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EML 3262 Kinematics & Mechanism Design (3) — Spring 2005

Professor: Favel Gov Texthook: Machines & Mechanisms Applied Kmemaﬁc
. Office EAS 3234 Analysis, David H. Myszka. 3 Edition .
Office hours: T 1400-1700; Prentice Hall. 2000
R 1500-1700 * See footnote

Tel: (305) 348-2067
e-mail: govi@fivn.edu
: References: Kinematics, Dynamics, and Design of
Machinery, Waldron Kinzel, 2™ edition,
Wiley.
Website: http:/faculty.eng.fiu. edu/~govfavel/em13262 html
Course Objectives
1. Identify mechanism by type of motion (planar spatial), by degrees of freedom or by type of
elements (double rocker, linkage, geared, etc..). .
2. Graphically and analytically determine the position of all links in a mechanism, and the limiting
position of the mechanism as the driver link(s) are displaced.
3. Using the relative velocity method, graphically and analytically determine the angular velocity of
a link and the velocity of any point on a link, knowing the actuator’s kinematic performance.
4. . Using the relative acceleration method, graphically and analytically solve for the acceleration of a
point on a link, knowing the actuator's kinematic performance.
5. Study the cam-follower mechanism: synthesis of the motion program for the follower and-
generation of cam profile.
6. Apply the analysis and synthesis method to design a mechamsm fora speclﬁc case.
MME Educational Objectives related to this course 7
1. Broad and in-depth knowledge of engineering science and principles in the
major fields of Mechanical Engineering for effective engineering practice,
professional growth and as a base for life-long learning,

2. The ability to communicate effectively and to articulate technical matters using
verbal, written and graphic techniques.

MME Program Outcomes related to this course

(a) Ability to apply knowledge of mathematics, science, and engmeenng

(e) Ability to identify, formulate, and solve engineering problems

(f) Understanding of professional and ethical responsibility

(h) Broad education necessary to understand the impact of engineering solutions in a global and

societal context
(i) Recognition of the need for, and a ability to engage in life-long learning :
(k) Ability to use the techniques, skills and modern engineering tools necessary for
engineering practice.
() Knowledge of mathematics and of basic engmeenng science necessary to carry out

: analysis and design appropriate to mechanical engineering
Attendance Policy
Attendance is expected at all lectures, although it will not be checked. Proper learning of the course
material can only be achieved through regular course attendance and an abundance of time spent
completing all of the aSsxgned homework and practicing the skills introduced in this course. Please be
aware that the material is cumulative in this class, which means that you should try to make every effort in
a timely manner.
Computer Usage
PRO-E / Mechanism is.the preferred software for the elaboration of the ass1gned projects. Software such as
Matlab, Mathematica, MathCad, or Autocad may be useful during the course.
Homeworks
Will be assigned and collected. These problems should be worked out at home because you might see them
again on your quizzes. You must keep up with the homework in order to do well in class.
Quizes and Final Exam
Otherwise specified on class, you need to bring to the quizzes and to the final exam only:
A compass, a protractor, a ruler, a 45° triangle, a 60° triangle, a pencil and an eraser
A non programmable calculator (continued on next page)

" The 2™ edition is also good f~ thic course. The differences between the editions will be remarked at class
and homework fasks will be giver for the 3% 23 well 95 for the 2™ edition
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QUICK RETURN MECHANISM
EXAMPLE OF A CRANK — ROCKER MECHANISM DESIGN

1. A general 4 bar mechanism and its common parameters are shown:

5,

2. Design a “Quick Return” mechanism based on a crank — rocker 4 bar linkage,
in which: ’
a. Time ratio Q=2 (the slower stroke is twice the quicker stroke; B=n/3
rad=60°)
b. r4=150mm
04=r/4 rad=45°
d. A84=n/6 rad=30°

o




5 :
3. GRAPHICAL SOLUTION:

" 4. Draw an arbitrary line from C2 (or C1) and complete a line to C1 (or C2) by
enforcing an angle 3 between them:

Cl

s

5. Draw a circle through A, C1, C2; point A may be moved along the circle to a
desired position (there will be no changes on 8 magnitude)

6. Measure AC, and AC, .



7. E‘—=r3-r2; AC, =13+12, so:
13=(AC, +AC, )/2 and 2=(AC, - AC, )2
13= 62.90255mm; r2= 26 22515mm

8. Draw the mechanism

R o -
L3 ,’E'
at r
s¥ i

Q)

v IR N

e X
01=81.76°
r1=116.93mm

r2=26.23mm (input crank)
13=62.90mm

1



9. ANALYTICAL SOLUTION

10.
r4-{cos8, —cos(®, +A9,))= AC, - cosa — AC, - cos(a. + )
' r4-(sin0, —sin(0, + 46, ))= AC, -sinc - AC, -sin(a + B)
{m.(cose4 —cos(8, +A64))j’ ~ {— cos(a +B) cosa:l'[A_C—;}
r4-(sin@, —sin(0, +A9,)) | | ~sin(a+p) sina | |AC, |
B=A-x
x=A"-B
_Acz"A—Cl
2

2

3= AC, +AC,
2

arbitrary

11. rl, 61 solution:
L= \/(r4 -cos(@, +A64)—E-cos(a+ﬁ))2 +(I'4 -sin(9, +A64)—A—Q-sin(a+B))2

cos0, = i'(1"4 -cos(0, + A8, )— AC, - cos(a +B))
I

i

sin 0, :;1_'(& -sin{0, +A64)_—7A——C_l-sin(oc+ﬁ))

1



'A12. The calculations, assuming o=-0.10292 [rad] (in order to have the same
mechanism as for the graphical solution)

a B 14 24 Ab4

[rad] [rad] [mm] frad] [rad]
-0.10292| 1.047198) = 150} 0.785398] 0.523599
arbitrarg '

matrix A

-0.58633| 0.994708
-0.81007| -0.10274

inverse A B
-0.11864; -1.14859 * 67.24316 = 36.61403|=AC1
0.93539 -0.67704 -38.8229 89.18308|=AC2
Results:
r2= 26.3|[mm]
r3= 62.9{[mm]
H= 116.5|[mm]

cos(@)=_| 0.148933
sin(8l= | 0958847
f= 1.421308[rad] = 81.4][deq]

