6 512 30°+ 4.5/ 50 = 6.06 AN
)‘? Z263( +6.06/ KMN| €= tor: 6296 .6 6°

— = 2.63
\ JLAM /




ART. 2/3 RECTANGULAR COMPONENTS (2-D)

( Force F in rectangular
cormponents /s grven by
[ =-90 +60/ M.
Determine the non-
rectangul/ar com -
ponents of F /n the
y- ana h-arrectrons.

Graphical sol/ution:
Construct f then * A,
form paral/e/o-
qgram. Measure

R

0.

5
[r/gonormelr/c so/ut/on :

o = tan™ 22-535.77 F=y[(40)*+ (607 =72.1 N

72./ A
. 0= —2—— =00.0
Law of sires =35 SA33ve [ - B00N

- B8=/80-30-33.7=//6.3"

L5 72/ =
S/ 116.3° ~ sin30°" Y




ART 2/4 MOMENT (2-D)

e

Calcw/ale the rmornent
of the 400-N force about
pont O n five arffer
en’t waoys.

From t(he geometry
Q +004=0./720 tor 60°
Q =0./68 /m

0./120-b = 0.040 tan 30° AT
AE -0 || al

O =0.0969m LA |

o = b cos 30° re--=" =9

=0.0839 /1 a

(1) M= Fd=400(00839)33.6 N-/1?
(Z) M), =400 (0./2 5/ 60°-0.040 c05607)=33.6 N-Imz
(@) M), = £, & = 400 s/ 60°(0.0969) <[33.6 N-/7T]
(w) M, = 5, =400 Cos6070./68) =|33.6 N-/1T
(V) M, =/ xF=(004L+0./12/)X 400(L 511160+ COS 60°)

\_ = Sk~ 4.6k =[-33.6k N7 oy




ART. 2/5 COUPRLE (2-D)

& Replace the force ond couple acting on\

the wrench by a S/ngle equivalent
force F applied al D. Determine b.

Rep/ace 60-N-m couple by arn equiv-
alent couple corns/isting of two 300-N
forces o arstaonce d agpart pl/aoced o

cancel/ the g/ven force. 7Thus, resul/tarnt
/S |F=300N| /Jocalead @! O where

My=Fd, 60=300d, d=ozm
b=02/cosz0°=0.2/3/m or|b=2/3mm

\ ek A




ART. 2/6 RESULTANTS (2-0D)

/ﬁ?epre.senz‘ the resw/tant? OF the three \
forces and one couple by an eguwiialent
Jorce R at A and a couple M. Frnd M and
the magn/tude ona drrect/ion of R.

!4 " 4—=7 300 1b
. /000 Ib-ft-.
/?x-“-Z/iz 400 S/n 30 + 300 JI( ¥ /‘7{4/%0
! 30+ /
= | Ve /ot
LS00 /6 ; 6 G 4 !_:3_“)(
Ry= 2K = 200 cos 30° -g00 A l . 8
= —454 /b con s L3007
Vo2, o7 - 2 z
R=VRZ+R? =) 5002 454

= (675 /6
M = ZM], = /1000 + 800 (6)— 400 cos 30°(6+4)-300(4)
/136 /b-ft CW

n




ART. 2/7 RECTANGULAR COMPONENTS (3-D)
(/-‘or a=3m, b=6m, c=2m, \
F=/0 kN, Qetermine the 2
magn/iuades or rhe
cormponents or F a/ong
AC and AD and the
pro/ecltion of F o/orng b 2
LDcC.

Choose X-y-Z QXes. D
AB=V3%2+62+2%=7/n

AC =Y2%**+6%=2Y/0 /m B
AD=V2*+3%=Y/3m A 2m
DC=V3*+6%=3/5m X
F g = FCOS X = /O E—’--7@= 7.04 AN

Fp=Fcos B = /O\/;j= 5./5 AN

Let n=wunt roa/ DC=3_; + -6,
I c/j?/'l/ec.z‘o Q/ong 354 t35/
Vs (%)

6m Ty

] SR T
’%C*E'/g"’ 7("3_47'_6_./ *25) )/5_'(-47‘-2_‘/)
=z ((3+/2) =575 AN

N irs




ART. 2/8 MOMENT ANO COUPLE (3-D)

(Dez‘er'm/'ne the rmoment oF the /00-/6 \
force £ aboul the XxX-ox/S.

