










































































REVIEW LECTURE 1: KINEMATICS



REVOLUTE JOINT



PRISMATIC JOINT



FORCE-CLOSED HALF JOINT



FORM-CLOSED HALF JOINT



KUTZBACH-GRUBLER MOBILITY EQUATION

M=3(L - 1)-2J1 - J2

L = # LINKS

J2  = # HALF JOINTS
J1  = # FULL JOINTS







θ4θ2

O2 O4

R3

A

B

R4

R1

R2

θ3

FOUR-BAR MECHANISM



φ14 = π-θ2+θ3

φ24 =θ3

φ23 = π-θ4

φ13 =θ2 -θ4

φ34 =θ2

φ12 = θ4-θ3

FUNDAMENTAL POSITION ANGLES



CLASSIFICATION OF FOUR-BAR MECHANISMS



GRASHOF CONDITION

IF THIS CONDITION HOLDS, AT LEAST ONE 
LINK IS A CRANK

IN ORDER FOR THE FOUR-BAR TO BE
CAPABLE OF ASSEMBLY, MUST HAVE



BARKER CLASSIFICATION









TOGGLE POINTS OF A CRANK-DOUBLE  ROCKER



TOGGLE POINTS OF A  TRIPLE ROCKER



IF A FOUR-BAR MECHANISM HAS A 
CONFIGURATION IN WHICH TWO ADJACENT 
LINKS ARE TOGGLED, THE INTERNAL ANGLE 
BETWEEN THE OTHER TWO LINKS HAS ITS 

MAXIMUM IN THAT PLACEMENT.

IF TWO ADJACENT LINKS OF A FOUR-BAR 
MECHANISM HAVE AN EXTREME (OVERLAP) 
CONFIGURATION, THE INTERNAL ANGLE 

BETWEEN THE OTHER TWO LINKS HAS ITS 
MINIMUM IN THAT PLACEMENT.



IF A FOUR-BAR MECHANISM HAS A 
CONFIGURATION IN WHICH TWO 

NON- ADJACENT LINKS ARE PARALLEL, THE 
INTERNAL ANGLE BETWEEN THE OTHER TWO 

LINKS HAS AN EXTREMUM IN THAT PLACEMENT.



POSITION ANALYSIS



FOUR-BAR POSITION ANALYSIS



VECTOR LOOP

O2→A→B→O4→O2LOOP:



VECTOR LOOP EQUATION



VECTOR LOOP EQUATION





POSITION ANALYSIS EXAMPLE









8 VARIABLES
7 EQUATIONS

1 D.O.F.



COMPLETENESS / REDUNDANCY

EVERY JOINT OF THE MECHANISM MUST LIE 
ON AT LEAST ONE LOOP.

IF TWO VECTORS FROM DIFFERENT LOOPS LIE 
ON THE SAME LINK, THE CONSTANCY OF THE 
ANGLE BETWEEN THEM MUST BE STATED AS A 

CONSTRAINT.

IF THREE VECTORS ON THE SAME LINK ARE USED 
IN A VECTOR-LOOP ANALYSIS, THE 

FORMULATION HAS A REDUNDANCY.



VELOCITY ANALYSIS



ANGULAR VELOCITY





FOURBAR POSITION ANALYSIS

aejθ2 + bejθ3 − cejθ4 − d = 0

a cos θ2 + b cos θ3 = d + c cos θ4

a sin θ2 + b sin θ3 = c sin θ4



Link 2 regarded as input link







KENNEDY’S RULE

THE THREE INSTANT CENTERS ASSOCIATED WITH 
ANY TRIO OF BODIES MOVING IN THE SAME PLANE

ARE COLLINEAR



FOUR-BAR INSTANT CENTERS



I.C. OF TWO 
BODIES IN SLIDING 

CONTACT IS 
LOCATED AT ∞ 

ALONG NORMAL 
TO PLANE OF SLIP.CONNECT 

I.C. @ ∞ TO 
A FINITE 

POINT BY 
LINE 

THROUGH 
IT NORMAL 
TO PLANE 

OF SLIP.

