PROBLEM 12.16

7y Block A4 has a mass of 40 kg, and block B has a mass of 8 kg. The
4 coefficients of friction between all surfaces of contact are u, = 0.20
4 . W, = 0.15. Knowing that P = 50 N —, determine (a) the acceleration of

-
£3 %\. ' i/ block B, (b) the tension in the cord.
e, ) ‘-..-.1 A
%\ ,
250:”“‘3“
SOLUTION
Constraint of cable:  2x, + (xz — x,) = x, + x5 = constant.
ay+ag =0, or ag = —ay
Assume that block 4 moves down and block B moves up.
Block B: +/%F, = 0: N,z —Wzcosf =0
We /¥ ) W,
‘*‘\ o> N\IZF, =ma,: —T+ uN,+Wysind = —La,
I i —~y Eliminate N,z and a,.
ANpe Nae /? —T + Wy (sin® + prcos@) = Wyl = 24

8 g
A oS = ’\\; |
7%\\75 % / Block 4: +/%F, = 0: N, — N —W,cos@ + Psing = 0

N, =N,z +W,cos@ — Psin@

=(Ws + WA)cost9 — Psiné

XF, =mya,: —T + W, ;sin@ — F,;z — F; + PcosO = &aA
g

Wy (smH + ycos@) —£ + W,sin@ — uWycos@
"

—u(Wy + W,)cosé + puPsin® + Pcost = w24
g

(WA—WB)sinﬁ - y(WA+3WB)c0sH + P(usin0+cost9) = (WA+WB)a—A
g
Check the condition of impending motion.

u=u =020, a,=az =0, 6=25°

(W —Wy)sin€ — pu (W, + 3Wy)cos8 + P,(p,sinf + cosf) =




PROBLEM 12.16 CONTINUED

P s (W + 3Wg)cos6 — (W, — Wy)sin6

Hgsinf + cosé

_ (020)(64)(981)c0s25°~(32)(981) _ 10 04 < 50 N

0.20sin 25° + cos 25°

Blocks will move with P = 50 N.

Calculate 24 using ¢ = g = 0.15, 8 = 25°, and P = 50 N.
g

a, (W,—=Wg)sin@—u, (W, +3Wg)cos @+ P(u, sin 6+ cosb)
8 Wy + Wy

_ (32) (9.81) sin 25° — (0.15) (64) (9.81) cos 25° 4 (50) (0.15 sin 25° +cos 25°)
(48) (9.81)

= 0.203449
a, = (0.203449) (9.81) = 1.995 m/s*
(@) ap=-1.995 m/s* ap =2m/s? ™x25° <

(b) T =Wy (sin@+ pcos) + Wy 4
g

=(8) (9.81) (sin 25° + 0.15 cos 25°) + (8) (9.81) (0.203449)

T=598N 4
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PROBLEM 12.22

To transport a series of bundles of shingles 4 to a roof, a contractor uses a
motor-driven lift consisting of a horizontal platform BC which rides on
rails attached to the sides of a ladder. The lift starts from rest and initially
moves with a constant acceleration a; as shown. The lift then decelerates
at a constant rate a, and comes to rest at D, near the top of the ladder.
Knowing that the coefficient of static friction between the bundle of
shingles and the horizontal platform is 0.30, determine the largest
allowable acceleration a; and the largest allowable deceleration a, if the
bundle is not to slide on the platform.

SOLUTION

rl

No

Acceleration a, : Impending slip. F = N, = 0.30 N,
XF, =mya,: N;—W, =m,a sin65°
N, =W, + ma,sin 65°
= mA(g + alsin65°)
A 3F, =mya,: F = m,a cos65°
F = uN or mya cos65° = 0.30m,(g + a;sin65°)

a = 0308 = (1.990)(9.81) = 19.53 m/s>

c0s65° — 0.30sin 65°

a, = 19.53 m/s* <7 65° <
Deceleration a, : Impending slip. F, = ugN, = 0.30 N,
2F, =ma,: N, —W, =-m,a,sin65°
N, =W, — m a,sin65°
X 3F, =ma,: F, = mya,cos65°

F, = ugN, or m4a, c0s65° = 0.30m (g — a, cos65°)

a, = 0308 = (0.432)(9.81) = 4.24 m/s>

c0s65° + 0.30sin 65°

a, = 424 m/s* 7 65° <




PROBLEM 12.29

The coefficients of friction between the three blocks and the horizontal

p surfaces are = 0.25 and g, = 0.20. The masses of the blocks are

G — &l " my =mc =10kg,and my =5 kg. Knowing that the'blocks are initia}ly

W = e at rest and that C moves to the right through 0.8 m in 0.4 s, determine

; (a) the acceleration of each block, (b) the tension in the cable, (¢) the
force P. Neglect axle friction and the masses of the pulleys.

