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ME 213— MACHINE DYNAMICS

Assignments— FALL 2010

TEXT: Design of machinery, by R.L. Norton, Fourth Edition, McGraw Hill, 2008.

COURSE OUTLINE

CORE TOPICS
CHAPTER 1. Introduction.
CHAPTER 2. Kinematics Fundamentals. 2.0-2.7, 2.11, 2.14-2.17.
4-BAR LINKAGES. 2.12, 3.0-3.4, 3.6, 4.10-4.11, supplementary materials.
TEST 1
CHAPTER 4. Position Analysis. 4.0-4.2, 4.5-4.6, 4.8-4.8, 4.13.
CHAPTER 6. Velocity Analysis. 6.0-6.1, 6.3-6.4, 6.6-6.7, 6.9.
TEST 2
CHAPTER 7. Acceleration Analysis. 7.0-7.5.
CHAPTER 10. Dynamics Fundamentals. 10.0-10.8, 10.15.
CHAPTER 11. Force Analysis. 11.0-11.5, 11.11.

APPLICATIONS

CHAPTER 12. Balancing.
TEST 3

CHAPTER 8. Cams. .
CHAPTER 9. Gears. ‘ Mnad EXawm (0 ()“°\Ol(’/vv\3 ) L Nougs

oM tect 5 aveced,  luw p(-o"’, ) Gowes D0 -




BARKER CLASSIFICATION

f four-bar planar mechanisms

> ool
.
5 = p 4+ g Characterisuc bar
Number > Category length Clas Proposed name Symbol
1 < Grashof frame, Ry = 5 |  Grashof crank-crank-<rank L
2 < Grashof  tput, R: = 5 2 Grzshof crank-rocker-rocker GCRR
2 < Grashof  coupler, R; = s 3 Grashof rocker—crank-rocker CHRCR
4 < Grashof  output, e = 5 4 Grashof rocker-rocker<rank GRRC
5 > noa-Grashof frame, R = ! 1 Class | rocker-rocker-rocker RRR1
£ > non-Grashef 1apul, Ry = { 2 Class 2 rocker-rocker-rockes RRRZ
- % - " - -~ -~ 273
i > non-Grashof coupler, Ry = { 3 Class 3 rocker-rocker-rocker RRR3
v I3 —~ Y . s A
8 > non-Grashof output, R = | 4 Class 4 rocker-rocker-rocker RRRA
) . - 5 . r. v 7 ) S
9 - change point frame, R; = = [ change potat crank<crank-crank PLlC
; . > - . - ‘ . jo Pgai o B o]
10 = change poinl inpul, Ry = 2 change point crank-rocker-rocker (CJ CRR
' . . " 5 3 - y ', o SO
I change point coupier, K; = 5 1 change potnl rocKer-Crank-rocKes CPRCR
) - A ] R.=s 4 b ot s s ver-rocker—crank CPRRC
t2 change point output, Ru = 4 change point rocker-rocKer-cran
13 - Iy g - < ish 3 T CAX
L4 = change poin{ 1woO equai pRUCS 5 double change point -
) . . " : e - PIY
i chznge powst Ry = R, = R; = A, & ripie change pomd CP3X




213 Final Exam Reference Sheet
e Mobility:
o Test1probl
o Labeling joints and mobility, homework 1
e  4-Bar configurations:
o Grashof/Barker classification pg61
o Examples, homework #2
e  Mechanism synthesis:
o Definitions, test 1 p3
o Examples —p 158
e Instant Centers:
o LOTS on homework 7
o Review 2 pg2
e Vector loops:
o Exam 2 problem1
e  Acceleration:
o  With vslip: Homework 9,
o Acceleration difference, homework 8, test 2 p5
o Find ang. Velocity of a bar: test2 p4
e  Mechanical Advantage:
o Crimper tool: homework 8, review 3 pg 13
o Complex problem:
e  Force Analysis:
o Kinetic egn’s, numerically explicit form: SPRING2010TEST3
o Draw FBD and write kinetic eqns: Test3 prob2
e Dynamic Balancing:
o Lollipops example: exam 3 p4
o Tire balancing : practice exam SPRING2010TEST3
e Design a 4bar to give positions
o Homework 3 prob2

e (Cams:

o Pitch curve p453

o Pressure angle p445, review?2 p13

o Undercutting p450

o Transmission angle review 3 p12,
e Gears:

o EquationforZ: p476
Equation for m, p484
Interference & undercutting p482
Teeth anatomy p480

O O O O

Involute profile p478  -center distance does not affect the velocity ratio
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1.(25%) The link-lengths for the four-bar mechanism shown are given above. At the
instant shown, the angular velocities, and angular accelerations of the links are given

50
to be wap = 5rad/s»v, wpp = Srad/s ", wpg = brad/s~, aap = 7—§ra,d/s2m,

—_——

50
app = —=rad/ A , DR = Orad/sz. Find the horizontal and vertical components of

the acceleration of the mid-point C' of the coupler BD.
Ren= (8N s 60t + 6"\C’63)
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2.(25%) The six-bar mechanism shown is driven by a couple T14 applied to link 4. Draw

free-body diagrams for link@ndlabeled in accordance with the conventions of Norton’s

textbook. Write out the three kinetic equations for each of these links. Use the coordinate
system shown.
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3.(25%) The above plot shows the torque 77, required to drive a certain four-bar mechanism
at a constant input-link angular velocity wy = 50 rad/s. The average torque is
Tave = —2.694x103 N-m, and the areas of the lobes betweén the 719 plot and the Ty g

line arel Ay = —6.791x10* N-m,) A3 = 3.458%10* N-m,| A3 = —1.767x10% N-m, |
4= 5.268x lf)TN-m,S As = —1.686x103 N@Tﬁ" is desired to drive this system by means of
a motor operating near constant torque 74y g at approximately constant angular velocity

