Q1) [7 points] Rods AEB and EDC are welded together
(rigid body 1). A is a ball-and-socket joint. This assembly
rotates relative to the ground frame with angular velocity
and angular acceleration w, and W,

The shown disk (rigid body 2) is connected to the rod EDC through a pin joint and is rotates with
angular velocity (wg) and acceleration (wg) relative to the rod EDC in a direction parallel to k. Find
the velocity and acceleration of point P (which is fixed to the disk) with respect to ground. At this
instant the line connecting C to P is along the j direction.
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Q2) [9 points] The shown assembly consists of two thin-rectangular plates of uniform density (mass m each)
and two right triangular plates of uniform density (mass 0.5m each) welded to a massless rod, supported by
bearings at A and B. Neglect the thickness of the plates. The assembly rotates at a constant angular velocity
weé,. Find the dynamic reactions at A and B using the given assembly-fixed coordinate system. The middle
plates lie in the 1 — x9 plane, while the other two plates lie in the x1 — x5 plane. The bearing at A and B can
generate only reaction forces but no reaction torques.




SOLUTION

Mass of sheet metal:

Sheet metal dimension:

Area of sheet metal:

Let

Moments and products of inertia:

J "
~.,
D b E b
Al v € b B
b
.
m'ﬂl
A 9

A x

m=125kg
=150 mm=0.15m

A= %51 + bt + b WL%!J2 =3h* =0.0675 m?

m_ 125 _500 . ,
= — = = — ‘N = IMass I Uit area.
P=d 00675 27 & Pe

'lrﬂ.'IEZ"iS = pIB.TC'H.
xy plane (rectangles)

2

I, = lff’ + lh;‘ ==pt
3 3 3
2 4
[ =—pt
x 31'-”
2( 500 .
=—| — |(0.15
3[27 ][ )

=6.25x10 kg-m*

I, = {hz}[gb][%h]+ [bl}[gh][—%h]

:_lg,“
2
1 .4 1{3500 ‘
{,===pb" === — |(0.15
o=yt =3[ o9

=-4.6875%107 kg-m”
xz plane (triangles)

1 1

1
[, =—hb'+—b*=—p"
- 12 12 6

1 4 1{3500 4
[, =—ph" =—| — |(0.15
=t =3 J0as

=1.5625%10"" kg-m”




PROBLEM 18.67 (Continued)
For calculation of /__, use pairs of elements d4, and o4, :
dd, = d4,.
{.= f.r%dA, +J(4b - x][-%]d.‘ﬁz ==J(2b=x)zdd, =] E{Zb - x)z dx

but ZI=1Xx.

Hence, IE=—!:{23}12—13}a{r=—(3b4—ib“]=_i
' 3 4 12

b

5 ., 57500 4 3 2
I_=——pb*=-| — || — [(0.15)* = -3.90625 %10 kg.
= 12’:” [12]( 2?]{ : s

Total for I_: I, =625x107" +1.5625x107° =7.8125x10~ kg-m*
The mass center lies on the rotation axis, therefore
a=>0
YF=A+B=ma=0 A=-B
H,=lwi-l, 0j-1.0k w=oi, o=cu
Let the frame of reference Axyz be rotating with angular velocity
O=w=owi
IM, = HA = (HA}A.I:I:' +{xH,
Myi+dbix(B j+Bk)=1 oi-1 oj-1 ok+aix({ wi-1 oj-I1_ok)
Myi—4bB.j+4bB k= 0i— (] o — [ 0 )j— ([ o+ 1,0k

Resolve into components and solve for B, and B..

ii M,=1a
2
j: B_ — {‘IJ'_H'H_I.T:C{‘ )
4h
2
k: BIII — {-f.l':a + IJ’_Tm )
: 4h
2m(240
Data: o=10, m=%=25_133 rad’s, b=015m M,=0

g = 0~ (3.90625 107)(25.133)°
o (4)(0.15)

=4.1124 N




PROBLEM 18.67 (Continued)
5 - 0+ (—4.6875x107)(25.133)°

; =4.9349 N
- (4)(0.15)

A, ==B, =-49349 N

A =-B =-41124N

A=—(493N)j—- (411 N)k <
B=(493N)j+(4.11N)k <




Q3) [6 points] Each of the two rods shown is of length L = 1
m and has a mass of 5 kg. Point D is connected to a spring
of constant £ = 20 N/m and is constrained to move along a
vertical slot. Knowing that the system is released from rest
when rod BD is horizontal and the spring connected to point
D is initially unstretched, determine the velocity of point D
when it is directly to the right of point A.



SOLUTION

- 1 1
Momenis of inertia. I = E ml?, I A== mil?

