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30 mm PROBLEM 10.1

<— 90 mm —»i«—»‘

D

I Determine the vertical force P that must be applied at G to maintain
18 N 20mm - the equilibrium of the linkage.

40 mm

SOLUTION
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Assume Oy, i:

0.04 4 4

O0yc =@§yA ZEYA‘_, Oyp =0y, =§5YA<_
0.12m

5)’G—008 5)’1):15[ 5)’A] 5)’Ai

op=2p _4 5, 10.08=——sy, =5y )
008 9 07277479 9

Virtual Work:
oU=0: (BON)dy,+(A8N -m)op+Pdy; =0

800y, +18( §yA]+P( 5ij=O
2
80+100+§P:0

P=-270N P=270N| <
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300 le PROBLEM 10.2

= 2 ¢ Determine the vertical force P that must be applied at G to maintain
E r the equilibrium of the linkage.
D@ o © oxe
I -
lm() Ib ‘
|
8 in. I 12 in Ginl 10 in. I
SOLUTION
300lb ©in- | \Zin. L 5
< | 1C Y
ﬁ%j
B
P
SSA 0 E
= [0
:F vool F Ia
| N
ggb e 'L |
! \Lin Gin.  \Ofn)

Assuming oy, i

it follows

12
5)’c Zgé‘y/x =1~5§J’AT
Oyp = 5yc = 1~55)’AT

18
Syp = g5yA =3(1.55y,)=4.56y, |

10 10
Oy =0y = (1.567,) =2.55,|

Then, by virtual work
oU =0: (3001b)dy, —(1001b)dy,, + Pdy; =0

3008y, —100(4.58y )+ P(2.55y,) =0
300-450+2.5P =0

P=600b P=60.01b| <
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30 mm PROBLEM 10.3

<— 90 mm —»i«—»‘
D
Determine the couple M that must be applied to member DEFG to
18 Nom 40 imn maintain the equilibrium of the linkage.

A
40 mm
ce am—1
SOLUTION
et 0.07% 0,03%
Yp

b}
jp‘——[_‘l"’ - 5‘# i"‘ 0.04m
G 3 ‘S+ FgL
e o §
Assume 5yAi:
0.04 4 4
Oy¢ =@5yA =¥ Oyp =0yc =§5yA‘—
Sy, 4 4 50
= =26y,/008=——5y, =6
=008 9o 0727479 ")

Virtual Work:
oU =0: B0ON)dy, +(18 N-m)op+ M ¢ =0

800y, +18[ é‘yA]-f-M(SgOé‘ij:
80+100+?M =0

M=-324N-m M=324N-m )<
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oo PROBLEM 10.4
B
= 2 ¢ Determine the couple M that must be applied to member DEFG to
E r maintain the equilibrium of the linkage.
D@ o © oxe
I -
‘100 Ib ‘
! 1 I |
8 in. 12 in. 6in.  10in.
SOLUTION
12
Assume 5yAi: §yC=§5yA=1.55yAT’ 5yE=5yC=1.55yAT
18
Syp = Ovp =3(1.56y,) =456y, !
Oy, 150y 1
P 6 6 4 Ya )
Virtual Work:
oU=0: (3001b)dy, —(1001b)dy, + M ¢ =0
3000y, —100(1.5§yA)+M(%§yA] =0
300—450+%M =0
M =+6001b-in, M =6001b-in. ) 4
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PROBLEM 10.5

Determine the force P required to maintain the equilibrium of the
linkage shown. All members are of the same length and the wheels
at A and B roll freely on the horizontal rod.

SOLUTION

Using yc as independent variable:

Virtual Work:

Yp =2Y¢ 5yD =25yc
e =3yc Oyr =30y,
Yo =Yu =4Yc

O0y; =0y =40y,

SU = (400 N)Sy,. + (100 N)Sy,, — P8y, + (75 N)Syg + (150 N)Sy,, =0

4008y, +100(28 ) — P38y ) + (75 +150)(48y,.) =0

3P =400+200+900 P=+500N

P=500N| <
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PROBLEM 10.6

Solve Problem 10.5 assuming that the vertical force P is applied at
Point E.

PROBLEM 10.5 Determine the force P required to maintain the
equilibrium of the linkage shown. All members are of the same
length and the wheels at A and B roll freely on the horizontal rod.

75N 150 N

SOLUTION

Using yc as independent variable:

Yp =Ye=2yc
5)’0 =5YE =25J’c
Yo =Yu =4yc

0y =0y, =40y,

Virtual Work:
oU = (400 N)oy. + (100 N)Oy, — POy, + (75 N)oy; + (150 N)dy, =0
4000y, +100(20y.)— P(20y.) +(75+150)(40y-) =0

2P =400 + 200+ 900 P=+750N
P=750N| <
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, 8in. | 8in. | 8in.
| |
l)
lA e il C
e
9in.

150 1b

PROBLEM 10.7

The two-bar linkage shown is supported by a pin and bracket at B
and a collar at D that slides freely on a vertical rod. Determine the
force P required to maintain the equilibrium of the linkage.

SOLUTION

Assume Jy, T:

Since bar CD move in translation

or

Virtual Work:

8in.

1
Oye Oya; Oye =55yAi

“16in.

5)’15 =5YF =§J’C
1
Oyp =0yr ZE)’Ai
oU =0: —Poy, +(1001b)oy, +(1501b)oy, =0

—Pdy, +100(%5)’A]+150[%5MJ=O
P=1251b

P=12501b) «
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PROBLEM 10.8

Knowing that the maximum friction force exerted by the bottle on the cork is 60 Ib,
determine (@) the force P that must be applied to the corkscrew to open the bottle,
(b) the maximum force exerted by the base of the corkscrew on the top of the bottle.

SOLUTION
From sketch ya=4yc
Thus 0y, =40y, T_P
A

(a)  Virtual Work: oU=0: PSy,—-Foy-=0 ; S

P(48y.)—FSye =0 o

1 F _:ri&__
P=—F - R 8 (£1x20)
F=601lb: P =i(60 Ib)=151b
P=15001b| <

(b)  Free body: Corkscrew

+ZF,=0 R+P-F=0; R+I51b—601b=0

On corkscrew: R =451b T On bottle: R =45.0 lbi <
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PROBLEM 10.9

Rod AD is acted upon by a vertical force P at end A, and by two equal and
opposite horizontal forces of magnitude Q at points B and C. Derive an
expression for the magnitude Q of the horizontal forces required for
equilibrium.

SOLUTION

We have Xc =asin@
0x. = acos 606
Xg =2asin@
O0xyz =2acos 606
v, =3acosd
0y, =—3asin 660

Virtual Work: We note that P tends to increase y, and —Q tends to increase xp, while Q tends to decrease xc.
Therefore

oU =P8y, + Qx5 —Qx. =0
= P(—3asin 800) + Q(2a cos 60) — Q(a cos 806) =0

Qcos@=3Psinf’
Q=3Ptanf <«
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PROBLEM 10.10

The slender rod AB is attached to a collar A and rests on a small wheel at C.
Neglecting the radius of the wheel and the effect of friction, derive an expression
for the magnitude of the force Q required to maintain the equilibrium of the rod.

SOLUTION
For AAA'C: | €
A'C=atané T B
y, =—(A’C)=—atanf Y
a ,P;mé
Oy, =— o6
Y4 cos’ @ &
e c'
For ACC'B: c/t d
BC’ =lsin6-A'C &
=Isin@—atan 8 A °
’ . H R'
yg =BC =Isin@—atanf - ot
0yp =1cos 606 — a2 00
cos” @
Virtual Work: oU =0: Qoy,—Poy, =0
a a
-Q| - 00— P| lcosf— 00=0
Q( cos’ 6’) ( 00529]

a a
=P|lcosf -
Q[cos2 9) ( cos? 9]

0= P(Lcos3 49—1) <
a
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PROBLEM 10.11

The slender rod AB is attached to a collar A and rests on a small wheel at C.
Neglecting the radius of the wheel and the effect of friction, derive an
expression for the magnitude of the force Q required to maintain the equilibrium

SOLUTION

For AAA'C:

For ABB'C:

Virtual Work:

or

P(—1sin 866) — Q (—

A'C=atand
vy, =—(A’'C)=-atan@
a

oy, =——
A cos’ 6

o0

B'C=Isin@—-A'C

=[sinf@—atan@

_ B'C _Isinf-atan6
tan @ tan @

xz =BB'=lcosf-a
0xy =—Isin 666

BB’

oU =0: POxz—Qdy, =0

a
)

59)=0

COS

Plsin@cos® 8 = Qa

L |

0= Pisin Ocos’ 0 4
a
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PROBLEM 10.12

Knowing that the line of action of the force Q passes through Point C,
derive an expression for the magnitude of Q required to maintain
equilibrium.

SOLUTION

We have vy, =2lcos®;, Oy, =-2lsin 660
CD = 21sin§; o(CD) = lcosgé‘é’

Virtual Work:

oU=0: —Pdy,—0Qd6(CD)=0

sin @

—P(-21sin 8660) — Q(l cosgé‘é’) =0 e ——
2 cos(6/2)

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 10.13

Solve Problem 10.12 assuming that the force P applied at Point A acts
horizontally to the left.

PROBLEM 10.12 Knowing that the line of action of the force Q passes
through Point C, derive an expression for the magnitude of Q required to
maintain equilibrium.

SOLUTION

We have x, =2lcos@; Ox, =2lcosb60
CD=2I] sing; d(CD) = lcos§5¢9

Virtual Work:

8U =0: PSx, —Q8(CD)=0

cos@

7]
P(2lcos000) — Q| Icos— 0 |=0 =2P——
(21 cos ) Q[ €08 2 ] Q cos(6/2)

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 10.14

The mechanism shown is acted upon by the force P; derive an expression for the
magnitude of the force Q required to maintain equilibrium.

SOLUTION

Virtual Work:
We have

and

Virtual Work:

x, =2lsin@
Ox, =2lcos 806

yp =3lcosé
0y, =-3Ilsin 666

oU =0: Qbx,+ Py, =0

0(21 cos 806) + P(—31sin 806) =0 0= %P tand «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 10.15

Derive an expression for the magnitude of the couple M required to maintain

the equilibrium of the linkage shown.

SOLUTION
Y
© 4
B\\Jo
N —-
[ Y
Now

Substituting from Equation (1)

or

Virtual Work:

or

We have  x; =Ilcos@
0xy =—Isin 666
Ye =1sin@
0yc =1cos 800

1
JXB = 5159

sin 669 = %15¢

5 =—2sin 650 )
SU =0: M&p+ Py =0
M (=2sin 860) + P (Il cos 800) =0

M =1Pl cos @
2 sin@

6]
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PROBLEM 10.16

Derive an expression for the magnitude of the couple M required to maintain
the equilibrium of the linkage shown.

SOLUTION
We have
Xg =Isin@
O0xy =1cos 800
y4 =lcos@
0y, =-Isin 860
Virtual Work:

oU =0: Mo6—Poxy+Pdy, =0
M 66 — P(lcos 800) + P(—Isin 866) =0
M = PI(sin & +cos6) 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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PROBLEM 10.17

A uniform rod AB of length / and weight W is suspended from two cords AC
and BC of equal length. Derive an expression for the magnitude of the
couple M required to maintain equilibrium of the rod in the position shown.

SOLUTION

1
Yg =hcos@ =—Itanorcos@

Oy; = —%l tan & sin 806

Virtual Work:
oU =Wdy; + M6 =0

W(—%ltanasin 9549]+M5¢9=0

M=%Wltanasin9 |

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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! PROBLEM 10.18
“ " Collar B can slide along rod AC and is attached by a pin to a block
B that can slide in the vertical slot shown. Derive an expression for
the magnitude of the couple M required to maintain equilibrium.
R
SOLUTION
_ R
VB = an(90°— 6)
_ —Ro0
P cos?(90° - 6)
—R50
Oyg=—1—
VB sin® @
Virtual Work: oU=0: oU=-M&6—-Pdy,=0
M &0+ PR—-—66=0
sin”~ @
M = _Pf M =PResc” 6 4
sin” @

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 10.19

For the linkage shown, determine the couple M required for
equilibrium when /=1.8 ft, 0 =401b, and 8 =65°.

M
A

SOLUTION
S‘VB'= é_‘e 3# oc = 87‘3/6056
C
N o
8111 oo
g Clldsy @/ e
e
- ﬁ \|\\~"
1
sc=21%
cos@
Virtual Work:
oU=0: Mop—Q6C=0
M§¢—Q(l ! ]5¢=o
2 cos@
YL %
2 cos@
Data: lewzﬁ.li%lb-ft M=85.2lb-ft)4

2 cos65°

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 10.20

For the linkage shown, determine the force Q required for equilibrium
when [ =18 in., M =6001b-in., and & =70°.

M

SOLUTION

/
30 # e
| “Am
#
s 199
2 cosd

Virtual Work:
oU =0: Mop—Q6C=0

11
M3p—0| ~ 56=0
0 Q(Z cos@] v

2M cos @

Q = -
!
Data: o =200 “1’8' 1n.)cos70° _ 55 801 1 Q=22816770.0° 4
n.

