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CHAPTER 1       
INTRODUCTION     
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SOLUTION (1.1)


Free Body: Angle Bracket (Fig. S1.1)
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SOLUTION (1.2)







Free Body: Beam ADE (Fig. S1.2)
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Free-Body: Entire structure (Fig. S1.2)







[image: image11.wmf]0:(3)(3.75)0,

C

A

MRaWa

=-=

å











[image: image12.wmf]1.25

C

RW

=­








Free Body: Part AO (Fig. S1.2)
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SOLUTION (1.3)
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Then
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     ( b ) 
Segment CD
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SOLUTION (1.4)
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SOLUTION (1.5)
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Free body entire connection
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1.5 (CONT.)
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Segment AB
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SOLUTION (1.6)






Free Body: Entire Crankshaft (Fig. S1.6a)






( a ) From symmetry: 
[image: image33.wmf]AB

RR

=










[image: image34.wmf]0:2kN

zAB

FRR

===

å

Z










[image: image35.wmf]0:4(0.05)0,

x

MT

=-+=

å









   
[image: image36.wmf]0.2200Nm

TkNm

=×=×









( b ) Cross Section at D (Fig. S1.6b)
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SOLUTION (1.7)






Free-Body Diagram, Beam AB
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SOLUTION (1.8)






Free body entire frame
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Free body BCD
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SOLUTION (1.9)

     ( a )





or
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Thus
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SOLUTION (1.10)





(a) Free-body Diagrams, Arm BC and shaft AB

     (b) At C:
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     At end B of shaft AB:
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SOLUTION (1.11)
Free Body: Entire Pipe
Reactional forces at point A:
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Moments about point A:
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The reactions act in the directions shown on the free-body diagram.
SOLUTION (1.12)

Free Body : Entire Pipe


We have 1 lb/ft=14.5939 N/m (Table A.1). 


Thus, for 3 in. or 75-mm pipe (Table A.4): 14.5939(7.58)=110.62 N/m

Total weights of each part acting at midlength are:
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Reactional  forces at point A:
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Moments about point A:
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SOLUTION (1.13)

     ( a )

   









          (CONT.)


1.13 (CONT.)

     
Free body pulley B
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Free body CED
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Free body ADB 

   


[image: image82.wmf]­

=

=

=

-

=

å

kN

8

.

4

,

kN

8

.

4

,

0

)

5

.

1

(

)

5

.

0

(

:

0

Cy

y

y

y

A

R

D

B

D

M


     


[image: image83.wmf]¯

=

=

-

+

-

=

å

kN

2

.

3

,

0

:

0

Ay

y

y

Ay

x

R

B

D

R

F


     


[image: image84.wmf]®

=

=

-

+

=

å

kN

6

.

0

,

0

:

0

Ax

x

x

Ax

x

R

B

D

R

F


     
     ( b )
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SOLUTION (1.14)
     
Free body entire rod
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Free body ABE
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SOLUTION (1.15)

Free body entire rod:
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Segment ABE


At point E:
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SOLUTION (1.16)


   Side view

                    Top view


Fig. (b):
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Fig. (a):
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Fig. (c):
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SOLUTION (1.17)

   









          (CONT.)
1.17 (CONT.)


Free body-entire frame 
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Free body-member BC 
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and
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SOLUTION (1.18)







Free body-member AB 














                  








     













Free body-member CD 
















       













SOLUTION (1.19)
     ( a )
Power=
[image: image102.wmf]P=(pA)(L)(n/60)



               
[image: image103.wmf]1500

60

(1.2)(2100)(0.06)()3.78kW

==



Power required 
[image: image104.wmf]3.78

0.9

4.2kW

P

e

===


     ( b ) 
Use Eq.(1.15),
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SOLUTION (1.20)

Refer to App. A.1:
65 mph=65(5280)/60=5720  fpm.