SLIDERS









ACCELERATION ANALYSIS



PURE ROTATION



PURE ROTATION



COMPLEX MOTION



SLIDERS



FOURBAR POSITION ANALYSIS

aejθ2 + bejθ3 − cejθ4 − d = 0

a cos θ2 + b cos θ3 = d + c cos θ4

a sin θ2 + b sin θ3 = c sin θ4



Link 2 regarded as input link



NOTE: Positive direction for all angular velocities is 
counter-clockwise.







EXAMPLE





REVIEW LECTURE 2: KINETICS



MECHANICAL ADVANTAGE



POWER AND EFFICIENCY





MECHANICAL ADVANTAGE ANALYSIS

GOAL: BY COMBINING THE POWER 
IDENTITY WITH A KINEMATICAL ANALYSIS 

OF THE MECHANISM, TO  EXPRESS THE 
MECHANICAL ADVANTAGE PURELY IN 

TERMS OF LENGTHS ASSOCIATED WITH 
THE CONFIGURATION.



EXAMPLE 



FOURBAR INSTANT CENTERS



EXAMPLE 



EXAMPLE: WIRE CUTTERS

2
3 4

1 1

1

FOUR-BAR MECHANISM



R4

dB

M.A. LARGE NEAR 
TOGGLE. STOP LIMITS

OVERSHOOT OF 
TOGGLE.

A B

O2
O4



EXAMPLE



EXAMPLE



EXAMPLE

I3,6

I5,6

I1,6 @ ∞

I1,6 @ ∞

I1,6 @ ∞

I1,2

I2,3

I2,6

d
I1,4 I1,2

I2,6

x
ω2

I1,3

I3,5 = I3,4 = I4,5



FORCE ANALYSIS



EQUATIONS OF KINETICS



WHAT’S SPECIAL ABOUT MECHANISMS ?

• MULTI-BODY PROBLEMS. THESE GET 
MESSY FAST. A SYSTEMATIC APPROACH  
IS ADVISABLE.

• KINEMATICS KNOWN UP-FRONT 
(DESIGNED IN).

• UNKNOWNS - DRIVING INPUTS AND 
JOINT FORCES.



NOMENCLATURE



SINGLE, GROUNDED ROTOR



IN COMPONENTS

..... 3 LINEAR EQUATIONS IN 3 UNKNOWNS



IN MATRIX FORM



LINK 3



xT14

B0

B

C

THE SIX-BAR 
MECHANISM IS DRIVEN 
BY A COUPLE APPLIED 
TO LINK 4. DRAW THE 
FBD FOR LINK 4, AND 
WRITE THE KINETIC 
EQUATIONS FOR THE 
LINK IN COMPONENTS 

WITH RESPECT TO 
THE LCS SHOWN.

x

y

B0



B0

C

B



B0

C

B



FLYWHEELS



USE FLYWHEEL TO EASE THIS PROBLEM

 THE FLYWHEEL IS 
MOUNTED ON THE 

DRIVE-SHAFT 
BETWEEN THE 

MOTOR AND THE 
INPUT LINK.





POSITIVE LOBES REPRESENT ENERGY LOST BY 
FLYWHEEL, GAINED BY THE FOUR-BAR.

NEGATIVE LOBES REPRESENT ENERGY GAINED 
BY FLYWHEEL, LOST BY THE FOUR-BAR.



.... FLYWHEEL SIZE ESTIMATE



BALANCING



DYNAMIC BALANCING



m1ω2R1 m2ω2R2 

m3ω2R3 

mAω2RA 

mBω2RB 

C.P. BC.P. A lB

l2

l1

l3

z







IF ANY PAIR OF THESE THREE CONDITIONS
ARE TRUE, THE THIRD IS ALSO TRUE.

THE C.G. OF THE MODIFIED ASSEMBLY IS 
LOCATED ON THE AXIS OF ROTATION.

THE AXIS OF ROTATION IS A PRINCIPAL AXIS
OF INERTIA FOR THE MODIFIED ASSEMBLY.



DYNAMIC BALANCING OF A WHEEL







REVIEW LECTURE 3: CAMS, GEARS, INDICES OF MERIT







SLIDER-CRANK



CAMS









MOTION CONSTRAINTS

CRITICAL EXTREME POSITION (CEP)

INITIAL AND FINAL FOLLOWER
DISPLACEMENTS ARE SPECIFIED.

INTERMEDIATE CONFIGURATIONS
ARE UNCONSTRAINED.