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 10.21

P A 4-kN force P is applied as shown to the piston of the engine
E—— system. Knowing that AB =50 mm and BC =200 mm, determine
the couple M required to maintain the equilibrium of the system
when (a) 8 =30°, (b) 6 =150°.
SOLUTION

Analysis of the geometry:

Law of sines

Now

Now, from Equation (1)

or

From Equation (2)

or

Then

Oxc =

sing _sind
AB  BC
AB
singg =——sin @ 1
¢ BC (1)

Xo =ABcos@+ BCcos¢

0x. =—ABsin 808 — BC sin ¢o¢ 2)

CoS pop = z—gcos 606

:ﬁcose 9

BC cos¢ ©)

¢

Sx. = —ABsin 050 — BCsing| 2B €39 55
BC cos¢
Oxp =— AB (sin @ cos ¢ + sin ¢ cos )06
cos @
_AB sin(@ + @) 50
cos ¢

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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Virtual Work:

Thus,

(@)

Eq. (1):

Eq. (4):

(b)

Eq. (1):

Eq. (4):

PROBLEM 10.21 (Continued)

SU =0: —PSx.—M0=0

_P[_M(gg}_m:o

cos @
M = ApSine+9) , @)
cos @
P=4kN, 6=30°
sing=20MM 61300 G=7.181°
200 mm
M = (0.05 m) S OOH I8 4y M=121.8N-m ) «
cos7.818°
P=4kN, 6=150°
sing=0MM Gol600  §=7.181°
200 mm
M = (0.05 m) S UHTIE () gy M=782N-m) <

cos 7.181°

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

STUDENTS-HUB.com

1736



https://students-hub.com

PROBLEM 10.22

A couple M of magnitude 100 N - m is applied as shown to the

—-| crank of the engine system. Knowing that AB =50 mm and
BC =200 mm, determine the force P required to maintain the
equilibrium of the system when (a) 8 =60°, (b) 8 =120°.

SOLUTION

Analysis of the geometry:

Law of sines

sing sin@
AB BC
AB
sing =——sin @ 1
¢ BC €]
Now
Xc = ABcos@+ BCcos ¢
0x. =—ABsin 606 — BC sin ¢o¢ @)
. AB
Now, from Equation (1) Cos gop = B—Ccos 606
or o = E cos @ 3)
BC cos¢
From Equation (2)
Sx. = —ABsin 056 — BCsin g 25259 5
BC cos¢
or Oxp =— AB (sin @ cos ¢ + sin g cos )06
cos ¢
Then Sxp = _ABsin(0+9) o,
cos ¢
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PROBLEM 10.22 (Continued)
Virtual Work: oU=0: —Péx,—M6=0
_p[_wgg}_w[w: 0
cos @
Thus, M = agSnO+9) p @)
cos @
(@) M=100N-m, 6=60°
Eq. (1): sing =0 MM G 60° ¢=12.504°
200 mm
Eq. (4): 100 N m = (0.05 m) S0 (607 +12.504%)
cos 12.504°
P=2047N P=2.05kN— «
(b) M=100N-m, 6=120°
Eq. (1): sing =0 MM (11200 §=12.504°
200 mm
Eq. (4): 100 N m = (0.05 m) S0 (1207 +12.504%)
cos12.504°
P=2649 N P=2.65kN— «
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PROBLEM 10.23

A slender rod of length [ is attached to a collar at B and rests on a portion of
a circular cylinder of radius . Neglecting the effect of friction, determine the
value of € corresponding to the equilibrium position of the mechanism when
[ =200 mm, »r =60 mm, P =40 N,and Q =80 N.

SOLUTION
Geometry oC=r
cos@ = % = L
@) Xg
Y = r
B cos@
rsin@
Ox, = o0
B cos o
vy, =lcos8
0y, =—Isin 866
Virtual Work:

oU =0: P(-0y,)—0Q0x;=0

PlsinHJ&—QrSH;eJQ:O
cos“ @
2 Or
cos” @=— 1
Pl (D

Then, with [ =200 mm, » =60 mm, P =40 N, and Q =80 N

cos? @ = w =0
(40 N)(200 mm)

or 0=39.231° 6=39.2° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited

distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1739



https://students-hub.com

PROBLEM 10.24

A slender rod of length [ is attached to a collar at B and rests on a portion of a
circular cylinder of radius r. Neglecting the effect of friction, determine the
value of @ corresponding to the equilibrium position of the mechanism when
[=141in.,r=5in,P=751b,and Q =150 1b.

SOLUTION
Geometry oC=r
cosf = oc -
OB x4
oot
57 cos@
rsin@
0%y = cos> @ %0
v, =lcos@; S8y, =—Isin 860
Virtual Work:

oU =0: P(-0y,)—0Q0x;=0

Pisinase -0 590
cos“ @
cos’ 0= g (D)
Pl
Then, with /=14 in., 7 =5 in., P=751b, and Q =150 Ib
Eq. (1) becomes: cos’ 0= w =0.71429

(75 1b)(14 in.)

0=32.3° 4
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PROBLEM 10.25

Determine the value of 8 corresponding to the equilibrium position of the rod
of Problem 10.10 when /=30 in., a=51in., P=251b, and Q =40 Ib.

PROBLEM 10.10 The slender rod AB is attached to a collar A and rests on a
small wheel at C. Neglecting the radius of the wheel and the effect of friction,
derive an expression for the magnitude of the force Q required to maintain
the equilibrium of the rod.

SOLUTION
For AAA'C: A'C=atan®
y,=—(A'C)=-atan @
a
2 __cos219&9
For ACC’B:
BC’ =1sinf—-A'C
=Isinf—atan @
yp =BC’=Isinf—atan
0yp =1cos 606 — a2 00
cos” @
Virtual Work:
oU =0: —Q0y, —Pdy; =0
—Q(—Cojzejée—P(lcosﬁ—CO:26)§9=0
Q(Cozzesz(lcosﬁ— 00:26]
or Q=P(écos36’—lj
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PROBLEM 10.25 (Continued)

with [=30in,a=5in., P=251b,and Q =40 Ib
(40 Ib) = (25 lb)(30_m' cos® 6 — 1]
5in.
or cos® 6 =0.4333 6=40.8° 4
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PROBLEM 10.26

Determine the values of @ corresponding to the equilibrium position of the rod
of Problem 10.11 when /=600 mm, ¢ =100 mm, P=50N, and Q =90 N.

PROBLEM 10.11 The slender rod AB is attached to a collar A and rests on a
small wheel at C. Neglecting the radius of the wheel and the effect of friction,
derive an expression for the magnitude of the force Q required to maintain the
equilibrium of the rod.

SOLUTION

For AAA'C:

For ABB'C:

Virtual Work:

or

A'C=atan@
yy,=—(A'C)=-atan@

a

06

oy, =—
4 cos’ @

B'C=1Isinf-A'C
=[sin@—atan @

BB = B'C Isinf@—-atanf

tanf tan &
xy =BB’ =lcos@—a

O0xy =—Isin 606

oU =0: Poxz—Qdy,=0

P(~Isin 666) - Q

0= Pisin fcos’ 6
a

(— = 59):0
cos“ @

Plsin@cos® 8 = Qa
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PROBLEM 10.26 (Continued)

with [ =600 mm, a =100 mm, P=50 N, and =90 N
90 N = (50 Ny 220 M i 9cos @
100 mm
or sin@cos” 6 =0.300
Solving numerically 6=19.81°and 51.9° 4
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PROBLEM 10.27

required to maintain equilibrium.

Determine the value of & corresponding to the equilibrium position of
the mechanism of Problem 10.12 when P =80 N and Q =100 N.

PROBLEM 10.12 Knowing that the line of action of the force Q
passes through Point C, derive an expression for the magnitude of Q

SOLUTION

From geometry

Virtual Work:

or

with

or

y4 =2lcos@, Oy, =-2lsin858

CD = leing, o(CD) = lcos%&ﬁ’

SU=0: —PSy,—Q8(CD)=0
. 0
—P(-2lsin 666) — Q(l cosz 549) =0
0=2P sin @
co()
P=80N, O0=100N
sind
(I0O0N) =2(80 N)———
oD
Sinf__ 4 625
eo(?)
2sin(Z)cos(£
cor(?)
0 =36.42°

(Additional solutions discarded as not applicable are 8 =+180°)

6=36.4° 4
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PROBLEM 10.28

Determine the value of 8 corresponding to the equilibrium position of the
mechanism of Prob. 10.14 when P =270 N and Q = 960 N.

SOLUTION
Virtual Work:
x, =2Isin@, Ox, =2lcosBo6
yg =3lcos, JOyp =-3lsin 660
oU =0: Q0x, +Poy. =0
oU =0: Q06x,+Poy, =0
02l cos 8060) + P(—31sin 800) =0
3
0 =5Ptan¢9
Data: P=270N, Q=960N
(960 N)=%(270 N)tan € 0=67.1° 4
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PROBLEM 10.29
A load W of magnitude 600 N is applied to the linkage at B.
The constant of the spring is k =2.5 kN/m, and the spring is
unstretched when AB and BC are horizontal. Neglecting the
weight of the linkage and knowing that / =300 mm, determine
the value of & corresponding to equilibrium.
SOLUTION
F=B8s
Xc =2lcos@ Ix. =-2lsin 860
yp =Isin@ Oyz =1cos 606
F=ks=k(2l—x.)=2ki(1-cos&)
Virtual Work: oU=0: Fox.+Woy,=0
2kl(1 —cos 8)(=21sin 866) + W (I cos 800) =0
4kl* (1= cos @) sin @ = Wl cos 0
or (1—c0s9)tan6’=1
4kl
Given: [=03m, W=600N, k=2500N/m
Then (I1—cos@)tan 8 = 600 N
4(2500 N/m)(0.3 m)
or (I-cos@)tand=0.2
Solving numerically 6 =40.22° 6=40.2° 4
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PROBLEM 10.30

A vertical load W is applied to the linkage at B. The constant of
the spring is k, and the spring is unstretched when AB and BC
are horizontal. Neglecting the weight of the linkage, derive an
equation in €, W, [, and k that must be satisfied when the linkage
is in equilibrium.

SOLUTION

F=B8s

Xc =2lcos@ Ix. =-2lsin 860
yp =Isin@ Oyz =1cos 606
F =ks =k(2l —x.)=2kl(1—cos 8)

Virtual Work: oU=0: Foxo+Woy,=0
2kl(1 —cos 8)(=21sin 866) + W (I cos 800) =0

4kl* (1= cos @) sin & = Wl cos 0

or (l—cosﬁ)tan&zl
4kl

From above (1-cos@)tan @ = W |
4kl
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PROBLEM 10.31

Two bars AD and DG are connected by a pin at D and by a spring
AG. Knowing that the spring is 12 in. long when unstretched and that
the constant of the spring is 125 1b/in., determine the value of x
corresponding to equilibrium when a 900-1b load is applied at E as
shown.

SOLUTION

F =ks=(1251b/in.)(x—121n.)
Virtual Work: oU=0: Fox+Woy, =0
—(125)(x —12)0x +(900) (% 5}6) =0

-125x+1500+450=0 x=15.60in. 4
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PROBLEM 10.32

Solve Problem 10.31 assuming that the 900-Ib vertical force is applied
at C instead of E.

PROBLEM 10.31 Two bars AD and DG are connected by a pin at D
and by a spring AG. Knowing that the spring is 12 in. long when
unstretched and that the constant of the spring is 125 Ib/in., determine
the value of x corresponding to equilibrium when a 900-Ib load is
applied at E as shown.

SOLUTION

F =ks=(125Ib/in)(x —12in.)

Virtual Work: oU =—Fox+Wdy, =125(x—12)0x + 900(% §x) =0

—125x+1500+150=0 x=13.20in. 4
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A/“Z\OO mm PROBLEM 10.33

> D 00 mm Two 5-kg bars AB and BC are connected by a pin at B and by a
spring DE. Knowing that the spring is 150 mm long when
unstretched and that the constant of the spring is 1 kN/m, determine
the value of x corresponding to equilibrium.

A

]

A

\
G
oo

(©) 400 mm
E

{©

cd 200 mm

SOLUTION

First note: W, = (0 kg)(9.81 m/sz) =49.05N

tn

D%

During the virtual displacement, Points D and E move apart a distance §(DE) = %é‘x and the total work done

by the forces exerted at D and E'is —F (%é‘x)

SU =0: —F@(ij+49.05 NG5x)+49.05 NG&C) ~0

F=73515N
For F =73.575 N, elongation of spring is
F_TBIBN _ 23 5754107 m
k1000 N/m
=73.575 mm
Since undeformed length of spring is 150 mm, total length is
DE=§x=150 mm + 73.575 mm x=355mm <«
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PROBLEM 10.34

Rod ABC is attached to blocks A and B that can move freely in
the guides shown. The constant of the spring attached at A
is k=3 kN/m, and the spring is unstretched when the rod is
vertical. For the loading shown, determine the value of &
corresponding to equilibrium.

MM

200 mm

SOLUTION
Xc =(0.4m)sind
0x. =0.4cos 606
v, =(0.2m)cos@
0y, =—0.25in 866
Spring:

Unstretched length =0.2 m
F=k(02m-y,)=k(0.2-0.2cos8)
= (300 N/m)(0.2)(1—cos )
F =600(1—cos 8)

Virtual Work: oU =0: (I50N)ox. +Fdy, =0
150(0.4 cos 866) + 600(1 — cos 8)(—0.2sin 866) = 0

le: l=(1—cos6’)taln6
60000.2) 2 2

Solve by trial and error: 6=57.2° 4
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PROBLEM 10.35

A vertical force P of magnitude 150 N is applied to end E of
cable CDE, which passes over a small pulley D and is attached
to the mechanism at C. The constant of the spring is k = 4
kN/m, and the spring is unstretched when 8= 0. Neglecting the
weight of the mechanism and the radius of the pulley,
determine the value of @ corresponding to equilibrium.

