! _ PROBLEM 9.195
12
20 : i ) i .
‘me A 2-mm thick picce of sheet steel is cut and bent into the
P A machine component shown. Knowing that the density of steel
/'/ AV is 7830 kg/m”, determine the mass moment of inertia of the
A4 ¥ ; .
y 150 mm component with respect to each of the coordinate axes.
r L i 4
1
v 120 mm
Y
lﬂ mrn 150 mm
Method of Virtual Work
A PROBLEM 10.1
|-<7 90 mm 4>-|-<—-‘
1 D . . ~ - - .
|sON COR— 1 Determine the vertical force P that must be applied at G to maintain

the equilibrium of the linkage.
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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.

PROBLEM 10.30

I & g2
g —B—WM—=
A \ig\ B sl i : A vertical load W is applied to the linkage at B. The constant of
T~ \\V/ 1~ the spring is k, and the spring is unstretched when AB and BC
\‘/ \a/ are horizontal. Neglecting the weight of the linkage, derive an
equation in 8, W, [, and k that must be satisfied when the linkage
W is in equilibrium.
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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 Ib and their combined center of gravity is located
directly above C. For the position when € =20° determine the
force exerted on pin B by the single hydraulic cylinder BD.

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.

k=50 Ib/in.

-wi/;w |

PROBLEM 10.75

A load W of magnitude 100 Ib is applied fo 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.
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PROBLEM 10.90

A vertical bar A/) is attached to two springs of constant £ and is in
equilibrium in the position shown. Determine the range of values of the
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.
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PROBLEM 10.105

Derive an expression for the magnitude of the couple M required to
maintain the cquilibrium of the linkage shown.
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Centroids of Common Shapes of Areas and Lines

Shape ¢ ¥ Area
Tri | h bh
riangular area s i
? 3 2
i 4r 4r ar?
Quarter-circular area o s
3 3 4
4 7
Semicircular area 0 A L
3m 2
. . 3a 3h 2ah
Semiparabolic area = - =
8 5 3
3h dah
Parabolic arca 0 = i
5 3
| a
: = / Ja 3h at
Parabolic spandrel h ot il b
P - i 4 10 3
o)t {7
r ’/Hﬁ
_-/j _ o .
2rsino
Circular sector i = ] @ 0 ar?
O‘ E&}C\ 3«
e — B
; l 2r 2r iia
Quarter-circular arc |
| ______ZZ__T \ ) T 2
C
- ol l L — —l/ 2r
Semicircular arc ‘ 0 o mr
< >
_—\
L
; \’f/"”iu ) r sina
Arc of circle T e 0 2ar
ST o
ey
I X
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Volume

Shape

. Sa 23
Hemisphere 3 7@
Semiellipsoid 3h 2
of revolution g a 7a*h
Paraholoid h 1o
of revolution 3 5%

Cone % % ma’h

id LI I 9 14
Pyram 1 5

-

Fig. 5.21 Cenfroids of common shapes and volumes.
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Moments of Inertia of Mass Moments of Inertia of

Common Geometric Shapes Common Geometric Shapes
Rectangle Slender rod
I, = b’ ’ !
r EW& I,=1,=#mlL?
g tz 5 T » 2 12
‘rx = ?bgh h C x!
I), = §b h
Ic = mhh(h + i) S x
‘-—b *—‘ Thin rectangular plate
Triangle I,= %m(l:" +c?)
I e .4
[ /'\ 4 1I;.mc,
I, — 5mb
7 1
¥ = 3—1.51‘-’f13 h [ @ \ ,
Iy = 1bl? l / \ fh "
¥/ 3
|*— b —’4 Rectangular prism
I, = pm(b® + &)
Circle I, = Hym(c? + @)
_,ﬂ.i L= ﬁm(az + bz)
.'; = éqyn" | il x
0 -
% / Thin disk
\""--__.-"
I, = mr’
Semicircle I =1,=3mr
Y
—_1_
1= o T N |
Jo = gmr Circular cylinder
I, = %mﬂ2

=

~
Il

y = I, = pm(3a* + L?)