- =
F_..-C

SOLUTION

Let the positive direction for position coordinates, velocities, and
accelerations be to the right. Let the origin lie at the fixed anchor.

Constraint of cable: 3(xc — xA) + (xc - xB) + (—xB) = constant
4a, —2az —3a, =0 (1)
Block 4: [ £F, = 0: N, —m,g =0

Ny =myug, Fy= Ny = pym,g

S 3F. =mya.;: 3T —F, =mya,

aA:wzg_olzog ©)
m, 10

Block B: Ny = mpg, Fy = puymgg

FL.3F, = mgag: 2T — Fg = mpag

_ 2T — pymgg 2_T

ag - 0.20¢g 3)
mg 5
Block C: Ny = mog, Fr = ypmeg
F.3F, = meay: P — AT = meae “

. . 1 1
Kinematics: xo = (xc)o + (Vc)o + Eact2 =0+ Eact2

2[’% ~ (XC)J _(2)(08) 10.00 my/s> 6)

a
‘ 5 (0.4)’

Substitute (2), (3) and (5) into (1).

(4)(10) - (2)(2% - o.zogj - (3)(% - 0.20gj =40-17T -2g =0




PROBLEM 12.29 CONTINUED

40 -2g 40 —(2)(9.81)
7 1.7

T = 29294 N

From (4), P = 4T + mcac = (4)(29.294) + (10)(10) = 236.80 N

From (2), a, = % —(0.20)(9.81) = 6.826 m/s’
From (3), ag = w —(0.20)(9.81) = 9.756 m/s
(a) Acceleration vectors. a, =683 m/s> — <

a; = 9.76 m/s>— «
a. = 10 m/s> — <

Since a,, ag, and a. are to the right, the friction forces

F,, Fg, and F. are to the left as assumed.

(b) Tension in the cable. T =293N 4

c¢) Force P. = —
F P P = 237N <




PROBLEM 12.30

250N N The 15 kg block B is supported by the 27 kg block 4 and is attached to a
-— Q\ 5 cord to which a 250 N horizontal force is applied as shown. Neglecting
A 4 friction, determine (a) the acceleration of block A4, (b) the acceleration of
~/ block B relative to A.
y 2501
27 kg
SOLUTION
ap = a, + ay,,, where ag, , is directed along the inclined contact
surface.
Block B: +\ ZF, = Zma,:
Nmf (15 cos 25°) a, + 15 ag,, = 250 — (15) (9.81) sin 25°
We
13.595 a, + 15 ap, = 187.812 (1)
+/XF, = ¥mpa,: N p — Wyc0825° = —mpa,sin25°
(15 sin 25°) a, + N,z = (15) (9.81) cos 25° or 6.339 a, + N, = 133.363(2)
T T Npg Block A: * XF, = ma,: T —Tcos25° + N ,5sin25° = m,a,
w‘l T |— 27 a, — (sin 25°) N,z =250 (1- cos 25°)
WA Qa4
N 27 a, —0.42262N 4 =23.423 3)

Using (2) and (3) to eliminate N,z and solve for a,
(a) Acceleration of block 4. a, =27 m/s? — <
Substituting for a, into (1) and solving for ag, 4,

(b) Acceleration of B relative to 4. ag, , = 10m/s? ™ 25° 4




PROBLEM 12.32

A 25-kg block A rests on an inclined surface, and a 15-kg counterweight
B is attached to a cable as shown. Neglecting friction, determine the
acceleration of 4 and the tension in the cable immediately after the
system is released from rest.

SOLUTION

Let the positive direction of x and y be those shown in the sketch, and let
the origin lie at the cable anchor.

Constraint of cable: x, + yz,, = constant or a, + ag,, = 0, where
the positive directions of @, and ap, 4 are respectively the x and the y
directions. Then ag, 4 = —a, (1)

First note that ap = a, + ap, 4 = (a, ¥ 20°) + (ag, 4\ 20°)
Block B: %/ SF, = my(ag) : mygsin20° — N,z = mya,
mpa, + N, p = mpg sin20°
15a, + Nz = 50.328 @
A\IF, = mB(aB)y: mpgcos20° — T = myag, 4
mgag, 4 + T = mggcos20°

Block A: ¥/3F, = mya,: m,gsin20°+ Ny —T = mya,
mua, = Ny + 71T = m,gsin20°

Eliminate ag, 4 using Eq. (1), then add Eq. (4) to Eq. (2) and
subtract Eq. (3).

55a, = -4.068 or a, = —0.0740m/s?, a, = 0.0740 m/s* <~ 4
From Eq. (1), ag,, = 0.0740 m/s?

From Eq. (3), T = 137.2N T=1372N <