200

SOLUTION
[=BC=02m
r=0.1m
) o
<CBD =90°-6 v=2lsm(45°—5]
ov =—lcos (45O - g] o6
s=r8 Os=ro0
F=ks=kr0
Virtual Work: oU=0: —-Pov—Fods=0

—P{—l cos (450 - %ﬂ 06 — kré(ré0)=0

Pl 8
= cos(45°—§)

Pl (50N)02m) _
kr? (4000 N/m)(0.1m)>

0.75 :+€
cos(45 —7)
6 =0.67623 rad = 38.745° 6=38.7° 4
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| PROBLEM 10.36

A horizontal force P of magnitude 40 Ib is applied to the mechanism
at C. The constant of the spring is k=9 Ib/in., and the spring is
unstretched when 6 =0. Neglecting the weight of the mechanism,
determine the value of @ corresponding to equilibrium.

SOLUTION

s=rf \(5"’

Os=rd0 A = Bp
Spring is unstretched at 8 =(° “
>
Fgp =ks =kr@
X =Isin@ 3
0x. =1cos 056
(=]
Virtual Work:
oU =0: POx. — Fyos=0 P
Cc
P(lcos 866) — kré(ré8) =0 —xc—l
Pl 0
or _— -7
kr*  cos@
Thus (40 1b)(12 1n.)2 __ 0
(9 Ib/in.)(5 in.)” cos@
or 0 =2.1333
cosd
6 =1.054 rad = 60.39° 6=60.4° 4
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PROBLEM 10.37

Knowing that the constant of spring CD is k and that the spring is
unstretched when rod ABC is horizontal, determine the value of &
corresponding to equilibrium for the data indicated.

P=300N, [=400mm, k=5KkN/m.

SOLUTION

Spring:
Unstretched when

so that

For 6:

Stretched length:

Then

Virtual Work:

or

v, =Isin@
0y, =lcos 606

v=CD
6=0
vozx/zl
o Dﬁ,\/
v=2151n(90 2+9) 7

§v=lcos(45°+§)§9
. 6
s=v—v, =2lsm(45°+3]—\/§l

F=ks= kl[Zsin(45°+§j—\/§}

oU=0: Pdy,—Fdév=0

Plcos0§6—kl{Zsin(45°+§j—ﬁ}lcos(45°+%}§6:0

L 2sin 45°+2 cos 45°+Q —2cos 45°+Q
kI cos@ 2 2 2

= I 2sin 45°+2 cos 45°+2 cos&—ﬁcos 45°+2
cos@ 2 2 2

:pﬁ%

cos @
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PROBLEM 10.37 (Continued)

Now, with P=300N, /=400 mm, and k=5kN/m

(300 N) N cos(45°+%)

(5000 N/m)(0.4 m) cosd

cos(45°+9)

or ——=2=0.60104
cos@

Solving numerically 6=22.6° 4
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PROBLEM 10.38

Knowing that the constant of spring CD is k and that the spring is
unstretched when rod ABC is horizontal, determine the value of @
corresponding to equilibrium for the data indicated.

P=751b, [=15in., k=20 Ib/in.

SOLUTION

From the analysis of Problem 10.37, we have

cos(45°+¢
LA 2 M
ki cosé
with P=751b, [=15in. and k=20 Ib/in.
(75 1b) 1 cos(45°+%)
(20 Ib/in.)(151n.) cosd
cos (45O + %)
or —— = =0.53033
cos @
Solving numerically 6=51.1° 4
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PROBLEM 10.39
The lever AB is attached to the horizontal shaft BC that passes through a
bearing and is welded to a fixed support at C. The torsional spring
constant of the shaft BC is K that is, a couple of magnitude K is required
to rotate end B through 1 rad. Knowing that the shaft is untwisted when
AB is horizontal, determine the value of @ corresponding to the position
of equilibrium when P =100 N, / =250 mm, and K =12.5 N - m/rad.
SOLUTION
M=KO
We have ya =Isin@ TN
3 8
0y, =lcos 606 Ya 4 f —
;
Virtual Work: TR /
oU=0: POy,—Md&0=0
Plcos 800 — K666 =0
or 4 = ﬂ (1)
cosd K
with P=100N, [/=250mm and K =12.5 N-m/rad
6 (100 N)(0.250 m)
cosd 12.5 N - m/rad
or 0 =2.0000
cos@
Solving numerically 6=59.0° 4
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PROBLEM 10.40

Solve Problem 10.39 assuming that P=350N, /=250 mm, and
K =12.5 N - m/rad. Obtain answers in each of the following quadrants:
0<8<90° 270° < 8 <360°,360° < &< 450°.

PROBLEM 10.39 The lever AB is attached to the horizontal shaft BC
that passes through a bearing and is welded to a fixed support at C. The
torsional spring constant of the shaft BC is K; that is, a couple
of magnitude K is required to rotate end B through 1 rad. Knowing that
the shaft is untwisted when AB is horizontal, determine the value of &
corresponding to the position of equilibrium when P =100N,
[ =250 mm, and K =12.5 N - m/rad.

SOLUTION

Using Equation (1) of Problem 10.39 and
P=350N, [=250mm and K =12.5N-m/rad

6 _ (350 N)(0.250 m)

We have
cos @ 12.5 N-m/rad
0
or =7 or 6O=7Tcosl D
cos@

The solutions to this equation can be shown graphically using any appropriate graphing tool, such as Maple,
with the command: plot ({theta, 7 * cos(theta)}, = 0.5 * Pi/2);

Thus, we plot y =8 and y =7 cos# in the range

0<f<—
2
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PROBLEM 10.40 (Continued)

We observe that there are three points of intersection, which implies that Equation (1) has three roots in the
specified range of 6.

0393900(%]; 60=1.37333rad, 6=78.69° 6=78.7° 4
270< 933600(37”S0S2ﬂ'); 60=5.65222 rad, 6=323.85° 6=324° 4
360S9S450°(2ﬂ£0£5§); 0 =6.61597 rad, 6=379.07 0=379° 4
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PROBLEM 10.41

cylinder on pin B when 6 = 65°.

.

24 in.

l—

The position of boom ABC is controlled by the hydraulic cylinder BD.
For the loading shown, determine the force exerted by the hydraulic

SOLUTION

We have
vy =(72in)cos@ Oy, =—72sin 666

=(45)* +(24)* +2(45)(24) cos 8

(BD)* =2601+ 2160 cos &

Differentiating: 2(BD)d(BD) = -2160sin 866
O(BD)=- 1080 sin 8060
BD

Virtual Work: Noting that P tends to decrease y, and Fy,, tends to increase BD, write

SU =—PS8y , + Fy,8(BD) =0

—P(=725sin 866) + Fy), (—%sm 956’) =

1
Fyp =—(BD)P
w =15 (BD)

or, since P=6001b: Fy,= 61—050(BD) =(401b)(BD)

Making € =65° in Eq. (1), we have
(BD)* = 2601+ 2160c0s65° =3513.9
BD =59.278
Carrying into Eq. (3): Fp, =(401b)(59.278) =2371.11b

(BD)* =(BC)* + (CD)* — 2(BC)(CD) cos(180° — )

)]

2

0

3)

F,p =23701b <
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PROBLEM 10.42

The position of boom ABC is controlled by the hydraulic cylinder BD.
For the loading shown, (a) express the force exerted by the hydraulic
cylinder on pin B as a function of the length BD, (b) determine the
smallest possible value of the angle @ if the maximum force that the
cylinder can exert on pin B is 2.5 kips.

SOLUTION
(a)  See solution of Problem 10.41 for the derivation of Eq. (3):

Fy, =(401b)(BD) 4
(b) For (Fgp)max = 2-.5kips =25001b, we have

25001b = (40 Ib)(BD)
BD =625

Carrying this value into Eq. (1) of Problem 10.41, write

(BD)* =2601+ 2160 cos &

(62.5)* = 2601+ 2160cos &
cos @ =0.60428 0=52.8° 4
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PROBLEM 10.43

The position of member ABC is controlled by the
hydraulic cylinder CD. For the loading shown,
determine the force exerted by the hydraulic cylinder
on pin C when € =55°.

1.5m {

SOLUTION

Virtual Work:

For 6 =55°:
Eq. (1):

Eq. (2):

v, =(0.8m)sin @
0y, =0.8cos 850
CD?* = BC* + BD* = 2(BC)(BD) cos(90° — 6)
CD* =0.5* +1.5* —2(0.5)(1.5)sin &
CD* =2.5-1.5sin6 )
2(CD)(O¢p) =—1.5c0s600 o = —%&9
OU =0: —(0KkN)Sy, — Fopdpp =0

~10(0.8cos 656) — F (—34‘:2—;959) =0

Fop :%cp )

CD* =2.5-1.5sin55°=1.2713; CD=1.1275m

Fgp =%CD =%(1.1275) =12.027 kN F., =12.03kN "\ «
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PROBLEM 10.44
05 0.8m
The position of member ABC is controlled by
the hydraulic cylinder CD. Determine the angle &
knowing that the hydraulic cylinder exerts a 15-kN
force on pin C.
! 1.5m !
SOLUTION
v, =(0.8 m)sin @
0y, =0.8cos 850
CD’ = BC* + BD* = 2(BC)(BD) cos(90° - 6)
CD* =0.5% +1.5* = 2(0.5)(1.5)sin &
CD*=2.5-15sin@ (1)
3cos @
2(CD)(6,5,) =—1.5¢c0s 808 O =— o0
(CD)(Ocp) iy
Virtual Work: oU =0: —(10kN)oy, —F-p0, =0
3cosd
—10(0.8¢cos 806) — Fp, | ————— 06 |=0
s 22 )
Fep = %CD 2
For F., =15kN:
Eq. (2): 15 szgCD: CD=£=1.40625m
3 32
Eq. (1): (1.40625)* =2.5—-1.5sin 6: sin @ =0.34831
6 =120.38° 6=20.4° 4
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D; PROBLEM 10.45
_FL\B it The telescoping arm ABC is used to provide an elevated platform
ce e for construction workers. The workers and the platform together
0f g, T2t weigh 500 1b and their combined center of gravity is located
B\ A directly above C. For the position when € =20°, determine the
o7 force exerted on pin B by the single hydraulic cylinder BD.
e
0
15t
SOLUTION
1r__—c /\ \5‘*
Ye
A
_ (=) 7_.
AN AN/
23 N e
D_\/,; =
-
1WSfr
In AADE: tan0{=ﬂz 271t
DE 1.5 ft
o =60.945°
2T 50887 m
sin 60.945°
From the geometry: ye =15 ft)sin @
0yc = (15 ft)cos 860
Then, in triangle BAD: Angle BAD=0+6
Law of cosines:
BD? = AB* + AD* —2(AB)(AD)cos(o + 6)
or BD?* = (7.2 ft)* +(3.0887 ft)* —2(7.2 ft)(3.0887 ft) cos(cr + 6)
BD?* =61.380 ft* — (44.477 cos(a + 0)) ft* (1)
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PROBLEM 10.45 (Continued)

And then
2(BD)(OBD) = (44.477 sin(x + 6)) 06
SBD = 44 477 sin(x + 6) 50
2(BD)
Virtual Work: oU =0: —Poy. + Fp,060BD=0
20 .

Substituting (500 Ib)(15 ft)cos 850 + F, | AT IDsin@+0) 551,

2(BD)

cos@
or F,p =|337.25— BD | Ib/ft )
sin(¢x + 6)

Now, with € =20° and a =60.945°

Equation (1):
BD? =61.380—44.477 cos(60.945° + 20°)
BD?* =54.380
BD =7.3743 ft
Equation (2):
F,, =|337.25— <0820 (7.3743 ft) | Ib/ft
sin(60.945° + 20°)
or Fyy, =23661b F,, =2370 b\ <
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PROBLEM 10.46

Solve Problem 10.45 assuming that the workers are lowered to
a point near the ground so that 8 =-20°.

PROBLEM 10.45 The telescoping arm ABC is used to
provide an elevated platform for construction workers. The
workers and the platform together weigh 500 1b and their
combined center of gravity is located directly above C. For the
position when 6 =20°, determine the force exerted on pin B
by the single hydraulic cylinder BD.

SOLUTION

Using the figure and analysis of Problem 10.45, including Equations (1) and (2), and with € =-20°, we have

Equation (1): BD? =61.380—44.477 €0s(60.945° - 20°)
BD? =27.785
BD =5.2711ft
Equation (2): Fyy =33725—0C200 5094y

sin(60.945° —20°)

Fyp =2549 Ib or Fjp=25501b\ «
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PROBLEM 10.47

Denoting by g, the coefficient of static friction between collar C and the
vertical rod, derive an expression for the magnitude of the largest couple M
for which equilibrium is maintained in the position shown. Explain what
happens if u, >tané.

SOLUTION
l ¥g o Member BC: We have
XY
g o xg =lcos@
Oxy =—1sin 666 (D
Ye
9 and
Yo =Isin@
8yc =1cos 656 (2)
Member AB: We have
1
5XB = El%

Substituting from Equation (1),

—[sin 600 = %lé‘(ﬁ

or 0¢ = —2sin 8060 3)
Free body of rod BC
For M .., motion of collar C impends upward

+)IMy=0: Nisin@—(P+uN)(Icos8)=0

Ntan@—-u N =P

P
tan & — 4,
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PROBLEM 10.47 (Continued)

Virtual Work:
oU=0: Mop+(P+uN)Sy-.=0
M (-25in 666) + (P + ;N )l cos 866 = 0

_ (P+#SN)1_ P+'L15 lang’/‘s l
max 2tan @ 2tan @

Pl

Or Mmax = <
2(tan @ — 1)

If 4, =tan@, M = oo, system becomes self-locking.
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PROBLEM 10.48

Knowing that the coefficient of static friction between collar C and the vertical
rod is 0.40, determine the magnitude of the largest and smallest couple M for
which equilibrium is maintained in the position shown, when 8 = 35°, [ = 600 mm,
and P =300 N.

