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16-41. At the instant § = 50° the slotted guide is moving
upward with an acceleration of 3 m/s* and a velocity of
2 m/s. Determine the angular acceleration and angular
velocity of link AB at this instant. Note: The upward motion
of the guide is in the negative y direction.

|I Tv=2m&

a=3m/s

o
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16-41.

At the instant 6 = 50°, the slotted guide is moving upward
with an acceleration of 3m/s> and a velocity of 2m/s.
Determine the angular acceleration and angular velocity of
link AB at this instant. Note: The upward motion of the
guide is in the negative y direction.

SOLUTION

y =0.3cos6
y = v, = —03sin 06

y=a, = —O.S(Sineé + cos 992)

Here v, = —2m/s,a, = =3 m/s?, and 6 = 0,0 = 0,0 = a,0 = 50°.
—2 = —0.3 sin 50°(w) o = 8.70 rad/s

—3 = —0.3[sin 50°(a) + cos 50°(8.70)*] a = —50.5 rad /s’

B
300 mm r
W, o
< y
o =
G CF ))
A
T v=2m/s
a=3m/s’
23m
Ans. oW
g ¢
Ans.
' Y=am(s
AQz3mfs
Ans:
o = 870rad/s

a = —50.5rad/s?

670




16-109. Member AB has the angular motions shown.
Determine the angular velocity and angular acceleration of
members CB and DC.

w

o
Ap — 2rad/s

a,, = 4rad/s’

Prob. 16-109
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16-109.

Member AB has the angular motions shown. Determine the

angular velocity and angular acceleration of members CB

and DC.

SOLUTION ‘/
Rotation About A Fixed Axis. For crank AB, refer to Fig. a. % =

Vp = WAB'AB — 2(02) =04 m/S <«

——

2, TR s N

ap = aup X Tap — WABTAR
— (4k) X (02) — 2X(0.2§) Qg
= {-0.8i — 0.8j} m/s’
For link CD, refer to Fig. b.
ve = wcprep = wep(0.1) (_a')
ac = acp X rcp — wepkep
(—acpk) X (=0.1j) = wip(—0.1j)

= —0.lacpi + 0.1wzpj

—

{ [ i@

olm

General Plane Motion. The IC of link CD can be located using vz and v of which
in this case is at infinity as indicated in Fig. c. Thus, rg/c = reyc = %. Thus, (b )
kinematics gives ‘

v 0.4
G)BcziBzizo Ans.
I'p/IC %
Then
Ve = Vg, wCD(Ol) =04 wcp = 4.00 rad/s D Ans.

Applying the relative acceleration equation by referring to Fig. d,

ac = ag + apc X rep — WhCreyp
—0.1lacpi + 0.1(4.00%)j = (—0.8i — 0.8j) + (apck) X (—0.45 sin 60°i — 0.45 cos 60°j) — 0 (c )
—0.1acpi + 1.6 = (0.225apc — 0.8)i + (—0.8 — 0.3897ap()j
Equating j components,

1.6 = —=0.8 — 0.3897apc;  ape = —6.1584rad/s’> = 6.16rad/s> D Ans.
Then i components give

—0.dacp = 0.225(—6.1584) — 0.8;  acp = 21.86rad/s* = 21.9 rad/s> D Ans.

Ans:

[0):Tel = 0

wcp = 4.00Tad/s D
age = 6.16rad/s? D
21.9rad/s? D

acp

742




17-109. The 500-kg concrete culvert has a mean radius of
0.5 m. If the truck has an acceleration of 3m/s*, determine
the culvert’s angular acceleration. Assume that the culvert
does not slip on the truck bed, and neglect its thickness.

4m

Prob. 17-109
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17-109.

The 500-kg concrete culvert has a mean radius of 0.5 m. If — A 3 m/s?
the truck has an acceleration of 3m/s?, determine the ‘

culvert’s angular acceleration. Assume that the culvert does
not slip on the truck bed, and neglect its thickness.

