Updated on February 24
ENGRD/TAM 203: Dynamics (Spring 2006)
Solution of Homework 1 (assigned on Jan. 24, due on Jan. 31)

by Dennis Yang

1. Problem 4.81 from Beer, Johnston, and Eisenberg, page 189.

Statement. Member ABC' is supported by a pin and bracket at B and by an inextensible cord
attached at A and C' and passing over a frictionless pulley at D (see the figure below.) The tension
may be assumed to be the same in portion AD and C'D of the cord. For the loading shown and
neglecting the size of the pulley, determine the tension in the cord and the reaction at B.
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Solution. In FBD 1, the pulley is at static equilibrium. Thus the sum of moments about point D



is zero, i.e., >, Mi/D = 0, from which we have
S Myp=0= rjxTii+r(-i) x To(—j) =0
Z s Ttk =0
— (—rT1 +rTo)k =0. (1.1)
Taking dot products on the both sides of (1.1) with & gives

(11) ek = (—rT1 +rTh)kek =00k
= —rI1+7r1» =0,

which immediately yields that 77 = T5. This is indeed why we can assume the tension to be the
same in portion AD and CD of the cord.

Now in FBD 2, the member is at static equilibrium. Thus the sum of the forces on the member
is zero, i.e., y , F; = 0, from which we have

ST F =0 = (Fp,i+ Fpyj) + Ti(—i) + Toj + 3001be(—j) = 0
= (Fp, —T1)i+ (Fp, + T — 3001bg)j = 0. (1.2)
We dot product the both sides of (1.2) with 7 to obtain

(12) @i = (Fp, —T1)iei+ (Fp, +T> —3001br)jei=0e1
— Fp,—T1=0. (1.3)

Next, we dot product the both sides of (1.2) with j to obtain

(12)ej = (Fp, —Ti)iej+ (Fp, +T>—3001br)jej=0e}
= Fp, + T —3001b; = 0. (1.4)

In addition, the sum of the moments on the member about point B is zero, i.e., >, Mi/B =0, from
which we have

S Miyp=0= RopxTi(~i)+ Ra/p x Toj+ Rasp x 3001bg(—j) = 0. (1.5)

Since both Fp,2 and Fg,j pass through point B, they make no appearance in (1.5). Furthermore, by
the given dimensions of the member, EC/B =12inj and EA/B = EE/B +EA/E =b(—7)+161in (—17),
where ﬁA/E = 16in (—%) and EE/B = b(—)) with b being the distance between point B and point
E. Thus,

(15) = 12in x Ty(=i) + (b(~j) + 16in (=i)) x Toj+ (b(~]) + 16in (7)) x 300Ibg(~j) = 0

. (1.6)



Again, we dot product the both sides of (1.6) with & to obtain

~ ~ ~

(1.6) ok = (12in- T —16in- Ty + 16in - 300Ib;) ke ks = T e k
— 12in- T} — 16in-Ts + 16in - 300 b = 0. (1.7)
With the fact that 77 = Tb, solving (1.7) gives T3 = T» = 12001lbs. Substituting this re-

sult to (1.3) and (1.4), we can easily obtain Fp, = 12001by and Fg, = —9001b;. Therefore,
the tension in the cord is 1200 1b; and the reaction at B is Fp,i + Fp,j = 12001b¢ 2 —9001b¢ j. O




2. Problem 2.2.6.

Statement. A plot of acceleration versus time for a particle is shown below. What’s the difference

between its position at ¢ =4s and ¢t = 0s if ©(0s) = —4m/s?
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Solution. For 0s <t < 1s, by inspection we have that
i(t) = 20m/s%.
For 1s <t < 2s, the slope of the line segment is given by

i(t)—&(ls)  @(2s)—i(ls)  Om/s? —20m/s?
t—1s 2s—1s 2s —1s

which yields that

i(t) = —20m/s% - (t — 1s) + #(1s)
= —20m/s®- (t — 1s) + 20m/s>
= —20m/s® -t +40m/s%.

For 2s <t < 4s, by inspection we have that
i(t) = 0m/s?.