Wavg = 50rad/s. Given a value k = 0.025 of the coefficient of fluctuation, estimate the
moment of inertia of a flywheel that will accomplish this. Fag AE
‘ By %
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Correction planes

FIGURE 12-3

4.(25%) Three lumped masses are attached to the axle as shown. Balance masses are

to be attached in plane@au@)&t a radial distance from the axle on order to
dynamically balance the rotor. Find their _magnitudes and angles relative to a reference
line 64,0 for given values o

my = 5kg@@ = 90°, radius=12cm, /; = 10 cm;

mg = 5kg @0 = 225° radius=8 cm, I, = 16 cm;

mg = 10kg @0 = 315°, radius=16cm, I3 = 22 cm; I =<§2‘cq
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FIGURE 12-3

1.(25%) Three lumped masses are attached to the axle as shown. Balance masses are
to be attached in planes A and B at a radial distance from the axle of 8cm in order to
dynamically balance the rotor. Find their magnitudes and angles relative to a reference
line #4,6p for given values

my =5kg@8 = 90°, radius=12 cm, l; = 10 ci;

my = 5kg@0 = 225°, radius=8cm, I, = 16 cin;
=10kg @0 = 315°, radius=16cm, I3 = 22 cn; Iz = 32 cm.
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1.(20%) For the mechanism shown:
N (a) Develop vector-loop equations. Explicitly specify the loop or loops being used.
(b) Consider each vector used in some vector-loop. Is its magnitude constant or

variable? Is its orientation constant or variable?

J (c) What, if any, geometric constraints exist among vectors used in some vector-loop?

\ (d) Write the vector-loop equations in’ components and (if any exist) the constraint
equations. Count equations and variables. How many of the variable quantities must be
specified to make the system solvable?

/

Loop | | Rtk t Ry =R =0
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2.(20%) For the six-bar mechanism shown, using Kennedy’s Rule as needed, locate the
instant centers I3 4 I; 3 and I5 4.
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0%) A four-bar tool and its instant centers are shown. In a consistent system of units,

3.(2
Gz-n = 5.1, Tout =19, ‘the distance from I1 3 to I3 4 1SCO7\and that from I 4 to I3 4 is- l 6>

Write down the power identity for the mechamsm and use the foregoing information to
determine its mechanical advantage.
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4.(20%) The dimensions of the four-bar mechanism shown are given. In the current config-
uration, link AB has angular velocity wsp = 5rad/s counter-clockwise. Find the angular

velocities of links DE and BD.

HINT:- wyp % RB/4 +wpp X Rl?/B — WpE X RI?/E =0.

A ~ . 'y
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5.(20%) The dimensions of the four-bar mechanism shown are given. In the current configu-
ration, link BD has angular velocitywpp = 4rad/s counter-clockwise; angular acceleration
( aBp =35 r;}d/ ‘Sriqlgg_lg\yj,ﬁé‘c Find the acceleration difference vector A gp. VV\Q(,Y\\'NJQ» L owgle
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wy = 2 rad/s
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1.(10%) For the 6-link - the slider is a link - mechanism shown:
(i) Label all joints,
(ii) Compute the mobility.

L= ¢ n- 3l — 2(7) -
Je] 15 — 1Y

T Pomtig = 1 dot |




ypiczl planar four-bar mechzanism,

2. (10%) For each of the following hypothetical 4-bars: (a) Determine whether it can be
assembled, (b) if so, determine its type according to the Barker classification.

6\55&/\1\\0\"9\\0
“)

{R1, R, Ra,Ra} = {6,10,4,7} | vas |

(1)
{R1,R2,Rs,Ra} = {8,5,9,12} /ﬁﬂ@;m, (2)
{R1,R2,R3,Rq} = {3,5,16,7}@5’ €S 31531 ) 7 (3)
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sz g+in =11
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3.(10%) Give dufintions

(a) Define the following types of mechanism synthesis: 7 o e \ )
(i) Function generation. gives o At aled  matin “"~”(~”\1 flom datuld muthn inpot (“\A"’l‘"“B B
(ii) Path generation. dves o po¢ Huwlac Point of & vl elong a Spw (e ?"“l‘\“ b Plovps Og‘- Radiaie

. : J G - i\
(iii) Motion generation. d@sw“ tosk Hhal requifes ove o contpl all 3 DOF. A e ke

r

Lp

(b) A four-bar mechanism is designed to transfer packages from the conveyer belt to the
trolley, as shown. Which of the above types is this mechanism?