F=100 lb

Scalar So/utron I ‘IF

£ | =/005/n 30°cos60= 25 b i -
R| =100 co5 30°= £6.6 1b j:'/ 7-
E|=/005/n30°5/r 60°= 43.3 /b ot o

M, = -86.6(12)+43.3(8) Y .
= |-693 /6-1n. |
Vector solution — z--"9 6.

M =[XE where I = /24 +8)-12k mn.

/2 & /2
=M-Z:/;x,r-[= 25 -86.6 43.3
ML= .

]

- 693 /b-/12.

N
X
F o 0,
o __\ JLNM )




ART. 2/9 RESULTANTS (3-D)

/Rep/ace the tnwo \

forces and couple by 200 N
a wrench. Find the —
moment M of the 0.3
wrench and the i "
coordinales of point )
P /n the y-2Z plane

30 N'm

| P VLU
through which the <027 -
force of the wrench passes. <
R=23F =200L+/50/ N P “
Assume posrtive wrench " ZN
S0 direct/ion cosines of M o X
are those of K or 0.8,0.6,0 N g

ZM = 200(0.3-2)]-200(0.3-y)k +/50Z L +150(0.2)k ~30(
= (-30+/502)¢ + (60-2002)/ + (-30+200y)k N-m
Equate direction cosines of ZMp, & ZF ¢ get
(~30+1502) /M =0.8
(60-200z)/M = 0.6
- (-30+200y)/M = O
Jo/ve & gel  y=0./5 m or |Y=/50mm

Z=0.26dm or |Z=269/7nm
& M= (=30 #/50[0.264])/0.8 = 12 N-m, | M =/2(0.8(+0.6]) N-m

s/

where M eguals the
magnitude of ZMp,




ART. 3/3 E£QUILIBRIUM CONDITIONS (2-D) NO. /

/Dez‘erm/'ne the pull )
P on the rope exerted
by tHhe man lo hol/d

the crate 1n the posi-
tion shown. A/so 11ind
the tension 7 /n the

ubber rope.

So/ution (I) X-y axes yhooY
ZE=0. 0866P - £2T=0 i ey
3E=0: -05P-200(28/)+0954T=0 ;6\
Solve S/imultaneously & get
P=87/ N T=25/3N

So/ution () X-y axes

Zh.-0. | 200(98/) N
Pcos /30 1 /7457) 200(9.6/)%2 = 0 6-5ir" £3:/7.45°
RP=87/ N COS /745°=0.954

ZF =0 .

7‘—67/5//7(30 +17457) —-200(9.8/) cos /745 0
\_ /= 2618 M s )




ART. 3/3 EQUILIBRIUNM CONDITIONS (2-D) NO.2

/7776’ uniform §0-/6 bar with )
small end rollers 15 Sup-
porited by the horizontal
and vert/ical surfaces
and by wrre AC. Calculate
the tensrorn T /n the wire
and the forces ot 4 and B.
JSole by wusirng Fwo 1mo-
ment equations and one
force equaltron.

(+ ZM=0: 48 -80(3/2)=0

B=30 /6

G‘ f/Vl;O.‘ (Tcos 337°)4 - 80(3/2) =0
=361 /b

Z/-;, 0. A+ 36./5/n33.7°-80=0

A= 60 /b

\ JLM /




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

NO.3
/ Member OBC ana sheave C have a /mass ofé'ooa

with mass center at G. Calcul/alte 1he magri/tude
OF the Force supported by the pin at O.

Col/lar A prowides horizontal supbort only.

rep/ace force by rorce
anda couple at C.

3/ " 5m 1B
C((p =
/m
e
A
2o =0 3N | 2m
500(9.8/)(1.5) -2A —
: o X
+ 3000 (4.5 cos 30°+ 35/n30°) + 1500 = O -
A=12 524 N or A=/2.52 KN 7
3F,=0:! 1252 -35/n30°-0,= 0, O,=/1.02 kN
3K,=0: 0,-500(9.8/) -3C0530°=0, Q=750 kN
- 2 2 ..
\_ O=V(11.02)%+(750)%=|/3.34 KN .