13. The animation of this design:

quick-return mechanism

(The forward stroke is twice long than the back stroke)
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i 1/13/2005 HM#1 HM# 2
Jame Panther!D |Phone Number |Campus Email 1/11/2005 | Are you famitiar with PRO-E?(yeg 1/13/2005 | 1/18/2005 1/20/2005 2/3/2005 Quiz#1
Modeling |Assemblie{mechanis
lof parts |s m design

Alvarez,Jorge L 1290400] 3052744580{jalva013@fiu.edu  |alviorae@aol.com 1y y n 1 y 1 1 1 65
Andara Melanie Elizabeth 1374312] 3052287639 | manda001@fiu.edu 1y y n 1 1y 1 1 1 55
3ellorin,Ronald F 1325730] 3052587198 rbelc001@fiu.edu 1ly y n 1 1ly 1 1 1 95
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darper,Shaka Akili 1012782| 3053489376 |sharp003@fiu.edu |akili 2000@yahco.com n n n 1 1in 1 1 1 45
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Viarshall Natalie Ladonna 1306053| 9548844700 nmars001@fiu.edu 1ly y n 1 1ly 1 1 1 . 65
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Vayer,Verdi M 1358420| 3055952633 vmaye001@fiu.edu 1ly n n 1 1ly - 1 1 40
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Florida International University

Department of Mechanical and Materials Engineering
Kinematics & Mechanism Design

EML 3262 Quiz # 1 — Version A Feb. 10, 2005

Follow the instructions before you begin the quiz:

This test is 40 minutes long. It is not permitted to pass or receive any hardware nor software durmg the
quiz. Use your own papers, pens, pencils, calculators, etc.

OV The following items are allowed during the quiz: compass, protractor, ruler, 45° triangle, 60° triangle,
pencil, eraser, pens, non programmable calculator, one A4 paper with your remarks, formulas, etc., White
papers

Write your first and last name, your Panther L. D. & the quiz version (A)

Explain your steps, use the adequate diagrams.

Good Luck!

For the given mechanism:

1.
2.
3.

Draw the kinematic diagram (freehand). (25%)
Calculate the degrees of freedom. (25%)
Position the links and reposition them as the sliding platform moves 200mm to
the right (=) (draw scaled) (25%) .
Determine the change in length of the linear actuator. (15%)
Choose the correct answer: (10%)
A four bar mechanism has at least one revolving link if
a. The sum of the lengths of the shortest and the longest links is greater than
the sum of the lengths of the other links.
b. The sum of the lengths of the shortest and the longest links is smaller than
the sum of the lengths of the other links.
c. Only when the sum of the lengths of the shortest and the longest links is .
equal to the sum of the lengths of the other links.
d. There is always a revolving link.




Florida International University

Department of Mechanical and Materials Engineering
Kinematics & Mechanism Design

EML 3262 Quiz # 1 - Version B Feb. 10, 2005

Follow the instructions before you begin the quiz:

This. test is 40 minutes long. It is not permitted to pass or receive any hardware nor software during the
quiz. Use your own papers, pens, pencils, calculators, etc.

ONUY The following items are allowed during the quiz: compass, protractor, ruler, 45° triangle, 60° triangle,
pencil, eraser, pens, non programmable calculator, one A4 paper with your remarks, formulas, etc., White
papers

Write your first and last name, your Panther I. D. & the quiz version (B)

Explain vour steps, use the adequate diagrams.

Good Luck!

For the given mechanism:
1. Draw the kinematic diagram (freehand). (25%)
2. Calculate the degrees of freedom. (25%)
3. Position the links and reposition them as the sliding platform moves 200mm up
(M) (draw scaled) (25%)
4. Determine the change in length of the linear actuator. (15%)
Choose the correct answer: (10%)
A four bar mechanism has at least one revolving link if
a. The sum of the lengths of the shortest and the longest links is greater than ‘
the sum of the lengths of the other links.
b. Only when the sum of the lengths of the shortest and the longest hnks is
equal to the sum of the lengths of the other links.
c. The sum of the lengths of the shortest and the longest links is smaller than
the sum of the lengths of the other links.
d. There is always a revolving link.
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QUIZ # 1 - SOLUTION

VERSION A:
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VELOCITY IMAGE - Example

The geometry of the following mechanism is given (all the dimensions needed to
draw its temporary position are given), as well as the angular velocity of link 2.
Draw the velocity image of the mechanism.

(n=6, jp=7, jh=0; DOF=1)

Vg = Vpa =c02-EAJ_E

rzc =vcélé_ﬁ

Ve =Vp+Vey 1V =VCBLJ.E3§

vy =known

,!E = vﬁéParallelto?

Vg =Y¥¢+Vpe Vg = VgL LEC

v =known
Floating points X,Y :
rgxs = VXBA_I__—Xﬁ _

Vx =¥p +zxs}< Vyo = VyoZ LXC

¥y = V¢ +V¥xe) | vy =known
(Vc =known
Yy =V ZL1YE

Yy =Yg+ Vg }< Vyo = VyoZ L YC

Yy =¥¢ t¥yc) | vy =known

Ve =known



Scale: 1 mm =7 m/s

Velocity Image construction
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The triangle Abcx is called the velocity image of link 3. The triangle Acey is
called the velocity image of link 5.

The above velocity image of the mechanism is proportional to [vg|, s0 the different
velocities may be expressed as a factor of |vg|

Measurements taken from the mechanism’s velocity image:

de T - A\’
do/-=225  then ve =225 fu|=0,-CD > o,= %ﬁ

P v
b/Z— 1.78 then vg =178:|lvy|=0,-CB . > a,= C%—ﬁ

ef 5" =239 then vy =239-|v,]

_ o ,
=134 then vy =134-|vy|=0,-EC - o= e

For the floating points X, Y:
/. 285 then vy =2 85-[v,| £243.6°

d%:lﬁ then v, =16-|v,| £247.5°

What is the relative velocity between point X and pin join E?
=0.877 then vy =0.877-|vg| £13.1°

Find a zero-velocity point on link 3
A static point must be coincident with point a (d or f).

