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Above Average (Graded original work)
Average (Graded original work)
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Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)
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Summary of Topics Covered by Course Project
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)




I. Course Description in ABET Format

MECHANICAL ENGINEERING DEPARTMENT
MCEG 3305 Kinematics Design and Analysis

Course number and name:
Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:
Author:
Publisher, Year & Edition:

a. Other Supplemental material

Specific course information
a. Brief description of the content of the
course (catalog description)

b. Prerequisites or
Co-requisites

c. *Indicate whether a required, elective, or
selected elective (as per definition
provided) course in the program

a. Specific goals for the course specific
outcomes of instruction (e.g., The
student will be able to explain the
significance of current research about a
particular topic.)

Students will be able to:

1. Analyze mechanisms in order to
determine their rigid-body dynamic behavior

2.Synthesize  mechanisms in order to
accomplish desired motions or tasks

MCEG 3305 Kinematics Design and Analysis
3 credit hours, 5 contact hours

Dr. Mingli Han
Dr. Chang Duan

Design of Machinery
Robert L. Norton
McGraw Hill, 2012, 5" Edition

Shigley and Uicker, Theory of Machines and Mechanisms,
McGraw Hill.

This course is to provide students with an in-depth study
of the displacement, velocity and acceleration of machine
parts. This course shall also introduce the students to
design methods for mechanisms yielding a desired set of
motion characteristics.

MCEG 1102 Mechanical Engineering Drawing |
MCEG 2302 Engineering Mechanics 11

Required

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:



Outcome 1
3. Use computer aided engineering software  The ability to identify, formulate, and solve complex

for mechanisms analysis, synthesis and engineering problems by applying principles of
design engineering, science, and mathematics.
7 Brief list of topics to be covered 1. Introduction to the kinematics fundamentals (1 class)
2. Position and Displacement (4 classes)

w

. Velocity by Components and by Instant Centers
(2 classes)

4. Graphical Synthesis (3 classes)

5. Velocity Analysis (5 classes)

6. Acceleration Analysis (3 classes)

7. Mathematical Analysis (2 classes)

8. Design Project (1 classes)

9. Cams (5 classes)

10. Gear Trains (2 classes)

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives)
are optional for students, and selected elective courses are those for which students must take one or more courses from a
specified group



I1.ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course
Outcome 1:

An ability to identify, formulate, and solve complex engineering problems (CEP) by applying
principles of engineering, science, and mathematics.

Assessment Summary of Class Semester Averages for Outcomes

Outcomes 1
Semester Semester Class
Average (%)
Fall 2021 78.5
Fall 2020 76.6
Fall 2019 80.1
Fall 2018 88.3
Comments | |
on Trend of | qve hermest theeyears o
Data

*Expected Semester Class Average = 70% (or as defined by the program)
Ideal Semester Class Average = 75% (or as defined by the program)



End of Semester Course Assessment Reports
Fall 2021 and Last Three Assessment Periods.

Each summary contains the following Information

. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
in this class and the two previous times course was assessed.

e The acceptable class average for the class in each outcome area as set by your
Department.

e Percentage of students who scored below the expected average in each
outcome.

. Implementation Summary

e Brief summary of plans implemented during the semester based on last
assessment report

. Perceived Problems

e Instructor’s critical evaluation of perceived problems that affected students’
performance. Realistic problems should be identified throughout the semester
and summarized in this section of the report.

. New Plans for Addressing Problems

e Instructor’s plans for addressing the perceived problems the next time the
class is taught. These should be specific enough for another instructor to
implement. Most of these should be things that, you, the instructor can
Implement to help students to improve. Be creative.

. Overall Trend over last three assessment periods

e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

. Were Expectations Met?

e Answer YES if the class average was above the expected average and the
stated percentage of students scored at or above the expected average, else
answer NO.



Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
MCEG 3305 KINEMATICS DESIGN AND ANALYSIS
FALL 2021 SEMESTER

Report Prepared by: Dr. Chang Duan
Report Date: December 17, 2021

Outcome 1*
An ability to identify, formulate, and solve complex engineering
problems by applying principles of engineering, science, and
Semester Analvsis Tvpe Number of mathematic.
y yp Students Expected % Students
Expected Class Percent of Class meeting
Average students at or Average Expected
above average Average
Fall 2021 Direct 20 70 70 78.5 85
Fall 2020 Direct 27 70 70 76.6 88.9
Fall 2019 Direct 27 70 70 80.1 92.6
Fall 2018 Direct 36 75/70 70 88.3 97.2

Implementation
Summary

Items implemented from previous report or after
meeting previous instructor

ﬂ

Math review tutorials are posted as supplementary material. A self-paced
MATLARB tutorial is given in the beginning of the class. Project is
assigned earlier so that students have enough time to work on it.

Perceived Problems

Perceived problems are directly related to the PC
and the sub items under them

ﬂ

Students struggled in some fundamental math problems.

Students still have the expectation of the hybrid teaching mode and seems to
be less focused in the classroom.

The ability of using engineering software varies drastically among students.
In particular, the ability of using UG NX for motion simulation and the ability
of using MATLAB for calculation, plotting and analysis.

Plans for Addressing
Problems

Plans for address specific measures to address
PC and their sub areas

Il

Math review (outside of classroom) and quizzes will help student review and
improve their math capabilities relate to this course.

More tutorial and in-class demonstration will be given to improve the students’
ability of using engineering software.

Online discussion forum on ecourses can be a good way to engage students
outside of the class time.

Overall Trend over
Periods

Ascertain if there were improvements over
previous semesters

J

Class average and expected percent of students declined in recent years, though still
meet the expectations.

Were Expectations Met?

Class Average >75% and >70% of Students
Performed at or Above Expected Average.

ﬁ

YES

*: ABET switched to outcome 1-7 in May 2018. Outcome e is assessed in Fall 2017 and before that. Outcome 1 is assessed in Fall 2018 and onwards.




KINEMATICS DESIGN AND ANALYSIS
FALL 2021

Title of Assignment: TEST 1
TOPICS COVERED IN TEST 1
Test 1 covered the following topics:
1. Degrees of freedom (or mobility)
2. Number synthesis
3. Grashoff condition

4. Vector loop equations
5. Coordinates transformation



KINEMATICS DESIGN AND ANALYSIS
FALL 2021

SAMPLE TEST 1 QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 1



Student’s Name:

PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

MCEG 3305 Kinematics Design and Analysis
Fall 2021
Test 1
Oct. 4, 2021
12:00 — 1:30 pm

Solution

This examination is administered under the University’s Code of Student Conduct. All work
submitted must be your own. This is an open book examination. Only calculator is allowed,
no cellphone, no tablet, and no laptop. Please write your name on every page.

QUESTION # MAXIMUM POINTS POINTS SECURED
1 10
2 10
3 15
4 15
TOTAL 50




Student’s Name:

Problem 1 (10 points):
1) What is the definition of mobility of a system? (2 points) (Answering DOF will not
earn you any point).
2) Determine the mobility of the following two planar linkages. In each case, identify links,
identify the joints, and show the mobility equation with all corresponding values. (8
points)

Linkage 1: Linkage 2:

I

7/:]/,



chang
Pencil

chang
Pencil


Student’s Name:

Problem 2.

1) Using number synthesis, find the number of binary links to produce a 2 degree-of-
freedom linkage when the total number of links is 5. (Assuming no multiple joints and
half joints involved) (5 points)

Mmz=2, /=5

fonce, (-3-M=07= T+28+3P+uy
T8, P4 20, s T=0=P:=H=y
R= [-T-Q-V-H:=

2) For a four-bar linkage, assuming the lengths of the four links are the last non-zero
four digits of your student ID. For example, if the ID is P10391307, then the lengths
are 9, 1, 3, 7. Use Grashof condition to determine the class of this four-bar linkage
and predict its rotation behavior. (5 points)

S=1|., (=7, P=5%. B=+
S+L =T+ Grmbﬁl Clage 11
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Student’s Name:

Problem 3 For the 3 points 0, 0,, and B, create 3 vectors,
1) mark the direction of the vectors (3 points) and angles of the vectors clearly (3 points).
2) Write the vector loop equation based on the vectors you defined. (3 points)
3) Write the two equations represented by the vector loop equation. (6 points)

-

3) \V;) (»’505’5 = “ﬂ‘[&ﬂﬁ’ + “’z{(“&\

Sty WS

|re] &3 0y = thl w38, + K)o,

31 6oty = Ml st + (hses,


chang
Pencil


Student’s Name:

Problem 4 Given the position of point A in the original coordinate system x = 2,y = 4,
1) Express the position of point A in the original coordinate system in the vector form,
denote it as 7;. Calculate the length and angle of 75. (6 pts)
2) A new coordinate system is formed by rotating the original coordinate system
counterclockwise by angle 8 = 40°, calculate the position of point A in the new

coordinate system, i.e., find 7, = [);] (9 pts)

cosf@ —siné
sin 6 cos @

7, = RT,, where R = [

el 07 il 2

[

“Siko’ s )|y
i _44/032
' I . 2784


chang
Pencil
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PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

MCEG 3305 Kinematics Design and Analysis
Fall 2021
Test 1
Oct. 4, 2021
12:00 — 1:30 pm

Student’s Name (printed): TSl Maresh

This examination is administered under the University's Code of Student Conduct. All work
submitted must be your own. This is an open book examination. Only calculator is allowed,
no cellphone, no tablet, and no laptop. Please write your name on every page.

QUESTION # MAXIMUM POINTS POINTS SECURED
! 10 /6
2 10 /D
3 15 [
4 15 S
TOTAL 50 0




Student’s Name: T\{ 134 M ﬁ(‘LLl‘

} (O Problem 1 (10 points):
1) What is the definition of mobility of a system? (2 points) (Answering DOF will not
earn you any point).
2) Determine the mobility of the following two planar linkages. In each case, identify links,
identify the joints, and show the mobility equation with all corresponding values. (8

points)
O 5 &

Linkage 1. Linkage 2:

D T‘/\b N ber DSr 'hde,?’ﬂw ?&VM“"} Q‘Iu.ra( +o Al{(tﬂu’c‘ ’“’b ‘ﬂ)Sr“fthn
ok a \"‘bjl. Y Stem, ,f'

S
n=3(L)-25 -1,

Ll\nk%d Ll\ﬁko:J?_ N

M=z 3(e-1)-a(1)-D
M= 3(1-0) - alay -

£

M= 1% -14 -y

o
v



4%

Student’s Name: 'ﬁ\e( Marcd

Problem 2. L-3~-M=z T+ 20+ 3P+4y

1) Using number synthesis, find the number of binary links to produce @degree-of-
freedom linkage when the total number of links is 5. (Assuming no multiple joints and
half joints involved) (5 points)

L-3-M = T+ 20437 +40 Med =S

§-3-9% %0
TzQ=PsH=o k ___-'

9 00 o
L=B g pefeil

g

2) For a four-bar linkage, assuming the lengths of the four links are the last non-zero
four digits of your student ID. For example, if the ID is P10391307, then the lengths
are 9, 1, 3, 7. Use Grashof condition to determine the class of this four-bar linkage
and predict its rotation behavior. (5 points)

3,3%3,1,%

s P L@

Qags T Cace AR

[ - ——
.

[ Trigle Rocker o> g

No \l Con §uly forate



Student’s Name: 'T\I; [(/ M Ar U-\_

v

l S Problem 3 For the 3 points 0,, 0,, and B, create 3 vectors,
1) mark the direction of the vectors (3 points) and angles of the vectors clearly (3 points).
2) Write the vector loop equation based on the vectors you defined. (3 points)
3) Write the two equations represented by the vector loop equation. (6 points)

B

- -_-.7
N
2)
- - S
b RBO.J' Royg = Ro,0, =0
AT R
Reu, + Rog = Ruyo, Rt Ke = ke
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f
[
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Student’s Name: ‘Kllh( MRRL\

blem 4 Given the position of point A in the original coordinate system x = 2,y = 4,

1} Express the position of point A in the original coordinate system in the vector form,
denote it as 7;. Calculate the length and angle of 7. (6 pts)

2) A new coordinate system is formed by rotating the original coordinate system
counterclockwise by angle 8 = 40°, calculate the position of point A in the new

coordinate system, i.e., find 75 = [}Y('] (9 pts)

original

.4

» A

1, = RT;, where R = [

—sin @
cos @

cos@
sin@
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PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

MCEG 3305 Kinematics Design and Analysis
Fall 2021
Test 1
Oct. 4, 2021
12:00 — 1:30 pm

Student’s Name (printed): _ Ayies tooed¥eck

This examination is administered under the University's Code of Student Conduct. All work
submitted must be your own. This is an open book examination. Only calculator is allowed,
no cellphone, no tablet, and no laptop. Please write your name on every page.