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

/,4 high-vol/tage power
/e 1s suspenaded os
Sshown. 7ens/or /n
the /ine at the /in-
swiqrors /s 3 kN.
Calculate the lerns/or
7/ link AD and the
cormnpress/orr C /77
/InkS AB anad AcC.

Z
5K=0;
P-2(3)5/17 /5= 0
X~ s
P=/553 kN Tl

AC =AD= Y22+ (15)*
= 2.5m

Z/:;=0: 7S/ 6-/,553=0
_ /553

7-‘/.5/2.5 ’

2§=0: 2C cosB -2.59 cos6 =0

2.59(2/2.5)
2(2/25) ’

/=259 AN

C= C=/29 kN

-




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

/Connecz‘/ons alt E \
ABCD are ba/l/

g Sockel jo/nls.
Neglect welghl
of me/mbers.
FIna cormpress/orn
P in /egs BD ¢ CO
and magr/ivae
of force al A.

<! R 300(9.8/)(4/5)= 2354 N
| 300(9.8/)(3/5)= /766 N

2.7m Y W=300(9.8/) =2943 N
13, w 0= ton” é%)2= 63.4°
oy-——! ——— 2Ps/né =D
ad p/T\P e
2.4m ) = = _\/2-:0
2./m ANFAR 256 4
A4l 1 7‘ —\b 2
A Y s ram
Az

- /570
ZF=0: A,-2354:0, A =2352 N L2 N,

.
SM=0: [84,-2354(4.8) +2943(1.8) /766 (1.8) =0,
SE =0 /570 + 4PNE ~2943-/766 =0, 2= /755 N

\_A- Viz354)% + (/570)% = [2830 N s S




ART. 4/3 METHOD OF JOINTS

Geferm/'ne the forces in /members FG, EG,\
and GO ror the Simple [russ.

4 panelsat4m ——

By Inspect/ion of joint F, FG=£EF=0

Jo/mnlt £
- - /3 a3 _4
5}76 O=lan z, smeé=Z, o5 6=%
= tarn’ 2 = °
E,——-Q\--ﬁ-— B=lan % = /0.62
="

e 4 o_
4 kN ZE=0: £6(ZF) - ED cos 10.62°= 0

- I : o —
2F,=0: £6(F) + ED Sin [0.62°-4 =0

So/ve o obta/n |EG=86.33 kAN T

Jo/nt G
FG=0 G  GH e 3
7;[ >~ 2 =0: GD-533(F) =0
GD =3.20 AN C
G .
5.33 AN o

| N um S




ART: 4/4 METHOD OF SECT/ONS

-

Determine the rorces
/n members DI, DE,

anrna E£I ror the
sinple truss.

ZM,=0: DE (3 cos 45°)-/8(3)=0

JI T/ DE =255 KN C
o7 DE .
, ZA;czo: DI Co545°- /8 COS45°=0
FBD oOfFf enti/ire
section oI = /8 kN C
HEN  ~ S £
Jont £ ﬂ ZhH=0: |EL=0

K DE [/ JLM /




ART. 4/5 SPACE J7RUSSES

Determine the forces
/1 members AD, BD,

CO, & £D Of the space
Iruss /oaded and
Ssupported as sHhown.
Ver/fy the adeguacy
of /nternal stab//rty.

Jornt B: Z2KR=0 g/ves

Jo/nt D:

= P
5’0773

Q

J

BD Vz

No. of members m<12; No. of jornts j =6
(m+6=18)=(3/=18) S0 members are ageguate

i number and comprise rigid tefrahedrons.

P

z0- 378 (7

All unknown Jorces raken (+) tension

So/ve ﬂ‘ get £ =-

N\




ART-4/6 FRAMES AND MACHINES NO. /

f

Determine the tota/
rforce (shear) supported
by the p/n at B rfor the
/oaded rrame.