Point S, that belongs to link 3, has v=0

In other words, $ is the temporary center of rotation of link 3
For example, v, = ¥+ Vys =0;-XS £ 1 XS



Analytical Solution

W
o,

Links 1, 2, 3, 4 solution

Ipa +Icp =Ipy +Icy

Ips +CD-(cosO % +sin 0,9)=AB- (cos0,% +sin 8,9)+BC-(cos0,% +sin 0,9)

CD-8,-(~5in6,% +cosb,§) = AB. 5, -(~sin8,% +c0s0,§)+ BC-6, -(~sin0,% +cos0,§)

©,=0,; o,=06,; o, =0,; VC=C_ﬁ-0)4;' szﬁ-mz; VCB=%'CO3
S |—sinB, sin@, \ ~-sin0,
. - . = -V

cos6, -cosb,| vy | | cose, | P

Vo |_[-sin®, sin@, T' [=sino,
= - -V

Vep cos®, -—cosh, cos®, | °
gczvc-(~sm04ﬁ+ms64?), o, =V%ﬁ

Vep = Vep '(*sin93ﬁ+cos(93§r), 0, = VC?BLC



Links 1,4, 5, 6 Solution

F constant polnt

Igp =Icp +Igc

Ter -(cos661?c+si1196§'§/)=gcF +CE -(cos 0, % +5in0; )

tEF=f_CF+zEc;, | |
o -(cos96i+sin96§f)=vc .(sin0,% +cos0,y)+ CE -6, -(—sin @, % +cos O )

o,=05 vy=ig; Vg =CE -0,
cosO, sin0; Vi —-sin6,

. -v
sinB; —cosO, | [ vie cos9, ¢
Vg cosO, sinO; T [-sin®,

= . v
Vee | |sin® —cosO; cos8, | €
Ve =Vg -(cos96i+sin96§r)

Vee = Ve ‘(—sin65i+cos95 ﬁ) o =VE%CTE_

It

Velocity of the point of interest X on link 3:
ad,f

03+n/2

b, +T+T _ /BCX)
VX%CB Z“X_B'BC > Y :|v®|.ﬁ/§6 4(93+%+ACBX)

In order to calculate the velocity of X:



In order to calculate the velocity of X:
Vx =¥Vpt+¥yp =.

Vy = ( vy -Sin® +|vCB| (XBBC) cos(e3 +%fZCBX))-i +
+ (VB +€050,, +|v gy -(XBBLC)-sin(G3 + % + ACBX)) ¥
Velocity of the point of interest Y on link 5:

VY%CE =Y0te = ¥y =|VCE|-Y%E 4(95—%+4YCE)

In order to calculate the velocity of Y:
Vy=Y¥et+V¥yc =

Vy ?(‘Vc -sin0, +|vCE|-(Y—9&)-cos(65 —%+4YCE))-£+
+(vc -cos0, +vaB|'(Y_—C/&)-sm(95 —%+4YCE)}-'§'

Using Excel 1to solve ﬂile above ?quations:

Measurements taken from the mechanism:

02 Q3 04 93 o6 CcBX YCE
deg 186.4881)| 111.2399| 316.6964| 57.4742 60| 27.2239| 42.1936) .
rad 3.254831| 1.941503| 5.527395| 1.003114] 4537856 0.475147] 0.736417
XB BC YC CE
Inwpne | 73.9337] 629951 54.3574] 76.3999

ve=vb+vch; : 1.1
0.685864| 0.932072|| -
0.72773| 0.362274)) Goy WHE
1] 0 LTN
084754 2.168408 0112957 |= “’"S’W”,“m N
1.693081| -1.59568 09936 M(UE(rm\ve T0 THE
M’&IMED)
ve=vc+vce -
-0.17365| 0.843149
093481| -053768
i 1
-0.58209| 0.91279* 1.54308]=
1.066147| -0.18799 163727 G5 ATHE
owzmt DREN
(vEwtTivE TO THE

/\-S_SVMED)
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X ¥ | magnitude] (ARSONTE \/f}LVE)
vh 0 0 h
0.112997] -0.9936| 1 '
ve 0 0 -
- -0.41549| -2.35634
Ve ' 0 0

-1.54308, -1.63727

vch ' 0 0
-1.65608| -0.64368
vec 0 0

1.127595| -0.71907

vib 0 0
-1.38274| -1.56092| 2.085295

vy 0 o
0.937999| 0.159793| 0.951513

v 0
-1.26975
Wy g

-0.60508

Velocity Image of the mechanism

adf____
05

P Y
AB, (b, w, *ﬁ[ —8) @3,&111/ @ [
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ex(6-1)/2=135

6

mrwm.wnj an Instant Center Diagram

| ‘ .
Identify the primory Instant centers
| 3

cmwm Kennhedy’s Theorem to locate the others:

e
3 o
®(46) is the Intersection
®(24) Is the Intersection
25 is the intersection
@26 is the intersectioh
36> Is the intersection
o ag
4 (162,

of (565-(45) and (14)-(16)
of U4)-U2> ond (23H-(34)
of (P4)-(45) and US)-U2)"

of (24)-(46> and (255-(36>

of (26)-(23> ond (13>-U6)

Ny
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AC = 14" @ ”"
AE = 3.15" TF=N

DF=16" =i
o 070

it
pa-o0ss*  BE=08s" QT=hL

pF=245" EG=22" ATrzgJ7" : ¢=K
AB=145"  EC=12" 0.73 S O
BF=18" :

BE=13.4"

EF=16" -
FD =2.85"
D33 F@1,075

)
AB =175 -
fp-trs Th: {
BD =3 TAz {"
ED=2)s"
CE= 145"




Scapyg' er=l”

AC=BC =14"
BE=3.15"
DF=16"

EF=20"
AB=15"
BC= 155"
CF=440"
DE=10" y

sg=lyy gr=11"

; A
AC =195 TPF“S-S w
> W18

AD =2.0"

Sb= l, ‘18“

SB= 3‘¢1u -

AB =1.35"
BD=39"
-DE=0.9"
BC=0.9"
CF=2.0"

TD: _“S"

Q C(3.35%,039)

- X

cB=1.1"
BE=20"
BD=L1"
DE=12"
AD = 1.6"
AF=16"