CRITICAL PATH MOTION

FOLLOWER DISPLACEMENT IS
SPECIFIED THROUGHOUT THE MOTION.
(FULL-BLOWN FUNCTION GENERATOR)



CAM  SHAPE IS DESIGNED TO MEET
FOLLOWER MOTION CONSTRAINTS.

FOLLOWER MOTION IS CHARACTERIZED
BY svaj DIAGRAMS.

FINITE JERK REQUIREMENT:
ACCELERATION MUST BE CONTINUOUS.

























GIVES RADIUS OF CURVATURE IN 
TERMS OF PRESCRIBED QUANTITIES.



CONCAVE CAM: 
MULTIPLE CONTACT

IF Rf > ρ min  





GEARS  



GEAR RELATIONSHIP:
NO SLIP AT CONTACT

POINT, VELOCITIES 
MATCH.

SIMPLEST MODEL:
CYLINDERS IN
PURE ROLLING

CONTACT.





IN GENERAL, 
THE COMMON
NORMAL  AND 

POINT
P VARY.



INVOLUTE

NORMAL TO 
INVOLUTE IS 

ALWAYS 
TANGENT TO 
BASE CIRCLE



O_G
O_PP

GEAR BASE CIRCLE

PINION BASE CIRCLE

COMMON NORMAL

INVOLUTE TOOTH 
PROFILE GIVES 

CONSTANT VELOCITY 
RATIO

COMMON NORMAL AT 
CONTACT-POINT ALWAYS  

COINCIDES WITH COMMON 
TANGENT TO BASE CIRCLES

POINT P IS FIXED 
(PITCH POINT)





BY DEFINITION OF INVOLUTE, pb  IS  ALSO
THE DISTANCE BETWEEN SUCCESSIVE TEETH 

ALONG THE COMMON NORMAL.

BASE CIRCLE 
CIRCUMFERENCE

NUMBER OF TEETH





DISTANCE ALONG LINE OF ACTION FROM 
INITIAL CONTACT TO FINAL SEPARATION

LENGTH OF ACTION



CONTACT RATIO

LENGTH OF ACTION

BASE PITCH

AVERAGE NUMBER OF PAIRS OF TEETH IN 
CONTACT.  THE ACTUAL NUMBER VARIES 
FROM INSTANT TO INSTANT. IF mp IS TOO 

CLOSE TO 1, A SINGLE  TOOTH MUST CARRY 
THE TRANSMITTED LOAD NEAR ITS TIP AND 

MAY BREAK.



CONTACT RATIO

STANDARD TARGET RANGE: 
mp ≥1.4.

MINIMUM ACCEPTABLE VALUE: 
mp =1.2.



PRESSURE
ANGLE IS

CHANGED

CENTER DISTANCE ERROR



GEAR BASE
CIRCLE RADIUS

PINION BASE
CIRCLE RADIUS

VELOCITY RATIO UNCHANGED!



INTERFERENCE

ISSUE: INVOLUTES LIE OUTSIDE THE BASE 
CIRCLE. IF DEDENDUM EXTENDS INSIDE

THE BASE CIRCLE, THE TOOTH PROFILE IN 
THERE CANNOT BE INVOLUTE. CONTACT 

HERE IS CALLED INTERFERENCE.



STRATEGY 1:  ENOUGH TEETH ON PINION

AT ONSET OF INTERFERENCE

FOR FIXED Ng ,CHOOSE Np SO 
THAT THE EXPRESSION ON 
THE RIGHT EXCEEDS Ng .

PREVENTING INTERFERENCE



...GIVES WEAKER GEAR-TOOTH, STRONGER 
PINION-TOOTH. THIS MAKES PINION AND

GEAR TOOTH STRENGTHS CLOSER TO EQUALITY.

STRATEGY 2:  RE-DESIGN TEETH ON 
PINION AND GEAR



BACKLASH

CLEARANCE BETWEEN MATING TEETH 
MEASURED AT THE PITCH CIRCLE
(CAN’T BE ZERO IN REAL WORLD)

IF TORQUE IS REVERSED, CONTACTING
SIDES OF TEETH SWITCH, AND TEETH 

SEPARATE AND REENGAGE WITH A 
BANG, BECAUSE OF THE GAP.