SOLUTION

Equations of Motion: The mass moment of inertia of the culvert about its mass
center is I = mr? = 500(0.5?) = 125 kg~ m?. Writing the moment equation of
motion about point A using Fig. a,

C+3IMy = S(MY): 0= 125a — 500a5(0.5) @)

Kinematics: Since the culvert does not slip at A, (a4), = 3 m/s%. Applying the
relative acceleration equation and referring to Fig. b,

ag =ay + a X164 — wer/A
agi = 3i + (ay),j + (ak X 0.5)) — ?(0.5§)
agi = (3 — 0.5a)i + [(a), — 0.50%]j
Equating the i components,
4G = 3 — 05a @)
Solving Egs. (1) and (2) yields
ag = 1.5m/s*? —

a = 3rad/s? Ans.

500(48N

(@

Ans:
a = 3rad/s?

900




18-58. The slender 6-kg bar AB is horizontal and at rest
and the spring is unstretched. Determine the stiffness k of
the spring so that the motion of the bar is momentarily
stopped when it has rotated clockwise 90° after being
released.

¥ —

k 1.5m

[fﬁﬁ’g——
! 2m

Prob. 18-58
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18-58.

The slender 6-kg bar AB is horizontal and at rest and the
spring is unstretched. Determine the stiffness k of the spring
so that the motion of the bar is momentarily stopped when
it has rotated clockwise 90° after being released.

SOLUTION [é

Kinetic Energy. The mass moment of inertia of the bar about A is
1

2m

I = 5O() + 6(P) = 800kg-n?. Then |

1 1
T= EIA W’ = E(8.00) o’ = 4.00

Since the bar is at rest initially and required to stop finally, 7; = 7, = 0.

Potential Energy. With reference to the datum set in Fig. a, the gravitational

<M

potential energies of the bar when it is at positions @ and @ are
(Vo = mgy; = 0
(Vy)r = mgy, = 6(9.81)(—1) = —58.86]

The stretch of the spring when the bar is at position @ is

n=V2+35-15=25311m

Thus, the initial and final elastic potential energy of the spring are

1
(Vo = Hhod = 0

1
(V)2 = Ek(2.53112) = 3.2033k

Conservation of Energy.
L+Vi=T5HL+V,
0+ (0+0)=0+ (—58.86) + 3.2033k
k = 183748 N/m = 184 N/m Ans.

()

Ans:
k = 184N/m

972




16-42. At the instant shown, # = 60°, and rod AR is
subjected to a deceleration of 16 m/s* when the velocity is
10 m/s Determine the angular velocity and angular
acceleration of link CI) at this instant.

Prob. 1642




16-42.

Al the instant shown, # = 60°, and rod AB is subjected to a
deceleration of 16m/s’ when the velocity is 10m/s.
Determine the angular velocity and angular aceeleration of
link €D at this instant.

SOLUTION
x=2(03)cosd
x = —06sin6(f)

= —06cosf(f)? — 0.6sina(d)

Using Egs. (1) and (2) at @ = 60°,& = 10m/s,¥ = —16 m/s”.

10 = —0.6 sin 60°(w)

=]
I

—19.245 = —19.2 rad/s
—16 = —0.6 cos 60°(—19.245)* — 0.6 sin 60°(a)

~183 rad/s’

=1
I

v = 10ms
- —

a=1h m,-“s2

(1)

(2)

Ans.

Ans.




16-43. The crank AB is rotating with a constant angular
velocity of 4 rad/s. Determine the angular velocity of the
connecting rod CD at the instant § = 30°.

drad/s

Prob. 16-43




16-43.

The crank AB is rotating with a constant angular velocity of
4 rad/s. Determine the angular velocity of the connecting
rod CD at the instant # = 30°

SOLUTION

Position Coordinate Equation: From the geometry,
0.3sing = (0.6 — 03 cos ¢) tan 6 [1]

Time Derivatives: Taking the time derivative of Eq. [1], we have

i , dff j( . A , ﬂ'ti:)
03 Lﬂbtﬁ!ﬁ = U.ﬁbLLﬂa (0.3 cos #sec Hdr lanﬂbmﬂm

dp [ﬂﬁ[uu& ¢ — lan # $in :ﬁ-}]n‘é 2
dt | 03sec’(2 - cosg) dt
df dh : .
However, 7 = W, n = wyp = drad/s. Al the instant 6 = 30°, from Eq. [3],
(

¢ = 60.0°. Substitute these values into Eq. [2] yields

0.3(cos 60.0° — tan 307 sin 60.0°) §=0 A
i — = ns.
B | 035 (2 - csOF) ).

I

D




16-106. Member AB has the angular motions shown.