5) F(4‘2,-l.33 »
TE: 0‘) )

cD=08"
CA=06"
ED=185"
EF=FG=135"
GH=15"
HI=095"
cr=2.1°

o B2 AB=15"
BC=49"

CE=43"

EF=12" -

(X, ¥;) = (0.95, -4.45)

(X, Tp)=(2.5,4.85)

o= sez 11"

B3 -bﬂsg‘qu & L/-.Z“

AB=80cm
AC=45cm
BD=13.0cm 3
DE=29cm

SD=0XT-0.6"
SE28" TE72.5"



"
DA=095" BE=085" QT= U’%} K

DE=3245" EG=22" AT WA
AB=145" EC=12"
BF=18"

AB=Q75"

BE=3.4"

EF=16" -
FD=285"

CD-133  F@1,075)

JURPAT ’
AB=1.75" -
FrREH 1\’_% U“!
BD =3" fed )
ED =225 lLs"
CE = 1 45¢

AB =1.16"
BC=0.70"
CD=1.45"
DE = 1.16"
AD =1.30"
DF =1.30"
E(i= 220"

@)




CD=038"

CA =0.6"

ED = 185"
EF=FG=135"
GH=1.5"
HI=0.95"
Ccr=2.1"

CF =0.65"

sh :0. {{
322093

; O
17 B .
. AB=15"
. BC=49"
CE=43"
EF=12"
K Yp) = (0.95,-4.45)
(X, ¥) = (2.5, -4.85)

AB=80cm
AC =45 cm
BD=13.0cm T3
- DE=29cm

sp=19" = 1Y
SE=p8 TE )"
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ECIMET= 264
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- AC=09"
j -B ot A4 D= 15"
DE =3.25"

ty
pa=095" BE=085" QT=10
DF=245"  EG=22" ATz "
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BF=18"

=175 1= 1"
BC=1" T8 f

BD=3" Th= 2"

DE =2.5"
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AB=175" ED =225
1(957 - 1155 CE =1 45"
AT=1 2%
BT=1,2%" .
VAI
O
ﬁ: 20
S
SE ~iE=2
TC*=
AB =1.2
BC =6.0"
CD=3.0"
®, AD =4.0"
BF =30" /
3= Boék,"
- - - _ 2




EF=20" -
AB=15"
BC=1.55"
CF=440"
DE=1.0"

. §B - O,\{“ BT: O\BTXH
Sei)gr ere A3y

AC=BC =14"
BE =3.15"
DF =1.6"

ac=195" TH= 14 ‘“

"
AD=20" -~
Y DE‘=l.1" TD’ L\{\ y
BD=09" A=
=K

BE = 1.9"T

- X

Sp=3Y4"

S8 la" |- s .

AB =1.35"
BD=39"
DE=09"
BC=0.9"
CF=20"

D= 3
. TB:).S" !

CD=038"

CA =0.6"

ED = 185"
EF=FG=1.35"
GH=15"
HI=095"
CI=2.1"

CF =0.65"

sp= 13"
SE :,' 3.n

Wi

5B AB=15"
3 BC=49"

CE=43"

EF=1.2"

(Xp, Yp) = (0.95,-4.45)

(X, ¥,) = (2.5, -4.85)

AB=8.0cm
AC =45 cm
BD=13.0cm 3
DE=29cm

\

sh=2%8 TH=7
SE :“Su TE= L?_“
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ESUY ET=0.8"
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Florida International University

Department of Mechanical and Materials Engineering
: Kinematics & Mechanism Design '

EML 3262 Final Project March 8, 2005

Mechanism Analysis Using PRO/E,

Introduction

The use of an engineering environmental multiplication software for the development
and design of machines is being common in industry. The objective of this project is
to learn the application related with the course. Working in a team attached to a multi-
user design environment, let you analyze a mechanism being design by different
groups. The final project includes the analysis of your individual mechanism,
following the procedure specified bellow and the submit guide.

Procedure:

Link 2 of the mechanism is the input.
1. Calculate the DOF of the mechanism
- 2. Model the links in PRO/E. Add points in the model where a parameter is needed
later to be analyzed using the mechanism application. Call each part as explained
in the following example:

link3 1399999 prt e LD,

Link
Number

Pant. I. D.

Open a new assembly called as asm_1399999.asm; and assemble the mechanism
Add a rotational motor on link2 — constant velocity of 36deg/s.
- Run a kinematic analysis
Investigate the limiting positions of the mechanism. Write the limiting positions
of link 2 and link 6 : '
7. Adjust the motor to run the mechanism between the limiting positions (about 0.5°
from each limit in order to be inside the range of the cycle), using a sinusoidal
function. The motor shall do a full cycle in 10 seconds. If link 2 is a crank, let the
motor operate at constant speed of 36 °/s
Run again an analysis using the movement between the limiting positions.
Find the velocity of point K as a function of time(for one full cycle).
10. Plot the displacement of Point K in the x direction (Kx) as a function of the
angular displacement of link 2 (for one full cycle).: '
11. Plot the displacement of Point K in the y direction (Ky) as a function of the
angular displacement of link 2 (for one full cycle).

AW

o o0




12.

13

14.

15.

16.

17.

18.
19.

2

Plot the velocity of Point K in the x direction (vkx)asa functlon of the angular
displacement of link 2 (for one full cycle).

Plot the velocity of Point K in the y direction (vky) as a function of the angular
displacement of link 2 (for one full cycle).

For the full cycle, draw the trace of the points of interest S, T Calculate their
lengths.

Calculate the relative velocity vector between points K and J (magnitude and -
direction) as a function of time (export to Excel the x and y components of the
velocities of points J, K. Subtract them and calculate its magnitude and angle. Plot
the graph of magnitude as a function of time and the graph of vector’s angle as a
function of time (for one full cycle).

A linear damper is needed between points J and K — Calculate the expanding /
retractmg velocity of the damper as a function of time (multiply vky by the unit
vector in KJ direction) .

Plot the Acceleration magnitude of point K and its direction as a function of time
(for one full cycle).

Multiply the length of link 2 by 1.2; update the model and rework 6. through 16.
Multiply the length of link 2 by 0.8; update the model and rework 6. through 16.

Submit:

1.
2.
3.