• TRANSMISSION ANGLE

• MECHANICAL ADVANTAGE

• PRESSURE ANGLE

INDICES OF MERIT







GCRR - MINIMUM TRANSMISSION ANGLE



CAM TRANSMISSION ANGLE



R4

dB

M.A. LARGE NEAR 
TOGGLE. STOP LIMITS

OVERSHOOT OF 
TOGGLE.

A B

O2
O4

MECHANICAL ADVANTAGE



M. A. DEPENDS ON µ, BUT
ALSO ON ν.



ALL THREE FOUR-BARS HAVE
THE SAME M.A., BUT DIFFERENT 

TRANSMISSION-ANGLES.



CAM PRESSURE ANGLE φ



GEAR PRESSURE ANGLE φ



ME 213 A/B HOMEWORK SET 6
(Due 10/08/10)

1. A GCRR four-bar mechanism has link-lengths R1 = 8, R2 = 4, R3 = 7, R4 = 6. Let
θ2 range from 0◦ to 90◦ in increments of 15◦. Implement the MATLAB code presented
in class to find the corresponding values of θ3 and θ4, using both the direct method and
Newton-Raphson.



ME 213 A/B HOMEWORK SET 6
(Due 10/08/10)

1. A GCRR four-bar mechanism has link-lengths R1 = 8, R2 = 4, R3 = 7, R4 = 6. Let
θ2 range from 0◦ to 90◦ in increments of 15◦. Implement the MATLAB code presented
in class to find the corresponding values of θ3 and θ4, using both the direct method and
Newton-Raphson.



DESIGN OF MACHINERY SOLUTION MANUAL  6-13-1

! PROBLEM  6-13

Statement: Find all of the instant centers of the linkages shown in Figure P6-6.

Solution: See Figure P6-6 and Mathcad file P0613.

a. This is a fourbar inverted slider-crank with n 4 .

1. Determine the number of instant centers for this mechanism using equation 6.8a.

C
n n 1( ).

2
C 6=

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

1

1,4

1,2

 

2,3

1

3

4

2

3,4 at infinity

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, I1,3 and I2,4

I1,3:  I1,2-I2,3 and I1,4-I3,4 I2,4:  I1,2-I1,4 and I2,3-I3,4

1
1,4

1,3

1,2

2,4

 

2,3

1

3

4

2
 

3,4 at infinity

3,4 at infinity
3

4

1

2

b. This is a sixbar with slider, n 6 .

1. Determine the number of instant centers for this mechanism using equation 6.8a.

C
n n 1( ).

2
C 15=

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

2nd Edition, 1999



DESIGN OF MACHINERY SOLUTION MANUAL  6-13-2

1

1

2 3

1,2

2,3 1,6 at infinity

4

5 1

3,4; 3,5; 4,5

1,4

6

5,6

 

3. Use Kennedy's Rule and a linear graph to find the remaining 7 ICs.

I1,3:  I1,2-I2,3 and I1,4-I3,4 I2,4:  I1,2-I1,4 and I2,3-I3,4

I1,5:  I1,6-I5,6 and I1,4-I4,5 I4,6:  I1,6-I1,4 and I4,5-I5,6

I2,5:  I1,2-I1,5 and I2,4-I4,5 I2,6:  I1,2-I1,6 and I2,5-I5,6

I3,6:  I1,6-I1,3 and I3,4-I4,6

1

 
1,6 at infinity

4,6

 

2,6

1,6 at infinity

to 2,4

to 2,4 1,5

2,5

1

2

1,2

3

2,3

1,3

1,6 at infinity

4

5 1

1,4

3,4; 3,5; and 4,5

6

5,6

 

 
1,6 at infinity

3,6

6 2

3

4

5

1

c. This is a sixbar with slider and roller with n 6 .

1. Determine the number of instant centers for this mechanism using equation 6.8a.

C
n n 1( ).