SOLUTION
From the analysis of Problem 10.50, we have
B Pl
T 2(tan 6+ u,)
With 0=35°, [=0.6m, P=300N
_ (300 N)(0.6 m)
™ 2(tan35°-0.4)
=299.80 N-m M, =300N-m <4
For M ., motion of C impends downward and F acts upward. The equations of Problem 10.50 can still be
used if we replace y, by —z,. Then
B Pl
" 2(tan 6+ u,)
Substituting,
_ (300 N)(0.6 m)
™ 2(tan35°+0.4)
=81.803 N -m M, =81.8N-m «
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PROBLEM 10.49

A block of weight W is pulled up a plane forming an angle « with the horizontal by a force P directed along
the plane. If u is the coefficient of friction between the block and the plane, derive an expression for the
mechanical efficiency of the system. Show that the mechanical efficiency cannot exceed % if the block is to
remain in place when the force P is removed.

SOLUTION
Input work = Pdx
Output work = (W sin )0 x
Efficiency:
77_WsinOté‘x or n_Wsina 0
Pox P
+/3%F, =0: P-F-Wsina=0 or P=Wsina+F )
+\2F,v =0: N-Wcosa=0 or N=Wcose
F=uN=uWcosa
Equation (2): P=Wsina+ uW cosa =W (sina + i cos )
Equation (1): Wsino or 7= N <
1+ pcoter

= W (sina + ycos )
If block is to remain in place when P = 0, we know (see Chapter 8) that ¢, = & or, since

U=tang, pU=tanc

Multiply by cota: Hcota 2 tanacota =1
Add 1 to each side: 1+ ucotaxr =2
Recalling the expression for 77, we find n 2% <4
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PROBLEM 10.50

Derive an expression for the mechanical efficiency of the jack discussed in Section 8.6. Show that if the jack

is to be self-locking, the mechanical efficiency cannot exceed %

SOLUTION

Recall Figure 8.9a. Draw force triangle

W Q

» wedl.

» N

Q=Wtan(8+9¢,)
y=xtan@ so that 0y = dxtan 6
Input work = Q9x =W tan(6 + ¢, )0 x
Output work =Wy =W (dx)tan

W tan 86 x

Efficiency: n=——————;
W tan(6 + ¢, )0 x

From Page 432, we know the jack is self-locking if

=0

Then O+¢ 220
so that tan(d + ¢,) = tan 26
From above n= tan @

tan(6 + ¢,)
It then follows that < tan @

tan 26
But tan 26 = —2 tanf

1-tan“ @

_tan2 )

Then < tan (1 —tan” ) _ 1—tan~ @

2tan @ 2

tan @

7= an@+0)
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PROBLEM 10.51

Denoting by u, the coefficient of static friction between the block attached to
rod ACE and the horizontal surface, derive expressions in terms of P, y_, and 8
for the largest and smallest magnitude of the force Q for which equilibrium is
maintained.

SOLUTION
For the linkage:
+‘>EMB =0: —x, +3Ap=0 or A=£ T
2 2
P 1
Then: F=u A=y —=—up
M A= [ 275 Ky

Now x, =2lsin@

0x, =2lcos 806
and yp =3lcos@

Oy, =-3lsin 666
Virtual Work: oU =0: (Q,.x —F)Ox,+Poy. =0

[Qmax - % ,uSPj (21 cos 6660) + P(=31sin 866) = 0
or [0) —gPtan6’+l,uP
max 2 2 S
P
Qmax 23(3tan9+ﬂx) 4

For Q.. motion of A impends to the right and F acts to the left. We change g to —u and find

Qi =§(3tan6’—,ux) <
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PROBLEM 10.52

Knowing that the coefficient of static friction between the block attached to
rod ACE and the horizontal surface is 0.15, determine the magnitude of the largest
and smallest force Q for which equilibrium is maintained when € =30° [ =0.2 m,

and P =40 N.

We have

and

SOLUTION

Using the results of Problem 10.48 with

8 =30°
[=02m

P=40N, and p, =0.15

O ax =§(3tan6’+,ux)
_(40N)

=37.64 N

Qun = Gtan =11
_(40N)

=31.64N

(3tan30°+0.15)

(3tan30°-0.15)

0,.=37.6N <

Opin =31.6N <«
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2kN 3 kN oN PROBLEM 10.53

05 ™. 09m 12m
| c w;D—>| E F Vo H Using the method of virtual work, determine the reaction at E.
|
! <1.5m ! <—1.8 m4>|
0.9 m 1.2m
SOLUTION

We release the support at E and assume a virtual displacement 0y for Point E.

2kN 3 kN
[0.5af2m) 0.6m | 0.9m A= 12m SkN
r—_ Lt £ l l 5‘36::0 .
A F G A
835
gyc

From similar triangles:

oyp :%5375 =1.750y,

Oyc :%5375 =2250y,

05

Sy, =22
Y5709

o0ye =£(2.255yE) =1.250y,
0.9
Virtual Work:
oU =(2kN)oy, + BkN)oy, —Eoy, =0
2(1.250y;)+3(1.758y;) — Edy; =0

E=+7.75kN E=775kN| <«
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ZIN SN kN PROBLEM 10.54

05 ™. 09m 12m
| ¢ Vp lE F VYo H Using the method of virtual work, determine separately the force
A > and couple representing the reaction at H.
B ‘ e ‘
! <1.5m ! <—1.8 m4>‘
0.9 m 1.2 m
SOLUTION

Force at H. We give a vertical virtual displacement d'y,, to Point H, keeping member FH horizontal.

SkN
J2m g 0éml| nzm |

B

|
L
— 194 _ b‘ « _daut,

E F G T
H

-

From the geometry of the diagram:

Oyp =0y; =0yy

09 09
0y, =—0y, =—0y, =0.750
Yp 12 Yr 12 Yu Yu
1.5 1.5
Oy, =——0y, =—(0.756 =1.256
Yc 09 Ybp 0.9( Vi) Yu
0.5 0.5
Oy, =—0y,=—(1.250 =0.694446
b =g 0Yc 0.9( Vi) Vu

Virtual Work:
oU =(2kN)dy, + 3kN)oy, —(5 kN)dy; + Hoy, =0
2(0.694448y,,)+3(0.750y, ) —50yy + HOy,; =0

H =+1.3611kN
H=1361kN | <
Couple at H. We rotate beam FH through 66 about Point H.
SkN

IkN  3KN 12m _ pbm|_ 12m
O.5m IOJIa 0.6m|_L 0.9m T l ‘
Wl dele do ]l mr—(]

5 5 E F G 5§06 N

35 535 50 =H
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From the geometry of the diagram:

Virtual Work:

PROBLEM 10.54 (Continued)

Sy, =1280 Sy, =1.850

Sy =%5y,, =%(l.8§6) 13560
Sy, =£5yD =%(1.355¢9) = 22550
Sy, = %5% - %(2.2550) ~1.2550

SU = (2 kN)Sy, + B3kN)Sy, — (5 kN) Sy, + M, 66 =0
2(1.2556) +3(1.3586) — 5(1.266) + M ,, 66 =0

M, =—0.550 kN-m

M, =550N-m )«
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PROBLEM 10.55

05 M 0.8m Referring to Problem 10.43 and using the value found for
the force exerted by the hydraulic cylinder CD, determine
the change in the length of CD required to raise the 10-kN
load by 15 mm.

PROBLEM 10.43 The position of member ABC is
controlled by the hydraulic cylinder CD. For the loading
| L5m | shown, determine the force exerted by the hydraulic
cylinder on pin C when 8 =55°.

SOLUTION

7 p
RSN
Virtual Work: Assume both 0, and J,,, increase
oU=0: —(10kN)Oy, — F-,0qp =0
Substitute: 0y,=15mm and F,=12.03kN
—(10 kN)(15 mm) — (12.03 kN) o, =0
Ocp =—12.47 mm

The negative sign indicates that CD shortened Ocp =12.47 mm shorter 4
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" PROBLEM 10.56

;‘?Z\ Referring to Problem 10.45 and using the value found for
15 ft
Cc @

the force exerted by the hydraulic cylinder BD, determine
the change in the length of BD required to raise the
o /‘\_ . g g q
s 21 A platform attached at C by 2.5 in.
Qo
p| Lo [27H PROBLEM 10.45 The telescoping arm ABC is used to
= provide an elevated platform for construction workers.
Q The workers and the platform together weigh 500 Ib and
their combined center of gravity is located directly above
gravity y
C. For the position when 6=20° determine the force

L5 ft exerted on pin B by the single hydraulic cylinder BD.
SOLUTION
c
i_ Sooly 23
2o

o
T

Jao : ?

SU =0: —(500 1b)Sy,. + FypSpp =0

Virtual Work: Assume both 0y, and Jy, increase

Substitute: O0yc-=2.5in. and Fp, =23701b
—(500 1b)(2.5 in.) + (2370 1b) 5, =0
S8y =+0.527 in.

The positive sign indicates that cylinder BD increases in length Opp =0.527 in. longer 4
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PROBLEM 10.57

A B C D Determine the vertical movement of joint D if the length of
member BF is increased by 1.5 in. (Hint: Apply a vertical load
30ft  at joint D, and, using the methods of Chapter 6, compute the

LG m e =2 force exertec} by member BF on joints B and F. Then applly the
»L »L method of virtual work for a virtual displacement resulting in
10t 40 fi T the specified increase in length of member BF. This method
should be used only for small changes in the lengths of
members.)
SOLUTION

Apply vertical load P at D.

Hofr Hoft, Hoq+ Hofd, p
]

ol g ¢ g)‘ )EM,, =0: —P(40 ft) + E(120 ft) =0
3064 /
4E 2 " P
4 F E=§i
A . =5
/ 43 +12F, =0: %FBF—gzo
& __.__Eé—’—‘&F 5
F 4' F Fpp=—P
= ’
z
Virtual Work:

We remove member BF and replace it with forces Fp, and —Fp at pins F and B, respectively. Denoting the
virtual displacements of Points B and F as dry and Orp,respectively, and noting that P and D have the
same direction, we have

Y.
Virtual Work: (.’:85 J'P /
3 X
oU =0: POD +Fy - Orp +(—Fpp) - 0ry =0 a Lz
POD + Fyp 01 €08 0, — Fp 01y cos G =0 B )
POD — Fyp (Org c0s8y — Orp c0s0,) =0 Oe
where (01 cos @y — Oy c0s Gy ) = O, Which is the change in T
length of member BF. Thus, Rl
Far,”
POD — Fy. 65 =0
. BF9BF p gf‘:‘:
P6D — (EP] (1.5in.)=0
8D =0.833 in. 5D =0.833in.| €
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A 5 ¢ PROBLEM 10.58
)

30 fi
£ ' Determine the horizontal movement of joint D if the
F G <! length of member BF is increased by 1.5 in. (See the hint
l<_40 ftvL4O ftvL40ft->l<-40 it for Problem 10.57.)
SOLUTION
Apply horizontal load P at D.
Yoft | 4oFt  Host | 4OFt .
P )M, =0: P30 ft)— E, (120 ft) =0
304t
1:" L e E zﬁi
fx‘jg-y Y4
Xy
— 3 wsr —0: 3F, - Lo
! 54
5 =
£ }[ P Fyr =P
Yy 4

We remove member BF and replace it with forces Fp, and —Fp at pins F and B, respectively. Denoting the
virtual displacements of Points B and F as dry and Orp,respectively, and noting that P and D have the
same direction, we have

. £ &
Virtual Work: I8 g o
SU=0:  PSD+¥,, Oty +(~Fy ) Oty =0 1 A F
g g
POD + Fpp 01y €08 0 — Fo Oy cos O =0 | Ry
POD — Fyp (Org c0s 8y — 01y c0s0,) =0 Be
B
where (dry cos 8y — Ory cos ;) = O, Which is the change in 8,
length of member BF. Thus, e -Fee
PSD — Fyp 8y =0 Fac,”
&t
P&D—Gpj(l.s in)=0 P \ee ©
0D =0.625 in. 0D =0.625 in.— 4
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PROBLEM 10.59

Using the method of Section 10.8, solve Problem 10.29.

PROBLEM 10.29 A load W of magnitude 600 N is applied to
the linkage at B. The constant of the spring is k =2.5 kN/m, and the
spring is unstretched when AB and BC are horizontal. Neglecting
the weight of the linkage and knowing that / =300 mm, determine the
value of @ corresponding to equilibrium.

SOLUTION
On. e —=
A S
?ﬂ b *e c -', F=ARs
9 -
X_f:ln 9 8
aY%
W =600 N
[=03m, and k=2500N-m
We have (I—cos@)tanf = 600N
4(2500 N/m)(0.3 m)
=0.2
Solving numerically 6=40.2° 4
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PROBLEM 10.60

Using the method of Section 10.8, solve Problem 10.30.

PROBLEM 10.30 A vertical load W is applied to the linkage
at B. The constant of the spring is &, and the spring is unstretched
when AB and BC are horizontal. Neglecting the weight of the
linkage, derive an equation in €, W, [, and k that must be satisfied
when the linkage is in equilibrium.