From FBD of ent/re rframe C
2My=0: Cx
Cx(0.5V2) ~50(3.8/) (7 +0.15)= 0
Cy=595 N

5 4

2K =0 A,-595=0, A, =595 N . 50(9.8/) N
% . 4
From FBD of member BC S

2Mg=0:
05 0.5)_
595 (75 ) -50(9.8/)(0.45) - @(VZ_ =0
Cy= 386 N
ZR=0: B +50(9.8/)//Z -595 =0, By= 248N

2K,=0: 386 +50(9.8/)//2 -B,=0, B, =733N

7oral force (shear) B=)[(248)%+(733)% = [774N

e s




ART. 4/6 FRAMES AND MACHINES

-

Determine the magni-
luade or the force

supported by the pin
al C.

<=—0.2 m 0.2 m—
£Entire frame f 600 N
L-—_x ||02m
ZM,=0: O4E-0.6(600)=0
£ =900N 0.2m
2Kk, =0 A,=600N —
X X 0.2m 0.2m
ZR=0: A, = 900N A, ||ozm E
; B ¢ TR
LINKk CO ZMpy=0: A c. ||69oN
A N
Cx (0.2) - 600 (0.4)=0, C,=/200N ’ ;
; e
. P ol X
LINK ABC ZMg=0: tBy icy
Cy (0.2)-600(0.2)-/1200(0.2)=0 5, -
X
Cy= /800 N 600 D,

\ C =V(1200)? #(1800)? = [27160N] =




ART. 5/3 CENTROIDS NO. / |
Delermine the X- d
coordinale of the -
cenlroiad of the
Shaaded area.

QA = (X,-X ) dy
(\/5} -y/2)ay

A / Way -yv/z)dy

[545y "y 2]
. 24

XC: é-(x/ +X2)‘
b b
S aA / 5 (X, #X5) (XX )O’y--//XZ-Xf)@/
b
- £ / (Y=Y /2)dy =4 (% oyt )% 2 17

/2 24

fzjc A 56°/24 g
A SbYz |2

9 ur )




ART. 5/3 CENTROIDS

Determine the z-coor-
a/nalte of the rmass

center of the so/rd
obtained by revo/v-
NG the guariter-cir-
cu/ar area abouw!
the z-ax/s.

Z

a

fa’l/ //7(02 zz+2c:7)/02 z%)az

"
I .
|
|
!

Di/fferential elerment is a washer of redars/
rana @ and thickrness az with vo/uime

aVv=m(r?-a®) az = r(@?-z*+2aya?-z%)az
a

_/ZO’I/=/77(6222 —z3+202|/02-zz) az

f”[ azz‘? Zafaz—zz)Bj

7704

—/7[0 z——— + a(z)a?-z? + a?sin Z)] 7703[5 +zE

= _ /-767‘/: (/1/12)ra?
K JaVv  mad(e/3+11/2)’




ART. 5/4 COMPOSITE BODIES AND FIGURES

/ The Semicircular ana Stralight bars are made x
from StoCk with a mass of 75 kg ber (meter of
lenglh ana are weldea ro the triangular plate
maae rrorm material with a mass of /100 kg ber
souare meter of area. Calculate the coordinates

or the rmass center of the assembly.

Part 1 X Y mx | my
Kg mm | mm | kg-mm\Kg-mm
cireular bar 22517 © 6oo/r| O /350
Brace 5.54 338 /50 /870 83/
B8ase 20.25 | 225 ®) 4556 (o)
SUMS |32.86 6426 | 218/
X = Zmx _ 6426 /95.6 Imm
2m 32.86
. zZmy 2181 |
Y = o - 3288 ©6.4 /mm

JLM J




ART. 5/6 BEFAMS: EXTERNAL EFFECTS

(De termine the Supoord react/ons @l A agnag B N
Jor the beam loaded as ShHowr

= 2

w=wotha r<=-1.6 KN/m
___x%_l

0.8 kN/m — ——0.8 kN/m
Lf ~0.6 kN/m

24' /’r\ Fz /.6 =0.8¢rk(4?
___}/"'/ Ly \\\\ K=005 k/\//m3

. g IS =ay  dy

| “ l"? = 1:““_'

[I _ | 1 !