Use the principle of conservation of energy applied to the system consisting of both rods. Use the level at A as
the datum for the potential energy of each rod.

L L =
Pasition 1. (no motion) "" = _+‘ 3 Q,= kx,

. B r :
1, =0 f’ I}_F

1) 1, .
k= r[—L +mgl+—k
et )ty || ™%

3 1, ;
=E.ﬂ?‘l[_.ﬂ"d+—1’m’lg

FPosition 2.

L L
¥, = ng sin 607 + ngSin 60

43 |
=" mel +—kx*
5 15 2 2




PROBLEM 17.42 (Continued) 8
Kinematics. 0y =0y H;
=L,y vp= Lo, 730"
Vp= VUL

Locate the instantaneous center C of rod BLY by drawing BC perpendicular to v and DC perpendicular o vp.

Point C coincides with Point A in position 2.

Let W = Wy )
v
I
gy, = =@,y
V. =—t
E AB
2

3
v = [ Lsin60%) g, = o Larag

vip = Lavgy, = Lav g (1)
1 z 1=z 1 5
Ty = =10y +— Tagy +—mvg,
z = tattag 2 B0 2 #
NS P T TS DU B | Y
=—| —ml @S, +— —ml |, +—m — @
z[3 J A8 2[-,12 )2 L 2 )
1 s 3 ki
[E +— mL "”,1.5_5"”'[' "”,1.5
Frinciple of conservaiion of energy.
3 1, 7 4 3 3 1,
T+V=T,+V,: 0+=mgl+—ksf =—mla?, +£mgL+—u.j
2 12 ’ 2 2
h
—mlfe, = [2 IngL——Hx! ) (2)
Data: m=5kg, L=1m g=981ms"
k=20N-m, x=0 x=L=Im
3 43 ;
[ >~ \i_ mgl = (0.63397) (3 kg) (9.81 m/s*) (1 m) = 31.096 ]

PROBLEM 17.42 (Continued)

. - 7 2 2 ( 35 z h 2 E )
By Eq. (2), —mlaer, = —kg-m® @, = 21096 ]
12 L1z ° )
@y =T1.2329rad® /s* @, = 2.6894 rad/s
By Eq. (1), vy, = (1 m)(2.6894 rad/s) vp=269m's| <

—%k{xs -¥)= %{zn N/m) (1 m)* =-10]




FR ]

Q4) [8 points] A square plate of side a and mass m sup-
ported by a ball-and-socket joint at A is rotating about the
y-axis with a constant angular velocity w = wpj when an
obstruction is suddenly introduced at B in the z — y plane.
Assuming the impact at B to be perfectly plastic (e = 0),
- determine immediately after impact (a) the angular velocity
of the plate, (b) the velocity of its center of mass G.




SOLUTION

For the ¥ and ' axes shown, the initial angular velocity a, j has components

il z i [l \J{E
] = 1 — 4
¥ g 0 v 5 0
Initial angular momentum about the mass center:
VS IR L R
(H.), =1 m i+ I_Pm_r.j =Emd ?rﬂu i+j
Initial velocity of the mass center: v, =0

Let @ be the angular velocity and v be the velocity of the mass center immediately after impact.
Let (FAfk be the impulse at B.

Kinematics: V=@l =i+, j +a k) x(—a)
v, =alw i + oK)
Since the corner B does not rebound,  (v,), =0 or @, =0

i "\-I

V=0xrgy = (@] + oK)= L ; aJ{—i' -jl
= %a[rufi'— awyj+ a K')

— 1 = ' ‘ .
Also, Fpyq ¥ IV = r ma [~ i + o, + 20,K)

: LT NN T SRR S '
and H,=loi+loj+1 0k = Ema‘ru}_-j +—ma" o,k




PROBLEM 18.31 (Continued)

Principle of impulse-momentum.

Moments about A: (Hy)g + (—aj) = (FAOKk=H ,
(H.), +ry,<mv, —(aFAi=H_ +r, =< non

Resolve into components.

1 ; | I
i —\Emaztr —aF[AD = ——ma“w,
21 ‘o 1 ¥

1 : 1, 1 Jz
r: e zfﬂﬂzf =_fﬂael‘.’ ¢ +—f"a£f.:|_- . =—i
i g emdoy = mey + Imio, oy = Fe

. 1 1
k': 0= —m'a!zm{r + —mazwﬁ, i, =0
6 ,

2 1 5 N2 1
(a) m:"'lg_mujesﬁq,“;_[j-i] 0=cop(-i+) <

() V= ! am k' = V2 am Kk v=0.0884amk 4
'y 16 o &
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