Motion Cy,mucﬂ TOW |\
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4.(35%) A GCRR 4-bar mechanism has lengths {R1, Ry, Rz, Ry} = {8,3,10,6}, and is as-
sembled, as shown, in a configuration with ¢;5 > 0.
Find, and illustrate on suitable pie-charts (with numerical values), the ranges of the fun-

damental position angle§/ qﬁg% Sketch the configurations of the mechanism
that correspond to any extreme va puted.
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5.(35%) The z — y coordinates of three > configurations of link CD ae C} = Q:Q)}
5 = (—.2156,1.2837) Dy = (8.3124,4.1720), '

" Cs = (~2.3768,3.6550) D3 = (6.4378, 5.4825).
A four-bar mechanism with CD as coupler such that CD passes through these con-

figurations is required. Find the pivot-point at which the link attached at C' must be

grounded. N, Y, <X\f\,l oY) -

O ST s, i / Mq&;li
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o AW SM( [2462) + 2467y
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1) Y- 6HMIT 2 .HKO)L 1= .10785
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Treat the slider at C' as a link. Label all joints that involve this slider.
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In its current configuration, the four-bar mechanism shown experiences a (circle one)
MAXIMUM (MINIMU f the fundamental position angle (circle one)

13 P14 P23 P24 P34
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format long e;
R1=2.22;
R2=1;
R3=2.06;
R4=2.33;
FPX=0;
FPY=-100;
M2=9.75;
M3=113.6331;
M4=22.7175;
IG2=.8145;
IG3=51.7916;
IG4=10.2823;
T4=0;

TH2=0:0.001:2*pi;
TH3=zeros (size (TH2)
TH4=zeros (size (TH2)
TH31l=zeros (size (TH2
TH41l=zeros (size (TH2
TH32=zeros (size (TH2
TH42=zeros (size (TH2)
OM2=zeros (size (TH2)) ;
OM3=zeros (size (TH2)) ;
OM4=zeros (size (TH2)) ;
AL3=zeros (size (TH2)) ;
Al4=zeros(size (TH2))

A=zeros

(2,2);
g=zeros (2,1 )
h=zeros (2,
g=zeros (2
p=zeros(2 l)
B=zeros(9,9);
H=zeros (9,1) ;
V=zeros(9,1);

psi=(31-12.401)* (pi/180)

d=(1.6470) ;

RPX=zeros (size (TH2)) ;
RPY=zeros (size (TH2)) ;

R12X=zeros (size (TH2)
R12Y=zeros (size (TH2)
R32X=zeros (size (TH2)
R32Y=zeros (size (TH2)
R23X=zeros(size (TH2)) ;
R23Y=zeros (size (TH2)) ;
R43X=zeros (size (TH2)) ;
R43Y=zeros (size (TH2)) ;
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R34X=zeros (size (TH2)) ;
R34Y=zeros (size (TH2)) ;
Rl4X=zeros (size (TH2)) ;
Rl4Y=zeros (size (TH2)) ;

Fl2X=zeros (size (TH2)
Fl2Y=zeros (size (TH2)
F32X=zeros (size (TH2)
F32Y=zeros (size (TH2)
F43X=zeros (size (TH2)
F43Y=zeros (size (TH2)
Fl4X=zeros (size (TH2)
Fl4Y=zeros (size (TH2)

)

Tl2=zeros (size (TH2)

)
)
)
)
)
)
)i
)

i

AG2X=zeros (size (TH2)
AG2Y=zeros (size (TH2)
AG3X=zeros (size (TH2)
AG3Y=zeros (size (TH2)
AG4X=zeros (size (TH2)
AG4Y=zeros (size (TH2)

n=max (size (TH2)) ;

for k=1:n;

theta2=TH2 (k) ;
K1=R1/R2;
K2=R1/R4;

)
)
) .
)
)
)

i
i
;
i
i
H
7

H

’
’
7
’
1

7

K3=(R1"2+R2"2+R4"2-R3%2) / (2%R2*R4) ;

K4=R1/R3;

K5=(R4"2-R1%2-R2%2-R3%2) / (2*R2*R3) ;

D= (1+K4) *cos (theta2) +K5-K1;
=(K4-1) *cos (theta2) +K5+K1;
A=cos (theta2)-K1-K2*cos (theta2) +K3;

B=-2*gin (theta2) ;

C=K1- (K2+1) *cos (theta2) +K3;

z1l=(-B+sqrt (B®2-4*A*C) )/ (2*A) ;

)

z2=(-B-sqrt (B*2-4*A*C)

w1=(-B+sqrt(B*2-4*D*F))/(2*D
)

)/ (2*A)

w2=(-B-sqrt (B"2-4*D*F) )/ (2*D)

Ll=2*z1/(1+21"2);

Ml=(1-2z1"2)/(1+2z1"2);

L2=2%2z2/(1+2z2"2) ;

M2=(1-22"2)/(1+2z2"2) ;

N1=2*wl/ (1+wl”2);
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Pl=(1-wl”"2)/(1+wl"2);
N2=2*w2/ (1+w2"2) ;
P2=(1-w2"2)/(1+w2"2) ;

TH41 (k) =atan2
TH42 (k) =atan2
TH31 (k) =atan2
TH32 (k) =atan2

L1,M1);
L2,M2) ;
N1,P1);
N2, P2) ;

—~ o~ o~ o~

end

OM2 (1) =40;
AL2=-2;

for k=2:n;

OM2 (k) =sqgrt (OM2 (1) *2+2*AL2*TH2 (k) ) ;
end
for k=1:n;

TH3 (k) =TH32 (k) ;
TH4 (k) =TH42 (k) ;

end
for k=1:n;

A(l,1)=R3*cos (TH3 (k)
A(l,2)=-R4*cos (TH4 (k
A(2,1)=R3*sin (TH3 (k)
A(2,2)=-R4*sin(TH4 (k

)3
))
).