'QAT ' Ra

£ 2
A= fwdx = [(0.8+0.05X%)dx = 4.27 kN
O

A X =fwxax - //08/1+005‘/~c3)0’x 7.6 AN

X=96/427=2.25m
=Zi(/.6—0.8)3_-,,2 LN /

3 =0.8(3)=2.9 KN, /4 =06(3)=/8 kN
@(EMA= O] 4.27(2.25)+ 2(5)+2.4(55)+/.8(5.5) -/0R =0

Nl

[3F=0] R #R, - (427¢l2+24+/8)=0
_ R, =526 ki | [Ry= 4.4 kN .




ART.5/7 BEAMS.: INTERNAL EFFECTS

NO. /

/Consz‘racf the shear ara rmormernt aragrarms \
for the /oaged beam.

(7)
V=3.06 AN

M=3.06a-/25
AN-177
()
V=-494 kN

M=494 -5
AN-IT?

-

SM,=0: 5(5)+ 8(2)-48B -/25=0, B=994AN
Zh,=0. A+ 994-/3=0, A=3.06 AN

8 AN S AN
/m 2/ \L 2/77 I/m y
' - —

(

125hnm 1A

\q (7) AQ?M

6/‘/\/\/ TB 514N

)

A | = ()
b T 5




ART. 85/7 BEAMS: INTERNAL EFFECTS NO. 2

(Construct the shear and moment d/'ograms\
Jor the /oadea beamn.

ZNp=0.:500(2.9)~18R,* 22‘—29(/.2)/32— 12)=0, R,= 907N

2F,=0: R, +907-500- —%0—‘7/[2)= 0, R, =/33.3 N
- 500N
ﬁw’rrl l J' { 900 Ajm
o t zam ;aémTasm
Equiltbrium of R, . R,
section x gives — _ i1V s A 900 =750

V=/33.3-375x?2
M=/33.3x-125x2

Y ""AZ
i)M

S00




ART. 5/8 FLEXIBLE CABLES NO. /

( The distribuled /oad expressed as force per \
wurnt length supportea by the light cable
varies from wg fo i, according fto w=a+blx.
Determimne the Shape Of the cable y=F(X)

anda the tension T al /mid-span for g/ven
L and A.

Whern X =0, w=w,
X =L/2, w=w,, So b:@-w)_i

X
From DE. of cable ¥ /ax’= w/7, g){- —7{— W ax
o
ay_ 2x¢ ©
SO0 == =L [mx + (-
ox~ F Lot )
2x2
and y- /dyo’x , Y= F [ LoxF 4 ) 5]
(o]
Sub. y--/7 when X=L1/2 & get
2 §0 Hx? Wo , Wi=y 5 18
\70__ top (751 1)) | Y- 42/9W+W)( 5 2x)

=/




ART. 5/8 FLEX/IBLE CABLES NO. 2

(A cable hanging under rts own wesght Is ﬂ
suspenaed between ltwo po/nts on the
same leve/ 4oom apart. /f the sag /s /00 m,
find the total lengthr S of the coble.
what error resuwl/ts ¥ S /5 ca/cu/alted

by UsiNg the First three ferms oOf the
Ser/es express/ion for the parabol/ic cable ?

- 400m >

At X=200 m,y=100m E9.5/19, = R (cosh 2= -1)

o
. /0 0,41 2004
/S A cos/? 70_ /

Solve grawntr/cally or
by Mewlorrs method

/
0
¢ 9 1 = Gooaes = 25

From £g. /20 S=2s
S=2(2/5)S/nh(200/215) = [460 m
From £q. 5/, S=2(200)[/+2(5)% 2 (4)e-] = 257 m

% error /s 4506‘ 257 00 =[0.65 % Jow

\_ 700 P,




ART. /9 FLUID STAT/CS

/ Cross section of a /lonqg fresh-waler C‘/?Of?/?e\
15 shown. Each of the botfom plales, /Hinged
ol B, has @ /mass of 250 kg per meler of
channel/ lenglth. Finad force P per meler of
channel/ rngth aclirnig orn each plale al B.