SOLUTION
1
V=—ks" +Wyg
2
1% =%k(2i—xc)2 + Wy,
Xc=2lcos@ and y,=-Isind
Thus 1% =%k(2[—2[ cos§)* —Wisin 6

=2kl*(1-cos@)> —Wisin 0

d_V: 2k1*2(1—cos @) sin @ —Wicos 6 =0 (1—cos¢9)tant9=1 |
dae 4kl

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1783

STUDENTS-HUB.com


https://students-hub.com

fsin PROBLEM 10.61
Using the method of Section 10.8, solve Problem 10.31.

p  PROBLEM 10.31 Two bars AD and DG are connected by a pin at D

and by a spring AG. Knowing that the spring is 12 in. long when
F unstretched and that the constant of the spring is 125 Ib/in., determine
G\A/Sin )\(sm. the value of x corresponding to equilibrium when a 900-1b load is
‘ applied at E as shown.

SOLUTION
1 5
V=—ks" + Wy,
2
But s=x-—121n.
X X
and - _=
YE 36
2
Thus Velro—122-wl X
2 2

d—vzk(x—12)—lW=0
dx 2

900 Ib

w=12+ Y _1oin 420
2k 2(125 Ib/in.)

x=15.60in. 4
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PROBLEM 10.62

Using the method of Section 10.8, solve Problem 10.32.

PROBLEM 10.32 Solve Problem 10.31 assuming that the 900-1b
vertical force is applied at C instead of E.

PROBLEM 10.31 Two bars AD and DG are connected by a pin at D
and by a spring AG. Knowing that the spring is 12 in. long when
unstretched and that the constant of the spring is 125 Ib/in., determine
the value of x corresponding to equilibrium when a 900-1b load is
applied at E as shown.

SOLUTION
1,2
V=—ks" +Wy,
2
But s=x—121n.
X
and Ve =_g
1 , 1
Thus V==—k(x—12)> ——Wx
2 6
d—Vzk(x—IZ)—leo
dx 6
w=124 Y _2ip 200
6k 6(125 1b/in.)

x=13.20in. 4
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27 500 i PROBLEM 10.63

D oo Using the method of Section 10.8, solve Problem 10.33.
mm
& PROBLEM 10.33 Two 5-kg bars AB and BC are connected by a pin at B
x S op and by a spring DE. Knowing that the spring is 150 mm long when

unstretched and that the constant of the spring is 1 kN/m, determine the

value of x corresponding to equilibrium.
(o 5 400 mm

O
C 200 mm

SOLUTION

First note: W, = (G kg)(9.81 m/sz) =49.05N

Since unstretched length of spring is 150 mm, or 0.15 m, we have

Ag =gx—0.15
3

1. ., X 3x
V =—kA5 —(49.05 N)——(49.05 N)—
5 kA ( )4 ( )4

2
V= %(1000 N/m) [%x -0. 15] —12.2625x —36.7875x

d—V = IOOO(EX— O.lSjg —12.2625-36.7875=0
dx 3 3
x=0.335m x=335mm <«
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PROBLEM 10.64
Using the method of Section 10.8, solve Problem 10.35.

PROBLEM 10.35 A vertical force P of magnitude 150 N is applied
to end E of cable CDE, which passes over a small pulley D and is
attached to the mechanism at C. The constant of the spring is k = 4
kN/m, and the spring is unstretched when &= 0. Neglecting the weight
of the mechanism and the radius of the pulley, determine the value of
6 corresponding to equilibrium.

1 0
=2(90°—9)=45°—=
B 2( ) 5

BC=BD =1

CD =2lsin f=2Isin [45 —g]

7 (omrsspares T ©=0) For 6=0: (CD), =2Isin45=+21
yg =(CD), — CD

=\/§l—21sin(45°—§)

Potential energy:
1. 5
V=—ks"—P
2 YE
1 2 . 0
V= k(o) - P V21 -21sin 450
Y 26+ 2p1cos| 452=2 [~ L) =0
do 2 2
P 0
kr? cos(45°—%)
Ll_ (150 N)(0.2 m)
kr* (4000 N/m)(0.1 m)>
0.75=L
cos(45°—%)
Solve by trial and error: 60 =0.67623 rad
0 =38.745° 0=38.7° 4
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PROBLEM 10.65
Using the method of Section 10.8, solve Problem 10.37.
PROBLEM 10.37 and 10.38 Knowing that the constant of spring CD is k
and that the spring is unstretched when rod ABC is horizontal, determine the
value of @ corresponding to equilibrium for the data indicated.
PROBLEM 10.37 P=300N, [=400mm, k=5kN/m.
SOLUTION c
° DaTom
Spring v =2lsin ( 00°+ 6) ) /\
J(@Mnéa
v:2lsin(45°+gj A
2
Unstretched (6 = 0) v, = 2Isin45° =2/
. . . 0
Deflection of spring §s=v—v, =2[sin| 45° +E 21
1 I 0 ’
1% :Eksz +Py, = Eklz [2sin (450 +Ej - \/5} + P(~1sin 6)
d—vzklz 2sin 45°+§ —\/5 cos 45°+§ —Plcos@=0
do 2 2
2sin(45° +£)cos(45° + 2] - \/Ecos(45° + 2] = £cos 0
2 2 2 kl
) P
cos @ —+/2 cos| 45°+ = |=—cos 6
(5]
cos(45°+¢
Divide each member by cos & 1- \/E M = £
cosd kl
Then with P=300N, /=0.4 m and k =5000 N/m
cos(45°+¢
. ( 7 _ 300 N
cos @ (5000 N/m)(0.4 m)
=0.15
cos(45°+9)
or ——==0.60104
cos@
Solving numerically 6=22.6° 4
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PROBLEM 10.66
Using the method of Section 10.8, solve Problem 10.38.
PROBLEM 10.37 and 10.38 Knowing that the constant of spring CD is k

and that the spring is unstretched when rod ABC is horizontal, determine the
value of @ corresponding to equilibrium for the data indicated.

PROBLEM 10.38 P=751b, [=15in., k=20 Ib/in.

SOLUTION
Using the results of Problem 10.65 with P =75 1b, [ =15 in. and k = 20 Ib/in., we have

cos(45°+%) p

1-V2——— 2 =—

cos @ kl
B 75 1b
(20 Ib/in.)(15 in.)
=0.25
cos(45°+¢
or M =0.53033
cos @
Solving numerically 6=51.058° 6=51.1° 4
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30 mm PROBLEM 10.67

Show that equilibrium is neutral in Problem 10.1.

1}
18 N-m 40 mm
A * PROBLEM 10.1 Determine the vertical force P that must be
40 mm applied at G to maintain the equilibrium of the linkage.

SOLUTION
0.09m 0,.03%
- 1A
il{j‘-'c_ = D?
A |
Dangs | s : 7068 |o.0vw
l( i———— _— ol 11)6”””, —
R TuM f’ e,0%m
3. el
o. /2{;"--5‘-——“): £u
2 4u
We have =—u, =—"u, =
Ya Yo 3 B 072

V=080N)y, +P(y;)—(18 N-m),B

V =80(-u)+P —gu
3 072
WV 80-2p-100=0
du 3
P=270N P=270N| <«

Substituting P =270 N in the expression for V, we have V =0. Thus V is constant
and equilibrium is neutral <«
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| Sin. , 8in ‘ Sin. PROBLEM 10.68
l)
l A B |c Show that equilibrium is neutral in Problem 10.7.
©
T PROBLEM 10.7 The two-bar linkage shown is supported by a pin and
9in. bracket at B and a collar at D that slides freely on a vertical rod.
L Determine the force P required to maintain the equilibrium of the
E 1501b linkage.
100 b
SOLUTION

Z—V:ZP—100—150=0

Yp="U
V = Py, +(100 Ib)y, + (150 Ib)y,
V = P(2u) + (100 Ib)(=u) + (150 1b)(~u)

P=1251b

Now, substitute P =125 1b in expression for V, making V =0. Thus, V is constant and

equilibrium is neutral. <«
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PROBLEM 10.69

Two uniform rods, each of mass m, are attached to gears of equal
radii as shown. Determine the positions of equilibrium of the
system and state in each case whether the equilibrium is stable,
unstable, or neutral.

SOLUTION

Potential energy

Vv =W(—ésin6)+W(écos€] W =mg

=Wé(cos€—sin6’) 9 P
1 f_gCOSQ

—=—(-sin@—cosf
2( i )

deo _tJ
d’Vv. Wi (sin@ 9 DATUNM
——=—=(siné# —cos
46> 2 ATy
For equilibrium: d—VzO: sin@ =—cos @
do
or tanf =-1
Thus 6=-45.0° and 6=135.0°
Stability:
2
At 8 =-45.0°: d—‘; = M[sin(—45°) —c0s45°]
do 2
_wmf 2 2
2 2 2
6 =-45.0°, Unstable 4«
2
At 8=135.0°: d—‘gzﬂ(sinl35°—cosl35°)
do 2
2 2 2

6=135.0°, Stable «
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PROBLEM 10.70

Two uniform rods, AB and CD, are attached to gears of equal radii
as shown. Knowing that W,; =81b and W,, =4 1b, determine
the positions of equilibrium of the system and state in each case
whether the equilibrium is stable, unstable, or neutral.

SOLUTION
Potential energy
V =(3.5 kgx9.81 m/sz)[—ésin 9) +(1.75 kg x9.81 m/sz)[écosé’]

=(8.5838 N)/(—2sin & +cos 0)

v =(8.5838 N)I(—2cos @ —sin H)
de
2
d—‘: =(8.5838 N)/(2sin @ — cos )
de
Equilibrium: a =0: —2cos@—sinf=0
de
or tand =-2
Thus 0=-63.4° and 116.6°
Stability:
o d*v . o o
At 8 =-63.4°: W =(8.5838 N){[2sin(—63.4°) — cos(—63.4°)]
=(8.5838 N)I(—1.788—-0.448) <0
6 =-63.4°, Unstable 4
o d*v . o o
At 8=116.6°: W =(8.5838 N){[2sin(116.6°) —cos(116.6°)]

=(8.5838 N)I/(1.788 +0.447) >0
6=116.6°, Stable «
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PROBLEM 10.71

Two uniform rods, each of mass m and length [, are attached to
gears as shown. For the range 0 <8 <180°, determine the positions
of equilibrium of the system and state in each case whether the
equilibrium is stable, unstable, or neutral.

SOLUTION
6 D
A
x W | £cosé
4 Cos |-59 ] 1
2 )
Potential energy V= W(écosljﬁj +W(écos 6] W =mg
d—V:M(—1.551n1.50)+ml(—sin9)
dg 2 2
:—W71(1.551n1.56’+sin6)
2
Y M (225005156 +cos 6)
de 2
S dv . .
For equilibrium E:o: 1.5sin1.56 +sin@ =0

Solutions: One solution, by inspection, is € =0, and a second angle less than 180° can be found numerically:

60 =2.4042 rad =137.8°

2

Now d—V = —M(Z.ZS cos1.56 +cos @)
e’ 2
d*v._ Wi

At 6=0: =—7(2.250050°+c0s0°)

de?

= _W71(3,25)(< 0) 6=0, Unstable 4
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PROBLEM 10.71 (Continued)

2
At 6=137.8°: d—v=—M[2.25c0s(1.5x137.8°)+cosl37.8°]
de’ 2
Wi
=7(2.75)(> 0) 0=137.8°, Stable 4
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PROBLEM 10.72
Two uniform rods, each of mass m and length [, are attached to drums that are
connected by a belt as shown. Assuming that no slipping occurs between the belt
and the drums, determine the positions of equilibrium of the system and state in
each case whether the equilibrium is stable, unstable, or neutral.
SOLUTION
W =mg
l [
V=W|—cos20 |-W| —cosé
2 2
d—V =WL(—2sin2+ sin 6)
de 2
2
d—‘; = Wl(—400526’ —cos6)
dae 2
Equilibrium: av =0: M(—Z sin26 +sinf) =0
dé 2
or sin@(—4cos@+1)=0
Solving 6=0, 75.5°,180°, and 284°
2
Stability: d—‘; =W L (—4cos26 —cos0)
dae 2
2
At 6=0: d—V=WL(—4—l)<0 6 =0, Unstable <«
de’ 2
. d*v I .
At 8="75.5° WzWE(—4(—.874)—.25)>0 6 =75.5° Stable 4
d*v !
At 6=180°: —=W—(-4+1)<0 6=180.0°, Unstable 4
de’ 2
v 1
At 6 =284°: W = WE(—4(—.874) -.25)>0 6 =284°, Stable 4
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PROBLEM 10.73

Using the method of Section 10.8, solve Problem 10.39. Determine
whether the equilibrium is stable, unstable, or neutral. (Hint: The
potential energy corresponding to the couple exerted by a torsion spring
is %K 6%, where K is the torsional spring constant and &is the angle of
twist.)

PROBLEM 10.39 The lever AB is attached to the horizontal shaft BC
that passes through a bearing and is welded to a fixed support at C. The
torsional spring constant of the shaft BC is K; that is, a couple of
magnitude K is required to rotate end B through 1 rad. Knowing that the
shaft is untwisted when AB is horizontal, determine the value of &
corresponding to the position of equilibrium when P =100 N, /=250 mm,
and K =12.5 N-m/rad.