))

g(1)= -R2*OM2 (k) *cos (TH2 (k) ) ;

g(2)= -R2*0M2 (k) *sin(TH2 (k) ) ;
h=A\g;
OM3 (k) =h(1

)
OM4 (k) =h(2) ;

q(1l)=-R2*AL2*cos (TH2 (k) ) +R2* ( (OM2 (k) )
((OM4 (k))*2) *sin (TH4 (k) ) ;

q(2)=-R2*AL2*sin (TH2 (k) ) -R2* ( (OM2 (k) )
((OM4 (k) ) "2) *cos (TH4 (k) ) ;

p=A\q;

AL3 (k) =p(1);
AL4 (k) =p(2) ;

*2)*sin (TH2 (k) ) +R3* ( (OM3 (k) )

*2)*cos (TH2 (k) ) -R3* ( (OM3 (k) )

*2)*sin (TH3 (k) ) -R4*V¢

*2)*cos (TH3 (k) ) +R4* ¢
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end

for k=1:n;
R12X (k) =-R2*cos (TH2 (k) ) /2;
R12Y (k) =-R2*sin(TH2 (k) ) /2;
R32X (k) =-R12X (k) ;
R32Y (k) =-R12Y (k) ;
R23X (k) =-d*cos (TH3 (k) -psi) ;
R23Y (k) =-d*sin (TH3 (k) -psi) ;
R43X (k) =R3*cos (TH3 (k) ) +R23X (k) ;
R43Y (k) =R3*sin (TH3 (k) ) +R23Y (k) ;
R34X (k) =.5*R4*cos (TH4 (k) ) ;
R34Y (k) =.5*R4*sin (TH4 (k) ) ;

R14X (k) =-R34X (k) ;
R14Y (k) =-R34Y (k) ;

AG2X (k)

AG2Y (k) =AL2*R12X (k) +OM2 (k)

AG3X (k) =AL2*- (R32Y (k) -R12Y (k) )
*2*R23X (k) ;

AG3Y (k) =AL2* (R32X (k)
*2*R23Y (k) ;

AG4X (k)=AL4 (k) *R14Y (k) +OM4 (k)

AG4Y (k) =-AL4 (k) *R14X (k) +OM4 (k)

-R12X (k) ) -0M2 (k)

RPX (k) =3.06%cos (TH3 (k) -psi) -R23X (k) ;
RPY (k) =3.06*sin(TH3 (k) -psi) -R23Y (k) ;

end

for k=1:n;
B(1,1)=(1);
B(1,3)=(1);
B(2,2)=(1);
B(2,4)=(1);
B(3,1)=(-R12Y(k)) ;
B(3,2)=(R12X(k)) ;
B(3,3)=(-R32Y(k));
B(3,4)=(R32X (k) ) ;
B(3,9)=(1);
B(4,3)=(-1);
B(4,5)=(1);
B(5,4)=(-1);
B(5,6)=(1);
B(6,3)=(R23Y(k));
B(6,4)=(-R23X(k)) ;
B(6,5)=(-R43Y(k)) ;
B(6,6)=(R43X(k));
B(7,5)=(-1);

=AL2*R12Y (k) +OM2 (k) *2*R12X (k) ;
*2*R12Y (k) ;
-OM2 (k) “2* (R32X (k) -R12X (k) )

*2*% (R32Y (k)

*2%R14X (k) ;
*2*R14Y (k) ;

-R12Y (k))

-AL3 (k) *-R23Y (k) +OM3 (k) ¥

-AL3 (k) *R23X (k) +OM3 (k) ¢
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end

B(7,7)=(1);
B(8,6)=(-1);
B(8,8)=(1);
B(9,5)=(R34Y (k) ) ;
B(9,6)=(—R34X(k)),
B(9,7)=(-R14Y(k)) ;
B(9,8)=(R14X(k)) ;

H(1,1)=(M2*AG2X (k) ) ;
H(2,1)=(M2*AG2Y (k) ) ;
H(3,1)=(IG2*AL2) ;
H(4,1)=(M3*AG4X (k
H(5,1)=(M3*AG4Y (k
H(6,1)=(IG3*AL3 (k

) -FPX) ;

)=

) -
H(7,1)=(M4*AG4X (k)

)

)

-FPY) ;

)i
H(8,1)=(M4*AG4Y (k)) ;
H(9,1)=(IG4*AL4 (k)-T4) ;

V=B\H;

F12X (k) =V
F12Y (k) =V
F32X(k)=V
F32Y (k) =V
F43X (k) =V

F14X(k)=V(7);
F14Y(k)=V(8);
T12(k)=V(9);

-RPX (k) *FPY+RPY (k) *FPX) ;
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(Due 10/29/10) o
RL\/R\/ = OlAy*B(-q”ls-qCW\
J
" ¢ 3 1.284 - 254 =(-934)
| 1219
Rag x = QA +6&, ~356 = (-127°9)
XM e !
Rep = (12750 1 9315)
i A
i A 'I\UL - XX r B Wl r