QUESTION # MAXIMUM POINTS POINTS SECURED

I 10 f,L
2 10 [0

3 15 {)7

e

4 15 6

TOTAL 50 3 5




Student’s Name: le o

Problem 1 (10 points)

1) What is the definition of mobility of a system? (2 points) (Answering DOF will not
earn you any point).

2) Determine the mobility of the following two planar linkages. In each case, identify links,

identify the joints, and show the mobility equation with all corresponding values. (8
points)

Linkage I: Linkage 2:

DMOBH:-W of a Systems A me chamcal SyStem % posihon in SPace at
any aiven ing fant oF fime., W o+

2) LinKage \?
hac M= Ba-l)-zcu

L=6 "ls’ 12

“ g 5y

u"K“JC 22

L=7 M= 3(7-1)-2a)
I =¢ A =18-12 ~is



Student’s Name: Mﬂcs laQQQmet é
/ 0 Problem 2.

1} Using number synthesis, find the number of binary links to produce a 2 degree-of-
freedom linkage when the total number of links is 5. (Assuming no multiple joints and
half joints involved) (5 points)

L=§ M= 2

Yol B2 ex s pipmo
MRt @S

b pSrrfrrera et T=Q=p =)0

o ¥
L-3-m :T*2Q+3P+LIH=O,|\ s

L=B+o =5

2) For a four-bar linkage, assuming the lengths of the four links are the last non-zero
four digits of your student [D. For example, if the ID is P10391307, then the lengths
are 9, 1, 3, 7. Use Grashof condition to determine the class of this four-bar linkage

and predict its rotation behavior. (5 points)

C,\;S/c’ S"'L‘P"'Q

+¢ £ £+¢
>
F

7<
|

Class | Kinemak< Chan

t,J\n'H evther be a4 CrankK Ren s Kev, (8.4 ‘Mf grounded linK vetated
dh avoungd VinKs and the (oW ity rednte
D&:.:lc sc.‘:ranK yov Gvashol Doucle -

N 2 1 +
Rockeve € Both gronnd [Inks oscillate coupler Tully votates)
#'_




Student’s Name: M! les (WOpodterK

, } Problem 3 For the 3 points 0,, 0,, and B, create 3 vectors,
1) mark the direction of the vectors (3 points) and angles of the vectors clearly (3 points).
2) Write the vector loop equation based on the vectors you defined. (3 points)
3) Write the two equations represented by the vector loop equation. (6 points)

0,




Student’s Name: __ MYle s (oadfor

() Problem 4 Given the position of point A in the original coordinate system x = 2,y = 4,
1) Express the position of point A in the original coordinate system in the vector form,
denote it as 7;. Calculate the length and angle of ;. (6 pts)
2) A new coordinate system is formed by rotating the original coordinate system
counterclockwise by angle 8 = 40°, calculate the position of point A in the new

coordinate system, i.e., find r; = [‘;f] (9 pts)

original

cosf® -—sind
sinf cos#@

7, = RT;, where R = [

g e
; G = tau L%)

= tan CZ)

2 “x 8 z¢3.43uq” e

"r*.=§z*+q'—

= W72 o (

Pos. of i
R= [usuo -&'n‘-lb-] ithdle
Q\W {os Qo g Ra* l-l.'-\'w“[:] b

:[6.7 cCodd 40.44 276*1
©.6M2%5 0.6 coqa 4
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PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

MCEG 3305 Kinematics Design and Analysis
Fall 2021
Test 1
Oct. 4, 2021
12:00 - 1:30 pm

1Y

Student’s Name (printed): ‘Em/\“'m{? () J 0
J

This examination is administered under the University’s Code of Student Conduct. All work
submitted must be your own. This is an open book examination. Only calculator is allowed,
no cellphone, no tablet, and no laptop. Please write your name on every page.

QUESTION # MAXIMUM POINTS POINTS SECURED

I 10 5

2 0 2
3 15 /D
4 15 51

TOTAL 50 '
N 22 |




P o
Student’s Name: ]CM“”WJ‘U FE}ID

; Problem 1 (10 points);

1) What is the definition of mobility of a system? (2 points) (Answering DOF will not
€arn you any point}.

2) Determine the mobility of the following two planar linkages. In each case, identify links,
identify the joints, and show the mobility equation with all corresponding values. (8
points)

Linkage 1: Linkage 2:

@w(\\ﬁbu;nL 0F G SYSHMm |s Hhe Yol %

Mlih\(s\hﬁh 6L DF g $YSkw -2
@) Liwage |- Wity
= SCL*l)‘lj“J’; M- 36—1)—1:‘?),5
X
3(%-1)-2(6)- 0 _|b-o
)-2(0) 0 2\ - |
'.l\—\}/"\o/ M- g

- =
M =9 Y _



Student’'s Name:

7
: Problem 2.
7
1) Using number synthesis, find the number of binary links to produce a 2 degree-of-

freedom linkage when the total number of links is 5. (Assuming no multiple joints and
half joints involved) (5 points) L= 8+ T4 Qx Pag
L-2-M =T £ 2Q+3¢+4H

L= 5
M=y 5-2-M :T+2_Q+3/1—Lt)4
5-3-2 =THaQisfryM
0 i

- 7
= — :7

R S

2) For a four-bar linkage, assuming the lengths of the four links are the last non-zero
four digits of your student ID. For example, if the ID is P10391307, then the lengths
are 9, 1, 3, 7. Use Grashof condition to determine the class of this four-bar linkage

and predict its rotation behavior. (5 points})

Student 1D:
Po1B0u5 a 54

Lenghts = 5, 4,5,



/2

Student’s Name:

Problem 3 For the 3 points 05, 04, and B, create 3 vectors,
1) mark the direction of the vectors (3 points) and angles of the vectors clearly (3 points).
2) Write the vector loop equation based on the vectors you defined. (3 points)
3) Write the two equations represented by the vector loop equation. (6 points)

0,%

r

@

=2
(os &
5N O
i = kg + L/ (&\n?
2 \COSG (P30, \(,osel
L] s B, | - & Sy RS 9
- -9 //
t-] COSQ\ = r-g COSG% 4+ a LO\S 93_ //

A N .
y SWB, =¥z SinBy + Y SOy \_/



Student’s Name:

Problem 4 Given the position of point A in the original coordinate system x = 2,y = 4,
1) Express the position of point A in the original coordinate system in the vector form,
denote it as 7. Calcuiate the length and angle of 77. (6 pts)
2} A new coordinate system is formed by rotating the original coordinate system
counterclockwise by angle 8 = 40°, calculate the position of point A in the new

coordinate system, i.e., findr; = [ﬂ (9 pts)

»  ornginal
V'Y

new ’Qﬂ" Fl‘ - R’:";;’ where R = [COSB —sin@

sin@ cosé

lm[iﬂ

1l

v
¢ X
1]
£ P

2
F}‘:.RF: f = 4 / fh!37 "B

R - Coe™® = Sinh
St @ Cosgj -12GSE
Yort 222640 4 sw o
<\ X
¢
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

Title of Assignment: TEST 2
TOPICS COVERED IN TEST 2
Test 2 covered the following topics:

1. Four-bar linkage position analysis

2. Velocity analysis

3. Acceleration analysis

4. Cam follower classification

5. Cam follower terminology

6. Double-dwell cam design boundary conditions



KINEMATICS DESIGN AND ANALYSIS
FALL 2021

SAMPLE TEST 2 QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 2



PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

DEPARTMENT OF MECHANICAL ENGINEERING

MCEG 3305 Kinematics Design and Analysis
Fall 2021
Test 2

Nov. 3, 2021

Student’s Name (printed):

This examination is administered under the University’s Code of Student Conduct. All work
submitted must be your own. This is an open book examination. Only calculator is allowed,
no cellphone, no tablet, and no laptop. Please write your name on every page.

QUESTION # MAXIMUM POINTS POINTS SECURED
1 15
2 15
3 10
4 10
TOTAL 50




Student’s Name:

Problem 1 (15 points):

The lengths and angles are given as,

|T1| = 17 |r2| = 17 |r3| = 17

6, = 0° 0, = 60°, 0, = 120°.

The rod AB shown in the figure is connected to two sliders at each end through pins. The
sliders can slide along QP and QR.

1) Mark the directions of the three vectors and their angles according to the given info;

(2 pts)

2) Write the vector loop equation for velocity analysis; (1 pts)

3) Given the linear velocity of link 2 Ile = the last nonzero digit of your student ID,
what are the unknowns in the velocity analysis? (2 pts)

4) In the velocity analysis, what quantities are 0? Why? (4 pts)

5) Given the linear velocity of link 2 |r,| = the last nonzero digit of your student ID,
solve the equations to obtain the numerical value of the unknowns. (6 pts)

cos 6;

. [—sin 91'
sin 91' + |Ti|9i I ]

r—i= |ri| [ cos 91_
4

¢

D Va4
O 6,=0, 6,20 Inl =D

' ( 60567, | 7k . T (-
) I = |l PO ey [ T
R WD) g, ? (ot

Vil and @y we e tun brbpons

£> ary “Swty [ [ vl ( - [ &,
= Y,
S | o3y B2 | Siby

3
»

Br =~ 1352112 R
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Student’s Name:

Problem 2. (15 points)

03 -

N

B Note 7; and T, are imaginary vectors,
73 starts from A, point to B, A and B
are connected by a rigid link.

|T'1| =1, |T'2| =1, |T'3| = \/E,
0; =0° 6, =90° 05 = 45°

sin 91'
cos 6;

cos 6;
sin 6;

Fo= il [ gng | *+ 1716

1) Write the vector loop equation. (2 pts)

2) What quantities does not change with time? (3 pts)

3) Given w; = 65 = second non-zero digit of your student ID, calculate |r;| and |7,
using velocity vector loop equation. (6 pts)

4) Given 65 = 0, list the two equations of acceleration analysis keeping only nonzero
items (4 points)

— c0s 6,
—sin6;

—sin 6;
cos 6;

sin 6;

COSG' ., —_ .
l] + 2|r;16; [ cos b, + |Ti|9i[

192
sin 6; +Iril0; [

T = |Ti|[



Student’s Name:

Problem 3 (10 points)
1) Classify the following cam follower system (8 pts)

ﬂ ] Follower

et N

<= (Cam motion

(a) (b) () (d)

System | Follower Cam Relative Joint closure
motion motion motion
(a) rotating rotating radial form
(b) translating | translating | radial form
©) translating |rotating radial forced
(d) translating | rotating axial form

2) Ins diagram, what is its minimum value? (1 pt) O
3) In s diagram, explain what is Rise, Dwell and Fall? (1 pt)

Rise is when s value is increasing.
Dwell is when s value remains unchanged.
Fall is when s value is decreasing.
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translating
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Typewritten Text
rotating
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Typewritten Text
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chang
Typewritten Text
rotating

chang
Typewritten Text
rotating

chang
Typewritten Text
radial

chang
Typewritten Text
radial

chang
Typewritten Text
radial

chang
Typewritten Text
axial

chang
Typewritten Text
form

chang
Typewritten Text
form

chang
Typewritten Text
forced

chang
Typewritten Text
form

chang
Typewritten Text
0

chang
Typewritten Text
Rise is when s value is increasing.
Dwell is when s value remains unchanged.
Fall is when s value is decreasing.


Student’s Name:

Problem 4 (10 points)

Motion
mm or in
A High
dwell
T OO OO A S B
LW Rise Fall
dwell ‘ . :
0 -
0 B
0 90 180 270 360 Cam angle © deg

1) The figure above shows a s diagram of a double dwell cam design. When we are asked
to design the Rise function from 0 to 8, what is the value of f in this case (use radian)?
@pts) 25

2) What is the fundamental law of cam design? (2 pts)

3) To satisfy the fundamental law of cam design, fill in the following table with boundary
conditions of s, v, a Rise functions. (3 pts)

when 6 = 0 when 6 = 8
s = 0 1
= 0 0
a= 0 0

4) Given v = 6 — B sin(8), calculate a by Z—Z. (3 pts)

2) The cam-follower function must have continuous velocity and acceleration across the entire
interval, thus making the jerk finite.

4)


chang
Typewritten Text
0

chang
Typewritten Text
1

chang
Typewritten Text
0

chang
Typewritten Text
0

chang
Typewritten Text
0

chang
Typewritten Text
0

chang
Pencil

chang
Typewritten Text
2) The cam-follower function must have continuous velocity and acceleration across the entire interval, thus making the jerk finite.

4) 
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student’s Name: ¥\ Gl o~ Vipewy

I (,1: /r}/ Problem 1 (15 points):
P
p

The lengths and angles are given as,
Inl=4LIni=1|nl=1,
8, =0° 8, = 60° 8, = 120°.

x’ﬁ 9, .‘ ' [Y1 , 8y L, 8, =z constant
The rod AB shown in the figure is connected to two sliders at each end through pins. The ¥=. B',AM(B: Zent
sliders can slide along QP and QR.