1.2 m—t<—12m

Fresh waler pg=1,00(9.8/) /\’N/ms/ //4\\'0/
R, = A :pg/? [,4/”6’0]
= 1.00(98/)(0.9)[(1.5X1)] ~
= /3.29 KN /m
Rs= 5 OGN, [Area]
=4 (1.00)9.8))0.9[(.5)/1)]
= 6.62 KN/m

ZM), = =0.
09/9 ~025(98/)0.6)-/3.24(0.75) - 6.62 3—5 =0

Ayl w=0.25(981) AN/m

P=/6.35 /m//m

- sra




ART 6/3 DRY FRICT/ON NO. /
(/n/z‘orm 60-kg barAB y \
/s subyecled to force P
Smoolh guiaes at B.
At A, w.=0.8.

(@) /f P=400 N, find 1ric-

t/on force at A.

(b) Finad P required
lo cause S//ppage

@t A.

W=/mg=60(9.8/)= 587 N

(@) P=400N. AsSume equ//.

ZK70.N-589=0, Nj=569 N

SMp=O; 40024' 5/r 60°
+589£.C0S 60°~ £ 5/ 60°= O

F=370 N| < [ L4\ = 08(589) = 47/ N]

SO0 assumpltion /s val/ia

-----

(b) F= N, = 97/ N
- . V4 . o V4 °_ . )
2N =0, P£SIn60+5689%C0S60°-47/ (L sin60)=0

P=602 N

K JLM /




ART. 6/3 DRY FRICTION

/7776 hubs of the wuniform
S50-kg Wheel rest on inclined
rarls. It support at A Is
removed, determine the
friction rforce acting on
the wheel 114=050, L, =040.
whnat woula happenrn If
A= 030 § 4, =0.257

FIrst, assume equilibrium.

2M,=0:

T (500 +250 cos 30°)-50(9.8/)(250 5/n 30°) = O
/= 856N

2R,=0:
N -50(9.8/) C0S 30 - 85.6 5//730°= O
N=468N
Z2h=0:
-F - 856 oS30 + 50(98/)5/n 30°=0, F=/[7/ N
SI1€e (Feeqeq =17/ N)< (5,4~ MsN = 0.50(468) = 234 N),
equilibrium assumption is valid & |F=17/N
/7 f4=0.30 5 =0.30(468)= /404 N < /7/ N

Sm
SO whee! will S//b. Bul F# 0.25(468) N Since

N# 468 N unaer acceleraling condart/ons.
\ JLM /




ART. 6/5 SCREWS

Gach Screw ofr the jack has a mean d/'amererx
of 2/mm and a /ead of §mm, one a right-hand
ana the other a /eft-hand thread. For 6=30°
aetermine (a) the torgue M required fo raise
the /loqd P=75 kAN ana (b) the torgue M’ re-

quiread lo /lower the load. The coerficient of
frictron /s A= 0.20.

FOIr equilibrium

W =2Ccos30°, P=2C5/n30° C ¢ -

SO W=P ctn 30°= 75V =/2.99 KN jg>><l/
Friction angle ¢ =tan”020=11.3/°

Helix angle o =tarn LL G

zrr =44 Zpizz) - 69!
M=2Wr tan (@ +u«)=212.99)(21/2) tan (/1.3/°+6.9/°)
@) M= 898& AN-mm or |M-=89.8 N-m

M'=2Wr tarn (p-)=2(12.99)(2//2) tar (//.3/°-6.9/°)
b) M'=2/,0 kN-mm  or |M’'=2.0M-m
\ LM /




ART. 6/6 JOURNAL BEARINGS

/ The coeff/crent of kirel/c
friction betweern the 30-rmm-
ararmeler o and the pulley
/S 0.25. Ca/culale the rfernsion
7 requ/red 7o (a) rarse 1he /foad
and (b)) 0 lower the /oaad af
a consrant? speed. Aeglect
Ihe 1mass of 1he puley.