A0,

1
GHLm - ABDL = '(",'mL + o KR&/A - W5 Vo

1. Three of the link-lengths for the four-bar mechanism shown are given above. The
fourth is AC = 28.5cm. At the instant shown, the angles, angular velocities and the
angular accelerations of the links are given to be 0y = 3 = 35°, 65 = 90°, ws = 1 rad/s
w3 = 0.53rad/s, wy = 0, ap = 2rad/s? N, ag = 3brad/s’ v, ay = 1. 2rad/s? .
AB makes an angle ¢ = 17. 5° with AC. Find the horizontal and vertical components of
the acceleration ap of the coupler-point B. Link angles are measured counter-clockwise
relative to the ground link. R o, = (n45% 183 2,)

A 2% x (V1M8% +822) — () x (12M8; L1 3)

Ao, =

= (M8 -0 uai) - (Vus{esazy)

:F-zq.m. w\%,\ [ IJ

: L ore. “%
Ago, = (- 298381 16\, + K\ x (110 l+?3ﬁ)l (- MH63] +3.280) - (5580 12643

— /N.ﬁ-w MMMMM 2

~—

Ago, = (~30040 + 9.083)
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1 - LQ)H lzIxoq * 2(9)1\@ X\jst‘e \A{
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RAO = (36315 \35;,\\{')) :\\l"'l'ﬁ L - 2.07))
oo sk Y - ook x (113 -207%)
A
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Aoy = (156560 v 1155w 6074 = (7.5t ﬁ\l-‘*})\},\
> ) .
04 ¥ = (‘33.433 Sp.3s7)

~ G e
Wy (s P01 +SWMA0 T = ( A XS \\

2. In the configuration shown, the 8-inch rotor O»A is oriented 15° below the horizontal,
R 40, has magnitude 15 inches and is oriented 60° above the horizontal, the tangent to
the slot at A is oriented 30° above the horizontal, and the radius of the circular slot is
16 inches. If O2A has constant clockwise angular velocity wy = 5rad/s, find the angular
velocity and angular acceleration of link 4 in the current configuration.

U BRI . G
& = -1S (7.7'5L'2,D—)'D uv\ = (Vb3601 ‘SM(:O):LQV_ _;_—)\
N

Ny = (-193257 4 S1L75)) Yt

3. v ‘U)) N & !
(-38 457, -10.35 1) = (\JS\\-P%\ Ns\np”s\ ¢ ( y 185 - Wylag)

,5\!5\‘() +®q (7‘<)

v-035 = Vsip(R) - wy, Gz

\/gl\() = .[11.1‘;"”,/

@*& = T8¢ rwt/s)

—_—

Cwsd oL 35y (Gl 1078
® 1

« P IR : S
(1930570 +917¢ ) = ¢ v o+ 5) + N L

A - ‘ ' =
oo k(TS U9 = 2T sineasy) g zi-2. 88V x (- sUH)i - s (950
4372 x {35y, -2 EEIN

HE TS 0198) (35770 361539) 4 (1685 —11.211)

LD -1y = y(dd)+ 6188 ~o<.1(17,_ﬁ) ~2%.77 ~97.29 S
)y SLT1S =y (&) —jol.1 ¥ oy 115) — 1.3 + 168 4% vV = -18.94 )/:kh‘:%.\c\ fad )5t
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athlengths in inclies e

1. The crimping tool shown is a four-bar mechanism. When 65 = 50°, the corresponding
values of the coupler and output angles are 35 = 33.41°, 64 = 123.68° respectively.
(a) Write the power identity for the mechanism, and express its mechanical advantage

crimp . . W2
M. A. = =2 in terms of the ratio —=.
Wy

hand
(b) Sketch the mechanism in the configuration 62 = 50°, locate the instant center I 4,
and use it to develop a numerical relationship between ws and wy.
(c) Find the mechanical advantage of the tool for this configuration.

2. A GCRR four-bar mechanism has link-lengths Ry =8, Ry =4, R3 =7, R4 = 6. Let 0,

range from 0 to 27 in increments of .01 rad. Implement the MATLAB code presented in

class to find the corresponding values of 3 and 64, using the direct method. The mechan-

. . . . w2

ical advantage of the four-bar mechanism is proportional to —. In class, we developed an
Wy

expression for this quantity, in terms of the link-lengths and 6’s. Compute this quantity,

and plot it against #;. What values of 65 correspond to extrema of M.A.? Do your numbers

agree with Freudenstein’s result?

Ans. on badg
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3.{20%) The crimping tool shown is a four-bar mechanism. When 0y = 50°, the corre-
sponding values of the coupler and output angles are #3 = 33.41°, 04 = 123.68” respectively.
= s U4
a) Write the power identity for the mechanism, and express its mechanical advantage
F v ) (=)
S i . W
M. A = F‘;”""’ in terms of the ratio —.

and use it to develop 38 mlulerical I'elﬂt)i()I]Ship between wo 'd-lld Wi
X i/
EA

han Wi
(b) Sketch the mechanism in the configuration 8y = 50°, locate the instant center Is 4.
(¢) Find the mechanical advantage of the tool for this configuration.
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5.(20%) The dimensions of the four-bar mechanism shown are given. In the current configu-
ration, link BD has angular velocity wpp = 4 rad/s counter-clockwise, angular acceleration
app = 10rad/s? clockwise. Find the acceleration difference A ;) p. Give your answer as a
magnitude and an orientation relative to the horizontal.
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format long e;

R1=8;

R2=4;

R3=7;

R4=6;