2
C 15=

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

3

4

1

 
1,4 at infinity

1,6

3,4

1

2

5
6

1

5,6

2,5

1,2

2,3

2nd Edition, 1999



DESIGN OF MACHINERY SOLUTION MANUAL  6-13-3

3. Use Kennedy's Rule and a linear graph to find the remaining 8 ICs.
I2,6:  I1,2-I1,6 and I2,5-I5,6 I1,3:  I1,2-I2,3 and I1,4-I3,4

I1,5:  I1,6-I5,6 and I1,2-I2,5 I2,4:  I1,2-I1,4 and I2,5-I2,4

I4,5:  I1,4-I1,5 and I2,4-I2,5 I3,5:  I3,4-I4,5 and I2,5-I2,3

I3,6:  I3,6-I5,6 and I2,3-I2,6 I4,6:  I4,5-I5,6 and I3,4-I3,6

3

4

1

 
1,4 at infinity

1,6

3,4

4

1,3

4,6

3,6

 

3,5

5,6

2,6

1,4 at infinity

1

1

2

5

2,5
1,5

6

4,5

1,2

2,3
2,4

 
1,4 at infinity

6 2

35

1

d. This is a sixbar with slider and roller with n 6 .

1. Determine the number of instant centers for this mechanism using equation 6.8a.

C
n n 1( ).

2
C 15=

2. Draw the linkage to scale and identify those ICs that can be found by inspection.

 

1,6 at infinit

1,2

1,4

1

2

3

5

2,3; 2,5; and 3,5

1
4

3,4

6

1

5,6

3. Use Kennedy's Rule and a linear graph to find the remaining 7 ICs.

I1,3:  I1,2-I2,3 and I1,4-I3,4 I3,6:  I1,6-I1,3 and I3,5-I5,6

I2,6:  I1,2-I1,6 and I2,5-I5,6 I1,5:  I1,6-I5,6 and I1,2-I2,5

I4,5:  I1,4-I1,5 and I3,5-I3,4 I2,4:  I1,2-I1,4 and I2,3-I3,4

I4,6:  I1,6-I1,4 and I4,5-I5,6

(See next page)

2nd Edition, 1999



DESIGN OF MACHINERY SOLUTION MANUAL  6-13-4

 

1,6 at infinity

1,3

 

1,6 at infinity

1,2

1,4

1,6 at infinity

2,6

1

2

3

5

2,3; 2,5; and 3,5

 

1
4

3,4

4,5

2,4

4,6

6

1

5,6

1,5

6 2

35

4

3,6

1

2nd Edition, 1999



ME 213 SPRING 2010 FINAL EXAM

NAME:

1
2
3
4
5
6
7
8
9
10

Total



1.(10%) For the 5-link mechanism shown:
(i) Label all joints,
(ii) Compute the mobility.



2.(10%) The 4-bar mechanism shown has link-lengths {R1,R2,R3,R4} = {8, 4, 9, 6}, and
is assembled in a configuration with φ12 > 0.

(i) Classify the linkage according to Barker’s classification.
(ii) In the configuration shown, the internal angle φ23 attains its maximum value.

Sketch the mechanism in the configuration that corresponds to the minimum value of φ12.
Compute this value.



3.(10%)
Recall the following types of mechanism synthesis:

(i) Function generation:
(ii) Path generation:
(iii) Motion generation:

(a) The device on the left is Peaucellier’s celebrated exact straight-line mechanism.
It is designed to move a point P along a straight line. Which of the above types of
synthesis does this mechanism represent?

(b) The device on the right is an OLDE−TYME analog computer which, for each
value of the input angle φ, delivers the measured output x = R cosφ. Which of the above
types of synthesis does this mechanism represent?



4.(10%) For the six-bar mechanism shown, use Kennedy’s Rule to locate the instant centers
I1,3 and I4,6.



5.(10%) For the six-link mechanism shown (the lengths of all rigid links are given in mm.):
(a) Develop vector-loop equations. Explicitly specify the loop or loops being used.
(b) Consider each vector used in some vector-loop. Is its magnitude constant or

variable? Is its orientation constant or variable?
(c) What, if any, geometric constraints exist among vectors used in some vector-loop?
(d) Write the vector-loop equations in components and (if any exist) the constraint

equations. Count equations and variables. How many of the variable quantities must be
specified to make the system solvable?