Links and assembly files
Excel files used for the calculations
for the original length of link 2 1.2*( original length of link 2); 0.8*( orlgmal
length of link 2): '

a. The limiting position values and plcture files of the 11m1t1ng positions

(save as *.Tiff) ~

Movie file of the mechanism moving one full cycle.
Procedures 9. to 13. plots. Each plot shall include the three curves
The traces of points S, T (Tiff files) and their lengths
Procedures 15. to 17. plots. Each plot shall include the three curves
The solutlons pictures and graphs shall be submitted as a word file + hard copy.
Explain your steps, the calculations done, units, main conclusions about the '
results and discuss the advantages using a mechanism application software as well
as its limitations for mechanism analysis. '
The following files should be submitted:

a. The link parts and the assembly

b. The movies (X3)

c. The Excel file

d. The word file

o a0 o

Submitting Date:
Thursday, April 21, 2005



Florida International University
Department of Mechanical and Materials Engineering
Kinematics & Mechanism Design

EML 3262 ___ Ouiz#2 - Version A March 17, 2005

First and Last Name: : ‘ Pant. 1.D.:

Follow the instructions before you begin the quiz: ,
This test is 60 minutes long. It is not permitted to pass or receive any hardware nor software during the

quiz. Use your own papers, pens, pencils, calculators, etc.

The following items are allowed during the quiz: compass, protractor, ruler, 45° triangle, 60° triangle,
pencil, eraser, pens, non programmable calculator, one A4 paper with your remarks, formulas, etc., Blank
~ papers. SOLVE THE QUIZ ON THIS PAGE ,
Werite your first and last name, your Panther L D. & the quiz version (A)

Good Luck!
The mechanism from Quiz # 1 is given (after link 6 moved 200 mm right). The
velocity of link 6 is 1.2m/s right (). Use the geometry given to solve graphically:
1. Draw the velocity image of the mechanism (The scale is given and the

velocity of point F already appears. Use the rectangular space for the
solution)  (25%)

2. What are the velocity vectors of pin join B3 (=B4), pin ]om E and the
retracting velocity of the actuator? (25%) ~

3. Find the primary instant centers of the mechanism. (15%)

4. Find instant center (14) (10%)

5. Calculate the velocity vector of B4 (=B3) using the instant center method.
(25%) _

1mm=0.02376m/s

3 ®

Velocity Image of the Mechanism:

o~
-




Florida International University

Department of Mechanical and Materials Engineering
Kinematics & Mechanism Design

EMI, 3262 Ouiz#2 — Version B March 17, 2005

First and Last Name: Pant. LD.:

Follow the instructions before you begin the quiz:

This test is 60 minutes long. It is not permitted to pass or receive any hardware nor software during the
quiz. Use your own papers, pens, pencils, calculators, etc.

The following items are allowed during the quiz: compass, protractor, ruler, 45° triangle, 60° triangle,
pencil, eraser, pens, non programmable calculator, one A4 paper with your remarks, formulas, etc., Blank

papers. SOLVE THE QUIZ ON THIS PAGE

Write your first and last name, your Panther 1. D. & the quiz version (B)

Good Luck! _ '
The mechanism from Quiz # 1 is given (after link 6 moved 200 mm right). Now, the
velocity of link 6 is 0.8m/s left (¢). Use the geometry given to solve graphically:
1. Draw the velocity image of the mechanism (The scale is given and the
~velocity of point F already appears. Use the rectangular space for the
solution)  (25%) :
2. What are the velocity vectors of pin join B3 (=B4), pin join E and the
expanding velocity of the actuator? (25%)

3. Find the primary instant centers of the mechanism. (15%)

4. Find instant center (14) (10%) :

5. Calculate the velocity vector of B4 (=B3) using the instant center method.
(25%) :

1mm=0.01584m/s

Velocity Image of the Mechanism:
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364 Chapter 9 CAMS: DESIGN AND KINEMATIC ANALYSIS

(9.43)

(9.44)

Driving roller

Geneva wheel

Driving roller enters
the geneva slot

(b)

Figure 9.35 Four-station geneva mechanism.

position until the roller enters the next slot. In Fig. 9.35a, the roller rotates clockwiss
and is just about to enter the geneva wheel. In Fig. 9.35b, the roller has entered the
slot and has turned the wheel counterclockwise. Notice that the locking disk has
moved away from the wheel, allowing it to rotate.

When designing a wheel, it is important that the roller enters the slot tangentially.
Otherwise, impact loads are created and the mechanism will perform poorly at high
speeds or loads. Because of this constraint, the following geometric relationships are
derived [Ref. 7]. Refer to Fig. 9.35 for definitions of the geometric properties.

_ 360°
n

Bo

viaere

n = Number of stations in the geneva wheel

B,
2

Yo = 90° -
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Florida International University

Department of Mechanical and Materials Engineering
’ Kinematics & Mechanism Design

EML 3262 Final Examination — Version A April 28, 2005

Follow the instructions before you begin the exam:

This test is 150 minutes long. It is not permitted to pass or receive any hardware nor software during the
exam. Use your own papers, pens, pencils, calculators, etc.

The following items are allowed duting the examination: compass, protractor, ruler, 45° triangle, 60°
triangle, pencil, eraser, pens, non programmable calculator, one A4 or 8.5”X11” paper with your remarks,
formulas, etc., blank papers. : ’

Write your first and last name, your Panther I. D. & the examination version (A)
Explain your steps, use the adequate diagrams.

This examination consists of 2 problems with several parts to each of the problems. You
are to answer all the problems.

Good Luck!

Problem # Breakdown by Problem Score

1 50%

2 50%
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QUESTION # 1

®, =300RPM ccw
o, =0
Calculate at the specified position (45°):
a) The linear a_ccéleration between the slider (link 3) and link 4 ( liBzC I -?)

b) The angular acceleration of link 4 (o.,-?)
Use:

Vop, = 21.9£:— £15°
0, = loggccw
s .

a5, =1381.7832445°

. _ e T c N
(Hint: dpc =ap, =Igctayc tapc +@Bzc)

(3.82")

The dimensions in inches
The drawing is not scaled
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QUESTION # 2

A cam drive is used for a mechanism. The cam follower must rise outward Smm with
harmonic motion in 0.2s, dwell for 0.3s, return Smm with cycloidal motion in 0.3s, dwell
for 0.2s, and then repeat the sequence.