Quarter circle

Circular cone

To = tart

I, = %ma:

I, = ‘rz=%m(%az+ )
Ellipse

“ A
a — 3 Sphere
5§ ag
L—;mz? [ J \ b . I,=1,=1,="'md
1, = jma’b \ 0 / 4
Io = mab(a® + b?) J
-
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Axis X-X Axis Y-¥
Arpa | Depth  Width T EJ m Tv Ey ]
Deslgnation mm? mm mm 106 mm* mm 106mm* mm  mm
2 W460 > 113f 14400 462 279 554 196 63.3 66.3
W Shapes o | WALOX 85 L0800 417 181 316 171 7. 40.6
(Wide-Flange | W360 % 57.8 7230 358 172 160 149 11.1 394
Shapes) X X | W200 % 46.1 5880 203 903 45.8 88.1 15 51.3
I— _j
Y
Y S460 % 81.4% 10300 457 152 233 180 8§62 290
§Shapes | | 5310x47.3 6010 | 305 127 90.3 123 388 254
(American Standard === 5950 % 37.8 4810 954 118 51.2 103 280 241
Shapes) 5150 X 18.6 2360 152 84.6 9.16 62.2 0749 178
X—. ll A
Y
Y C310 % 30.5} 3920 305 4.7 53.7 117 161 202 17.7
C Shapes C250 % 22.8 2890 254 66.0 28.0 98.3 0945 181 161
(American Standard . C200 X 17.1 2170 203 57.4 13.5 79.0 0545 158 145
Channels) C150 x 12.2 1540 152 48.8 5.45 59.4 0.286 136 13.0
Y
Y L152 X 152 x 254} 7100 14.7 455 472 1] 455 472
L102 X 102 % 12.7 2490 2.30 307 300 230 307 300
== L76 X 76 X 6.4 929 0512 235 212 0512 235 212
L152 X 102 % 12.7 3060 7.20 485 503 259 200 2409
Angles [127 XTEX12.7 2490 3.93 40.1 442 1.06 209 189
L76 x 51 X 6.4 768 0454 242 249 0162 145 124
7% X
I
.

Fig. 9.13B Properties of rollad-steel shapes (S1 units).

fNominal depth in millimeters and mass in kilograms per meter
{Depth, width, and thickness in millimeters
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Reactions at Supporis and Connections for a Two-Dimensional Structure

AT o 1.
Support or Connection Reaction l{};i;;’er US[

Frictionless Force with known
Rollers Rocker et T

Short cable Short link Force with known
line of action

\%@ﬁﬁ
F 1
/
< 7 /
11 ¢
Collar on - i Force with imown
frictionless rod rictionless pin in slot line of action
or
O 2
o
Frictionless pin Rough surface Force of unknown
or hinge direction

i

Force and couple

Fixed support

The first step in the solution of any problem concerning the
equilibrium of a rigid body is to construct an appropriate free-body
dlagram of the body. As part of that process, it is necessary to show

..... B Ty P | P P P R Y P
on the UIdgldl tNeé reaciions nrougn Wwnicn ine ground and other
hodies oppose a pgsslblp motion af the hod}_r The flnllrr-u: on this and

the facing page summarize the possible reactions exerted on two-
and three-dimensional bodies.
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Reactions at Supports and Connections for a Three-Dimensional Structure

A 1™

p

T,

A

F -
: j — ol ' »
//
g g =2 = = Force with known Force with known
=== : == 7 line of action Cable line of action
Ball Frictionless surface (one unknown) (one unknown)
F.'d"
F

/‘Nh eel on rail

Roller on
rough surface

r, A
e a
: / F,
- = F,
f./ — i //.
- : s Three force components
Rough surface Ball and socket
| _f‘My
| R
- F, M
@E——— ! > -C—bx
L 5 M.: e - 2
- ,") E
Universal Three force components ) Three force components
joint and one couple Fixed snpport

and three couples

Hinge and bearing supporting radial load only

T'wo force components
(and two couples; see page 191)

Hinge and hearing supporting
axial thrust and radial load

Pin and bracket

I:L[z) f\-‘_._ K
o L

Three force components
(and two couples; see page 191)

z
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