SOLUTION

Potential energy

Equilibrium:

For

Solving numerically, we obtain

Stability

1, .
=—K&*-P M=k@
1% 5 o [sin @ ~
dv T 8
—=K6— Plcosb
40 Loni® B
2
i%:K+mmw A
do P
d_V= : cos6’=£6’
dé Pl

P=100N, [=025m., K =12.5N -m/rad

12.5 N -m/rad
cosf=———
(100)(0.25 m)
=0.5000
0 =1.02967 rad =59.000° 6=59.0° 4
d*v : o
W =(12.5 N-m/rad) + (100 N)(0.25 m)sin59.0° >0 Stable 4
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PROBLEM 10.74
In Problem 10.40, determine whether each of the positions of
equilibrium is stable, unstable, or neutral. (See hint for Problem 10.73.)
PROBLEM 10.40 Solve Problem 10.39 assuming that P =350 N,
[ =250 mm, and K =12.5 N-m/rad. Obtain answers in each of the
following quadrants: 0<8<90°, 270°<8<360°, 360°<8<450°.
SOLUTION
M= kO
Potential energy V= 1 K6* — Plsin@ B\
2 1 o B
d—VzKG—Plcosﬁ Aswib
dae _L
4V A
—— =K+ Plsin@
de’ £
Equilibrium v _ : cosf= £49
dé Pl
For P=350N, [=0250m and K =12.5 N-m/rad
12,5 N-m/rad
(350 N)(0.250 m)
or cosf = f
7
Solving numerically 0 =1.37333rad, 5.652rad, and 6.616 rad
or 6="78.7°, 323.8°, 379.1°
o d*v .
Stability at 8 =78.7°: W =(12.5 N -m/rad) + (350 N)(0.250 m)sin 78.7°
=98.304>0 6 =78.7°, Stable 4
. d*v . o
At 8 =323.8°: W =(12.5 N - m/rad) + (350 N)(0.250 m)sin 323.8
=-39.178 N-m<0 6 =324°, Unstable 4
d*v .
At At §=379.1°: W =(12.5 N-m/rad) + (350 N)(0.250 m)sin379.1°
=44132N-m>0 6=379°, Stable 4
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PROBLEM 10.75

A load W of magnitude 100 Ib is applied to the mechanism at C.

Knowing that the spring is unstretched when 6 =15° determine that

value of @ corresponding to equilibrium and check that the equilibrium

is stable.
SOLUTION w

c
We have ye =lcosé T
1 2 o T 8
szk[r(é?—é?o)] +Wy. 6,=15 =Erad Ye Es
=%kr2(9—90)2+chost9 L_;
d—‘;zkrz(e—eo)—msme
s dv 2 .
Equilibrium % =0: kr'(@-6,)—wlsin6=0 (D)
with W=1001b, R=501Ib./in., [=20in.,, and r=5in.
(50 1b./in.)(25 in.?) (9 - %) — (100 1b)(20 in.)sin 8=0
or 0.6256 —sin8 =0.16362
Solving numerically 0 =1.8145 rad =103.97°
6=104.0° <
2

Stability d—g‘: =kr* —Wlcos@ )
or =1250-2000cos 8
For 6 =104.0°: =1734in.-1b>0 Stable <«
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PROBLEM 10.76

A load W of magnitude 100 Ib is applied to the mechanism at C.
Knowing that the spring is unstretched when 6 =30° determine that
value of @ corresponding to equilibrium and check that the equilibrium
is stable.

SOLUTION

Using the solution of Problem 10.75, particularly Equation (1), with 15° replaced by 30° {%rad]:

For equilibrium kr? (6 - %) —Wisin€=0
With k=501b/in., W=1001b, r=5in, and [=20in.

(50 1b/in.)(25 in.z)(ﬁ - %) — (100 1b)(20 in.)sin @ =0

or 125060 —654.5—-200sin8 =0
Solving numerically, 6=19870 rad =113.8°
6=113.8° 4
Stability: Equation (2), Problem 75:
ZZT‘; =kr* —=Wlcos @
or =1250-2000cos 8
For 6 =113.8°: =2057 in.-1b>0 Stable <«
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A PROBLEM 10.77

A slender rod AB, of weight W, is attached to two blocks A
and B that can move freely in the guides shown. Knowing that
the spring is unstretched when y =0, determine the value of
y corresponding to equilibrium when W =80 N, /=500 mm,
and k =600 N/m.

-,

-
=
S
\
\5
&
=
e
Z
a

SOLUTION
Deflection of spring = s, where s=y1? +y* -1
ds _ Yy
dy lZ _ y2
. 1. 5 Yy
Potential energy: V= Eks - WE
v _ ksﬁ _l w
dy dy 2
d—Vzk( [T —1) y 1y
dy 12 + y2
l
=k|1- y——=W
I+ y
dv l 1w
Equilibrium —=0 |-y =——

1 dy Pry )| 2k
Now W=80N, [=0500m, and k=600 N/m
Then - 0.500 m y _1 BO0N)

/(0.500) + y? 2 (600 N/m)
or 193001\ 0066667
\0.25+ y?
Solving numerically, y=0.357m y=357 mm <
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A PROBLEM 10.78

e

A slender rod AB, of weight W, is attached to two blocks A and B
that can move freely in the guides shown. Knowing that both
springs are unstretched when y =0, determine the value of
y corresponding to equilibrium when W =80 N, [/ = 550 mm,
and k =600 N/m.

L

SOLUTION

A —
Spring deflections 7 D-EE_L {
2 ) c
Sap =1=1* =¥* as=p ¥WT 5
Spe =12 +y> -1

1 1 y
1% =5kS§D +5kS,§C -W2

2 2
Vzlk(l—«/lz—yz) +lk( 12+y2—1) w2
2 2 2
d—Vzk(l—Jzz—yz) %}rk( 12+y2—1) QLA v
I“—=y [

dy +y? 2
CLA N | Y Y F T, | .4
dy I? - y? P+y? 2k

Data: W=80N, [=0.5m, k =600 N/m

0.5 3 0.5 y= 80 = 0.066667
JO57 =y J0.57%+y* |7 2(1200)
Solve by trial and error: y=0.252m y=252 mm <«
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B PROBLEM 10.79

¢ A slender rod AB, of weight W, is attached to two blocks A and B that
can move freely in the guides shown. The constant of the spring is &,
and the spring is unstretched when AB is horizontal. Neglecting the
A weight of the blocks, derive an equation in 6, W, [, and k that must be
satisfied when the rod is in equilibrium.
SOLUTION
| Kcos©
Elongation of spring: s=1Isin@+Icos@—1
s=1(sin@+cosd—1)
. | 1.
Potential energy: V= Eks -W Esm 0 W=mg
=—kl“(sin@+cosf—1) —mgzsmﬁ
d—v=klz(sin9+cost9—1)(cosﬁ—sin@)—lmglcose €8
de 2
e dv . . mg
Equilibrium: —=0: (sin@+cosf—1)(cosf—sinf)——>-cosd=0
dée 2kl

or cos 6[(sin 6+ cos @ —1)(1 —tan 8) —%} =0 <
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B PROBLEM 10.80

A slender rod AB, of weight W, is attached to two blocks A and B that can
move freely in the guides shown. Knowing that the spring is unstretched
when AB is horizontal, determine three values of & corresponding to
equilibrium when W =300 1b, [ =16 1in., and k =75 Ib/in. State in each
case whether the equilibrium is stable, unstable, or neutral.

SOLUTION

Using the results of Problem 10.79, particularly the condition of equilibrium

cos @ (sin0+cos6’—l)(1—tan6’)—ﬁ =0
2kl
Now, with W =300 1Ib, / =16 in., and k =75 Ib/in.

W _ 3000
2kl (16in)(75 Ib/in)

Thus: cos @[ (sin 6+ cos @ —1)(1- tan §) — 0.25] =0
cos@=0 and (sin@+cosd—1)(1-tanf)=0.25

First equation yields 8 =90°. Solving the second equation by trial, we find 8 =9.39° and 34.16°
Values of @ for equilibrium are

6 =9.39°, 34.2°, and 90.0°

Stability: we differentiate Eq. (1).

2
% = kI*[(cos 6 — sin 8)(cos @ —sin &) + (sin @ + cos @ — 1)(—sin 8 — cos 0)] +%wl sin &
S
=k’ {cos2 6 +sin’ @ — 2 cos@sin @ —sin> 6 — cos> 6’—2cos¢95in9+sin9+cosﬁ+%sin9}
— 12| [ 14 |sin 6+ cos 9— 2sin 20
2kl
2
ZT‘:=klz(1.25sin9+cos6’—2sin29)
2
6 =9.39°: d_ﬂ‘: =kI*(1.255in9.4 + c0s9.4 — 2sin18.8)

=ki*(+0.55) <0 Stable <
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PROBLEM 10.80 (Continued)

2
6 =34.2°: % = kI*(1.25sin 34.2° + cos 34.3° — 2sin 68.4°)
=kI*(-0.33)<0 Unstable <
o dzv 2 . o o . o
6 =90.0°: W:ld (1.25sin90° + c0os 90° — 2sin 180°)
=kl*(1.25)>0 Stable <«
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PROBLEM 10.81

A spring AB of constant k is attached to two identical gears as
shown. Knowing that the spring is undeformed when &=0,
determine two values of the angle & corresponding to equilibrium
when P=301b,a=41in., b=3 in., r = 6 in., and k = 5 Ib/in. State
in each case whether the equilibrium is stable, unstable, or neutral.

SOLUTION

Elongation of spring
s=2(asin@) =2asinf

V=%ks2—Pb9

=%k(2a sin0)* — PbO

W _ 4ka? sin Ocos 6 — Pb
de
=2ka® sin20 — Pb (1)
dv Pb
Equilibrium —=0: sin20=
de 2ka®
__ (0B g 05625
2(51b/in.)(4in.)%’ '
20 =34.229° and 145.771°
6=17.11° and 72.9° 4
Stability: We differentiate Eq. (1)
2
% = 4ka® cos 26
d2V 2 2
f=17.11°: Wzétka c0s34.2° =4ka"(0.83) >0 Stable <«
o dzv 2 o 2
6=172.9°: W =4ka” cos145.8° = 4ka”(-0.83) <0 Unstable 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1806

STUDENTS-HUB.com


https://students-hub.com

PROBLEM 10.82

A spring AB of constant k is attached to two identical gears as shown.
Knowing that the spring is undeformed when 6 =0, and given that
a=60mm, b=45 mm, r =90 mm, and k =6 kN/m, determine (a) the
range of values of P for which a position of equilibrium exists, (b) two
values of @ corresponding to equilibrium if the value of P is equal to
half the upper limit of the range found in part a.

SOLUTION

Elongation of spring

s=2(asinf@)=2asinf

Potential energy

1% =%ks2 - PbO =%k(2a sin 8)* — PbO

V =2ka’® sin® 6 — PbO
Equilibrium

d—V=0: d—V=4ka2 sin@cos @ — Pb

de de (1)
=2ka®sin20—Pb=0

P
sin 20 =—Pb ; For . Lol =

P - 1
2ka® " 2 ka?®
P (0.045
(@) ax (0.045 m) = P =960N 4
2(6000 N/m)(0.06 m)

®) FoeréPm sin29=%;29=30° and 150°

ax *

6=15.00° and 75.0° 4
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PROBLEM 10.83

A slender rod AB is attached to two collars A and B that can move freely
along the guide rods shown. Knowing that £ =30° and P = Q = 400 N,
determine the value of the angle & corresponding to equilibrium.

SOLUTION

Y5~ 5“-[ cos®

Law of Sines Ja = L
sin(90°+ B—8)  sin(90— f3)
Ya _ L
cos(@— ) cospf
or vo=L cos(6 - )
cos 3
From the figure: Vg = LM—LCOSH
cos
Potential Energy: V==Py,-Qy, = —P[LM — Lcos 6’} - QLM
cos cos 8
Y _pp| -SMO=B) ol oL SNO—H)
dé cos cos
—1P+0)3O=D) _ pring
S
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PROBLEM 10.83 (Continued)

Equilibrium Yo Lp+0) 9P prsing=o
do cos B

or (P+Q)sin(@— ) = Psin&cos
(P + Q)(sin@cos B —cos@sin f) = Psincos B
—(P+Q)cosBsin f+Qsinfcos f=0

or
_P+Qsinﬂ+sin€:O
Q cosf cosé
tan¢9=P+Qtanﬂ (2)
0
With P=Q=400N, £=30°
tanezgooNtan30°=1.1547 6=49.1° 4
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PROBLEM 10.84

A slender rod AB is attached to two collars A and B that can move
freely along the guide rods shown. Knowing that £ =30°, P =100 N,
and Q =25N, determine the value of the angle @ corresponding to
equilibrium.

