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ME 380 Velocity and Acceleration Analysis due date: October 26, 2021

6 Questions

Let k£ denote the unit vector that points perpendicularly out of the page.

1. [20 points] Referring to Figure 1, let Iy = 30, [y = 15, I, = 35, I3 = 20, and 0, = 3.
Calculate 0y, 03, “v¢, %w? = wyk, and "w? = wsk for 'w! = wik with w; = 20 rad/s,

Figure 1: Four-bar linkage

2. [20 points| Referring to Figure 2, let I} = 35, Iy = 50, 6; = 7/10 and “w! = w k with
wy = 7.5md/s. Compute the following quantities: Iy, 65, %07, and %w? = wyk.

Figure 2: Sliding contact linkage {17 <
\0

3. [15 points| Plot «s/w, versus #; curve for the linkage depicted in Figure 1 !fh/h = 2,
l"? 2/t = 7/3, and laf1, = 4/s. /K/\/\
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ME 38& l Velocity and Acceleration Analysis due date: October 26, 2021

4. [20 points| Perform position, velocity, and acceleration analysis for the mechanism de-
picted in Figure 3 using analytical methods. Assume %w! = wik, %o’ = ok with
w1 = 5rad/s and o = 2rad/s2.

Figure 3: Fourbar with slider

5. [20 points] Perform position, velocity, and acceleration analysis for the mechanism shown
in Figure 4 using analytical methods. Take 6; = 20°, %! = wik, %a! = a1k with
wy = Y2 rad/s and oy = 1rad/s2 (ignore the value of w; that is provided within the figure).

C

OB =30 mm 0,0, = 50 mm w, =10 rad/s ccw

Figure 4
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2
3 Pos. level :  Pao * 'Zo Piier = 0O (1e)

= R 0 (’“D)
s S RRERRREEr 3 Vel . \evel: 2w % Piiw = 0
S =0

/ 33

ExPrﬁsseA n io ) the Fos’rﬁon and ve\ac?uj—leve\ equatons are
3]\/2(\ \0\5

0, c0s(®8,) + € cos(8y) + & cos(03) - {, = O, J o lowe
(4 sin (07) + {5 sin (8,) + f3 Sin (03) : '

- sin(B)8, - £, si0(8)8, - Lysin(B)8; =0, J Vel leve
{, cosle) o, + 4, cos (6:) éz + 4 cos(05) B 0

(l

SO[\(((\S t\f\Q €qu@ﬁ9ﬂ5 'FDT" 62 ,63 , éz QV\A 65 :jlelés

O, = 0.0FF rad = 4.433°
63 =-22%9 ¢2d = 4.044—Y‘BA = -128.30 ,

B, = 1.684 /s,

2
63 = 4@.%4‘?’(3&/3.
q .
= Zo“’m" Pijm = -264.36 %, + 2083y,

=D



LOOP egns.
Position- leve) \/eloc'n’oj_ leve!|
Pot tPag + P20 = O o 1 2d )
o 2+ P ‘“""M*gt—?u* wszQ =0
x_ﬁf—J
2 ®
= -V
{,cos(®) - (, cos(8,) -{, =0 4, sn (698, { 2 03(8;) + {, sinl0,)B, =0
2
°| g, saloy - Gsin®) =0 {ycos(®)8) -4, 5in(00) 4, erlo)y= 0
{, = 839%¢ €, = - 48.292
92=0,'12'3 rad=F.21° é2 = 3072 ra‘\/s
g,
uu?"—'— 6222 = 3_0:}2%2 .
0o B O 2 .
- 2
Vo= ;\t—( PW—) = ( P12> + W X( P1z> = V + wz%zx(fzag)

= pz’ﬁtz + €20J9_ljl = - 4—82‘72 ’)CZ + 2‘58 Ol\ﬁ?—sz

IVI Zo) (0\)5)0 = ‘%1'14}:[1)4‘ 24—3.45230) orC W Z (\/8) = { lﬁ’qth
= 262.5y, -
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@ Define the Fo\\owlng quantities

_—

PO = 030,1 . P1 = 015 N ’Fz = BC ) ?3 :C:O3 N ?+ =030,
—

D —

ps =00, pc=0,E .
There are two Posi‘c'\Ov\-\eve\ looP equations :

P°+P4+P7'+P3 =OJ (/‘>
Pa+Ps ~Pc =0 -

De?e“é‘mg on how avxs\es 0,,8; and 6‘,f are &e?me&, the ex?(‘e%ions
of these vector loop eo\qa‘{\ons w the world frame change. The