1) Mark the directions of the three vectors and their angles according to the given info;
(2 pts)

2) Write the vector loop equation for velocity analysis; (1 pts)

3) Given the linear velocity of link 2 Er}l = the last nonzero digit of your student ID,
what are the unknowns in the velocity analysis? (2 pts)

4) In the velocity analysis, what quantities are 0?7 Why? (4 pts)

5) Given the linear velocity of link 2 }r‘zl = the last nonzero digit of your student ID,
solve the equations to obtain the numerical value of the unknowns. (6 pts)

_ cos8; sin 8;
| ‘|[51n9]+| ril; [ cos 8;

ii ‘A By

s (0s &1 X!

'-\9. co‘:\:.‘] \‘G [sine] ‘\ez[ cos B
2

-M’O F,f"'

™ s.s:,gz}} e ane (5]

2-'-(°L’

5) \‘rz\ = —,
UNKnownsS anvd ‘ég a-'vw\lr‘.( v

JT3 r3 e M\AQZ ove 2evo becavst Y-,{ 8., ool O, ovre conyryﬂ—
g



5) | e 2
105\ 6 Coeen] I (gi:\tl] || [ ]

.‘(—" -5"ng, cBs B, B ~ . (o3 9.,_
"] B \Y”\ [s:n'&;]
Il cos 0y : \f
’ o : (es 60"
(| -sin120° ‘ Sojie?]: \'1\( Sin 00']
> : r




Student’s Name: Koy o M‘o@ﬂ

( gL Problem 2. (15 points)

Note r; and 75 are imaginary vectors,
T3 starts from A, point to B, A and B
are connected by a rigid link.

Il =1,Iz[=1,Irs| = \/Z
6, = 0° 0, =90° 8; = 45°

i

|
|
B Y

—sin 6;
cosg;

- {cos@; .
il [sin ot |Ti|9i[

1) Write the vector loop equation. (2 pts)

2) What quantities does not change with time? (3 pts)

3) Given w3 = @; = second non-zero digit of your student ID, calculate |r;| and ||
using velocity vector loop equation. (6 pts)

4) Given 6, = 0, list the two equations of acceleration analysis keeping only nonzero
items (4 points)

cos 6; sin 6; sin 8;
= 17|

sm9]+2| ,IB [cosB +1 1|9 [

l)(‘a,-(’\'l’\(,\/

1‘) Ilrét . 61 ' ‘LV\A 92 AL CDV\SM*— Lr,/’f

— COS Bi]

+ Il [— sin@;

~

2Ny > O, 4

" BS o o3 e‘-k
CoS B, dig 5in B,

stO3 ] o Teesd . oS ©
\"5\ 93. [cos 0, ] "V\\Y_S(ne.-x *'T’z‘ [sm e:]

<cos (:' ~ 8¢ b
s © 90 ) I(ﬁ)(’—}){s n'—w]

SO S‘.ﬂa‘-o i C0S 45
l O r.\ _‘_‘[ﬁu{
D [ Y2 1

l - - &

3
)
|
4+
i
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Problem 3 {10 points)
1) Classify the following cam follower system (8 pts)

m I Fuollower

Fa

o

A {am motion

Student’s Name: ¥ (0ur{ a,. \oon

(a) (b) (c}
System Follqwer Cam Relative Joint closure
motion motion motion
(@) OSC(\‘M’ian, ro¥adivg Tormm -
(b) Heons|atyng| vpteck na Forn
©)  Hvansiagiog] otnting | ] Forex
CHE R ki g (o Aing /] / Forwn L

2) Insdiagram, what is its minimum value? (I pt) 0 (n nok bx e

3) Insdiagram, explain what is Rise, Dwell and Fall? (1 pt) X

VisL:

Duweg \l I No Output mokons Fov o Spreified ks

Tal

V-

- 0. b

(d)

.\—\‘Ug \]M\}e
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/

[~ Problem 4 (10 points)
e Motion
mm or in
A High
dwell
1 =
Low . .
dwell Rise Fall
0 - ! R U | W e —— TR -
0 B
0 90 180 270 360 Camangle® deg

1) The figure above shows a s diagram of a double dwell cam design. When we are asked
to design the Rise function from 0 to 8, what is the value of § in this case (use radian)?
2pts) /2 vakians

2) What is the fundamental law of cam design? (2 pts)

3) To satisfy the fundamental law of cam design, fill in the following table with boundary
conditions of s, v, a Rise functions. (3 pts)

when & =0 when @ = f8
s= D vV W o -
= o D Vv
a= “791-\«-. ' ""/g""/g_( _hll

4) Given v = 8 — f sin(@), calculate a by z—;. (3 pts)

2.) Fundament Law of Cam D2sign | The cam kollowsty Fonchion most ave  continuous
veloc' 4y amd accelevahion acmss the endive M’M‘r:’x’h"s walllng tae Jerk Fiaite

|
4.)
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A
Student’s Name: Lﬁrb‘:/f %Wéf_'lé{

/ 2 Problem | (15 points):

)
| 7,-
| The lengths and angles are given as,
; |rll = 15 |T2| = 19 |T3| = 15
"3 g, = 0°, 0, = 60°, 6, = 120°.

y il Ly Lt wyong
R ”;{ j{

W

The rod AB shown in the figure is connected to two sliders at each end through pins. The
sliders can slide along QP and QR.

1) Mark the directions of the three vectors and their angles according to the given info;
(2 pts) =)

2) Write the vector loop equation for velocity analysis; (1 pts)

3) Given the linear velocity of link 2 {r,| = the last nonzero digit of your student ID,
what are the unknowns in the velocity analysis? (2 pts) | r:‘z] =2

4) In the velocity analysis, what quantities are 0? Why? (4 pts)

5) Given the linear velocity of link 2 |r;] = the last nonzero digit of your student ID,
solve the equations to obtain the numerical value of the unknowns. (6 pts)

|

—sin g;

Iri Iei [ cos 8;

cos 8;
Fi= 1| sng

DT+ = T 5) s, + (3o by +13 03 Sy

- 1r]["59] l’]' Co‘s & r;,?fe ~ 135id,
= \r\[ws@_ +[5l(92 .

30!\91.
o

ity

Unknowons -

_D 6':0 Becavee 9;=COA5'fa/\k 50 Ejl:O

not 0'%463 =

3= Constont S0 3=0 4
Becavse By =Congtant 5.8, =0

—9'3,@.5:.1(’7
¥ 93:-3-“, v
Bi=0 : = 3-9x%

-1z fy Costly
FCOS@f'FGB}S"L%——I
3 6, cosQ:, =1.77

")
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[ 7/ Problem 2. (15 points)

Note 7] and 75 are imaginary vectors,
75 starts from A4, point to B, Aand B
are connected by a rigid link.

|T1| = 1: |r2| = 1! |T3| = ﬁ!
6, = 0°, 8, = 90°, 85 = 45°

~ - [cos8; . [—sing;
ri=nl| . o |+ 176
A RSOOSR sin 6; cos 8;
1) Write the vector loop equation. (2 pts)
2) What quantities does not change with time? (3 pts) .
3) Given w; = B, = second non-zero digit of your student ID, calculate |r,| and |7 9 :Q
using velocity vector loop equation. (6 pts)

Given 85 = 0, list the two equations of acceleration analysis keeping only nonzero
items (4 points)

4

2 - [cosB; sin ; sin 6; .2 [—c0s 8;
= 17l s | + 21716 ["cour'] * 1116 conn, |+ 162 [ o]

cos ; —sing;
)i+ = (3 v

'9\) b, 69_) | ' u) +\E[9.3,5'}'83+ 9:‘1"‘ 9{]

%) r (o5 + /:15/;.‘92 fs6n b '\l_i[é,cosgs -, 5’\“9;]
3

17 5y - Fa s =13y o5t T
[ 405 b Sinbs Oz 6, cos =0 )

= 305 cosB3 r;_—[{@; sin By =0

\I}

1:'1395:2 N - }






Problem 3 (10 points)
1) Classify the following cam follower system (8 pts)

[Cﬂ I Follower

|

el T

Student’s Name: S

(a) (b) (c)
System | Follower Cam Relative Joint closure
motion motion motion
@ |7 anlillyy | Tonslokird | 1adiad | Form Clogeol )
® | Tunstating| Tronslobiod | Avial x| Fom Cloedt]
© 7/@% Mdaking | Axiad x  |Foree Closed
O | Trunglabig| 0€okind/ | rodia s | Form loseq]

2) In s diagram, what is its minimum value? (1 pt)
3) In s diagram, explain what is Rise, Dwell and Fall? (1 pt)

\9) iimgm vodue = ()

3) Rise - Tncreate in motion with Com cuilﬂle,
Oull = Consbant metiort
Fill = Jecroase in molon

e

..-f’

v

“ZIS’
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; ( Problem 4 (10 points)

Motion
mm or in
High
dwell
i Low
 dwell Rise Fall
0 :_..._.._..__._.. : ! : - e
0 B
0 90 180 270 360 Camangle® deg

1) The figure above shows a s diagram of a double dwell cam design. When we are asked
to design the Rise function from 0 to 8, what is the value of £ in this case (use radian)?
(2 pts)

2) What is the fundamental law of cam design? (2 pts)

3) To satisfy the fundamental law of cam design, fill in the following table with boundary
conditions of s, v, a Rise functions. (3 pts)

when 8 =0 when8 =f
s= 0 v Vi kv X
= 'k.\/ \\'f Kv ’)( -/ gfr
a= O 0O b

4) Given v = 8 — fsin(8), calculate a by z—;. (3 pts)
)
5

) Cam Ml Fonctiin vt howr -
Condomes wézzfy anrl @ltloratron ﬁi/

o irved (A5 My e Jerk

D) ve §-8 sin(p)
Jdv<]6 B sin () 6
[y ¥ J sadfp kb
o= g +BCos @
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Problem 1 (15 points):
217« (15 points)

The lengths and angles are given as,
Iril =1, |2l = 1, |r3| = 1,

P 91 = 00, 92 = 600, 93 = 120°
/
60“ b
QL') A

r

The rod AB shown in the figure is connected to two sliders at each end through pins. The
sliders can slide along QP and QR.

1) Mark the directions of the three vectors and their angles according to the given info;
(2 pts)

2) Write the vector loop equation for velocity analysis; (1 pts)

3) Given the linear velocity of link 2 |r,| = the last nonzero digit of your student ID,

what are the unknowns in the velocity analysis? (2 pts) = & ' -
4) In the velocity analysis, what quantities are 0? Why? (4 pts} £, 0 beawt 4% O M psndn
5) Given the linear velocity of link 2 |r;| = the last nonzero digit of your student ID, -3

solve the equations to obtain the numerical value of the unknowns. (6 pts)

— l.."_

—sing; "
cos 6;

cos 6;

sin ; + Ir:16; [

F|!'=|7’i|[
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@7[ Problem 2. (15 points)

Note 77 and 75 are imaginary vectors,
73 starts from A, point to B, Aand B
are connected by a rigid link.

Inl=1Inl=1, |T3| = \@,
8, =0° 68, =90° 6, = 45°

sin 8;
cos 0,

cos 8;
sin 9,‘

Fi=Iril | g | + Iild: |

NIRRT

1) Write the vector loop equation. (2 pts) . .
2) What quantities does not change with time? (3 pts) £, -'fp', 7] >0 , é. =6 ™3
3) Given wz = @3 = second non-zero digit of your student le), calculate |ry| and |r;|
using velocity vector loop equation. (6 pts) 2"\ C ner2es BE gl F ‘
4) Given 85 = 0, list the two equations of acceleration analysis keeping only nonzero f

P e

items (4 points) b ;
2 - [cosé; o [=5in8; " né; }[;c/os 6;
T = Iril [sin 0; + 2|76, cos 6; }+ I7:18; cos 6; ] + il 6 -—sinBi]
b{ o
2K2 Xy

\ eLrer [‘“f’ u‘e.u-:m ‘
G=net A=e

ﬁ[g:-bo—-]$ |g::] + | p;f,:] 5 ;r"s {.ﬁl(;j;] 47 P

SYUNE 4
Jus) = | [c=@ EM@‘\
\E[CS;MJ \EM"\] + ( $n-6) ‘,{? . \ [,,3 o
! 3;*-" o

I [e )+ (0] | }@]

L3 g 7 e atofes)
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Q_ Problem 3 (10 points)

1) Classify the following cam follower system (8 pts)

(a) {b) {c) {d)

System | Follower Cam Relative Joint closure
motion motion motion
(@) (olk;/ A f(\(\“\\\ / ((@ H”"’\’ v
® rvier okl | Com b 1/
© [flwbudd | el Jeet 1 (e
@D ugnesnn | el (fm botm |

2) In s diagram, what is its minimum value? (1 pt)
3) Insdiagram, explain what is Rise, Dwell and Fall? (1 pt)

s OS¢ | ot ! Tl

— o —— ey —sem—

— e ema, o - -

£

2) At titiman~s vale s 0° \_/
;D) et Dhrput Wit goey Pl hicomes)

Dees 1o OW PAARIA fur . SMHCG‘ fw“‘i of .'.L\J:m- o FNA.