Determine the velocity and acceleration of the shder block
C at this instant.

Prob. 16-106




16— TiMs.

Member A8 has the angular motions shown, Determine the
velocity and acceleration of the slider block  at this instant.

SOLUTION
Rotarion About A Fived Axis. For member AE, refer to Fig. a.
Vg = WapFag — 4':’2} = Hm_.'lﬁ -—

By = ap A Ty — WagTag

= (—5k) % (2j) — 4%(2j) = {10i — 32§} m/s"

General Plane Motion. The IC for member 8C can be located using v and v- as

shown in Fig. b From the geometry of this figure

3
B = 1un_](4) = 36.87° 8 =00 — ¢ = 531%

Then
Fruc —
05 = tan 53.13; Fpae = 26067 m
03 o a®i13:  repe = 0A3EEm
T

The kinematics gives
g = WH:'IH_;I[': "= ﬂlﬂ['{zﬁﬁﬁ?j

wgr = 3.00 rad /s %
Uy = wgerege = J00(0LE333) = 250 m /s «
Applying the relative acceleration equation by referning to Fig. ¢,
ap = ayg + oge ¥ reg — W.-fj:'l':'.-ﬁ

4

Ans

—::t.{—Ji —.ﬁt.(i)j = (1068 — 325} + gk = {—0L51 — 2§) — (3.00°) (—0.5 — 2§)

5 5

_gﬂ['i - %ﬂ'{j == :-Efl:‘,r[' + ]45“ e {_I.'.E'I.'I:H[_]‘q'}j

Equating i and j components

_sﬂ:' = Ell.'l:‘.n:' + 14.5
3
_sﬂ:' = _‘]jﬂﬂt' - 14

Salving Eqgs. (1) and (27,
ar = 1299 m/s" = 130m/s &
age = —124375 rad /s = 124 rad/s" )

(1)

2)

Amns.
Amns.

The negative sign indicates that age is directed in the opposite sense from what is

shown i Fig. (c).

o= 13.0m/s"
g = 124 rad /s )




16-107. At a given instant the roller A on the bar has the
velocity and acceleration shown. Determine the velocity
and acceleration of the roller B, and the bar’s angular
velocity and angular acceleration at this instant.

4m/s
6 m/s* *

Probh. 16107




16-107,

At a given instant the roller A on the bar has the velocity
and acceleration shown. Determine the wvelocity and
acceleration of the roller 8. and the bar’s angular velocity

. . 4 ms
and angular scceleration at this instant. p m.'s!{
¥ I

SOLUT ON

Creneral Plane Motion, The IC of the bar can be located using v, and v as shown
in Fig. . From the geometry of this figore,
Fage = rgge = 0Gm

Thus. the kinematics give

By = e 4 = wi{{lh)
w = 6.667 rad/s = 6.67rad/s 5 Ans.
vy = argge = G.06T{(0.6) = 400 m/ s s Ans.

Applying the relative acceleration equetion, by referring to Fig. b,
ag =8, + o X ryy — &F T
i oos 3L — ag sin 30°) = —6j + (ek) X (0.6 sin 30% — (0.6 cos 30°)
— (6.6677) (0.6 sin 30°1 — 0.6 cos 30°)
V3
2

1
i — sauj = (03V3e — 1333)i + (03a + 17.09)j

Eguating i and j components,

VTju,,, = 03V32 — 1333 (1)
1
—5au = 0.3 + 17.09 (2)
Solving Eqgs. (1) and (2)
a = —1566 rad/s" = 157 rad/s" 2 Ans
ay = —2479m/s’ = 248 m/s* N Ans.

The negative signs indicate that o and 8, are directed in the senses that opposite to

those shown in Fig. &

Aok

w = 667 rad;/s D
vg = 400 m/s ™
a = 157 rad/s* 2
ay = 24 E8m/s* %




16-113. The reel of rope has the angular motion shown.
Determine the velocity and acceleration of point A at the

instant shown.

16-114. The reel of rope has the angular motion shown.
Determine the velocity and acceleration of point B at the

instant shown.

Probs. 16-113/114




16-113.

The reel of rope has the angular motion shown. Determine
the velocity and acceleration of point A at the instant shown.