1. Determine the required speed of the cam.

2. The follower displacement diagram:
a. Determine the functions y; (interval i) for each interval (spec1fy the
interval, ¢, <d¢ <, = y, =....).
b. Calculate the follower displacement, y, at $=30°
c. -Calculate the follower displacement, y, at ¢=200°

3. The above diagram is realized using a plate cam and an in-line roller follower.
The roller radius, Rf=3mm. The radius of the cam’s base circle, Rb=18mm
a. Determine the functions y; (interval i) for each interval (specify the
interval, ¢, , <d<¢, > y;=...).
b. Calculate the radius of the cam, r, at $=30°
c. Calculate the radius of the cam, r, at $=200°
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Florida International University

Department of Mechanical and Materials Engineering
’ Kinematics & Mechanism Design

EML 3262 - Final Examination — Version B April 28, 2005

Follow the instructions before you begin the exam:

This test is 150 minutes long. It is not permitted to pass or receive any hardware nor software during the
exam. Use your own papers, pens, pencils, calculators, etc. : :

The following items are allowed during the examination: compass, protractor, ruler, 45° triangle, 60°
triangle, pencil, eraser, pens, non programmable calculator, one A4 or 8.5”X11” paper with your remarks,
formulas, etc., blank papers.

Write your first and last name, your Panther I. D. & the examination version (B)

Explain your steps, use the adequate diagrams.

This examination consists of 2 problems with several parts to each of the problems. You
are to answer all the problems.

Good Luck!

Problem # Breakdown by Problem Score
1 : 50%
2 50%

S
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QUESTION# 1

o, = 500RPM ccw

o, =0 |

Calculate at the specified position (45°):
a) The linear acceleration between the slider (link 3) and link 4 (|fB,c| -?)

b) The angular acceleration of link 4 (o,-?)
Use:

Vop, =366 £75°
S
W, = 16.65§i-ccw
' S

a, =38382= £45°
S

e _ o T c N
(Hint: ap . =ap =fpc+ape+apc+apc)

The dimensions in inches
The drawing is not scaled
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QUESTION # 2

A cam drive is used for a mechanism. The cam follower must rise outward 6mm with
harmonic motion in 0.4s, dwell for 0.3s, return 6mm with cycloidal motion in 0.4s, dwell
for 0.1s, and then repeat the sequence

1. Determine the required speed of the cam.

2. The follower displacement diagram:
a. Determine the functions y; (interval i) for each interval (specify the
interval, ¢, , <<, - y, =..).
b. Calculate the follower displacement, y, at ¢—30°
- ¢. Calculate the follower displacement, y, at ¢=290°

3. The above diagram is realized using a plate cam and an in-line roller follower.
The roller radius, RE=3mm. The radius of the cam’s base circle, Rb=18mm
a. Determine the functions y| (interval i) for each interval (specify the
interval, ¢, <d <, - y.=..).
b. Calculate the radius of the cam, r, at $=30°
c. Calculate the radius of the cam, r, at ¢$=290°
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Florida International University

Department of Mechanical and Materials Engineering
Kinematics & Mechamsm Design

EML 3262 ' Final Examination — Version C April 28, 2005

Follow the instructions before you begin the exam:

This test is 150 minutes long. It is not permitted to pass or receive any hardware nor software during the
exam. Use your own papers, pens, pencils, calculators, ctc. .

The following items are allowed during the examination: compass, protractor, ruler, 45° triangle, 60°
triangle, pencil, eraser, pens, non programmable calculator, one A4 or 8.5”X11” paper with your remarks,
formulas, etc., blank papers.

Write your first and last name, your Panther L. D. & the exammatlon version (C)

Explain your steps, use the adequate diagrams.

This examination consists of 2 problems with several parts to each of the problems. You
are to answer all the problems.

Good Luck!

Problem # Breakdown by Problem Score

1 50%

2 ' 50%
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QUESTION # 1

®, = 600RPM ccw

o, =0 |

Calculate at the specified position (45°): '
a) The linear acceleration between the slider (link 3) and link 4 (lfBzc! -7)

b) The angular acceleration of link 4 (o, -?)
Use:

Vop, =43.95 £75°
S
0, = Zoﬂccw
S

8y, :5527;—‘2‘445*’

. _ e T c N
(Hint: apc =8p, =Ipc +tapc +apct+apc)

-

(3.827)

- The dimensions in inches
The drawing is not scaled
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QUESTION # 2

A cam drive is used for a mechanism. The cam follower must rise outward 4mm with
harmonic motion in 0.3s, dwell for 0.5s, return 4mm w1th cycloidal motion in 0.3s, dwell
for 0.1s, and then repeat the sequence.

1. Determine the required speed of the cam.

2. The follower dlsplacement diagram:
a. Determine the functions y; (interval i) for each interval (spemfy the
interval, ¢, , <d <, = y,.=..).
b. Calculate the follower displacement, y, at $=30°
c. Calculate the follower displacement, y, at $=290°

3. The above diagram is realized using a plate cam and an in-line roller follower.
The roller radius, RE=3mm. The radius of the cam’s base circle, Rb=18mm-
a. Determine the functions y; (interval i) for each interval (specify the
interval, ¢, , <d<¢, — yi=...).
b. Calculate the radius of the cam, r, at ¢=30°
¢. Calculate the radius of the cam, r, at $=290°
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EML 3262 - Kinematics & Mechanism Design

Final Examination — SOLUTION

QUESTION # 1
Version A Version B Version C
®, =300RPM ccw ®, =500RPM ccw @, = 600RPM ccw
o, =0 ‘ a, =0 : o, =0
Vo, =219 £75° Vs, =366 £75° "
§ S Vpp =43.9—/75°
rad rad o s
®, =10—ccw ®, =16.6—ccw rad
s » § 0, =20—-ccw
in in s
ap =1381.7—-245° ap, =3838.2—-£45° in
5 s ap =5527—-£45°
s
ANALITICAL SOLUTION

fpc =1 (COS 75°-R +sin75° - BA’) }assu min g the direction. If the result in

§1T32 o= lggz . | ) (cos 345° - % + sin 345° - )| 180°then the solution will be negative