‘fO\\ow'mg 1ses avsolute angles, for which we have the v elationS

=cos(8;) X, + sin (et-)fja ;

X;
t=1,..,%.
Yt

= -%n (_e\) X, + C°‘5(&L) jo y

‘x,s—_—xo ) \55530,

Tn  frame 20 5 equations (1) become

€1COS (04) + {, cos(8y) - fycon(y) — 0 =0,
{50 @) « 0 sin(0,) = 0, 5n(05) =0,

)
{505(85) ~ €, cos (8,) — ds =0,

‘631 Stn\ 66‘3) - {4. S (04_) - A, = 0 ,



where i{;};o are the magntudes of the vectors oy g, o, o

Ps - {3/ s the lehf){\’\ of P4 ad 4, 15 the vertial component of the

vector o Solving  these equations, we get

6, 6, 6 Is

4—
1£.353°  57.808° 149440 208.6%

Dhqeren’cia’dr\cj equations (1) wet. tme in frame O, we get
=1 (2)
V\frik‘mg these oot in the 2, frame and Pujcjf\ng wto matrix form,

. s - . -\ T
we get Jv=0  whece v= (8 & 6 6, d) 9

[ - L sin(0) -4 sin (,&b) 23 $in (,93) 0 0

J= {4 cos (&1) 1, cos(8,) 4, 093635) 0 O ) (3‘)
0 0 ~tlsn(®;) lasnl)
n 0 ) { 3, cos(03) -4 cos(®) O

So\\r(n3 Jv=0 2t te current CQn{:‘\auration for ﬁ,|=w4=5) we dbtain

62 63 6 4 els

-0.478 1.0 1420  -¥6.2¢C



Dhcger‘ent(aﬁhg equations (2) wetl, time m 24 , we Jotan

3. ; ) 2 . .2 . .l
Zoal xPi + °w\ « ("w\ "?i> = z (Cieim - (; 6,: ’Li> —630333 + 6393'&3=O)
i=4 =1
S . B N ve [ e /o2 e X3 o
Loo(txﬂ:+°w x("ua x?i)_ésxo= 930333_03%:{3_(464344€464x4_°]5'£0-;o'
i=4

V\lr\‘c‘mg these out in Frame T, , we obtan

J\7+jV 0

(!

7

where J i 5‘Nev\ 'n equa’tion () and J  denctes the ratrix

whose entries are the twe-decvatves of the corcespending entries
of J. So\vinﬁ s equation for the unknowns wn Vv vie\o\s

62 63 64_ els

F.7260 14 139 -6.29  -2#2.959



@ Position —\eve \ooP equakior\ c
Po *Pq ~ P2 =0

w, =$rad/s ccw

4
€N x, =1 r3d
Figure 4 \ 1 /5?'

V\/rit'\r\g out e({ua’c'\ov\ (1) n 25, We obtain

'(0 + '{4605(&/\) - A3 CoS(az) = 0) 62 = ?’_ Héo
€,l sin(8) - ds sin (8,) =0 . d; = 3¢ 861 mm.

Dhcwceren’cb’cing equation (1) wrl. tme n frame 2, yields

whaop, =T s o P, =0 (2)

EX'\)re‘BS‘l\r\S eqn. (2) n frame Z, ylelds

{4 cos(o'q) é,l - d3 cos(By) éz - :43 cos (92) =0. .

_(’I S'm(ﬁ«)él + Jssi“(,ez)éz — ;3 5‘\’\(02) = 07 éZ = 0,'18é %é
I, = -3.253 "%.

Diﬁerenﬁa‘c'mg equstion  (2) wrt. time in frame 2, yields

8 . b
%o xpyt sk (txp) = - 2% BT 0 wpy <Ot () =0, (3)



Ex\;res%\v\g equak'\or\ (3) W frame 2 kj‘\e\AS

_€1sir\ (B1>Ba + dg S\AL&Z)BZ - J3cosé&2) = {cos (&l)éi - 25n(8) 3243 - dyes (6,) 8;7

0, o568, = d5cos(8,)8, - dysin(Br) ={sm(E)6] + 2005(8,)8,d5 ~d, sin(8,)0 .

So\v‘\ns these equatims for  the unknouwns 3’\e\cks

9, = 0.366 /a2,

cg3 = —M.108 e