Falh: DAk ot g2t A‘“‘\f\(dUA'mM> \/
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[rL S" Problem 4 (10 points)

Motion
mm or in
+ High
| dwell
| L, O - F— —
Low ) :
dwell Rise Fall
0 ._i_._._ e e — e — -
0 B
0 90 180 270 360 Camangle ® deg

1) The figure above shows a s diagram of a double dwell cam design. When we are asked
to design the Rise function from 0 to 8, what is the value of B in this case (use radian)?
(2 pts) =t X ¥

2) What is the fundamental law of cam deSIgn‘7 (2 pts)

3) To satisfy the fundamental law of cam design, fill in the following table with boundary
conditions of s, v, a Rise functions. (3 pts)

when8 =0 whenf =8
s= Q / h  /
= 0__/ 0 v "
a= o/ C X - >

4) Given v = 8 — f sin(8), calculate a by z—;. (Bpts) 4
L
3

= a

0(9 M:j(";"')(’ﬁr %)dé

S v ol m’-%)—rk\
\/5 1,['

Z)P\ L Ch%‘w }\“( W“" obber than Hﬁ) (o Spu_ol-s
Pk he olwc)m?d WLH'\ L) R?U,oww\ﬂ) ConShraids

T’/‘-L Clwnn, HAJLCJ-N\/\ MuXE B Gialasas ,u-smwsv\ Hoo P
find Secod  denvmnres W&f(auwwn— aCrogs e ey iternd
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

Title of Assignment: Final Exam

TOPICS COVERED IN FINAL EXAM

Final exam covered the following topics:

oW e

o

Cam design using SVAJ diagram

Fundamental law of cam design

Cam design using combined functions

Cam design using polynomial function

Gear parameters calculation (diametral pitch, circular pitch, base
pitch, gear ratio)

Compound gear train concept and velocity ratio calculation



KINEMATICS DESIGN AND ANALYSIS
FALL 2021

SAMPLE FINAL EXAM QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR FINAL EXAM
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ROY G. PERRY COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

MCEG 3305 Kinematics Design and Analysis
Fall 2021
Final Exam
December 06, 2021

12—-2pm

Solution

This examination is administered under the University’s Code of Student Conduct. All work
submitted must be your own. This is an open book examination. Only calculator is allowed,
no cellphone, no tablet, and no laptop. Please write your name on every page.

QUESTION # MAXIMUM POINTS POINTS SECURED
1 25
2 25
3 25
4 25
TOTAL 100




Problem 1. (25 points)

= I R e e

e e e e e e el e e

o
=2
W]

The figure above shows the v diagram of a cam design, v = sin 0, for 0 < 8 < g; andv =1,

for%SHSn.Givens=1at9=§.

1) Find the a function for 0 < 8 < %and% < 6 < m respectively. (8 pts)

2) Find the s function for 0 < 8 < %and% < 6 < m respectively. (10 pts)

3) What is the fundamental law of cam design? (3 pts) If this function is used as a rise
function between a low dwell and high dwell (meaning before 8 = 0, there is a low

dwell, after 8 = m, there is a high dwell), does it satisfy the fundamental low of cam
design? (2 pts) why? (2 pts)

/ F'o\' 059517— G = di - 6(,’56
) 2o Ao~

J

—_ Bc
= - _ x - iz -

when 0= So gk rg= KL | = ko
S= ) — (526

2) The cam— follow o Uon s T Aave ConAimines vetoul
Wﬂfc@ém@f e %f@féﬁmwﬁ N, U#F0 5

A* H=70.
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Problem 2 (25 points)

ks
101

B Dwell

Dwell

A 1.0 e’rad

Assume that s is the cam-follower displacement and 6 is the cam angle. The rise is h = 1 after
1.0 radian of rotation, and the rise begins and ends at a dwell. If the position, velocity, and
acceleration are continuous at 8 = 0, and the position and velocity are continuous at § =
p = 1, use polynomial function to design a rise function s from 0 to f = 1 using the boundary
conditions given above. Note: Use the minimum possible number of terms.
1) How many boundary conditions are given? (2 pts) What will be the order of the
polynomial function? (2 pts)
2) Write the general form of the s function, and the corresponding v and a functions. (6
pts)
3) Bring in the boundary conditions and list the equations to be solved. (7 pts)
4) Solve all the unknowns. (8 pts)

| $ V 0.
/ 620 v 0 0
ell:ﬁ | 0
¢ ﬁCf ovdler >7£ +h F?mwﬂ( o4 (rL
2 'A% 0.\3 XY
¢ - oo’+ c,(f;>+ C”(,«s) +La(f)+c¢(f)
(7: L l C, +ZC7' (%)4—5(:5 (-—;—) + %C¢(Ti)}j
L

. L (zc,,f be., (/;>+ /LCM{%)LJ
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Problem 3 (25 pts)

A zero-eccentricity cam with a reciprocating radial roller follower is to be designed such that
the displacement of the follower is s = 15[1 — cos(28)] (unit: mm). The prime circle radius
is Ry = 40 mm, and the roller follower radius is R = 12 mm. For the cam rotation angle 6 =
30°, determine the following:

1) The expression of v = 2—;
2) The expression of a = Z—Z

3) The pitch circle radius R, = R, + Ry

4) The pressure angle
v—¢€

st -

¢ = tan™!

5) The pitch radius of curvature
3

[(Rp + 5)2 + vZF

(Rp + s)z + 2v2 — a(Rp + s)

Ppitch (9) =

DRIE % = 305 (24)

1) p= M - (o et (20)
h= b

5) (2’7;; Zb—(—@_JL: 5?, mm
+) h=2" S(e)= 45
Jwd=12%578

o(pd)= 30.

1598

- _ 0
?: tan % 7\§Jr s - 2&{7
?

==

o) (5 >
(52+7:5) =+ 21 78 3
f7 = — = YA

(fl&?\f)vﬁr DIE 7/3";’87/-— 50(;2_—[—};)
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Problem 4 (25 points)
The following figure shows a compound gear train.

Gear 2: N, = 12 teeth and Py =12
Gear 3: d; = 2.5 in.

Gear 4: N, = 15 teeth

Gear 5: d; =3.0in.and P;= 10

Gear 6: dg = 1.5in.and P; =8

Gear 7: N; = 32 teeth

Answer the following questions:

1) What is a compound gear train? (5 pts)

2) Find the velocity of gear 7 as gear 2 drives at 1800 rpm. (13 pts)
3) Find the pitch diameter of each gear. (7 pts)

|IIIIF|IIMIIII [ | Iﬁl L1111
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Problem 1. (25 points)

The figure above shows the v dlagram of a cam design,"=7sing, for0 < ¢ < = andrr'="17;
f‘c;r2 <@ <mGivens=1atd “‘;.

1) Find thewfumetioirfor0 <0 < g and g < 8 < m respectively. (8 pts)
2} Find thesfunctionfor 0 < 0 < g and % < @ < m respectively. (10 pts)

3) Wharisithefundamentabdew.-of cam.design? (3 pts) If this function is used as a rise
function between a low dwell and high dwell {meaning before 8 = 0, there is a low

dwell, after 8 = m, there is a high dwell), dowsirsatisfythe imdamemallowof cam»
design? (2 pts) why? (2 pts)
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Problem 2 (25 points)
}s
1O

B Dwell

Dwell :

-
A 1.0 6, rad

Assume that s is the cam-follower displacement and & is the cam angle. Therise ish = 1rafter
“I:0'radiari"of rotation, and the rise begins and ends at a dwell. If the position, velocity, and
-acceleration are continuous at @ =@, and the jposition and velocity are continuous at @ =
£="1, use polynomial function todesign'@rise fiunction's"from:0:ta:f+=.1 using the boundary
conditions given above. Note: Use the minimum possible number of terms.
1) How many-boundary conditions are-given? (2 pts) What will be the order of the
polynomial function? (2 pts)
2) Write the general form of the s function, and the corresponding vand a functions, (6

pts)
3) Bring in the boundary conditions and list the equations to be solved. (7 pts)

4) Solve all the unknowns. (8 pts)

| ©-=0 1 E=/3:=1
vz O "1 Oll\q__f__. —
_qj Al O v *

V6 Bondony Corditon, e gjvern) Y o
IC repepenty # op iou.:wlwa' anelihem s #ES‘

SO V\:k-—[ i V]:S‘ [W-ﬁw”\
g — | )
BE_ Co tCx v CIYQTC3Y5+ C%qu CSX{) :
— |
V=] Graca (), & G (8) F5Cs (75@)} :
a: 220+ 6l (%) P (& Vv aocse ¥ T T




equetions Yo e soleed ore indorlived in tyress

q’) @/ Q;OBS:O @6:./231 S:—[’\
O=z(cro0rt0. . nrlarCer
Coe e
6 620) s @ 6;/2)) v=0
N
O =:(!l; (Gvovo. ) S;S- (3G )’q(wSCED
Cizo a4 69* A
1 R
e =0, azo )
o= O:%@C ¢
Aroe) malnd
Caz0 l
6) Cy=10W
Cq 3-\';\’\ - Z
Cs =GN

S= DO(%Y‘ 5()'r ("(%ﬂ
VA0 o(8) s0(3)]

a 33’%'&[@0(%) 0% ) a0 (3 ]




Problem 3 (25 pts) .
A zero-eccentricity cam with a reciprocating radial roller follower is to be designed such that

the displacement of the follower is @=aSft=rost2@8)P(unit: mm). The prime circle radius
is Ry =40 mm, and the roller follower radius is'R¢ =12 mm. For the cam rotation angle § =

30°, determine the following:
1) The expression of v = ds

4 S
2) The expression of a = ﬁ v
3) The pitch circle radius R, = R, + Ry Aol A “"““U‘K
4) The pressure angle - .
PO oc.. )
s+ /R —€?
5) The pitch radius of curvature £ = 7
3 -
{(Rp + s)2 + vz]'i —
ppitch(g) =

(R, +5)° +2v% —a(R, +5)

AN ..
) $=1501-cosa] 3 Ro = Qs Ls

V"' = P ‘{ min "~
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Problem 4 (25 points)

The following figure shows a compound gear train. UWN- o 'V\C '
Gear 2: N; = 12 teeth and Py = 12 h LES .

Gear 3: pitch diameter d; = 2.5'in. and P; = 12
Gear4: Ny =15teethand P, =10
Gear 5: pitch diameter d; = 3 in. and P; = 10

Gear 6: pitch diameter dg = 1.5 in. and P; = 8 M
Gear7: N; = 32teethand P, = 8 ’%
Answer the following questions:

1) What is ajgompound gear Tegind (5 pts)

2) Find thegpitchdiameter of Gear 2, Gear 4 and Gear 7. {6pts)
3) Find the qumberofigetvof Gear 3, Gear 5 and Gear 6. (6 pts)

4) Find thw as gear 2 drives at 1800 rpm. (8 pts)
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Problem 1. (25 points)

A

0 /2 n 0

The figure above shows the v diagram of a cam design, v = sin@, for0 < 8 < g; and v =1,

for’—erBSn.Givens=1at9=g.

1) Find the a function for0 < 8 < gandg < 6 < m respectively. (8 pts)

2) Find the s function for0 < @ < gand E < @ < m respectively. (10 pts)

3) What is the fundamental law of cam design? (3 pts) If this function is used as a rise
function between a low dwell and high dwell (meaning before @ = 0, there is a low

dwell, after @ = m, there is a high dwell), does it satisfy the fundamental low of cam
design? (2 pts) why? (2 pts)
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Problem 2 (25 points)

by
B Dwell
10T -
Dhwell /— '
! -
A 1.0 0, rad

Assume that s is the cam-follower displacement and 8 is the cam angle. The rise is h = 1 after
1.0 radian of rotation, and the rise begins and ends at a dwell. If the position, velocity, and
acceleration are continuous at @ = 0, and the position and velocity are continuous at 8 =
£ = 1, use polynomial function to design a rise function s from 0 to # = 1 using the boundary
conditions given above. Note: Use the minimum possible number of terms.
1} How many boundary conditions are given? (2 pts) What will be the order of the
polynomial function? (2 pts)
2) Write the general form of the s function, and the corresponding v and a functions. (6
pts) .
3) Bring in the boundary conditions and list the equations to be solved. (7 pts)
4) Solve all the unknowns. (8 pts)
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Problem 3 (25 pts)
A zero-eccentricity cam with a reciprocating radial roller follower is to be designed such that

the displacement of the follower is s = 15[1 — cos(28)] (unit: mm). The prime circle radius
is Ry = 40 mm, and the roller follower radius is R = 12 mm. For the cam rotation angle 8 =
30°, determine the following:

1) The expression of v = %

2) The expressionof a = z—;
3) The pitch circle radius R, = Ry, + Ry
4) The pressure angle

-

v—€

¢ =tan"l ——m—
s+ R5—¢€ (l):'beg

5) The pitch radius of curvature

3 ;
[(R, +5)" + 2] Rp=tomm
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Problem 4 (25 points) P A= ™

The following figure shows a compound gear train. ”('A"

Gear 2: N, = 12 teeth and Py = 12 ¥

Gear 3: pitch diameter d3 = 2.5 in. and Py = 12 ™ W= d

Gear 4: N, = 15 teeth and P; = 10 Dﬂ;;? __E

Gear 5: pitch diameter ds = 3 in.and P, = 10 ‘ N

Gear 6: pitch diameter dg = 1.5 in. and Py = 8 (\clP

Gear 7: N; = 32teethand Py = 8 e ~ .
Answer the following questions: v nd b
1) What is a compound gear train? (5 pts) Pp=""—
2) Find the pitch diameter of Gear 2, Gear 4 and Gear 7. (6pts) o\\p -',o\v Low N

3) Find the number of teeth of Gear 3, Gear 5 and Gear 6. (6 pts)
4) Find the velocity of gear 7 as gear 2 drives at 1800 rpm. (8 pts)
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Problem 1. (25 points)

0 /2 8 o

The figure above shows the v diagram of a cam design, v =sin8,for0 < 8 < g; andv =1,

for%SBSn.Givens*—*lat9=§.