TH2=0:0.01:2%pi;

TH31l=zeros (size(TH2)) ;

TH41l=zeros (size (TH2)) ;

TH32=zeros (size (TH2)) ;

TH42=zeros (size (TH2)) ;

Ml=zeros (size (TH2)) ;

M2=zeros (size (TH2)) ;

n=max (size (TH2)) ;

for k=1:n;

theta2=TH2 (k) ;

K1=R1/R2;

K2=R1/R4;

K3=(R1"2+R2%2+R4"2-R3%2) / (2*R2*R4) ;

K4=R1/R3;

K5=(R4%2-R1%2-R2"2-R3"2) / (2*R2*R3) ;

D= (1+K4) *cos (theta2) +K5-K1;

F=(K4-1) *cos (theta2) +K5+K1;

A=cos (theta2) -K1-K2*cos (theta2) +K3;

B=-2*gin(theta2) ;

C=K1l- (K2+1) *cos (theta2) +K3;

z1l=(-B+sqrt (B*2-4*A*C) )/ (2*A);

z2=(-B-sqrt (B"2-4*A*C) )/ (2*A) ;

wl= (-B+sqrt (B*2-4*D*F) )/ (2*D) ;

w2=(-B-sqrt (B*2-4*D*F)) / (2*D) ;

Ll=2*z1/(1+21"2);

Ml=(1-21"2)/(1+21"2);

L2=2*z2/(1+22"2) ;

M2=(1-22"2)/(1+22"2);

N1=2*wl/ (1+wl"2);

Pl=(1-wl"2)/(1+wl"2);

N2=2*w2/ (1+w2"2) ;

P2=(1-w2"2) /(1+w2"2)

TH41 (k) =atan2 (L1,M1) ;

TH42 (k) =atan2 (L2,M2) ;
)
)

’

TH31 (k)=atan2 (N1,P1l) ;
TH32 (k) =atan2 (N2, P2) ;
end

for k=1:n;

D11=R4*sin (TH41 (k) -TH31(k)) ;
D12=R2*sin (TH2 (k) -TH31 (k)) ;
M1 (k)=D11/D12;
D21=R4*sin (TH42 (k) -TH32 (k) ) ;
D22=R2*sin (TH2 (k) -TH32 (k) ) ;
M2 (k) =D21/D22;

end
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FIGURE P6-10

L. The input link of the GCRR mechanism shown has constant counter-clockwise angular
velocily wy = 5Srad/s. Tind the velocity vector of coupler point P when 5 = 60°

(1) analytically,
(ii) using instant centers.
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shown in terms of its current geometry.
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Using appropriate instant centers, express the mechanical advantage of the mechanism

b
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2. Using appropriate instant centers, express the mechanical advantage of the mechanism
shown in terms of its current geomelty. N
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2. Using appropriate instant centers, express the mechanical advantage of the mechanism
shown in terms of its current geometry.
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3. Express the mechanical advantage of the mechanisin shown in terms ol ils current
geometry.
—+(i}) Use instant centers Iy 5. Iy 2, and I 5. Fo.i No o= \j.m Y,
(ii) Use instant centers In g, Iy 2, and [y g. .
(iil) Use instant centers Iy 9, Is 4, I 4, and Iyg. N S P VA L0 .
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3. Express the mechanical advantage of the mechanism shown in terms of its current

geometry.
(1) Use instant centers o 5 5. 112, and [y 5.
.y (ii) Use instant centers % 6 11,2, and I -
(iii) Use instant centers 11,2, Iy I 4y and Ty,

Fad \;\f\
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ME 213 A/B HOMEWORK SET 7

gDue 10/15/10)

—

1. The belt-drive shown transmits torque from the large wheel to the small one via the

T,
belt. Develop an expression for the mechanical advantage %U of the belt-drive.
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2. For the six-bar mechanism shown, use Kennedy’s Rule to locate all 15 instant centers.
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ME 213 A/B HOMEWORK SET 5
(Due 10/01/10)

,, ; 3
Gearratio } = * -
5

Phaseangle ¢ = 6,- X8,

1. For the geared five-bar mechanism shown (assuming the lengths of all rigid links are
known):
(a) Develop vector-loop equations. Explicitly specify the loop or loops being used.
(b) Consider each vector used in some vector-loop. Is its magnitude constant or
variable? Is its orientation constant or variable?
(c) What, if any, geometric constraints exist among vectors used in some vector-loop?
(d) Write the vector-loop equations in components and (if any exist) the constraint
equations. Count equations and variables. How many of the variable quantities must be

specified to make the system solvable?
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2. For the six-link mechanism shown (the lengths of all rigid links are given in mm.):
(a) Develop vector-loop equations. Explicitly specify the loop or loops being used.
(b) Consider each vector used in some vector-loop. Is its magnitude constant or
variable? Is its orientation constant or variable?

(c) What, if any, geometric constraints exist among vectors used in some vector-loop?
- (d) Write the vector-loop equations in components and (if any exist) the constraint
equations. Count equations and variables. How many of the variable quantities must be
specified to make the system solvable?
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3. For the mechanism shown (assuming the lengths of all rigid links are known):
(a) Develop vector-loop equations. Explicitly specify the loop or loops being used.
(b) Consider each vector used in some vector-loop. Is its magnitude constant or

variable? Is its orientation constant or variable?
(c) What, if any, geometric constraints exist among vectors used in some vector-loop?