SOLUTION

General Plane Motion. The IC of the reel 1s located as shown in Fig. a. Here,

rage = VOE +0.F =01414m
Then. the Kinematics give
vy = Wrage = 3(0.1414) = 04243 m/s = 0424 m /s =5 Ans.

Here ac = ar = 8(0.1) = 0.8m/s* }. Applying the relative acceleration equation
by referring to Fig. b,

Ay =ac t @ X1y~ Wy

~0.8j + (8k) x ‘=0.1j) — 3(-0.1j)

a,

{08i + 0.1} m/s*
The magnitude of a is
ay = V0§ + 0.7 = 08062 m/s" = 0806 m/s° Ans.

And its direction 1s defined by

g = lan"(o']) = 7035 = 113 2 k.

.0,

olm




16—114.

The reel of rope has the angular motien shown. Determine
the velocity and acceleration of point 8 at the instant shown.

a = & rad /s "
w o= Srad/s i

SOLUTION

General Plane Motion. The /O of the reel is located as shown in Fig. a. Here.
rype = 0.2 m. Then the kinematics gives

vg = argge = (302) = 06m/s | Ans.
Here, g = ar = 8{0.1) = L8 m/s l..ippl}':ing the relative acceleration equation,

By = By T & X T — aF g

—08 + (8k) = (—C.1i) — 34{—0.18)

By

{09 — 16§} m/s
The magnitude of ay is
ay = W0 + (—16)F = 183588 m/s = 184 m /< Ans.

And iix diection is defined by

1.6
# = tan’ (ﬁ\}l = fll64" = 60.6° =G Ans.

ozm | 0m

,;Cr._gruyj
Tejzc\|, 7€ & =8 radfs *

wW=3radls

a,=08 F'F/:' a

(b)




17-95. The tire has a weight of 30 lb and a radius of
gyration of kg = 0.6f1. If the coefficients of static and
kinetic friction between the tire and the plane are p, = 0.2
and p; = 0.15, determine the maximum angle @ of the
inclined plane so that the tire rolls without slipping.

Probs. 17-94/95




17-44,

The tire has a weight of 30 Ib and a radius of gyration of
ke = 064 If the coefficients of static and kinetic friction
between the wheel and the pline are g, =02 and
gy = (15, determine the tire's angular acceleration as it
rolls down the incline. Setd = 12"

SOLUTION

) . 30
+/5F = mlag),:  Wsnl2' - F= (Ejaﬁ

ANEF = mlag); N -3es2 =10
CHEM; =l F(1.25 -[(ﬂ) {H‘.J]
Mg = i o] (123) = 32..‘!(']&

Assume the wheel does not slip.

iy = {llsl:lﬂ'

Salving:
F=117I
N=23lb
ag = S
a =435 rad/s’

Fl = 02(2034) = 5871b = 1171

& Ii“L

I F

Ans.

1] 9




17-101.  If the coefficient of static friction at C is g, = 0.3,
determine the largest force F that can be applied to the 5-kg
ring. without causing it to slip. Neglect the thickness of

the ring.

Probs. 17-100y101




17-1101.

If the coefficient of static friction at & ispr= 13, determine
the largest force F that can be applied to the 5-kg ring.
without causing it to slipe Meglect the thickness of
the ring.

SOLUTION

Equations of Motion: The mass moment of inertin of the ring about its center of
gravity 5 is f = mrs = 10(04%) = 160 kg-m‘z. Here, it 15 required that the rng s
on the verge of slipping at C, F; = @, N = 0.3 N. Referring to the FBD and kinetic

diagram of the ring, Fig. a
+1EF, = miag),: Fsin 45° + N — 10(9.81) = 10(0)
TEFE = miag), Feoos 45" — 03N = 10as
G+ EM; = Igo; Fsin 15°(04) — 03 N{04) = —1 .60
Kinematies. Since the ring rolls withou: slipping,
a; = ar = w(04)
Solving Eqgs. (1) to (4],
F=4234N = 423N
N =6316N a = 2373 rad /s 2 dg = (L9490 m/s" —

10(9-80N F

@)

(1)
(2)
(3

4

Auns,

I =f604
Ay 10%




1845, The 12-kg slender rod is attached to a spring, which
has an unstretched length of 2 m. If the rod is released from

rest when # = 30°, determine its angular velocity at the

Instant @ = 90°,

'rob. 1545




185,

The 12-kg slender rod is attached to a spring. which has an = 2m .
unstretched length of 2 m. If the rod & released from rest
when # = 307, determine its angular velocity at the instant |

= 9r. m

SOLUT ON

Kinetic Energy. The mass momemt of inertia of the rod abouwr 4 is

I = 11_?(]1}{;:1; + 12{F) = 16.0kg-m". Then

1 1
T= E.f,-,&f = E{]ﬁmm’ = .00 w

Since the rod 1= released from rest, T; = 0.

