ME 104: Homewor k 3 Solutions

Andrew Gray: University of California, Berkeley
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Assume g = 32.2 ft/s?
@
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g
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g
S0 that W, =W,
W
and %2392132_1; m, = 0.500 Ib-s*/ft <
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Kinematics: Uniformly accelerated motion. (x, =0, v, =0)

x:x0+v0t+%at2,

2x_ (9

7 0y =0.100 m/s?

+ZF,=0: N-Psin50°-mgcos20°=0
N = P sin 50° + mg cos 20°

+/2F, =ma: P cos50°-mgsin20°- uN =ma
or P cos50° — mg sin 20° — u(P sin 50° + mg cos 20°) = ma

_ ma+mg(sin 20° + u cos 20°)
€0s50° — p sin 50°

P

For motion impending, set a=0 and i = u, =0.4

_ (20)(0) + (20)(9.81)(sin 20° + 0.4 cos 20°)
cos50° - 0.4 sin 50°
=419 N |

P

For motion with a=0.100 m/s?, use u = u, = 0.3.

_ (20)(0.100) + (20)(9.81)(sin 20° + 0.3 cos 20°)
cos50° - 0.3sin 50°

P P=301N <
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From the diagram

Then
and

or

(@)

(b)

X, + 3Yg = constant

Vo+3vg =0

a,+3a53 =0

a, =—3ag 1)
A dOSF =mua,: -T=m,ag
Using Eq. (1) T =3m,ag
B: 4 IF, =mgag: Wy —3T =myag
Substituting for T
Mg g —3(3Mya5) = Mpag

2
or ag = gm - 9'813”8/i ~ 0.83136 m/s®
1+9Ma 1,909
25kg
Then a, =249 ms"— <
and ag =0.831m/s?, <«
We have T =3x30kg x 0.83136 m/s’

or T=748N 4
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Referring to solution of Problem 11.51 we note that

8 =22, ®
where minus sign indicatesthat a, and ag have opposite sense.
Block B.

T
BNTET = =3 ma,=(505)$4,)=15a,
A SF=ma: 25-2T =75a, @)

Block A.

ﬂ_': [ ey (10 494

T 27

F.ZF=ma: 2T -T =10a,
T =10a, ©)
(@  Substituting for T from (3) into (2):
25-2(10a,) = 7.5a,

25=27.5a, a, =0.909 m's* —
Vu = (Vp)o +@nt = 0+ 0.909(1.2), v,=1091m/s— <
(b)  Substituting a=0.909 into Eq. (1): ag = 0.455 m/s” «

Vg = (Vg)o + agt =0+ 0.455(1.2) Vg =0545 m/s« <
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Let a, bethe acceleration of the plywood, a; be the acceleration of the truck, and a,,; be the acceleration
of the plywood relative to the truck.

() Findthevalueof a; so that the relative motion of the plywood with respect to the truck is impending.
a, =a; and F, = N, = 0.40N,
N\ EF, =mpa,: Ny —W, cos20° =—m,a; sin 20°
N, = my (g cos20° — a; sin20°)
+7 ZF, =ma,: F —W, sin 20° = mya; cos 20°
F, =my (g sin 20° + a; cos 20°)

Ms (9Sin20° + a; c0s20°) = 0.40 M, (g cos20° — a; sin 20°)

_ (0.40c0s20° —-sin20°)
~ c0s20° + 0.40sin 20°
= (0.03145)(9.81)
=0.309

a; =0.309 m/s>— <«

1 1
(b)  Xor =Xp/7)o + (Vpr)t+ Ea‘P/TtZ =0+ O+EaP/Tt2

= 2XP/T — (2)(2) — 494 m/SZ W'f
T2 (092 _
meQr
ap)r = 4.94 M/s? - 20° ¥a \Na M Gprr

ap =a; +ap = (8 —)+ (4.94 M/s? - 20°)

N F, =mpa,: N, =W, c0s20°=—mpar sin 20°
N, =m, (g cos 20° —a; sin 20°)

+72F, =2Zma,;: F,—W; sin 20° = mya; c0s20° - muap,t
F, =mp(gsin 20°+ a; cos20°—-ap,1)
For dliding with friction F, = 4N, =0.30N,
M (9Sin20° + a; c0s20° — a1 ) = 0.30m, (g cos20° + a; sin20°)

_ (0.30c0s20° -sin20°)g + ap,7
€0s20° + 0.30sin20°

= (-0.05767)(9.81) + (0.9594)(4.94)
=4.17 ar =4.17 /s> — <
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@ +W IF,=0: Tcosd +Tcost,-W=0

cosd, = g —cosé,

12

= ———c0s50° = 0.93616
7.6

0, = 20.584°
(b) 6,=6,- 6, =50°—20.584° = 29.416°

_El = _d or l,
sing, sing,

Radius of horizontal circle

=/(,sin@, =
P=11 1 sng,

_dsing,
sing,

dsiné,sing,

_ (30)(sin20.584°)(sin50°)

sin29.416°
=16.45in.=1.3709 ft

2

4 SF =ma,; Tsing, +Tsiné. L

Ve PT(sing, +sing,)

P

m
_ (1.3709)(7.6)(Sin50° + sin 20.584°)
- 12
32.2

= 31.246 ft?/s®

"3

.- @

ma,

0, =20.6° 4

v =559 ft/s 4
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SOLUTION
First note a:an:ﬁ
p = "-E@
where p=05ft
. . W v
JSF =ma: Tp,asin20°+ Ty sin30° = —— )
g p
+ £F, =0 Ty, 00820° ~ T cOS30° ~W = 0 @
Note that Eq. (2) implies that
(& when Toe = (Toe)mex:  Toa = (Toa) max
(b)  when Toe =(Toe)dmin:  Toa = (Toa)min
Casel: Ty, ismaximum.
Let Toa=171b
Eq. (2) (17 Ib) cos20° — T cos30°— (1.2 1b) =0
or Tpe =17.061b  unacceptable (. 17 Ib)
Now let Toe =17 1b
Eq. (2) Tpa €0s20° — (17 Ib) cos30° - (1.2 1b) =0
or Top =16.94431b O.K. (, 171b)
(Toa)max =16.94431b
(Toe )max =17 10
Eq. (1) (Vz)(TDA)max _ (822 fi/zzl)b(O.S L) (16.9443sin20° +17sin30°) Ib
or VT = 13:85ft/s
Now form (cos30°) (1) + (sin30°) (2)

2
Tpa SiN20°c0s30° + T, €0520°sin30° = w Y. c0s30° +Wsin30°
g pr

WV .
or Tpa SIN50° = — —co0s30° +Wsin30° (3)
g pr
Vi 0ccurswhen T, = (Tpa) max

Vinax =13.85 ft/s




PROBLEM 12.43* (Continued)

Case2: Ty, iSminimum.

Because (Tpp)min OCCUrswhen Tpe = (Tpog ) mins

let Toe =0.
Eq. (2) Tpa€0s20°—(1.21b)=0
or Tpoa =1.277011b, 171b OK.

Note: Eq. (3) impliesthat when Ty = (Toa)mins V= Viin- 1heN

2
Eq. (1) W2).., = 822TUSVOSM) 1} 57761 1) sin20e
121b
or Viin = 2.42 ft/s

0# Tpg, Tac, Tap Tog # 17 1b

when

2.42ft/s# v# 13.85ft/s 4