To

AT

950 mm >

&= tan '025=/404°
17 =S/ @ = 0.0/5 5111 14 04'= 0. 00364
L=500(98/)= 4905 N
(@) 70 rarse /oad. EMg=0
0.257- 4905 (0./125 + Q00364) = O

/=2524 N or |7 =252 kAN

(b) 70 /ower /oad: ZMg= O

0.257-4905(0./25-0.00364)=0
JT=238/ N or |7=2.38 AN

5

/)




ART, 6/8 FLEXIBLE BFLTS

/Ca/cu/az‘e the force P on the handle of z‘/ve\
arfrerential band brake

that wrll prevent t/'h.e PR
flywheel! from Zurning 4 T .
on /ts Shatft to which iy r.h

rhe fO/"?UC M=/50 N-m \/\T T

/S applieda. 7He CoOerFf/ - a

cient of friction befween
the bana and the Fy-
wheel 15 MU= Q0.40.

Bana T;=Te*’  r-re’ = 4337 (1)
Flywheel ZM.=0; /50 + (7, -7)(0./50) =0

-7, = /000 N  --(2)

Handle ZM =0, 0./507, - (7,5/r1307)(0.075)-0.450 P= O

So/ve (1) & (2) g gel [ =300N, T,= /300N

So/lve for P g gelt P=408 N

- s




ART. 7/3 EQUILIBRIUM (VIRTUAL WORK)

Ghe wniform bars, each of /mass m, are \
connected @s showr wrth their ro/lers of

neglrgrble mass confiread rfo move /rn the
verr/ico/ and rHorirzontal gurdes. Delermi/ne
lhe equl/ibrium arngle 6 resw/ting rrom
rhe eppl/ricalrion orf hHe coupl/e M.

h,=b Sin 82
/1,=3b s/ €/2
dU=0:

M 6(92)-rmg SR -mg 6/2,=0 e T
M E(8/2)-mqg 8(bsin 92 + 3b sin €z) =0

M E(8/2) =mg (4b cos&z) 6(92)

K M = 4mgb cos 92, 6’=zco§':4n/§)’;b» M<4m90/
JELAN




ART. 7/4 POTENTIAL ENERGY & STAB/LITY NO. |
(De termine y for equi/ib- N\
rium of rhe mecrar -
1S/ 117 L€ vertical plane
wunaer e /oad R 7/He
SOri1ng of St1rrrness k
/S Uunsrrerchea wren
V=0. Tre rmass of 7/7¢
wunsrorm /Ink s m.

wreh the work ofrf the wesght rrealed
/N the potentral energy lerm, the g/ven
Skerchr becormes the acl/ve-force a@/aglrarsm.
Let X = adrsrarnce rfrom y-ax/s o rol/er;
SO S/relct? of Spring /s HO-X
SV = (LK [0-X]%) = k (b-X)8(b-x) = - & (b-X) X
dlg = d(mgXx) =1mg X whrere lg=0 wHen X=0
§U =-Pd(2Xx) =-2P8X
U =38V + 8l for equ/lrbrium
SO -2PEX = -k (b -X)X + g dX

2P = k(b-X)+mg , X= b-;{L(ZPfﬂ?g)
But y= +YbH X2 Subslitule X, rearrarnge

et - 2P+mg ZkO
\a‘ g " K '/prmg / ik j




ART- 7/4¢ POTENTIAL ENERGY § STABILITY

NO. 2

-

The mass m /moves /n smooth
vertical guides and /s Suppori-
eq by the lour Sbring-roaded
links of negligrble mass. The
SOring of SI/F1rness A I1s ur-
sirelcrred /11 1he Los/Z/ion
for whrichHh 6=0. Spec/fy
lhe siabr/ily of //e syslem
for 17s equiliiorium posi—
7/0ns .

Take g=0 through base b/nNs

V=\,+If =2mga cos 6 + 2Ka” sin®e
WYy = -2mga siné + 4Kka°sin 6 cos 6
2 2= -2mga cos8 +4ka (2cos 6 -/)
For equll. hp=0 grves 6=0 & 6=cos

i
ly=2mga cos 6, 4=FhX*= 4K (2a.516)

’/mg
2ka

6=0. 0'2/0.6;2 =\(#) stable f k>mg/l2a)
-\(~) unstable if Kk < mgleq)

6= cos

\ =|(-) «PS’aL/E

T ANy = 22 ([T9]%- k%) k> mgfiza)

i)




ART. A/2 DEFINITIONS

(

cCalcul/alte the moment
orf /nertia of the shoded

area aboul! the X- arnd y-
axes. A/50 f/nd the rad-

us of gyration k.