Potential Energy. With reference to the datum set in Fig. a, the gravitational
potential energies of the rod at positions 0 and @ are

(Ve = mg({—w) = 12{2.81){—1 sin 30F) = —58.86 ]
(Vo) = mg(—w,) = 12(281){—1) = —117.72]

The stretches of the spring when the rod is at positions @ and @ are

x =22sinT5) — 2 = 18637 m
= VP 4+ -2 =08284m

Thus, the mitial and final elastic potential energies of the spring are

1,
[i‘.:}l = 1 k'i'T

1 .
2[-ﬂ.u]u[l.:mﬁr*] = 69.47]

1, 1 )
(V) = Ek.rg E[-ﬂ.u}{u_zﬂwf] = 13377

Conservation of Energy.
T, +V,=T+W
0 + (—58.86) + 6947 = 800w’ + (—117.72) + 13.73
® = 37849 rad/s = 3.78 rad/s Ans.

Ans:
ar = 3 T8 rad/s




18-53. The two 12-kg slender rods are pin connected and
released from rest at the position # = 60°. If the spring has
an unstretched length of 1.5 m, determine the angular
velocity of rod BC, when the syvstem is at the position
# = 30",

Frob. 18-53




1853,

The two 12-kg slender rods are pin connected and released
from rest at the position # = 60°. If the spring has an
unstretched length of 1.5 m. determine the angular velocity
of rod BC, when the system is at the position 8 = 30°.

SOLUT ON

Kinetic Emergy. Since the system is released from rest. T} = 0. Referring to the
kinematics diagram of rod SC at final position with /C so located. Fig. a

Fage = Fege = 2m Foge = 25in60F = Vim
Thius,

(Va)s = (wpehoraues  (Va)z = (wpedal?)

(Vo = (wachrege; (Vo) = (wpchl(?)

(Voh: = (wachirane:  (Vade = (wack( V3)
Then for mod A8,

(Vil: = (waghra  (osch(2) = (@as)x(2)

(wan): = {wac)k
Thus,
T, = Myl + Holoach} + 3miVeh

11 il 1 |
- Ehflz}{zz}]fwm-ﬁ - E[ﬁ{umzjl{mm.}g + 312 (wge): V3P
= 28.0(wyc )]

Potential Energy. With reference to the datum set in Fig. b, the initial and final

gravitational potential energy of the system are
(Veh = 2mgy; = 2[12{9.81)(1 sin 60°)] = 203.901
(Ve = Zmgy, = 2[12(9.81)(1 sin 30°)] = 117.72]
The stretch of the spring when the system 15 at initial and final position are
=22cos6lf) - 15=05m
B=22cos30F) - 15 =19%41m

Thus, the initial and final elastic potential energy of the spring are

(V) = —ke} = %c:m[n.sz} = 250]

b | =

, 1 )
ket = 5(20)(1.9645°) = 3858

bk |

(¥): =




	59ec493a7a4a56776350557a9e85b8f86cda9ac8b7cd805b2acf0b992c855e95.pdf
	a5233e47b53326c3bf511db4f844c541b238cf4c363d43c30c9a67eaeb6cb39b.pdf
	59ec493a7a4a56776350557a9e85b8f86cda9ac8b7cd805b2acf0b992c855e95.pdf
	5b6bd0026bde26510487b95a42e7d8efcccb6ca0af0c3e05e86f682e6811e781.pdf
	59ec493a7a4a56776350557a9e85b8f86cda9ac8b7cd805b2acf0b992c855e95.pdf
	07691e3a8a0cf9baeea0abefc1ab0ee3f92e0b745a08928522376a5164027d31.pdf
	59ec493a7a4a56776350557a9e85b8f86cda9ac8b7cd805b2acf0b992c855e95.pdf
	9a257be420a8059ea3b09331e9d0a086ceeefbeed2712292e3ba29181455f959.pdf