(d) Write the vector-loop equations in components and (if any exist) the constraint
equations. Count equations and variables. How many of the variable quantities must be

specified to make the system solvable?

/
(Loo.@ by

S N TS
ff!‘hp 1)

- O
K7 t R, J’"QLf — Ry

) oy o (8,2 G|

LNP 13(‘
i - , L - P& Do =0
Q?_ oD, ' p\?s ws 9, * ”\l‘( @S2 [ Py R() e '55
_Y‘: (B} 5'\,r\_97\ + R - :‘:)l"‘ 3 2 v {, y :.,’\\/\f;;)q — & 5 <*3§V\G-5 =0

A 5
Ifo“)? X, R, Mo + Ry 93 :3," T RsWS By = O

i Rrg -+ (l(’.\;w\@g + Q'«‘ SI"’\Q\{ - {LSS‘\’\@‘{’ = O



ROMEWORK 3
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ME 213 A/B HOMEWOGRZ 52 [/aVIA  [HTH QWL /

1. The length of the links in a GRCR 4-bar mechanism are {R;, Ry, Rg, R4} =16.9.3.¢
it 1s assembled in the Form 1 configuration. Determine anv limiting values of the funda-
siciital position augies, and represent their ranges on Barker diagrams.

2. Bv combining the detailed analysis of problem 1 with the observation that the relative
motions of iinks are frame-independent, generate the Barker tabies for the three inversions

of that mechanisnz.

3. Norton. Problem 3-1.
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avurton. Eroblem $-5.1 Design a non-quick-return four-bar mechanism to give the
v € POSITIONS O COUPLEr MOTIoN SNOWN. Llassily this mechanism according to the Barker
sacan€. Determine the range of @1y it attains, and find its minimum transmission angle.
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ME 213 A/B HOMEWORK SET 2
(Due 9/10/10)

1. For each of the following hypothetical 4-bars: (a) Determine whether it can be assem-
bled, (b) if so, determine its type according to the Barker classification.

{R1,R2,R3,R4} = {6,10,4,7} 1

(1)

{R1,Rz, R, Ra} = {12,6,5,8)} 2)
{R1,R2,Rs, Ra} = {13,2,5,5) (3)
{R1,Rz,R3,Ra} = {9,18,10,11} (4)
(5)

{R1,R2,R3,R4} = {9,8,4,6} 5

2. A GCCC 4-bar mechanism has lengths {R1,Ro,R3, R4} = {4,9, 6, 8}, and is assembled
in the Form 1 configuration. Sketch, with numbers, the ranges of the six fundamental
position angles for this mechanism.

3. A GCRR 4-bar mechanism has lengths {R1,R2, R3, R4} = {8,4,9,6}, and is assembled
in the Form 2 configuration. Sketch, with numbers, the ranges of the six fundamental
position angles for this mechanism.
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For each of the mechanisms shown:
(1) Identify and label all joints. (2) Calculate the mobility.

MORBILITY =
S(L-1) - 25- 7
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4. (15 pts) Circle the atom or ion WITHIN EACH PAIR that has (according to the general trend)

... the larger atomic radius:

a € n by Ti Ph N -
SN AN\ RN

-+~ the larger jonig radis;e =% 0 SPRING 2010 TEST 3

d) As® Set € 2+
\.,\ the larger first i 2 \& ‘_/
% Cca K h) Si  Ge /N si
ore negative electron affinity: /,"/
Sb Sn k) P N /DS
... the higher electronegativity: /
m) Sr Rb n) Si N f 0) Ga

NAME:

/

/
L

N /
5. (6 pts) Write the five IONS made by the elements As, Se, ,F{b, Srand Y that are isoelectronic,
have the same number of electrons, as the bromide ion (Bf") in order of increasing radius.

/
< < / <
6. (28 pts) Complete the following table as nkcxd/

/

Element Els(():gon Rest of Numbé of Orbital Diagram Unpaired
or ion element electrons | valence£lectrons For non core electrons Electrons
- S - mwp__
Mg [Ne] 357 2 | wsil 0
p | (n-1)
V Total —
np_ N\ _
Cr ns
(n-1)d
/ —
r / ns__
; (n-1)d
Pt e
I ns____
(n-1)d
mp____
cr’ ns
(n-1)d -
3




2.(30%) The FBD for a link in a mechanism is shown above. The link has mass m = 5kg,
and moment of inertia I, = 6kg-1112. At the instant of concern, Rip = {—3.51—30j} cm,
Ra2 = {301+ 405} em, ag, = {447 — 4733} em/s”, @ = 2rad/s*~. Using the 2 — y
horizontal-vertical coordinate system, and the quantities Fis, Fj9, T2 named on the

diagram, write down the three kinetic equations for the link in numerically explicit form.
o
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FIGURE 12-12

A dynamic wheel belancer

4.(20%) The wheel and tire assembly shown has been run at|10rad/sjon a dynamic bal-
ancing machine. The force measured in the left bearing has a peak of[10 N ht a phase angle
of ith respect to the zero reference line on the tire. The force measured in the right
bearing has a peak of [12 N at a phase angle of with respect to the zero reference line
on the tire. The center distay
left edge of the wheel rim is |
is wide at the rim. The w

between the two bearings on the machine is 25 cm. The
from the centerline of the closest bearing. The wheel
reel rim diameter isl)e\:errnirm the size and
location with respect to the tire’s zero reference angle of balance masses. needed on each
side of the rim to balance the tire assemb
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o J) - i —?f!l R
’ ‘ f ¢ (508 mm)
3] E

j( | J ()Ji‘ 4 i,
y \‘ AR 8 in.
> : O48 = 6

,‘ #C - Bn
b ‘1
7 2 f
‘ < 5.75in. ."’;i‘l

G vocs . 135in. (146 mm)