1) Find the a function for0 <8 < gand g < @ < 7 respectively. (8 pts) - 3’
2) Find the s function for0 < 8 < g and ;—I < @ < mrespectively. (10 pts) -~ 2

3) What is the fundamental law of cam design? (3 pts) If this function is used as a rise
function between a low dwell and high dwell (meaning before 8 = 0, there is a low
dwell, after & = m, there is a high dwell), does it satisfy the fundamental low of cam
design? (2 pts} why? (2 pts) s L![
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Problem 2 (25 points)

s

s high ¥

B Dwell
10t Q L
\

Il. el
Dwell
o -]
0A 1.0 8, rad
d’

Assume that s is the cam-follower displacement and @ is the cam angle. The rise is h = 1 after
1.0 radian of rotation, and the rise begins and ends at a dwell. If the position, velocity, and
acceleration are continuous at @ = 0, and the position and velocity are continuous at 8 =
f = 1, use polynomial function to design a rise function s from 0 to 8 = 1 using the boundary
conditions given above. Note: Use the minimum possible number of terms.
1) How many boundary conditions are given? (2 pts) What will be the order of the
polynomial function? (2 pts)
2) Write the general form of the s function, and the corresponding v and a functions. (6
pts)
3) Bring in the boundary conditions and list the equations to be solved. (7 pts)
4) Solve all the unknowns. (8 pts)
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Problem 3 (25 pts)
A zero-eccentricity cam with a reciprocating radial roller follower is to be designed such that

the displacement of the follower is s = 15[1 — cos(28)] (unit: mm). The prime circle radius
is Rp = 40 mm, and the roller follower radius is R = 12 mm. For the cam rotation angle 8 =

30°, determine the following:
; _ds Ay d {
1) The expression of v = 0 -‘—A—-;
2} The expression of a = % J cﬁ' 2\
3) The pitch circle radius R, = Ry, + Ry 4'3 we. 5 dy e a‘ﬁ"’ Wd o
4) The pressure angle 04’ M" M}
— tan—1 v-e
¢ = tan o e B = VO
3) The pitch radius of curvature v=V
3

[(Rp + s)2 + vz]E

(R, +5) +2v2 —a(R, +5)

S=\S[l— cou(e)]

_':'c_d——q—'"—' - SN ‘
o [1-sn(&) Coij —x

Ppitch (6) =




Problem 4 (25 points)

The following figure shows a compound gear train.
Gear 2: N, = 12 teeth and Py = 12

Gear 3: pitch diameter d3 = 2.5 in. and P; = 12
Gear 4: N, = 15 teethand Py, = 10

Gear 5: pitch diameter ds = 3 in. and P; = 10
Gear 6: pitch diameter d;, = 1.5 in.and P; = 8
Gear 7. N, = 32 teethand P; = 8

Answer the following questions:

1) What is a compound gear train? (5 pts)

2) Find the pitch diameter of Gear 2, Gear 4 and Gear 7. (6pts)

3) Find the number of teeth of Gear 3, Gear 5 and Gear 6. (6 pts)
4) Find the velocity of gear 7 as gear 2 drives at 1800 rpm. (8 pts)
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

HOMEWORK 1

TOPICS COVERED IN HOMEWORK 1

1. Degree of freedom
2. Number synthesis
3. Grashoff condition



MCEG 3053 Kinematics Design and Analysis
Homework #1 Due 09/08/2021 midnight

Use this page as your cover page
Student’s name: Grade:

Problem 1. Find the mobility of the mechanism shown in the following figure.
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Problem 2. Use number synthesis to find all the possible link combinations for mobility M = 1
for eight links (I = 8), to hexagonal order using only revolute joints.

Problem 3. Determine the Grashof condition for the four-bar linkages below. Indicate whether
they are crank-rocker, double-crank, double-rocker, or triple-rocker mechanisms.
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MCEG 3053 Kinematics Design and Analysis
Homework #1 Due 09/08/2021 midnight

Use this page as your cover page D
Student’s name: 5 1oL E\V/’M Grade:

Problem 1. Find the mobility of the mechanism shown in the following figure.
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Problem 2. Use number synthesis to find all the possible link combinations for
mobility M =1 for eight links (L = 8), to hexagonal order using only revolute
joints.

Problem 3. Determine the Grashof condition for the four-bar linkages below. Indicate
whether they are crank-rocker, double-crank, double-rocker, or triple-rocker
mechanisms.



Chang Duan
144250000000002059


Problem 1. Find the mobility of the mechanism shown in the following figure.
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blem 2. Use number synthesis to find all the possible link combinations for
mobility M =1 for ecight links (L = 8), to hexagonal order using only revolute
joints.
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MCEG 3053 Kinematics Design and Analysis
Homework #1 Due 09/08/2021 midnight

Use this page as your cover page 0
Student’s name: |clr(® Aq bae (a Grade:
U

Problem 1. Find the mobility of the mechanism shown in the following figure.

\ VAT
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Problem 2. Use number synthesis to find all the possible link combinations for
mobility M = 1 for eight links (L = 8), to hexagonal order using only revolute
joints.

Problem 3. Determine the Grashof condition for the four-bar linkages below. Indicate
whether they are crank-rocker, double-crank, double-rocker, or triple-rocker
mechanisms.
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

HOMEWORK 2

TOPICS COVERED IN HOMEWORK 2

1. Four-bar linkage position analysis
2. Position analysis using MATLAB
3. Linkage synthesis (two-position)



Student’s name: Grade:

MCEG 3305 Kinematics Design and Analysis
Homework #2 Due 09/29/2021

Use this page as your cover page

Problem 1 (50 points): The following figure shows a movie camera film-advance mechanism,

Y
B
‘d, f_#w;_f?
Jo___cﬁl‘r—‘::d::___——_ \
|
® ®
0, 0, X

1)The lengths of the four-bar linkage is given as d = 1.444, a = 0.55, b = 1.297,
¢ = 0.773. The unit is inch.

2)Using Grashof condition to classify this linkage and predict its motion.

3)P is a point on the coupler AB. p = 2.7, 65 = —2.33° where p is the distance between P
and 4, 6 is the angle rotating AB to AP.

4)calculate and plot the angular displacement of links 3 and 4 and the path coordinates of

point P with respect to the angle of the input crank 0, A for one revolution.

Hint: You can use the MATLAB script on Canvas as a basis. Using the script (only the OPEN
configuration, not the CROSSED), you should be able to find the angular displacement of links 3
and 4 (85 and 6,) given the angle of the input crank 0,4 (8-).

Now if you use this script manually, you can have sth. like

)

0 Oy

00

50

10°

360°

Now you can plot 85 and &, with respect to 6,

Hint: It will be easier if you know how to turn the script into a function, and plot the results using
MATLAB. (+1 bonus point if you do that)

To find the position of point P, you need to use the equation that we talked about in class to find
any point on the link (in this case, coupler) AND make that part of the MATLAB script. So for
every 8,, you will also have a coordinates of P calculated. Lastly, plot the trajectory of point P.



Problem 2 (P5.1 and P3.3, 50 points) Consider the two positions provided in the figure. (a)
Using graphical method to determine the corresponding pivot. (b) Analytically, find the
coordinates of the pivot. (c) Design a crank-rocker four-bar linkage to give the two positions
rocker motion (Example 3-2, p.105).

A

2656 —————— =
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Problem 2 (P5.1 and P3.3, 50 points) Consider the two positions provided in the figure.
(a) Using graphical method to determine the corresponding pivot. (b) Analytically, find

the coordinates of the pivot. (¢) Design a crank-rocker four-bar linkage to give the two

positions rocker motion (Example 3-2, p.105).
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Kinematics HW 2

My MATLab Code is in the submission folder.

Plot: theta2 vs theta3open
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Kinematics HW 2
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MCEG 3053 Kinematics Design and Analysis
Homework #2 Duc 09/29/2021
Use this page as your cover page g 2 // 7D
Student’s name: Lo~ e\ Smta Grade:

Problem 1 (50 points): The following figure shows a movie camera film-advance

mechanism,

Y

1) The lengths of the four-bar linkage is given as d = 1.444, a =055, b=
1.297, ¢ = 0.773. The unit is inch.

2) Using Grashof condition to classify this linkage and predict its motion.

3) P is a point on the coupler AB. p = 2.7, 83 = —2.33° where p is the

distance between P and A, & is the angle rotating AB to AP.

calculate and plot the angular displacement of links 3 and 4 and the path

4)
coordinates of point P with respect to the angle of the input crank 0,A for one

revolution.

Hint: You can use the MATLAB script on Canvas as a basis. Using the script (only the
OPEN configuration, not the CROSSED), you should be able to find the angular
displacement of links 3 and 4 (6; and 6,) given the angle of the input crank 0,A

(62).

Now if you use this script manually, you can have sth. like
6, 03 A
0° e @°
iy AN T
10° TS S
i 0.2 N1
360° A v

-

Scanned with CamScanner
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Now you can plot 8; and 6, withrespectto 6

Hint: It will be casier if you know how to turn the script into a function, and plot the
results using MATLAB. (+1 bonus point if you do that)

To find the position of point P, you need to use the equation that we talked about in
class to find any point on the link (in this case, coupler) AND make that part of the
MATLAB script. So for every 8;, you will also have a coordinates of P calculated.
Lastly, plot the trajectory of point P.

Problem 2 (P5.1 and P3.3, 50 points) Consider the two positions provided in the figure.
(a) Using graphical method to determine the corresponding pivot. (b) Analytically, find
the coordinates of the pivot. (c) Design a crank-rocker four-bar linkage to give the two
positions rocker motion (Example 3-2, p.105).
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MCEG 3053 Kinematics Design and Analysis
Homework #2 Due 09292021

Use this page as your cover page g 0

Student’s name: Grade-

Problem 1 (50 ponts). The following figure shows a movie camera film-advance
mechanism,

| 4

1) The lengths of the four-bar linkage 1s given as d = 1.444, a = 055, b=

© 1.297, ¢ = 0.773. The unit 15 inch

2} Using Grashof condition 1o classify this linkage and predict its motion.

3) P 1s a poumt on the coupler AB. p =27, 8§ = —2.33° where p is the
distance between P and A, 8; 1s the angle rotating AF to AP

4) calculate and plot the angular displacement of lnks 3 and 4 and the path

coordinates of pomt P with respect to the angle of the input crank 0,4 for one
revolution.

Hint. You can use the MATLAB script on Canvas as a basis. Using the scnpt (only the
OPEN configuration, not the CROSSEDY), you should be able to find the angular
displacement of links 3 and 4 (03 and 8,) given the angle of the mput crank 0,4
(62).

Now if you use this script manually, you can have sth like

8, 85 8,

00
SO
10°

360°
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

HOMEWORK 3

TOPICS COVERED IN HOMEWORK 3

1. Velocity analysis
2. Acceleration analysis



MCEG 3305 Kinematics Design and Analysis
Homework #3 Due 10/20/2021

Use this page as your cover page
Student’s name: Grade:

Problem 1. (50 points): In the four-bar mechanism below, link 2 is rotating CCW at the rate of 4
rad/s (constant). In the position shown, link 2 is horizontal and link 4 is vertical. Determine the
angular velocity of links 3 and 4.

®
S

0.75 m
[

Link lengths: AB = 1.25 in, BC = 2.5in

Problem 2 (50 points).