SOLUTION

Using Equation (2) of Problem 10.83, with P =100 N, Q =25 N, and  =30°, we have

ang=JONCSN) e
(25N)
=57.735
6 =89.007° 6=89.0° 4
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PROBLEM 10.85
Cart B, which weighs 75 kN, rolls along a sloping track that forms
an angle S with the horizontal. The spring constant is 5 kN/m, and
the spring is unstretched when x=0. Determine the distance x
corresponding to equilibrium for the angle £ indicated.
Angle S =30°.
SOLUTION
x=(4m)tand (D)
yp = xsin f =4tan @sin S
AC =(4m)cosé
For x=0, (AC),; =4m
. 4 1
Stretch of spring. s=AC—(AC), = -4=4 -1
cos@ cos @
1% =%ks2 —(75kN)y,
1 1 ? .
=—(5kN/m)16| ———1| —(75kN)4tan&sin S
2 cos@
d_Vng 1 1 sin @ 300 sin
dée cos@ cos’ @ cos’ 6
e dv 1 . .
Equilibrium —=0: —1|sin@=3.75sin § 2
dae cos
Given: B =30° sin@=0.5
Eq. (2): ( —1) sin@=3.75(0.5) =1.875
cos @
Solve by trial and error: 0 =170.46°
Eq. (1): x = (4 m)tan 70.46° x=1127m <«
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PROBLEM 10.86
Cart B, which weighs 75 kN, rolls along a sloping track that forms
an angle S with the horizontal. The spring constant is 5 kN/m, and
the spring is unstretched when x=0. Determine the distance x
corresponding to equilibrium for the angle findicated.
Angle S =60°.
SOLUTION
x=(4m)tand (D)
yp = xsin  =4tan @sin S
AC =(4m)cosé
For x=0, (AC),; =4m
. 4 1
Stretch of spring: s=AC—(AC), = -4=4 -1
cos@ cos @
1% =%ks2 —(75kN)y,
1 1 2
=—(5kN/m)16| ———1| —(75kN)4tan&sin S
2 cos@
d_Vng 1 1 sin @ 300 sin
dée cos@ cos’ @ cos’ 6
e dv 1 . .
Equilibrium —=0: —1|sin@=3.75sin S 2
dae cos@
Given: B =60°, sin & = 0.86603
Eq. (2): [ - IJ sin @ =3.75(0.86603) = 3.2476
cos@
Solve by trial and error: 0=76.67°
Eq. (1): x=(4 m)tan 26.67° x=16.88m <«
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PROBLEM 10.87

C

r

V‘/ "7\@&*\{)‘ N Collar A can slide freely on the semicircular rod shown. Knowing that
A\ = / the constant of the spring is k& and that the unstretched length of the
ﬁ) /} spring is equal to the radius 7, determine the value of & corresponding to
\ii:::;:?,.:4;;;:'/ equilibrium when W =501b, » =9 in., and k =15 Ib/in.
SOLUTION
Stretch of spring s=AB-r
s=2(rcos@)—r
s=r(2cosf—1)
Potential energy: V= %ks2 —Wrsin 26 W =mg _hv
V= %krz(Zcosﬁ— 1) —Wrsin 20
d—‘g =—kr*(2cos @ —1)2sin @ — 2Wrcos 260
S av 2 .
Equilibrium E =0: —kr°(2cos@—1)sind —Wrcos268 =0
(2cos@-1)sin@ _ _K
cos26 kr
Now w_ & =0.37037
kr  (151b/in)(9in.)
Then (2cos0-Dsin® _ ) 37437
cos 26
Solving numerically, 60 =0.95637 rad =54.8° 6=548° 4
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S PROBLEM 10.88
>0

N\ \X\ Collar A can slide freely on the semicircular rod shown. Knowing that the
\ \\ constant of the spring is k and that the unstretched length of the spring is equal to
2 the radius r, determine the value of @ corresponding to equilibrium when
Z | W =501b, =9 in., and k = 15 Ib/in.

SOLUTION

Stretch of spring
s=AB—r=2(rcos@)—r
s=r(2cosd—1)

\% =%ks2 —Wrcos26

=%kr2(20059— 1)? —Wrcos 26

Z—‘; = —kr?(2cos @ —1)2sin @ + 2Wrsin 20
Equilibrium
av 2 . .
% =0: —kr°(2cos@—1)sin@+Wrsin260=0
—kr*(2cos @ —1)sin @ + Wr(2sin @cos 0) =0
or (2cos@—1)sind _w
2coséf kr
Now w = & =0.37037
kr  (151b/in.)(9 in.)
Then 200801 _ 37037
2cosd
Solving 6=374° 4
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PROBLEM 10.89

D) Two bars AB and BC of negligible weight are attached to a single spring
of constant k that is unstretched when the bars are horizontal. Determine
the range of values of the magnitude P of two equal and opposite forces
P and —P for which the equilibrium of the system is stable in the
position shown.

VWA=t

SOLUTION

|0
J
b
0}
i &
\
/
-0

x=I[Icos@

y=1[sind

1. 5
V =2Px+—ky

2
v=2Plcos€+%klzsin29

av _ —2Plsin @ + ki* sin @cos 6
de

=-2Plsinf + %kﬂ sin 20

2
%=—2P10050+k12c0s20 (1)

For equilibrium position € =0 to be stable

d*v

g7~ 2Pt ki*> >0 )

P<lkl |
2
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PROBLEM 10.89 (Continued)

Note: For P =41kl we have ;’27‘; =0 and we must determine which is the first derivative to be # 0.

)
Differentiating Eq. (1):

v . ) .
W=+2Plsm¢9—2kl sin28@ =0 for =0

4
;17‘: =2Plcos @ — 4kl* cos26 = 2Pl — 4ki* for 6 =0

But P= %kl. Thus ;’47‘2 =kI* — 4kl* <0 and we conclude that the equilibrium is unstable for P = %kl.

The sign < in Eq. (2) is thus correct.

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1816

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

F PROBLEM 10.90

A vertical bar AD is attached to two springs of constant k£ and is in
equilibrium in the position shown. Determine the range of values of the

A
eV
B T { magnitude P of two equal and opposite vertical forces P and —P for which
the equilibrium position is stable if (a) AB =CD, (b) AB=2CD.

L l
-Aw—plc
S
_l)
SOLUTION

For both (a) and (b): Since P and —P are vertical, they form a couple of moment
M, =+Plsiné

The forces F and —F exerted by springs must, therefore, also form a couple, with moment

M, =-Facos@
We have dU =M pd0+M ,.do
=(Plsin@ - Facos0)do
|
but F=ks=k(3as1n¢9)
Thus, dU =(Plsin¢9—%ka2 sin Hcosé’]dﬁ
AL sme -
From Equation (10.19), page 580, we have
dV =—dU =—Plsin6d6 +ika2 sin 20d6
or Y o Psin+Lka? sin20
dé 4
2
and d—Zz—Plcos¢9+lka2 cos 26 (D)
de 2
2
For 6=0: d—2=—Pl+lka2
dae 2
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PROBLEM 10.90 (Continued)

2
For Stability: av, 0, —Pl+ LI
de’ 2
ka®
or (for Parts a and b) P< o <
Note: To check that equilibrium is unstable for P = %, we differentiate (1) twice:

3
v =+Plsin@—ka*sin20=0, for 6=0,

e
4
57‘: = Plcos @ — 2ka* cos 20
4 2
For6=0 %=P1—2ka2=%—2ka2<0
2
Thus, equilibrium is unstable when P= kZLl
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PROBLEM 10.91

w
Rod AB is attached to a hinge at A and to two springs, each of

constant k. If A=251in.,d =12 in., and W =801b, determine the
range of values of k for which the equilibrium of the rod is stable in

: , the position shown. Each spring can act in either tension or
/MWQ'@ WA= compression.
d
¥
SOLUTION
We have Xc =dsin6 yp =hcos@
Potential Energy: V=2 (%kxé +Wyg )
= kd* sin® @+ Whcos 8
Then Z—‘; =2kd” sin @ cos @ — Whsin @
=kd” sin20 —Whsin @
2
and d—a‘;=2kd2cos2€—thos0 (1

For equilibrium position 8 =0 to be stable, we must have

2
d—‘: =2kd* —Wh >0
0
21
or kd”* >—Wh )

Note: For kd* =%Wh, we have ‘;27‘; =0, so that we must determine which is the first derivative that is not

equal to zero. Differentiating Equation (1), we write

a’v 5 . .
d_6’3=_4kd sin 260 + Whsin@ =0 for =0
4
%z—Skdzcos20+thos¢9
4
For 8 =0: %:—Skdz +Wh
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PROBLEM 10.91 (Continued)
Since kd* =1Wh, Z;‘j =—4Wh+Wh <0, we conclude that the equilibrium is unstable for kd*> =1 Wh and
the > sign in Equation (2) is correct.
With W=801lb, h=25in., and d=12in.
Equation (2) gives k(12 in)? > %(80 Ib)(25 in.)
or k >6.944 Ib/in. k>6.941b/in. 4
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PROBLEM 10.92

Rod AB is attached to a hinge at A and to two springs, each of
constant k. If A=45in., kK =6 1b/in., and W =60 lb, determine the
smallest distance d for which the equilibrium of the rod is stable in
h the position shown. Each spring can act in either tension or

f compression.
d
¥

SOLUTION

Using Equation (2) of Problem 10.91 with
h=45in., k=61Ib/in., and W =60 1b

(6 1b/in.)d* > %(60 Ib)(451n.)

or d*>225in?

d >15.0000 in. smallest d =15.00 in. 4
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PROBLEM 10.93

when 6 =0:

For stability:

A
° i Two bars are attached to a single spring of constant k that is
3 unstretched when the bars are vertical. Determine the range
\e—fWW ‘ 4*7 o—J\\W¥ ‘ of values of P for which the equilibrium of the system is
B L B stable in the position shown.
L
D !
ﬁ@/ ﬁ@/ D
SOLUTION
s =£sin¢=2—Lsin9
3 3
For small values of ¢ and 6
p=26

V=P £c0s¢+2—Lcost9 +lks2
3 3 2

2
V= %(cos 260+ 2cos8) +%k(2?Lsin 6’)

dv _PL

—=—(-2sin 20 — 2sin ) +gkL2 sin@cos @
dg 3 9

= —%(2sin 26 +2sin6) +§ch2 sin 260

2
d—Zz—E(4c052¢9+ 2cos¢9)—i-ikL2 cos 26
de 3 9
2
LV 6PL Ay
de 3 9
a*v 4 2

W>o, —2PL+§kL2>0 P<§kL |

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

STUDENTS-HUB.com

1822



https://students-hub.com

STUDENTS-HUB.com

o |t =

®

o]
Tuh-—
©
o]
.
=
=
=

WY

PROBLEM 10.94

Two bars are attached to a single spring of constant & that
is unstretched when the bars are vertical. Determine the

‘ range of values of P for which the equilibrium of the
system is stable in the position shown.

o] C
L
D !
© 2
SOLUTION
a=2—Lsin9=£sin¢
3 3
For small values of ¢ and 6
=26
s=£sin€
3
V=P 2—Lc059+£cos¢ +lks2
3 3 2
2
=&(200s¢9+cos2¢9)+lk(£sin€]
3 2 \3
2
d—V=E(—2sin€—2sin2¢9)+kisin€cos€
dg 3 9
2
d_V =— 2PL (sin @ +sin 26) +kisin 26
ae 3 18
2 2
d—V——ZPL (cos6’+200526’)+ki00526’
de’ 3 9
2 2
when € =0: v =—2PL+kL
de’ 9
2 2
For stability: d—v>0, —2PL+ki>0 P<ikL <
de’ 9 18
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PROBLEM 10.95

o oY -
A\ ot The horizontal bar BEH is connected to three vertical bars. The collar at
) E can slide freely on bar DF. Determine the range of values of Q for
which the equilibrium of the system is stable in the position shown
o 2F | Sy whena=24in,b=20in.,and P =150 Ib.
L
b
Clo F ©) © I——
VQ Yo
SOLUTION
at
First note A=asin@ =bsing
For small values of @ and ¢: al =bg
a
or =20
? b
V =P(a+b)cos¢—20(a+b)cosf
=(a+b) Pcos(%@)— 2Qcos¢9}
Y a+b) —ﬁpsm(59)+ 20sin @
de . b b
a*v a’ a
——=(a+b)| ——Pcos| —0 [+20Qcosb
o= (a+b) 4 poos{ 20420
d*v a’
when 6 =0: 7=(a+b) —b—2P+2QJ
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PROBLEM 10.95 (Continued)
d*v a’
Stability: 2250 -L P+20>0
Y do’ b’
2
P< 2b—2Q (1)
a
2
or 0>2_p )
2b*
with P=1501b, a=24in., and b=20in.
- \2
Equation (1): 0> L“')z(lso Ib) = 108.000 1b
2(20 in.)
For stability 0>108.01b «
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v PROBLEM 10.96

- oY -
A\ °'ct The horizontal bar BEH is connected to three vertical bars. The collar
) at E can slide freely on bar DF. Determine the range of values of P for
which the equilibrium of the system is stable in the position shown
M- LM Sy whena=150 mm, b=200 mm, and Q =45 N.
L
b
Cl F (©) ) 1——
VQ Yo
SOLUTION

Using Equation (2) of Problem 10.95 with
0=45N, a=150mm, and b=200mm

2
P<o (200 mm)2
(150 mm)
=160.000 N

Equation (2) (45N)

For stability P<160.0N «
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PROBLEM 10.97*

Bars AB and BC, each of length / and of negligible weight, are attached to
two springs, each of constant k. The springs are undeformed, and the system
is in equilibrium when 6, = & = 0. Determine the range of values of P for
which the equilibrium position is stable.

SOLUTION
We have Xxg =Isin@
Xc =1sin@ +1sin 6,
Ye =lcosf +Icosb,
1 1
1
or V = Pl(cos§, +cosb,) +Ekl2 [sin2 6, + (sin g, +sin 492)2]

For small values of 6 and 6,:

sing, =6, siné, =0,, cosé’lzl—%ﬂf, cosé’zzl—%tﬁg2

6 ) 1, 2T 2
Then v=pl|1-4 -8 | 1y [91 +(6,+6,) J
2 2 ) 2
J 2
and S =—PlO, +kI’[6, + (6, +6,)]
26,
aV
20, =—PI6, + kI* (6, + 6,)
2 2
? Zz—Pl+2klz ? Zz—Pl+klz
1 3‘92
2
Vv 2
76,06,

Stability: Conditions for stability (see Page 583).
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PROBLEM 10.97* (Continued)

A%

For 6=06,=0:. —=——
b 26, 96,

=0 (condition satisfied)

2
( v ] VIV _
2690, ) 967 26
Substituting (kI*)* — (= Pl + 2kI*)(= Pl + kI) <0
k1Y = PP1? + 3Pk - 2k%1% <0
P* —3kIP+k*1* >0

3_\/§kl or 3+\/§kl

Solving P< P>
2 2
or P<0.382kI or P>2.62ki
2
? ‘: >0: —Pl+2k* >0
6
1
or P<—kl
2
2
? ‘: >0: —Pl+k*>0
a6,
or P<kl
Therefore, all conditions for stable equilibrium are satisfied when 0<P<0.382k 4
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PROBLEM 10.98*
Solve Problem 10.97 knowing that / = 800 mm and k = 2.5 kN/m.