     ( a ) 
From Eq. (1.17), the drag force equals,
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See: Fig. P1.20:
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It follows that
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Solving,
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We have
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See Fig. P1.20:
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Thus
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SOLUTION (1.21)

Refer to Solution of Prob. 1.20. Now we have 
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     ( a )
See: Fig. P1.20 (with 
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from which
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     ( b )
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SOLUTION (1.22)
     ( a )
Free-Body Diagram: Gears (Fig. S1.22).

Applying Eq. (1.15):
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Therefore,




[image: image128.wmf]668.5

0.125

5.348kN

A

A

T

r

F

===


     ( b )
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SOLUTION (1.23)

From Eq. (1.17), we obtain T=63,000 hp/n. Thus

For input shaft
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For output shaft
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Equation (1.14) gives
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SOLUTION (1.24)
     ( a )
Referring to Eq. (1.12):



power output
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     ( b )
Using Eq. (1.14), power transmitted by the shaft:



power input
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SOLUTION (1.25)

Equation (1.10) becomes
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Here, mass moment inertia with 5 percent added:
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(Table A.5)
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          (CONT.)

1.25 (CONT.)
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Equation (1) is therefore
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SOLUTION (1.26)

Final length of the wire:
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Initial length of the wire is
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Hence, Eq. (1.20):




[image: image146.wmf]'

94.5524294.33981

94.33981

ACAC

AC

LL

AC

L

e

-

-

==




       
[image: image147.wmf]0.002252250

==m


SOLUTION (1.27)
     ( a )

[image: image148.wmf]r

r

r

r

r

r

c

D

-

D

+

=

=

p

p

p

e

2

2

)

(

2




[image: image149.wmf]μ

2000

)

(

150

3

.

0

=

=

i

c

e




[image: image150.wmf]μ

800

)

(

250

2

.

0

=

=

o

c

e


     ( b )

[image: image151.wmf]μ

1000

150

250

2

.

0

3

.

0

=

=

=

-

-

-

D

-

D

i

o

i

o

r

r

r

r

r

e



SOLUTION (1.28)

[image: image152.wmf],21.41421

OBABBC

LdLLdd

====


     ( a )

[image: image153.wmf]0.0012

1200

d

OB

d

e

==m


( b )

[image: image154.wmf][

]

d

d

d

L

L

CB

AB

41506

.

1

)

0012

.

1

(

2

1

2

2

'

'

=

+

=

=


      

[image: image155.wmf]1.415061.41421

1.41421

601

ABBC

ee

-

===m


( c ) 

[image: image156.wmf](

)

1

1.0012

tan45.0344

o

d

d

CAB

-

==


Increase in angle 
[image: image157.wmf]CAB

 is 
[image: image158.wmf]45.0344450.0344

o

-=

.


Thus




[image: image159.wmf](

)

180

0.0344600

p

g

==m

 


SOLUTION (1.29)
( a ) 

[image: image160.wmf]μ

1200

250

5

.

0

8

.

0

=

=

-

x

e

            
[image: image161.wmf]0.40

200

2000

y

e

--

==-m


       

( b ) 

[image: image162.wmf])

1

(

'

x

AD

AD

x

AD

AD

L

L

L

L

e

e

+

=

+

=


                 
[image: image163.wmf]mm

3

.

250

)

0012

.

1

(

250

=

=


SOLUTION (1.30)


[image: image164.wmf]mm

)

10

(

120

150

)

10

(

800

3

6

-

-

=

=

D

AB

L




[image: image165.wmf]mm

)

10

(

200

200

)

10

(

1000

3

6

-

-

=

=

D

AD

L


     We have









     or










(1)


           
[image: image166.wmf][

]

mm

232

.

0

10

)

200

(

)

120

(

3

250

200

250

150

=

+

=

-


SOLUTION (1.31)


[image: image167.wmf]mm

26

.

424

300

300

2

2

=

+

=

=

BD

AC




[image: image168.wmf]''424.260.5423.76mm,''424.260.2424.46mm

BDAC

=-==+=



Geometry: 
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End of Chapter 1
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