Motion of the equilateral triangular plate ABC in its
plane is controlled by the hydraulic cylinder D. If the
piston rod in the cylinder is moving upward at the
constant rate of 0.3 m/s during an interval of its
motion, for the instant when & = 30°, calculate (a)
the velocity and acceleration of the center of the
roller B in the horizontal guide and (b) the angular
velocity and angular acceleration of edge AB.
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KINEMATICS DESIGN AND ANALYSIS

FALL 2021

HOMEWORK 4

TOPICS COVERED IN HOMEWORK 4

1. Cam design using polynomial function



MCEG 3305 Kinematics Design and Analysis
Homework #4 Due 11/17/2021

Use this page as your cover page
Student’s name: Grade:

Problem 1. Design the rise function for double-dwell cam using polynomial function.
Problem: Consider the following double-dwell cam specification

dwell at zero displacement for 90 degrees (low dwell)

rise hin 90 degrees

dwell at h for 90 degrees (high dwell)

fall  hin 90 degrees

cam w 2m rad/sec
Boundary conditions:

whenf =0 when 8 =g
s = 0 h
= 0 0
a= 0 0
j= 0 0

Hint: The procedure is similar to Example 8-5 (page 431) on the textbook.
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MCEG 3305 Kinematics Design and Analysis
Homework #4 Due 11/17/2021

Use this page as your cover page
e
Student’s name: Grade: _°~

Problem 1. Design the rise function for double-dwell cam using polynomial function.
Problem: Consider the following double-dwell cam specification

dwell at zero displacement for 90 degrees (low dwell)

rise h in 90 degrees

dwell at h for 90 degrees (high dwell)

fall h in 90 degrees

cam w 2m rad/sec

Boundary conditions: )
when 6 =0 w_hcn_ 6_:=B _
S 0 h :
V= 0 0 B
a= 0 0
J 0 0

Hint: The procedure is similar to Example 8-5'(page 431) on the textbook.
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MCEG 3305 Kinematics Design and Analysis
Homework #4 Due 11/17/2021

Use this page as your cover page
Student’s name: J_.EM.:WD ( E].D Grade: %

Problem 1. Design the nise function for double-dwell cam using polynomial function.
Problem:  Consider the following double-dwell cam specification

dwell  at zero displacement for 90 degrees (low dwell)

rse h 1n 90 degrees

dwell at h for 90 degrees (high dwell)

fall h 1n 90 degrees

cam @ 2m rad/sec
Boundary conditions:

| when 6 =0 when 6 =1ﬁ
§ = il h
v = 0 0 :
a= ; . 0
j 0 0 % BCS
el ?b\.k,pu} 'I‘V’:ICL\S :

Hint: The procedure 1s similar to Example 8-5 (page 431) on the textbook.
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021
GRADED DISCUSSION FORUM # 1
TOPICS COVERED IN GRADED DISCUSSION FORUM #1

1. Degree of freedom
2. Number synthesis



This is a graded discussion: 2 points possible due Sep 2

Degree of Freedom and Number Synthesis Aug31at nisaam
1 [

Problem 1. Find the mobility of the following two mechanisms.

(®)

Problem 2. Use number synthesis to find all the possible link combinations for 2-DOF, for 7 links, to hexagonal order, using only revolute joints.
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

GRADED DISCUSSION FORUM # 2
TOPICS COVERED IN GRADED DISCUSSION FORUM #2

1. Linkage synthesis



This is a graded discussion: 2 points possible due Sep 19

Linkage Synthesis Sep 15 at 4dbpm
Chang Duan -

1) Graphically find the pivot that makes link AB move from position A,B, to A,B,.

HIf A, = [2], B, = [i], A, = [2], B, = [g] find the location of the pole.
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

GRADED DISCUSSION FORUM # 3
TOPICS COVERED IN GRADED DISCUSSION FORUM #3

1. Vector loop equation



This is a graded discussion: 2 points possible

Vector Loop Equation
Chang Duan

(1)

In this discussion, for (1) and (2) respectively, please
1. notate the different vectors;
2. mark their angles;

3. write the vector loop equation.

(2)

due Sep 11

Sep 8 at 8:15pm
26
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021
GRADED DISCUSSION FORUM # 4
TOPICS COVERED IN GRADED DISCUSSION FORUM #4

1. Velocity analysis
2. Acceleration analysis



This is a graded discussion: 2 points possible due Oct 10

Velocity and Acceleration Analysis Oct6 at 8:38pm

20 (B2
Chang Duan a

Problem. Motion of the equilateral triangular MC

ABC in its plane is controlled by the hydraulic
cylinder D. If the piston rod in the cylinder is moving
upward at the constant rate of 0.3 m/s during an
interval of its motion, for the instant when 8 = 30° , .
calculate (a) the velocity and acceleration of the center - ’ 1Y
of the roller B in the horizontal guide and (b) the
angular velocity and angular acceleration of edge AB.

Please ignore the calculation required. It is provided to show the context only. Answer the following questions in this discussion instead:
1. What is the vector loop equation for position analysis?

2. What is the vector loop equation for velocity analysis? What are the unknowns?

3. What quantities does not change with time?

4. What is the vector loop equation for acceleration analysis? What are the unknowns?
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Problem. Motion of the equilateral triangular c

ABC in its plane is controlled by the hydraulic
cylinder D. If the piston rod in the cylinder is moving
upward at the constant rate of 0.3 m/s during an
interval of its motion, for the instant when 6 = 30° ,
calculate (a) the velocity and acceleration of the center
of the roller B in the horizontal guide and (b) the
angular velocity and angular acceleration of edge AB.
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

GRADED DISCUSSION FORUM # 5

TOPICS COVERED IN GRADED DISCUSSION FORUM #5

1. Cam classification



Classify the following cam-follower systems:

oscillating
roller fpllowor

=

offset roller follower
‘ pressure

’\\ | anglea

|
O

normal

7
translating to cam
cam profile
(a) (b) disk cam
radial roller
translating
'°"‘?f"i r roller follower
é[ () 15 -
secxx [ L,x cylindrical
positive-motion cam
(c) disk cam (d)
triangular " i
circular-garc cam || °"°'"°f“|'|'9 flat-
(constant- p— N
breadth / axis p——)
y“.;/z [ .
follower
®) 0 eccentric cam
System |  Follower Follower Cam Cam Relative Joint closure
motion shape motion shape motion
(a)
(b)
(©)
(d)
(e)
()
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Classify the following cam-follower systems:

oscillating
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KINEMATICS DESIGN AND ANALYSIS
FALL 2021

GRADED DISCUSSION FORUM # 6
TOPICS COVERED IN GRADED DISCUSSION FORUM #6

1. Cam design by constant acceleration



Low : o High
&  duell Rise dwell

a max

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

This figure shows the a diagram for a double dwell cam design. Constant acceleration function is used for the rise
function where a,,,,,, = C, a,,,;, = —C. Answer the following questions:

1. What are the boundary conditions for v?
2. What are the boundary conditions for s? (assuming s needs to rise to h at the end of the

rise)
3. Find the v function for 0 to g and g to S respectively by integrating a function and apply

min

boundary conditions.
4. Find the s function for 0 to g and g to 2 respectively by integrating v function and apply

boundary conditions. Hint, at 6 = g, s = % You can also express ¢ in terms of h.
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KINEMATICS DESIGN AND ANALYSIS SEMESTER PROJECT

o el N =

FALL 2021

PROJECT TITLE Four-bar Linkage Simulation and Analysis
TOPICS COVERED IN PROJRCT

Grashoff condition

Linkage modelling using NX

Linkage motion simulation using NX

Linkage position, velocity and acceleration analysis using MATLAB



MCEG3305: Kinematics Design and Analysis
Fall 2021

Project: Pedal Bin Mechanism Design and Analysis

I. Project description

This is a group project to design and analyze the pedal bin mechanism using Siemens NX and
MATLAB. You need to model and simulate your mechanism using Siemens NX and perform
position, velocity, and acceleration analysis with MATLAB.

I1. The pedal bin mechanism:

MOVING
PIVOT

FIXED
PIVOT

SLOTIN
OUTER SKIN PEDAL
/ OF BIN MOVING PIVOT
[
/'
voving  ee—

PIVOT

CLOSED OPEN

Figure 1. The pedal bin mechanism [1]

Figure 1 shows the closed and open position of the pedal bin mechanism. It shows the fixed and
moving pivots.

I11. Design Tasks:

Determine the dimension of the pedal bin mechanism;

Create the pedal bin using NX;

Create the assembly of the mechanism;

Create the links and joints for the motion analysis;

Select input/driver joint, assuming an angular velocity and perform the motion analysis;
Note the angles of the pedal and the lids for the open and closed positions;

Create a mpeg video or other sort of animation to demonstrate your motion;

Analyze the position, velocity and acceleration of the linkage using MATLAB,;

NGO~ wWNE



9. Plot the position, velocity and acceleration and compare the results with the motion
simulation.

IV. Deliverable Results:
1. Proposal report: maximum 2 pages; Due date: Oct. 20.
The proposal must describe:
A. Proposed work schedule.
B. Tasks distribution. (What will each group member work on?)

2. Final Project Presentations (Nov. 24): Every group will be asked to give a 10-minute
presentation using PowerPoint.

3. Final Report and soft copy of your project (Due: Dec. 1)
A. A final report in electronic format should be documented in Word format. There is no
specific format and page limitation, but your report should include the following contents:
o Abstract (100-150 words);
o Introduction (design objectives);
o Project description (mechanism’s functional requirements, design constrains,
design parameters, etc.);
o NX models and motion (models of components, drafting of major components,
assembly, extreme positions, motion analysis and simulation, etc.);
o Position, velocity, and acceleration analysis using MATLAB (equations used,
MATLAB code, MATLAB plots; comparison with the NX motion, etc.)
o Conclusion and suggestion; and
o Reference, if any.

B. Please submit
Electronic version of the report, presentation, and your project as one compressed
file to Canvas.

4. Taskstream submission (Due: Dec. 1)
Submit the final report to Taskstream in response to Outcome 1 Assignment 1




V. Point Distribution:

Category | Points

Proposal 30
Create NX model 20
Assembly of the mechanism 10
Motion demonstration 30

Determine input/output joint for position | 10
Quality, completeness | analysis
and results (120 pts) Analyze the position, velocity and acceleration | 30
of the linkage using MATLAB
Plot the position, velocity and acceleration and | 20
compare the results with the motion

simulation.
Final presentation 50
Format 30
Final report Phrasing and clarity 30
Neatness 20
Taskstream submission 20
Peer evaluation 100
Total 400

Reference:
[1] Ryan, V., “The pedal mechanism 17, https://technologystudent.com/rmprep09/ped1.html

(March 28, 2021)


https://technologystudent.com/rmprep09/ped1.html
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MECHANICAL ENGINEERING DEPARTMENT
PRAIRIE VIEW A&M UNIVERSITY

MCEG 3305 Kinematics Design and Analysis
Fall 2021 Section P04

Project Report on
“Kinematics Pedal Bin Trashcan Design”

Conducted on
November 29, 2021

Submitted by
Zion Brown, Kiaria Moon, Temitayo Ojo (Group 3)
On
December 1, 2021
To
Dr. Chang Duan
Kinematics Design and Analysis Instructor



Category Points | Score
Proposal 30 28
Create NX model 20 18
Assembly of the mechanism 10 10
Motion demonstration 30 24
Determine input/output joint for position | 10 10
Quality, completeness | analysis
and results (120 pts) Analyze the position, velocity and | 30 28
acceleration of the linkage using
MATLAB
Plot the position, velocity and |20 20
acceleration and compare the results with
the motion simulation.
Final presentation 50 48
Format 30 28
Final report Phrasing and clarity 30 27
Neatness 20 18
Taskstream submission 20 20
Peer evaluation 100 80
Total 400 359




Letter of Transmittal
Kiaria Moon
Mechanical Engineering Student
Prairie View, Texas 77446
Cell: 832-504-0097
E-mail: kmoonl@pvamu.edu

Dr. Chang Duan

Measurement Laboratory Instructor

Prairie View A&M University

C.L. Wilson Engineering Building

Room 105H October 20®, 2021

Dear Dr. Duan:

The following pages are a detailed report for MCEG 3305 Kinematics Design and Analysis Project
“Pedal Bin Mechanism Design and Analysis™. This report addresses the use of Matlab for performing
position, velocity, and acceleration analysis as well as the use of Siemens NX Unigraphics to model,
assemble, and simulate a pedal bin frash can mechanism. The lab was performed on October 20, 2021 and
was submitted on December 1, 2021.

If you have any questions or concerns, please call, or email me at any time.

Sincerely,

Kiaria Moon
Enclosure: Lab Report



ABSTRACT

The purpose of this project includes the use of NX Unigraphics to model, assemble, and simulate a pedal
bin mechanism and perform in-depth examination of its motion. For this experiment the group used hand
calculations and MATLAB to perform position, velocity, and acceleration analysis.

The methods used included linkage analysis. In this analysis the team determined the lengths of the four
links. The measurements were then used to complete analysis in MATLAB and used for modeling and
simulating the mechanism for NX. In NX Unigraphics we set design constraints for a crank-rocker and
modeled the four-bar linkage like a mechanism that controls a pedal bin trash can.