PROBLEM 10.97* Bars AB and BC, each of length / and of negligible weight,
are attached to two springs, each of constant k. The springs are undeformed,
and the system is in equilibrium when 6, = @, = 0. Determine the range of
values of P for which the equilibrium position is stable.

SOLUTION

From the analysis of Problem 10.97 with

[=800mm and k=2.5kN/m
P <0.382k] =0.382(2500 N/m)(0.8 m) =764 N P<764N 4
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PROBLEM 10.99*

Two rods of negligible weight are attached to drums of radius r that
are connected by a belt and spring of constant k. Knowing that the
spring is undeformed when the rods are vertical, determine the range
of values of P for which the equilibrium position 6, = 8, = 0 is stable.

SOLUTION

Left end of spring moves from a to b. Right end of spring moves froma” to »”. Elongation of spring
s=a'b'—ab=r6 —r6, =r(6, —6,)
1% =%ks2 + plcos6, —wlcos 6,

=%kr2(t91 —6,)* + plcos 6 —wlcos 6,

av .
0_)—61=kr2(91—92)—plsm91
v .
70, =—kr* (6, — 6,) +wlsin 6,
072v 2
=kr” — plcosé,
0.)012 p 1
2
J ‘; = kr® +wlcos 6,
26,
&—%z_krz
26,06,
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PROBLEM 10.99* (Continued)

2 2 2
For 6,=6,=0: &—szrz—pl, &Z=+kr2+wl, —r -
J6; 26, 26,06,

Conditions for stability (see Page 583)
2
9% B v ' % <0
2600, | 367 262
(kr?)? = (kr* — pl)(kr* +wl) <0
pl(kr? +wl) —kr*wl <0

2 2
wkr P<kL w

P<2—, 2—
kr® +wl / ’%+W

2 2
8§>: k= pl>0: P<X <
26 I

2
We choose: P<kL ZL |
i
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PROBLEM 10.100*

Solve Problem 10.99 knowing that k = 20 Ib/in., r = 3 in., [ = 6 in.,
and (@) W=151b, (b) W=060 lb.

PROBLEM 10.99*% Two rods of negligible weight are attached to
drums of radius 7 that are connected by a belt and spring of constant k.
Knowing that the spring is undeformed when the rods are vertical,
determine the range of values of P for which the equilibrium position
6, = 6, =01is stable.

SOLUTION
k =20 Ib/in.
r=3in.
[=6in.
2 . N2
kL _ (20 Ib/in.)(3 in.) 301
l 6in.
(a) W=151b: P<(30 lb)$ P<10.001b <
(B0Ib)+(151b)
b) W=601b: P<(30 lb)& P<2001b 4
(30 1b) + (60 1b)
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PROBLEM 10.101

.

Determine the horizontal force P that must be applied at A to maintain

] the equilibrium of the linkage.
9in.
180 1b-in||
Flo|—)—
10
6 in.
G @—»i
80 1b
SOLUTION
Assume 549)
ox, =10060 ~—
Sye =456 S
Sy, = Oye =400 T
_Oyp _2 581 Job
5(/5—7—5593 oin | ’
| \
\
8x; =156¢ _J_L__’f o ||

=15(359)
3

=10060 —
Virtual Work: We shall assume that a force P and a couple M are applied to member ABC as shown.

oU =—PdOx, —M 30 +300y. +400y, +1800¢+805x; =0
—P(1086) — M 66 + 30(460) + 40(466) + 180(%59] +80(1006) =0

—10P—M +120+160+120+800=0
(10in.)P+M =12001b - in. (1)

Making M =0 in Eq. (1): P=+120.01b P=120.01b— <«
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PROBLEM 10.102

Determine the couple M that must be applied to member ABC to

] maintain the equilibrium of the linkage.
9 in.
180 1b-in||
30 1b
Flo|—)—
10 in.
6 in.
80 1b
SOLUTION
Assume 06 )
ox, =10060 ~—
Oy, =406
Ye i ;f
Syp =Syc =466 "
oy 2 T
op=—"==56
¢ 6 3 ‘> 581 dob
om | \
Sxg =158¢ _l_ / \
! P sow || §
2 ol
= 15(3 549} 3z, A G 524
=10060 —

Virtual Work: We shall assume that a force P and a couple M are applied to member ABC as shown.
oU =—PdOx, —M 30 +300y. +400y, +1800¢+805x; =0

—P(1066) — M 66 + 30(466) + 40(460) + 180(%&9] +80(1008) =0

—-10P—-M +120+160+120+800=0
(10in. )P+ M =12001b-in. (1)
Now from Eq. (1) for P=0 M=12001b-in. 4
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PROBLEM 10.103

A spring of constant 15 kN/m connects Points C and F of the linkage shown.
Neglecting the weight of the spring and linkage, determine the force in the
spring and the vertical motion of Point G when a vertical downward 120-N
force is applied (a) at Point C, (b) at Points C and H.

SOLUTION
Yo =4Yc
Yu =4ye Oyy =4dyc
Yr=3yc Oyp =30yc
Ye=2Yc Oyp =20y
For spring:
A=Yyp=Yc
Q = Force in spring (assumed in tension)
Q=+kA=k(yp = yc) =k(Byc = yc) =2kyc Sy
(a) C=120N, E=F=H=0
Virtual Work:
oU =0: —(120N)0y-+Q0y-—Qdy=0
—1206yc +Q6yc —QBdy-)=0
0=-60N 0=60.0N C <«
Eq. (1): 0=2ky,, —60N=2(15kN/m)y., y.=-2mm
At Point G: yg =4yc =4(-2 mm) = -8 mm ys =8.00 mmi <
(b) C=H=120N,E=F=0
Virtual Work:
oU =0: —(120N)dy. —(120N)y, +Q0y. —Q0y, =0
-1208y. —120(40y.) + 00y, —Q(30y-) =0
0=-300N 0=300N C «
Eq. (1): Q=2ky, -300N=2(15kN/m)y., yo =—10mm
At Point G: g =4y =4(-=10 mm) = -40 mm y; =40.0 mmi <
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PROBLEM 10.104

Derive an expression for the magnitude of the force Q required to
maintain the equilibrium of the mechanism shown.

SOLUTION

We have Xp =2lcos@ sothat Jx;, =—2Isin 606
0A=2150
0B =106

Virtual Work:
oU =0: —Qdx;, — POA—POB=0

—Q(-21sin 656) — P(2150) — P(156) =0
20Isin®—-3Pl=0 Q=% ,
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PROBLEM 10.105

Derive an expression for the magnitude of the couple M required to
maintain the equilibrium of the linkage shown.

SOLUTION
S
& |3
yg =3asin@ Oy, =3acos 806
yp =4asin@ Jy, =4acos 050
Virtual Work:
oU=0: -M&+Poy.+Pdy. =0
—M 660 + P(3acos 800) + P(4acos 666) =0 M =7Pacosf 4
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PROBLEM 10.106
Two rods AC and CE are connected by a pin at C and by a spring
AE. The constant of the spring is k, and the spring is unstretched
when 6 =30°. For the loading shown, derive an equation in P, 6, [,
and k that must be satisfied when the system is in equilibrium.
E
P
SOLUTION
yg =lcos@
Oy =—1sin6 6
Spring:
Unstretched length =2/
x=2(2lsin@) =4lsin
O0x =4l cos 860
F=k(x-2I)
F =k(4lsin8-2I)
Virtual Work:
oU=0: POy, —-Fox=0
P(-1sin866) — k(41sin @ — 21)(4lcos 0 60) =0
—Psin@—8ki(2sinf —1)cos@ =0
or %z(l—%inﬂ)zio;z 8—2:%
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PROBLEM 10.107

A force P of magnitude 240 N is applied to end E of cable CDE,
which passes under pulley D and is attached to the mechanism at C.
Neglecting the weight of the mechanism and the radius of the
pulley, determine the value of & corresponding to equilibrium. The
constant of the spring is k =4 kIN/m, and the spring is unstretched
when 6 =90°.

SOLUTION
s= r(ﬁ— Hj
2
Os =-1r66
F=ks =kr(£—6’)
2
CD = leing
2
J(CD) = ZICOSQ(lé‘&)
2\ 2
= lcosgé‘é’
2
Virtual Work:

Since F tends to decrease s and P tends to decrease CD, we have

oU =-Fds—Po(CD)=0
/4 [
—kr(— - 0) (-ro0)— P(l 005—56’) =0
2 2

3-6_ pl _ (240N)(0.3m)

cos? kr® (4000 N/m)(©0.12m)>

Solving by trial and error: 6 =0.33868 rad 6=19.40° <
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9in.

PROBLEM 10.108

Two identical rods ABC and DBE are connected by a pin at B and
by a spring CE. Knowing that the spring is 4 in. long when
unstretched and that the constant of the spring is 8 Ib/in., determine
the distance x corresponding to equilibrium when a 24-1b load is
applied at E as shown.

SOLUTION

Deformation of spring

Equilibrium:

s=EC—4in.:%—4

1 x 1 2x 2
V=—ks2—(24 Ib)—=—@ Ib/in.)| ——4 | —4x
2 6 2 3

dx 3 3
av_o 16(2x_,)_4_p
dx 303

x=7.131in. 4
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PROBLEM 10.109

Solve Problem 10.108 assuming that the 24-1b load is applied
at C instead of E.

PROBLEM 10.108 Two identical rods ABC and DBE are
connected by a pin at B and by a spring CE. Knowing that the
spring is 4 in. long when unstretched and that the constant of
the spring is 8 Ib/in., determine the distance x corresponding to
equilibrium when a 24-1b load is applied at E as shown.

9in.

SOLUTION

.
7

Deformation of spring

s=EC-4in="2-4

1, 5x 1 (2 Y
V=—ks® — (24 1b)>2 =—(8 Iblin.)| == —4 | —20x
2 6 2 3

s 24220

dx 3
Equilibrium: d—VzO 16 §—4 -20=0
dx 303
§_4=2() 3
3 16
2x .
?=4+3.75 x=11.63in. 4
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r PROBLEM 10.110

f Two bars AB and BC are attached to a single spring of constant k that is
¢ unstretched when the bars are vertical. Determine the range of values of P
o) D ! for which the equilibrium of the system is stable in the position shown.

} VYYE L -
—y——— o E l

a

{ o)

SOLUTION
s=({—a)sin@

V = P(2lcos0) +%ksz
= 2Plcos¢9+%k(1 —a)*sin® @
e —2PIsin 6+ k(I —a)* sin @cos

=-2Plsin@+ %k(l —a)’sin20

d*v )
W:—ZPlcos€+k(l—a) cos26 (D)
2
when 6=0: d—Z=—2Pl+k(l—a)2
dé
2 N2
Stability: %w: —2Pl+k(-a)* >0 P<% <

k(l-a)?
21

To check whether equilibrium is unstable for P = , we differentiate

Eq. (1) twice:

dv ) 5 .
3=2Pls1n6’—2k(l—a) sin20 =0, For 6=0
4

‘;7‘4/ =2Plcos 8 — 4k(l —a)* cos 20
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PROBLEM 10.110 (Continued)

_k(-a)’
21

For G=0 and P

d*v 5
= =2PI-4k(l-a)
e’

=k(l—a) —4k(l-a)* <0

_k(-a)’

Thus equilibrium is unstable for P Y
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C PROBLEM 10.111
[4
A homogeneous hemisphere of radius r is placed on an incline as shown.
Assuming that friction is sufficient to prevent slipping between the
hemisphere and the incline, determine the angle & corresponding to
A equilibrium when f=10°.
B
SOLUTION
c
(=]
G
g
D
Detail
CG= é r
V =W (-r@sin - (CG)cos )
d—VzW —rsinﬂ+§rsin9
do 8
Equilibrium: d_V =0, —sinf+ Esin 6=0
do 8
. 3.
smﬂzgsmﬁ (1)
For [=10° sin10° = %sin 0 sin@=0.46306, 0=27.6° 4
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PROBLEM 10.112

C_
0
A homogeneous hemisphere of radius r is placed on an incline as shown.
Assuming that friction is sufficient to prevent slipping between the
hemisphere and the incline, determine (a) the largest angle S for which a
k position of equilibrium exists, (b) the angle @ corresponding to equilibrium
B when the angle fis equal to half the value found in part a.
SOLUTION
o DR7IMD c
(=]
G
N <p=r ﬁ
"6 T \b\ N
- |
Detail
CG= é r
8
V =W (-r@sin - (CG)cos )
d—VzW —rsinﬂ+§rsin9
do 8
Equilibrium: d_V =0, —sinf+ Esin 6=0
do 8
. 3.
smﬂ:gsmé’ (1)
(@) Forp,,., €=90°
. 3. . 3
Eq. (1) SN S = g Sin 90°, sinf =3 22.02° Brax =22.0° 4
(b) Whenf=1p =1101°
Eq. (1) sin11.01°=§sin€; sin @ = 0.5093 6=30.6° 4

Note: We can also use ACGD and law of sines to derive Eq. (1).

sinf _sin@
- - )

cG CD

CG 3
sin f =——sin@; sin f=—sinf
P CD P 8
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