Coriolis Acceleration:

@gzc = 2'(‘);1 RINTARE BC

@4 XLp e
e

Perpendicular to BC, in ®, x iy . direction;
Then:

8pc =20, £345°

Version A a5 =2-10.0-21.94345° = 43822- (cos345° -X +5in 345° -§') |
. . . S
Version B al . =2-16.6-36.6.345° =1215.122 .. (cos345° -X +sin 345° -)“f)
. S .
Version C a5 =2-20.0-43.94345° =1756 - - (cos 345° - & + sin 345° - )
S




Normal acceleration:

apc =0 -BC£//BC

ion A i . e
Verslon A | 4¥ L 21007382 £75° =382 (cos75° - % +5in 75° - §)
: S
i B " i A
Version al . =16.6>-3.82" £75° =1052.64 - (cos75° -k +5in 75° - §)
S
Version C N 2 W o in o n . meo A
al . =200%-3.82"£75° =1528 - (cos75° - & +5in 75° - §)
| S_
The equation to be solved:

. T c N
Ap,c =8p, =Ipc tapc tapc +aApc

Version A

1381.7-(cos 45° -& +5in45° -§)= i -(cos 75° -& +sin 75° §h[anc|-los345° - &+sin345° -§)+
+438-{cos 345° - & +5in 345° - §)+382-(cos 75° -k +5in 75° -§)

$in75°  sin345° 1381.7-sin 45° —438-5in 345° —~382-5in 75°

t | [81459]in
lancl| 12528552

RESULTS:

[I ¥ I] [00375" cos345°r [l381.7-cos45°—438-cos345° -—382-cos75°]
T 4 .
dp,c

=814.59
S

T
_ Ia—Bzc 25285 rad

oy, — =66. 19—T
BC 3.82 S




Version B

3838.2-(c0s 45° - X +5in45° - §)=7-(0os 75" - & +5in75° - §)+ |y |- (05 345° - & +5in345° - §)+

121512 (cos 345° - & +5in345° - §)+1052.64 - (cos 75° - X +sin75° - §)

t | [cos75° cos345°|" [3838.2-c0845° ~1215.12- cos 345° —1052.64 - cos 75°
laf;zcl sin75°  sin345° 3838.2-sin45° —1215.12-5in345° —1052.64 - sin 75°

] [2271.34]in
lake|| 7| 703.98 |5
RESULTS:

$=2271342
S

T
o = Ig'BzCI - 703.98 "‘184 35—3(—1.
‘" BC 382 T st
Version C

5527-(00s 45° - & +5in45° §)=i-(c0s 75° - X +5in 75° §)+{a%c|-cos 345° - & +sin345° - )+
+1756-(c0s 345° - & +sin 345° - §)+1528- (cos 75° - & +5in 75° - §)

i _|cos75°  cos345° ! 5527~cos 45° —~1756-cos 345° ~1528-cos 75°
T o= . .
I.@Bzcl sin75°  sin345° 5527-sin45° —~1756-sin345° ~1528-sin 75°

i ] [325852]in
lagc|| | 10075 |52
RESULTS :

F=3258.52 2
S

T
5, i
o, =—-—|_Bf|=—~—-1°075 263724
. s



GRAPHICAL SOLUTION

From the above solution:

. T c N
ap,c =8, =Ip,c tapc tapc tapc

Version A

Version B

Version C

ap, =1381.7245°
fp,c =fZ//BC
a5 =|as,c|< L BC

ag. = 438;“—:- £345°

a, =3838.2£45°
fpc =1Z//BC
a5 =[an,c|< L BC

al . =1215.12— £345°

‘g, =5527£45°

fpec =1£L//BC
@gzc = |§;,c |4 LBC

al. = 1756-;92—4345"

S
ah . = 3822 /75° al . =105264—=/75° | al . =1528 /75°
.S S . S
The solution:
! ‘ 1
/\ /
FRONT. : !

v.A1381.7
v.B: 38382
v.C. 5527

v. A 1381.7 .
Ap = v.B: 36382 L45°
v. C: 5527

v. A 438

v.c158 f

v. A: 814.6
v. B: 2271.34
v. C:3258.5
- QP _ - T
v. A 382 in .
v.B: 105284 5 £73
15)0¢

v.C: 1756

. 121512 it

*
— £345 ] v
5 {
f




Version A

Version B Version C

i=814.6— i=22713% i =32585

. S S S
[a5.c| =253 lag.c| = 70455 [a,c|=1007.5%

S S S
T T T

Iés,cl 253 IQB,CI 704 ﬂazcl 1007.5

a4=___=:—---—— (14:_:—-——- a4=____=—————-——
BC 382 BC 382 BC 382

o, =662"4 o, =184374 o, =263.7"4

S

S




UESTION 2

Version A Version B Version C

Int. # | Motion Hi ti [s] Hi ti[s] | Hi ti [s]
: [mm] [mm] [mm]

1 Harmonic - rise 5 0.2 6 04 |4 0.3
2 dwell - 0.3 - 0.3 - 0.5
3 Cycloidal - return 5 0.3 6 04 |4 0.3
4 dwell - 10.2 - 01 |- 0.1
Version A Version B Version C

b = 21, =0.2+0.3+
+0.3+0.2=1.0s]
360° 0

1.0s :3604

B, =w-t, =72°

B, =®-t, =108°

B, =..=108°
By=...=72°

(Check ) B = 360°)

b = Dt =04+0.3+
+0.4+0.1=12]s]

B, =w-t, =120°
B,=®-t, =90°

By =...=120°
By==30° |
(Check : 3B, =360°)

Mo = Dt =03+0.5+
+0.3+0.1=1.2s]

B, =....=30°
(Check : "B, =360°)

Interval # 1
Version A Version B Version C
0<¢ <P, 0<d<B, 0<$<p,
0<¢p<72° 0<¢<120° 0<¢<90°
Yo =0 Yo=0" Y, =0
¢, =0 b, = ¢, =0
Y=Yo+ Y=Yot+ Y=Yot
3 5 y
. (lw( @ ""’)J +_L,(l_m[n @ ¢O)J JH, bl_w{n @ ¢o))
2 . B ] 2 B, 2 B, )