Conclusions drawn from this project:

¢  The trash bin mechanism open and closed as expected and the MATLAB code returns the correct
angular velocity and acceleration values for 63 and 64 The team was to complete the simulation
objective and demonstrate the model transition from one extreme (completely closed) to the next
extreme (completely open).
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CHAPTER 1
Project Introduction

1.1 Design Objectives

The project team was tasked with designing a pedal bin mechanism for a trashcan. Early in the
project, it was observed that the mechanism that controls the movement could be represented as a
four-bar linkage. The design was to satisfy the general movement of a trash can, that is, the
opening and closing movement of the lid caused by the depression of the attached foot pedal.

To satisfy the design requirement successtully, the project team included assumptions regarding
the length of the four-bar links, angular velocity, and constant acceleration. In addition, the team
also constrained the design by including two extreme positions: fully open and completely
closed. Lastly, the project team chose an input angle to complete the subsequent analysis.

Figure 1.1 Pedal Bin Moment Demonstration
MOVING
PIVOT

FIXED
PIVOT

SLOT IN
OUTER SKIN

PEDAL
/ OF BIN MOVING PIVOT
—
/'

CLOSED OPEN
Figure 1.2 Pedal Bin Opened and Closed Positions



CHAPTER 2

Project Description
2.1 Mechanism’s Functional Requirements

To successfully satisfy the design objectives, the project team made several assumptions
regarding the function’s requirements of varying components. The assumptions made had to
align with the functional capabilities of the components as seen in an actual trashcan.

The first assumption the team made was the lengths of the links in the four-bar mechanism. The
proposed trashcan had to be designed with the correct proportions to resemble an actual trashcan
you would see in real life. The team used the dimensions of a trashcan found in a local Walmart
seen in figure xxx to make this assumption. The lengths are described as:

Figure 2.1 Four-Bar linkage with Vectors Figure 2.2 Walmart Trashcan

i

Lengths

L1= = 25
ng L= 1.51n
L;=r=21 il
L4= 4= 10.51n

Using the assumed link lengths, the team then found the predicted motion of the linkage using its
Grashof Condition:

Grashof Condition
S+L <P+Q
25in < 31.5in
Crank Rocker

Because the mechanism is a crank-rocker one, link can make a complete revolution. In reality, no
link will make a full revolution the designed four-bar linkage, but one link still includes the
ability to make a full revolution.



2.2 Design Constraints and Parameters

The next step was to design the angular velocity that the lid (link 2) opens. The project team
assumed an angular velocity of 1.57 radians/second. The angular velocity value was derived
from the two extreme positions assumed by the project team. The analysis is described below:

CLOSED OPEN

Figure 2.3 Linkage Identification
Angular Velocity
“Fully Open’ = 135°
‘Completely Closed’ = 45°
Because the lid moves from closed to open:
135° —45° = 90°

T .
90° x 180 = 1.57 radians CCW

£ 0\
X

o

c

\v :
Figure 2.4 Angular Velocity Assumption
The last assumption the team made was a constant acceleration of link 2 as 0 radians/second’. By

keeping the acceleration constant, the team was able to neglect many of the complexities
associated with a varying acceleration parameter.



CHAPTER 3
NX Models and Motion Simulation

3.1 Models of components

The model was constructed by assembling four links. The links were designed in NX with units
of inches. The links were sketched and then extruded to | inch. the links also included holes on
each end: the holes acted as pivots and allowed the links to oscillate/translate (only at the moving
pivots) Link 1 1s the fixed link in our design.

Figure 3.1 Link 1

Figure 3.2 Link 2

Figure 3.3 Link 3



Figure 3.4 Link 4
3.2 Component Assembly

The model of the four-bar linkage was assembled by using the assembly feature in NX. The links
were put together via the touch align feature and constramed centerline to centerline.

0wy
.
5 \s

Figure 3.5 Isometric Views of the Linkage Mechanism
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3.3 Extreme Positions, Motion Analysis, and Simulation

The project team used the CAD model to visualize the extreme positions in our design;
completely open and fully closed. Motion analysis was also completed in NX. The project team
set the angular velocity value of link 2 as 1.57 radians/second. Due to the units of angular
velocity being radians/second. the time value set to one second to stay consistent.

Figure 3.6 Completely Open

Figure 3.7 Fully Closed

11



CHAPTER 4
Position, Velocity, and Acceleration Analysis using MATLAB

This chapter will display the position, velocity, and acceleration analysis completed by the
project team. Each function will include the knowns, unknowns, related analysis, and the result.
Please note, the following numerical examples showcase the results for the “completely closed
configuration” or, theta 2 at 45°. The complete MATLAB code can be found in section 4.2.

4.1 Equations and Analysis
Position Analysis

The position analysis was completed via ‘Crossed Configuration® MATLAB code. No hand
calculation steps were taken by the team. Instead, the team altered the code to calculate the
results pertaining to only the crossed configuration. The team used figure xxx to note the
configuration as crossed.

Y Open

0y

O — Crossed
B
Figure 4.1 Four-Bar Linkage Crossed Configuration

Known Analysis
*Position Analysis was completed via ‘Crossed Configuration” MATLAB Code
L2= r2= 1.5 in
L3=r3=21 .ln 1"2+T3=T1+T4 —>—T‘1+T2+T3—r4=0
L= ry=10.51n cos6, cos6, cosfs  [cos6,
—Inl sing, | T Led sing, |+ I73] sinf,| I7al sin@,| =
Unknown . - . %
05
o Results
4 0, = 331.5°
0, =238.5°
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Velocity Analysis

To calculate the unknown velocity variables, the team took the derivative of position with
respect to time. The angular velocity assumption of link 2 was include in this calculation as a
known variable. Due to the lengths of the links being constant, their respective derivatives are
zero 1n the velocity analysis.

Known Analysis

Li=rj=<a o —r Ty Aty =T =0

L2= I’2= 1.5 in i
- —sin@,
L3= r3= 21 in [r]/Lﬁ{;g |r1|9/%'9/ ] L I Zl/[an/] * I72|92 C059 ]
L,=rs=10.5in e cg 93] + 1 |9 ,sLnG _l cos, ‘] — Inlé, [ sind, ]
0 331.5° 3 A5in0, =g 6059 T ) cosb,
3 = .

. [—sin6 . [—sinf; ) sinf,] _
04 =238.5" Ir:16 [ 605‘9»2 + 1116, l cosBs | Ir116 [ cos6, | ‘
sin(45°) sin(331.5°) -, [—sin (238.5°)] _
Unknown (L3 57)[cos(45°) T 3)[cos(s315° ]*(“"S)W‘JLOS (2385°)
O Results
64
- —0.0263
x=A1xb > = [
—0.2153
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Acceleration Analysis

To calculate the unknown acceleration variables, the team took the derivative of velocity with
respect to time. The acceleration constant of link 2 was include in this calculation as a known
variable. Due to the lengths of the links being constant, their respective derivatives are zero in
the velocity analysis. As a result, the zeros in the velocity analysis are the same zeros in the
acceleration analysis. In addition, the constant acceleration assumption of 0 radians/second?.

Known Analysis
Li=ri=251in -+ +r3 -1 =0 Distributing negative coefficients
L=r,=1.51in - [—sin®, . 2 [—cosé, g [~5in02 1.2 [—cos6,
22 . |26, [ czlsﬁ: ik |"2|922 [—ifrjﬂf I7210; I cosb, I + 1216, I—sin(-)zj
L3= = 211in » [—sinf; s 2 [—cosB; 15 |sinfs y 2 [cosbs
+|r\9[ ]+|-|e [ ] —  —Inl6 —Irs16
L,=re=10.5 in #W | cosay | ¥+ 11als”|—sine #1% costy) = 17s1% Lsing,
o . [—sind, 2 [—cosé, - [sin@ . 2 [cos®,
@3 = 331.5 173163 cosﬂ“\l 174164 —sinf,| = 764 cosH,‘, + 1110, ls[nf): =
©,=238.5"
4 . g
e (—21) xsin(331.5°)  (10.5) x sin(238.5°) 1|6;
9.3 = —0.0263 (21) x cos(331.5°)  (—10.5) st(zzu.s‘;] [9‘4
6, = —0.2153
4 _ [1.5(5111(45") x 0 + cos(45°) (1.57)? + 21 x cos(331.5°) (—0.0263)? — 10.5 X cos (238.5%)(—0.2153)?
Unknown " [-1.5(sin(45°) x 0 — sin(45°) (1.57)2 + 21 x sin(331.5°) (—0.0263)% — 10.5 X sin (238.5°)(—0.2153)?
65 Results
0 6, _10.1947
x=A"1xb - .:‘=[ : ]
g, 1-0.1040
4.2 MATLAB Code

Users » Zion » Documents » Kin Project Code

BZ Editor - C:\Users\Zion\Documents\Kin Project Code\kmsc2.m
kmsc2.m testcodeout.m +
1 function [theta3crossed, theta4crossed, theta3dot, theta4dot, theta3doubledot, thetaddoubledot] = kmsc2 (theta2)
2
35 d=25; a=1.5; b =21; c =10.5; alpha2= 0; w2= 1.57;
4
5 % d=Ll=rl, a=L2=r2, b=L3=r3, c=L4=r4 theta2dot=w2=2.35
6 % theta2 = 135;
= K1 = d/a; K2 = d/c;
8 K3 = (a*2 - b*2 + c*2 + d*2)/(2*a*c);
9
10— A = cosd(theta2) - K1 - K2*cosd(theta2) + K3;
T3 B = -2*sind(theta2);
12 C = K1 - (K2+1)*cosd(theta2) + K3;
3
14 thetadcrossed = 2*atan2d(-B+sqrt (B"2-4*A*C),2*%A)+360;
15+~ if theta4crossed > 180
16— thetadcrossed = thetadcrossed - 360;
a7 disp('Theta 4:')
18— disp(thetadcrossed)
195 elseif thetadcrossed < -180
20 thetadcrossed = thetadcrossed + 360;
20— disp('Theta 4:')
22 disp(thetadcrossed)
23 end
24

14



26—
27
28

285
30—
Hies
82

33=
34

25
36—
Sl
38—
38—
40—
41—
42—
43—
44

5
46—
47

K4 = d/b;
KS = (¢"2 - d"2 - a"2 - b"2)/(2*a*b);

D = cosd(theta2) - Kl + K4*cosd(theta2) + K5;
E = -2*sind(theta2);
F = Kl + (K4-1)*cosd(theta2) + K5;

theta3crossed = Z*atan2d(-E+sgrt (E"2-4*D*F) ,2*D})+360;

if theta3crossed > 180
thetaldcrossed = thetaldcrossed - 360;
disp('Theta 3:')
disp (theta3crossed)

elseif theta3crossed < -180
theta3crossed = thetal3crossed + 360;
disp('Theta 3:")
disp (theta3crossed)

end

%velocity 2nalysis r2 & b matrix

vel2 1= [-sind(theta2); cosd(theta2)];

b 1 = (1.5*w2)*(vel2_1);

% Becuase the matrix is moved to the other side of the equal sign the
% matrix has to flip. The team multiplied the b matrix by negative 1 to
% Ililp tha Maxtrix

bbb_1 = (b_1*-1);

%a matrix
a_l= [(21)*(-sind(theta3crossed)), (-10.5)*(-sind(thetadcrossed)); (21)*(cosd(theta3crossed)), (-10.5)*(cosd{thetadcrossed))];

%Inverse Calculation x=A~-1*b
Velocity vector = inv{a 1)* (bbb 1);

thetaldot= Velocity vector(l);
disp('theta3 dot is')
disp (theta3dot)

thetaddot= Velocity_vector(2);
disp('thetad dot is')
disp (thetaddot)

%Acceleration Analysis
aa_l= [(-21)*(sind(theta3crossed)), (10.5)*(sind(thetadcrossed)); (21)*(cosd(theta3eressed)), (-10.5)* (cosd(thets
bb_1= [(1.5*(sind(theta2)* (alpha2)+cosd(thetaz)* (w2"2)))+(21*cosd(thetaldcrossed) * (theta3ddot"2)-10.5*cosd (theta4cr|

Acceleration WVector = inv(aa_ 1)*(bb_1);

theta3doubledot = Acceleraticn_Vector(l];
disp('Theta 3 dcuble dot:')
disp(thetal3doubledot)

thetad4doubledot = Acceleraticn Vector(2];
disp('Theta 4 double dot:")
disp(thetaddoubledot)

end

Figure 4.2 Four bar linkage Function
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B Editor
kmsc2.m testcodeout m +
1- |hetaz = 45:1:135;
2 for 1 = l:length(theta2)
3= [theta3crossed (L), theta4crossed(i), theta3dot (i), thetaddot (i), theta3doubledot(l), thetaddoubledot(i)] = kmsc2(theta2(i)):
1 - theta2(i);
it 2 value')

- CAUsers\Zion\Documents\Kin Project Code\testcodeout m

Figure 4.3 Call to Function

*Please note lines 65 and 66 are too long to be included in the screenshot. The complete
code will be attached with the submission.