(343 mm)
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1.(20%) For the mechanism shown (assuming the lengths of all rigid links are known):
! (a) Develop vector-loop equations. Explicitly specify the loop or loops being used.
J (b) Consider each vector used in some vector-loop. Is its magnitude constant or
variable? Is its orientation constant or variable?
(c) What, if any, geometric constraints exist among vectors used in some vector-loop?
(d) Write the vector-loop equations in components and (if any exist) the constraint
equations. Count equations and variables. How many of the variable quantities must be
specified to make the system solvable?

1O | R VT YZL - (€]
i ( I)
X 2 R4050, ) L ’
) S 3 J
| 2)
1) Rysia®y+ R, y, =0
. ) 7 ) -0
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2.(20%) For the six-bar mechanism shown, use Kennedy’s Rule to locate the instant centers
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3.(20%) The crimping tool shown is a four-bar mechanism. When 6, = 55°, the corre-
sponding values of the coupler and output angles are 65 = 30.33°, 4 = 124.57° respectively.
(a) Write the power identity for the mechanism, and express its mechanical advantage

; w
M. A. = =" in terms of the ratio —=.

hand Wy
(b) Sketch the mechanism in the configuration 6 = 55°, locate the instant center I 4,
and use it to develop a numerical relationship between wy and wy.
(c) Find the mechanical advantage of the tool for this configuration.
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4.(20%) The dimensions of the four-bar mechanism shown are given. In the current config-

uration, link AB ha,s,angular\velocity wap = Hrad/s counter-clockwise. Find the angular
velocities of links(DE and-BD

\/B \/D - \IE
HINT:- wap X RB/A +wpp X RD/B — wWpE X RQ/E =0.
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6h x( gt ¥ A8sin 60 3) s = +\ Wep 08 ] + 8o
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5.(20%) The dimensions of the four-bar mechanism shown are given. In the current configu-
ration, link BD has angular velocity wgp = 4rad/s counter-clockwise, angular acceleration
app = 10rad/s? clockwise. Find the acceleration difference Appg. Give your answer as a
magnitude and an orientation relative to the horizontal.
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PRACTICE For gxpam 2

1.(20%) For the six-bar mechanism shown on the next page, use Kennedy’s Rule to locate

the instant centers Iy 3, I; 5, and I3 4. The connection between links 3 and 5 is a revolute
joint.
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2. (20%) A six-link mechanism and certain of its instant centers are shown above. Develop
a relationship between the input force F;, experienced by link 2 and the output force Fy
in terms of lengths taken from the instant center diagram. Label any lengths used. What

is the mechanical advantage of the mechanism?
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4.(30%) The inverted slider-crank mechanism shown has lengths a = 4, ¢ = 2, d = 8, and
v = 30°. For @2 = 75°, in an open configuration, b = 6.17, 8, = 128.2°, 03 = 04++. In this
configuration, we = —45krad/s, and wy = —2.7k rad/s, b= —176.0. If ay = 25krad/s?,
develop a set of equations to determine ay and b. You are NOT asked to solve these

equations.
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3.(30%) Vector loop equations for the single DOF mechanism shown may be written in
the complex forms , ‘ e
be% 4 cel® — 5 =0 Jy 7 -0,
be?% + de?? — fe% _ kel =0 . T -
Os — 03 = W3 ~Wy = U
Note that f and z are variable quantities. Develop equations relating ws, wq, f and £ to
ws.
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FIGURE P3-1

3.(10%) A design problem calls for the synthesis of a mechanism that will carry link AB
between the two configurations shown. Which of the three standard types -~funetion
—generation;-path-generation, @Gtion generatibi/i)— of synthesis is this?



Fiz. 1. Typical planar four-bar mechzanism,
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2. (10%) For each of the following hypothetical 4-bars: (a) Determine whether it can be
assembled, (b) if so, determine its type according to the Barker classification.

{R1,R2,Rg, Ra} = {10,6,7,4} \/ (1)
{R17R27R3)R4} = {5712,8:6} (2)
{Rl)RQ) R3) R4} = {37 8) 163 4} )”\/OTL ASSY V\‘b)i‘ Q idzb (3)
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1.(10%) For the 9-link mechanism shown:
(i) Label all joints,
(ii) Compute the mobility.
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4.(35%) A GCCC 4-bar mechanism has lengths {R1,Ra,R3, R4} = {4,8,6,7}, and is as-
sembled in Form 1, i.e., with ¢5 > 0.

Find, and illustrate on suitable pie-charts (with numerical values), the ranges of the fun-
damental position angles ¢12, ¢13, and ¢o4. Sketch the configurations of the mechanism
that correspond to any extreme values computed.
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5.(35%) The z—y coordinates of two configurations of link C'D are C; = (1, 1), Dy =(1,3);
Cy = (5,1), D2 = (6.2,2.6). Find the rotopole associated with these two configurations.
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