Interval # 2
Version A Version B Version C
B, <d<B, +B, B, <d<B, +B, B, <d<B, +B,
72° < $<180° 120° < $ < 210° 90° < ¢ < 240°
y=H, ' y=H, y=H,
y =5mm y =6 mm y =4 mm
Interval #.3
Version A Version B Version C
Bl+,B2<¢<ﬁx+B2+B3 BI-+B2<¢<B1+B2+B3 B, +B, <¢<B, +B, +Bs
180° < ¢ < 288° 210° < § < 330° 240° < ¢ <330°
y,=H,-H, =0 y,=H,-H, =0 yQ=H1—H3=0
¢, =180° o, =210° ¢, =240°
y=Yo+H;- y=yo+H;- y=yo+H;-
1__'(4)_"(!)0)_'_ 1_“(¢—¢0)+ 1_(¢—¢0)+
» BB B3 . . 3
+—1—sin 27‘(4)-—"’0) +Lsin 27‘(4"‘4’0) +—1-sin 27‘(4"“1’0)
2n Bs 2n By 2n Bs
y=5.0- ¥ =6.0- y =4.0-
1 lp-180°) | b-210), |_lb-240)
108° 120° 90°
L 2nlp-180°) i 2nlp - 210°) P 2alp - 240°)
2n 108° 2 120° 2 90°
Interval # 4
Version A Version B A Version C
B, +B,+B)<d<B, + B, +B,+B) <d<B, + B, +B, +B)<b<(B +
+B, +B; +B,) +B, +B;5+B,) +B, +PB;5 +B,y)

288° < ¢ <360°
y=H, -H, =H;
y =0.0 mm

330° < <360°
y=H, ~H; =H;
y=0.0 mm

330° < <360°

4 y=H, -H, =H;

y = 0.0 mm
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Calculate the follower displacement diagram at:

Version | ¢ [°] y [mm]
A 30 .30°
' 2 1-cos L =1.853
2 72°
200 |
s0.[1- 000 -180°) 1 . (2x(200° -180°)\)_, o0
108° 2 108°
B 30 .
S |1-cod ®3% || _0.870
2 120°
290 G o}’ o __ o
so.[1_@o0°-210°) | 1 . (22290° -210°)))_ | 14
120° o 120° |
C 30 o
2 1-cod =39 210
2 90°
290 o oaee) oA
N )
. T




In-line roller follower

a=tan|—F
R, +R; +y
r~R, +R,-(l-cosa)+y
Iy =r-sin¢
Iy =I-cos¢
Int. # | Version A Version B Version C
1 0<$p<72° 0<¢<120° 0<¢<90°
L. ‘E.IHI .Sin[n'(q)—q)o)) y|= n'Hl .Sin[n'(d)*(l)o)) L “'Hl 'Sin(n.(¢~—¢0)]
2"31 - B1 2'[31 Bl Z'Bl '31
. ®5 .sin(n'?) ___ m6 -sin(n'd)) __ ®m-4 .sm[“""]
5. - 72° 72 5 w-120° 120° . 7-90° 90°
180° 180° 180°

2 72° < § <180° 120° < $ < 210° 90° < § < 240°
y|:__ 0 y|= 0 y|= 0 )

3 180° < ¢ <288° 210° < <330° 240° < <330°
N A e A
5 l_m(z-n-(¢—1ao°)) 6 l_m(z-n-(¢—21o°)) 4 l_m(z-n-(¢—24o"))

(1:-108°) 108° (1:-12_0") 120° 7-90° - %0°
180° 180° : 180° )

4 288° < ¢ <360° 330° < ¢ < 360° 330° < ¢ < 360°
y|= 0 y|: 0 y|= 0

Calculate the cam profile, r, at: :

Version | ¢ [°] ’ Calculations

A 30 . .30°

y'= > .sin| 2 30" 1. 6.037[mm/ rad]

.| E 72° 720°

180° ,
o=tan"| —X— | =14.8°
184+3+y v '
r=18+3-(1-cosa)+y =19.952 [mm]
200 . 5 -[1-m(2'"'(2°°°‘18°°))]=—1.602[mm/md]
%-108° 108°

( 180° ) :

a= tan"( y__ ) =-3.552°
18+3+y

r=18+3-(1~cosa)+ y = 22.811[mm]
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Version | ¢ [°]‘ Calculations
B 30 j ‘ .30°
y'= 8 sin| 3% )3 182mm/rad]
5 n-120° 120
180°
o =tan?| —L—|=8275°
18+3+y
r=18+3-(1-cosa)+y =18.91[mm]
29(,) y'= "";,"16'57 . (1 - m[g—"(l%ﬂo—)n = ~4.3{mm /rad]
, ( 180° )
a=tan"( y )=—10.968“
18+3+y
r=18+3-(1~cosa)+y =19.228[mm]
C 30 . .30°
=t i 2397 ) 3 46amm/rad]
7-90° 90°
2. .
180° 1
o =tan"| —L— |=8948°
18+3+y
r=18+3-(1-cosa)+y =19.037 [mm]
290

y'= -4,0 ,(l_m(z'”'(z 0—240 ))J=-4.939[mm/rad]
7-90
(180°J
a=tan"( y )=—12.3s°
18+3+y

r=18+3-(1—cosat)+y =19.629[mm]




- In General:
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Follower Displacement Diagram - Version A
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Version A
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ry [mm]

Cam Profile - Version A
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Follower Displacement Diagram - Version B

/ \ —— Harmonic

! ; A Eor ——D i
/ _______ ; \ ‘ -'—-C:,:bidal

.y [mm]

/\ —Dwell

©C - N WA O o~
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100 200 300
PHI [deg]

Follower Displacement rate of change Diagram -
Version B
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ry [mm]

Cam Profile - Version B
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y [mm]

Follower Displacement Diagram - Version C

. | : — Harmonic

\ —Dwell
\ - —Cycloidal
: \ —Dwell

0 100 . 200 300

PHI [deg]

y' [mm]

Follower Displacement rate of change Diagram -
Version C
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‘ — Dwell
A — Cycloidal

PHI [deg]
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Cam Profile - Version C
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