4.3 MATLAB Plots and comparison with the NX Motion

Theta 2 vs Theta 3
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Figure 4.4 theta2 vs theta3

theta2 vs theta3dot
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Figure 4.5 theta2 vs theta3dot
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theta 2 vs theta3doubledot
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Figure 4.6 theta2 vs theta3dot
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Figure 4.7 theta2 vs theta4
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theta 2 vs thetaddot <, 2 {=]{" @ O {}
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Figure 4.8 theta2 vs thetad dot
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Figure 4.9 theta2 vs theta4 double dot

The plots illustrate the resulting variables when related to an increasing input angle, 8. For each
respective variable, 8: and 8., the resulting plots: position, velocity, and acceleration are each
mversely related to each other. It can be observed that:

*Note the following explains the general trends observed by the plots (not completely linear
trends).

e As By increased: position £ increased ,and position 8, decreased
e As 6;increased: Angular velocity 65 increased .and Angular Velocity 6, increased
e As 0 increased: Acceleration 65 increased .and Acceleration 8, increased
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CHAPTER 5

Conclusion

From the completed analysis and resulting plots, the project team successfully satisfied the
project's design objectives. The trash can open and close based on the angular velocity and
constant acceleration assumption. While the trashcan lid moves from open to close, the designed
four-bar linkage and MATLAB code return the correct angular velocity and acceleration values
of 8; and 6. In addition. the team was able to complete the simulation objective. The team
utilized NX Unigraphics to demonstrate the model transitioning from one extreme position to the
next extreme position without the user's aid. The model simulated transitioning between both
Tadians)_

positions in one second, accurately relating the unit of angular velocity (—secon m

Recommendations

One proposed recommendation is to find a solution to measure the initial angle made by link 2
and link | in the NX model. When assembling the links, NX auto constrained theta 2 to a value
slightly less than 45°. The team could not alter this constraint. Thus, the simulation did not
represent the 45° to 135° entirely. It 1 ‘ ; is(uto constrained to
approximately 38°. The team kept the s|completely closed at 45°
because any angle smaller than 45° w trashdan lid.
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Category Points | Score
Proposal 30 30
Create NX model 20 20
Assembly of the mechanism 10 10
Motion demonstration 30 30
Determine input/output joint for position analysis | 10 10
Quality, completeness and | Analyze the position, velocity and acceleration of | 30 8
results (120 pts) the linkage using MATLAB
Plot the position, velocity and acceleration and | 20 5
compare the results with the motion simulation.
Final presentation 50 38
Format 30 20
Final report Phrasing and clarity 30 25
Neatness 20 15
Taskstream submission 20 20
Peer evaluation 100 80
Total 400 311




Abstract

The findings of the group on designing the pedal bin mechanism with Siemens
NX and analyzing position, velocity, and acceleration with MATLAB are presented
in this study. The pedal bin mechanism is a simple and frequent design for high-end
domestic trash bins that are more expensive due to its quality mild steel construction.
A series of linked narrow pieces of steel is required for proper operation. The first
linkage moves downwards as the foot is pressed on the pedal, while the second
linkage moves upwards. The lid's moving pivot is attached to the second linkage.
Finally, the pivot is secured, allowing the lid to rotate. This linkage is a form of
mechanism that emerges from pivots and levers being able to move freely. The team
used a detailed schematic of the pedal mechanism to create the final model, which
was based on the measurements provided in the report's NX Models and Motion
section. The team must also examine many design needs and restrictions in addition
to the models and performance charts. The group employed many engineering
principles to overcome the project's complexity and offer a final simulation because
It required a professional team and multiple machinery and equipment.
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Introduction

Eig 1.1 Design Qbjectives:

Determining the dimension of the pedal bin mechanism

e Creating the pedal bin using NX

e Creating the assembly of the mechanism

e Creating the links and joints for the motion analysis

e Selecting input/driver joint, assuming an angular velocity and performing
the motion analysis

¢ Note the angles of the pedal and the lids for the open and closed positions

e Creating a mpeg video or other sort of animation to demonstrate motion

e Analyze the position, velocity and acceleration of the linkage using

MATLAB
e Plotting the position, velocity and acceleration and comparing the results
with motion Simulation

—Fig 1.2 Preject-descriptions:

e Using Siemens NX and MATAB, this group project will design and analyze
the pedal bin mechanism. With NX, we were able to model and simulate the
pedal bin mechanism, and with MATLAB, we were able to examine the
location, velocity, and acceleration. A linkage is a sort of mechanism that
contains fixed pivots, moving pivots, and levers. The fixed and moveable
pivots that allow the pedal bin mechanism to close and open are shown in
Figure 1.1. The design functions have a number of requirements, including

“but-rettimited to tools/equipment requirements, labor training requirements,

and material needs. /



ig 2.1 Requirement:

e Our group wants to provide an attractive pedal bin design that is easy to use,
and an adequate sign compared to the competition. NX and MATLAB are
essential to us testing the results for our position analysis on our design.
These pedal bins are essential to every household and business as well. They
allow no hands to be used when throwing away trash. Which in the time we
are in now with trying to contain the spread of covid this is something very
essential in stopping the spread of the virus. The bin has the foot pedal
which is where the name originates from and that needs to be efficient and
not break. There are 2 links in the system that are used to open the top of the
pedal bin when the foot pedal is hit. In our design we chose to make the
circular body of the pedal bin a #304 stainless steel sheet to preserve the
material and keep it from rusting. The last thing you want in an indoor trash
can is rust as this will be near little kids as well as household pets. This-also
saves money one less reason to get a new trash can.

Fig 2.2 Constrdints:

e A major constraint in designing the pedal bin mechanism for the waste bin is keeping the
estimated cost affordable to manufacture. Keeping the Estimated price under £3.00 may
be challenging considering this can be a relatively expensive mechanism. This is due to
the range of equipment needed and the cost of employment of a semi-skilled workforce.



Fig 3.1 Components of the pedal Bin

e Bin Assembly (Animation)
Pedal bin Foot Pedal

Waste Basket
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Fig 3. 2NX Models and Motion

I1. The pedal bin mechanism:
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Fig 3.3 Position Analysis

Matlab Code

a=15.6;

b=219;

c =35;

d=1.9;

theta_2 = 90;

K 1=d/g;

K 2 =d/c;

K 3= (a"2 +c"2 + d*2 - b"2)/(2*a*c);

K_4 =d/b;

K 5=(c"2 - d"2 - a"2 - b"2)/(2*a*b);

A_p =cosd(theta_2) - K_1 - K_2*cosd(theta_2) + K_3;

B_p = -2*sind(theta_2);

C p=K_1-(K_ 2+ 1)*cosd(theta_2);

D_p = cosd(theta_2) - K_1 + K_4*cosd(theta_2) + K_5;

E_p = -2*sind(theta_2);

F p=K 1+ (K_4-1)*cosd(theta_2) + K_5;

theta_3_open = 2*atand(-E_p - sqrt(E_p”2 - 4*D_p*F_p)/(2*D_p));
theta_3_crossed = 2*atand(-E_p + sqrt(E_p”2 - 4*D_p*F_p)/(2*D_p));
theta_4_open = 2*atand(-B_p - sqrt(B_p”"2 - 4*A_p*C_p)/(2*A_p));
theta_4 crossed = 2*atand(-B_p + sqrt(B_p”"2 - 4*A_p*C_p)/(2*A_p));

omega 2 = 25; theta_3 =theta_3_crossed;

o

j = sart(-1);
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Figure 3.4 Velocity Analysis

omega_3 = ((a*omega_2)/b)*(sind(theta_4 - theta_2)/sind(theta_3 - theta_4));
omega_4 = ((a*omega_2)/c)*(sind(theta_2 - theta_3)/sind(theta_4 - theta_3));
V_A = a*omega_2*(-sind(theta_2) + j*cosd(theta_2));

V_Ax = a*omega_2*(-sind(theta_2));

V_Ay = a*omega_2*(j*cosd(theta_2));

V_BA = b*omega_3*(-sind(theta_3) + j*cosd(theta_3));

V_BAXx = b*omega_3*(-sind(theta_3));

V_BAy = b*omega_3*(j*cosd(theta_3));

V_B = c*omega_4*(-sind(theta_4) + j*cosd(theta_4));

V_Bx = c*omega_4*(-sind(theta_4));

V_By = c*omega_4*( j*cosd(theta_4));

Fig 4.1 Acceleration Analysis



A_a = c*sind(theta_4);
B_a = b*sind(theta_3);

C_a=a*alpha_2*sind(theta_2) + a*(omega_2"2)*cosd(theta_2) + b*(omega_3"2)*cosd(theta_3) +
c*(omega_4"2)*cosd(theta_4);

D_a = c*cosd(theta_4);
E_a = b*cosd(theta_3);

F_a=a*alpha_2*cosd(theta_2) + a*(omega_2/2)*sind(theta_2) + b*(omega_3"2)*sind(theta_3) +
c*(omega_4"2)*sind(theta_4);

alpha_3=(C_a*D_a-A_a*F _a)/(A_a*E_a-B_a*D_a);

alpha_4=(C _a*E_a-B_a*F a)/(A_a*E_a-B_a*D_a);

A_A = a*alpha_2*(-sind(theta_2) + j*cosd(theta_2)) - a*(omega_2"2)*(cosd(theta_2) + j*sind(theta_2));
A_Ax = -a*alpha_2*sind(theta_2) - a*(omega_2"2)*cosd(theta_2);

A_Ay = a*alpha_2*cosd(theta_2) - a*(omega_2"2)*sind(theta_2);

A_BA =b*alpha_3*(-sind(theta_3) + j*cosd(theta_3)) - b*(omega_3"2)*(cosd(theta_3) + j*sind(theta_3));
A _BAX = -b*alpha_3*sind(theta_3) - b*(omega_3"2)*cosd(theta_3);

A_BAy = b*alpha_3*cosd(theta_3) - b*(omega_3"2)*sind(theta_3);

A_B = c*alpha_4*(-sind(theta_4) + j*cosd(theta_4)) - c*(omega_4"2)*(cosd(theta_4) + j*sind(theta_4));
A_Bx = -c*alpha_4*sind(theta_4) - c*(omega_4"2)*cosd(theta_4);

A_By = c*alpha_4*cosd(theta_4) - b*(omega_4"2)*sind(theta_4);

\/g/érz,@ oed accelpiratom
/\Lo /géof; e recw e

Fig 4.2 Conclusions:



In conclusion, the pedal bin mechanism is an invention that has already been
created long before as our group uses these designs in household trashcans
worldwide. The job as mechanical engineers are to innovate a more efficient way
for them to work. Whether it be by changing dimension, material, etc for the bin.
In our design we use the dimensions 35.10”H as the height of our bin and we
believe that with the materials used and manufacturing processes we can deliver a
bigger pedal at half the price of the competition. That is what sets our design apart
from the competition. The current competition is charging $430 for there 20L bin
that has a height of 24.8H [1]. Therefore, compared to the competition our
product will increase in sales at a higher rate.
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Abstract and Description

In this project, we were instructed to, as a group create a moving functional
model of a trash bin using NX or AutoCAD. After which we were to use processes
taught to us in class to do a Position, Velocity, and Acceleration Analysis on it,
and write a code solving for each using the coding software, MatLab. All of which
were to be presented in a PowerPoint to the class and instructor for grading. For
the model of the bin, we had 7 pieces making up the full model: the pedal, a linking
bar under the bin, a hinge, another bar behind the bin, the top, and the bin itself.
All of these were made individually in their own NX files, then stripped together to
make the full mechanism.

Once the full mechanism was made, we then had to rig it all up so that the
top could move inversely with the pedal being moved up and down. Once that was
made to specifications and recorded, the operation moved onto MatLab. Where we
were instructed to perform position analysis, as well as velocity and acceleration
analyses and transfer them into code using the software. Once done, we formatted
it all into a powerpoint in order of how each happened: the models, the full model
and animation, the analyses, and lastly the code.



Category Points | Score
Proposal 30 28
Create NX model 20 20
Assembly of the mechanism 10 10
Motion demonstration 30 25
Determine input/output joint for position analysis | 10 7
Quality, completeness and | Analyze the position, velocity and acceleration of | 30 8
results (120 pts) the linkage using MATLAB
Plot the position, velocity and acceleration and | 20 5
compare the results with the motion simulation.
Final presentation 50 36
Format 30 20
Final report Phrasing and clarity 30 15
Neatness 20 15
Taskstream submission 20 20
Peer evaluation 100 80
Total 400 289
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Conclusion

In all, this was a very eye opening project, and served as a great way to use what
we had learned previously in a semi-realistic scenario. It also served as a great eye
opener to the things we might not have known prior to doing this project.
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