Thus, the expression of #(t) for 0s < ¢ < 4s is (also see the following figure)

20 m/s? if 0s <t <1s,
() =4 —20m/s? -t +40m/s?> if Is <t < 2s,
0m/s? if 2s <t <d4s.

= —20m/s?,

(2.1)
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Now we integrate (2.1) to obtain the expression of @(t). For 0s <t < 1s, we have

z(t) = z(0s) + Otsi(T) dr

¢
= —4m/s+ [ 20m/s*dr
0s

= —4m/s+20m/s? - t.
It follows that #(1s) = —4m/s +20m/s? - 1s = 16m/s. For 1s <t < 25, we have
t

z(t) = z(1s) + 1Sd§(7’) dr

t
= 16m/s+/ (—QOHI/83~T+4OH1/S2) dr
1s

t
= 16m/s + (—10m/s3 7% 4+ 40m/s? - T)
1s

= —14m/s +40m/s* -t — 10m/s> - £2.

It follows that #(2s) = —14m/s +40m/s? - 2s — 10m/s? - (25)? = 26 m/s. Then, for 2s <t < 45,
¢
(t) = ©(2s)+ | @(r)dr
28
t
=26m/s+ [ Om/s*dr
28

= 26m/s.

Thus, the expression of &(t) for 0s < ¢t < 4s is (also see the following figure)

—4m/s—|—20m/52-t if0s<t<ls,
(t) =< —14m/s +40m/s? -t —10m/s3 -2 if Is <t < 2s, (2.2)
26 m/s if2s <t <4s.
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Finally, the difference between the position at t = 4s and t = 0s, i.e., z(4s) —x(0s), is obtained
by integrating (2.2) from ¢t = Os to t = 4s,

x(4s) —x(0s) = /04Sj3(7')d7'

S

1S 28 48
= |, #0dr+ | a(r)dr+ / i(r)dr
0s 1S 28
18 28
:/ (~4m/s+20m/s? - 7) dT+/ (“14m/s + 40m/s? 7~ 10m/s* 1) dr
0s I
4s
+ 26 m/sdr
28
1s 10 )
= (—4m/s-7-+10m/52.7—2) + (—14H1/S'T+20m/s2-7-2——m/s3.7-3>
08 3 1s
4s
+26m/s - T
28
= 80§m.
1



3. Problem 2.2.20.

Statement. Construct a coordinate transformation array from 2, j to ?)1, 132 and express the vector
P = 41 — 87 in terms of by, by for 6 = 130°. The by, by unit vectors are attached to the illustrated
link AB.

Solution. Since 7, j are a set of orthogonal unit vectors (i.e., they are of unit length and perpen-
dicular to each other,) we can express by, by in terms of 7, j as

by = (byei)i+ (bye))],

by = (bg.’l)’l—i—(bg.j)j
On the other hand, 51, 132 are also a set of orthogonal unit vectors. Thus we can express ¢, j in
terms of by, by as

Therefore, to construct the coordinate transformation array

A

(0 J
b1 61 ¥ 61 Oj (31)

b2 620’2 Bgoj

we need to compute four dot products by i, by e 7 by @7, and by e j. (Note: (3.1) is the
more general form of the coordiante transformation array. However, it is NOT in the
textbook.) Specifically, as shown in the figure on the next page, the angle between 7 and by is 6.
Thus,

by ei=cosf. (3.2)
The angle between j and by is 90° — 6. Thus,
by @ j = cos(90° — ) =sinf. (3.3)



The angle between ¢ and by is 0 + 90°. Thus,
by e = cos(f 4 90°) = —sinf.
The angle between j and by is 6. Thus,
by e j=cosf.

Substituting (3.2)—(3.5) into (3.1), we obtain

>
<

31 cosf | sind

132 —sinf | cosf

Now, the vector p in terms of 31, by is

7= 4i—8j
= 4(cos 0b; —sind 52) — 8(sin @ by + cos 0 by

)
= (4cosf — 8sinf) by + (—4sinh — 8cos ) by .

Evaluating (3.6) at # = 130° yields that

P~ —8.70b; + 2.08bs .
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(3.4)

(3.5)