——————w

Op=x;

For rectangul/ar area

about its base [=FbhH> so

= Z (10x) 72 ax
o /7
Iy =20)7 | x¥*ax

/0

adly=4y’ax=+% (90)(/4)3/ “ax

£0
- 200 %)x%]/o = 844007 13.9500° mm®

40
s
Area /4=/y0’ 1/—/)(’/2(/)( 3W2 72[ = 700 mm

Y

i«——x-»]}ec/x .-

|

| zlqO

Y

| ///,1

VAR

1/

{

%0 ~70 26 %
mIm mm

/0

/0

Ky = \/]x JA = \//3. 95 (/0) 4/ 700 =|/4.72 mm

40
:/Xza//l =‘/)<2de .-_-..2.."2]/./—0-/ X5/20/X
(o

7 40
= 2Vio (8)x7] -

54.43(10)% mm?

srg S




ART. A/2 DEFINITIONS

(Ca/cu/az‘e he morment
ol /nertia of the rec-
tangular area about
lthe X-axis and 7/nd
lhe polar rnmoment of

/nertia about point Q.

kY
|
For rectangul/ar X e 9,

30
area reca/l/ A Yo Verled
I=ton’ -_;27:.- ______ . |

Yol | 60
g Xom =7 ~C mm
b
G0 mm
Iy=I, +Adyg
- /L (q0)60)” + (F0)f60)30+30)" = =\21.060/0)° mm”*
Z f 0’
- 5 60)(90)° + (70)(60)(45)% = 14.56(10)¢ mm”*
I,= L+ 1 = 2/.06(10)°+ /4 58(/0)°=|35.64(10)° n/n*

wr S




ART. A/3 COMPOSITE AREAS
/C

X-ax/s and the polar rodius of gyration about

ompulte the moment of /nertra about the \

Q for rhe area shownr.

Dimensions in millimeters

Y
: y
| |
|
|
|
(+) 20
mm| (—)
m——— ———-X
< r=40 mm % © 20 mm
For Quarter C‘//‘C(//af‘ area A-——(4o) = /257 mm?
= =1L /77 4 - 3 xa
Ly=1,=7 ) (40) =503 (/0°) mm

I,=L,+7, = 2/505)(/03) = /1005 (10%) mm*
For Square area A=-20(20): -400 mm?
Ly=L = ~Fbh’= ~+(20)20)°= -53.3(/0%) rnm*
L= ¢ [y = ~2(53.3)(10%) = -106.7(/0%) /m *

For net area = (503 - 53.3)(103) = |449(10%) rmm?

]/ (/005 /06. 7)(/03)
(/.257-04)03) - 1222 mm

\ s




ART. Al4 PRODUCTS OF INERT/A

/Dcf‘erm/nc the proaduct of /nertra abowt /'/7}
X-y axes for rhe right friangular area.

/ntrocduce centrosaal axes X-y for the
o

drfferential elernent of area dA=(h-y)ax

=L, * @, aA
= 0 +xh+y/h-y)dx g’(x- )O’X
b
_ A% _X3 /2.2
[xy-—z— (X é—;—z)C/X- 8/)/7

\_ v




ART-A/4 ROTATION OF AXES

/FO/‘ the composi/ite \
square areas 1Na Imax |

& Ln for axes lhrough
centroiad C. Find the

angle o fro/m the x-
ox/s 1o the ax/s of

Lmax-
Yi
D@OO@ Iy= 3 < ll a@
@@[yzé’f O e foc a
3q)%2 7a° \E?J,\'\... K
@@é/ ( )a . ® /’0 @ |a
@@fxfomfzq)fng% a a

Q@ 4y 0+ s 39)(s )= - 22"

4
otals Ii=%, 1,- 82, 1, - -a*

£q A/l Limax) = Zx +[yr2ﬂ/ﬂ}—f})z+4&2

min <

"1 £ 3V25) <[ (R 215)a

| - 24
£q Alo tan 2o = 2["0’ o L /

f ' (/6 4)04 2

K2c>< = /534°0or -266°, |X=76.7° or -/3.3°

JLM /
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