6.(10%) The link-lengths for the four-bar mechanism shown are given above. At the
instant shown, the angles, angular velocities, and the angular accelerations of the links
are given to be θ2 = 60◦, θ3 = 27.09◦, θ4 = 101.63◦, ω2 = 5 rad/s y, ω3 = 7.19 rad/s x,
ω4 = 7.05 rad/s y, α2 = 180 rad/s2 y, α3 = 224.93 rad/s2 x , α4 = 272.08 rad/s2 x.
AB makes an angle φ = 29◦ with AC. Find the horizontal and vertical components of the
acceleration aC of the coupler-point C. Link angles are measured counter-clockwise relative
to the ground link.

aA =
°
− 180 k̂

¢
×

£
2.5 ı̂ + 4.33 ̂

§
− 25

£
2.5 ı̂ + 4.33 ̂

§
=

£
716.9 ı̂− 558.25 ̂

§
in/s2

RCA =
£
5 cos(θ3 − φ) ı̂ + 5 sin(θ3 − φ) ̂

§
in



7.(10%) The FBD for a link in a mechanism is shown above. The link has mass m = 8kg,
and moment of inertia IG3 = 6kg·m2. At the instant of concern, R23 = {−4 ı̂ + ̂}m,
R43 = { ı̂ − 6 ̂}m, RP = {− ı̂ + 1.5 ̂}m, aG3 = {−4 ı̂ − 5 ̂}m/s2, α = 5 rad/s2y. The
known force FP is given to be FP = {3 ı̂ − 5 ̂}N, and the known couple TP to be
TP = 12 k̂N·m. Using the x− y horizontal-vertical coordinate system, and the quantities
F32, F43 named on the diagram, write down the three scalar kinetic equations for the link
in numerically explicit form.



8.(10%) The wheel and tire assembly shown has been run at 10 rad/s on a dynamic bal-
ancing machine. The force measured in the left bearing has a peak of 12N at a phase angle
of 75◦ with respect to the zero reference line on the tire. The force measured in the right
bearing has a peak of 10N at a phase angle of −30◦ with respect to the zero reference line
on the tire. The center distance between the two bearings on the machine is 25 cm. The
left edge of the wheel rim is 10 cm from the centerline of the closest bearing. The wheel is
17.5 cm wide at the rim. The wheel-rim diameter is 37.5 cm. The tire is to be balanced
by attaching masses mA,mB to the rim in correction planes A, B at angles θA, θB to the
zero reference line on the tire. Draw the FBD for the balanced assembly, and find mB and
θB. (Hint: Take moments about Plane A.)



9.(10%) For the cam shown define in words,
and, if appropriate, indicate on the picture:

(i) pitch curve,

(ii) pressure angle.

(iii) What adverse consequence arises from undercutting? How can this problem be
avoided?

(iv) What rule of thumb is imposed on the pressure angle?

(v) In a consistent system of units, at a particular value of θ, s(θ) = 0.4, ν(θ) = 1.2.
If RP = 2.1, ε = 0.1, find the corresponding value of the pressure-angle φ.



10.(10%) For the gear shown:
(i) What is the primary advantage of using an involute tooth profile?

(ii) Define interference.

(iii) Define base pitch,

(iv) A gearset has φ = 20◦, rg = 3.75 in, ag = .125 in, rp = 1.5 in, ap = .125 in. Find
the length of action, Z, as defined in the picture above.

(v) If this gearset has base pitch pb = 0.3689 in, find the corresponding value of the
contact ratio mp.
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213 Final Exam Reference Sheet 

• Mobility: 
o Test 1 prob1 
o Labeling joints and mobility, homework 1 

• 4-Bar configurations: 
o Grashof/Barker classification pg61 
o Examples, homework #2 

• Mechanism synthesis: 
o Definitions, test 1 p3 
o Examples –p 158 

• Instant Centers: 
o LOTS on homework 7 
o Review 2 pg2 

• Vector loops: 
o Exam 2 problem1 

• Acceleration: 
o With vslip: Homework 9,  
o Acceleration difference, homework 8, test 2 p5 
o Find ang. Velocity of a bar: test2 p4 

• Mechanical Advantage: 
o Crimper tool: homework 8, review 3 pg 13 
o Complex problem: 

• Force Analysis: 
o Kinetic eqn’s, numerically explicit form: SPRING2010TEST3 
o Draw FBD and write kinetic eqns: Test3 prob2 

• Dynamic Balancing: 
o Lollipops example: exam 3 p4 
o Tire balancing : practice exam SPRING2010TEST3 

• Design a 4bar to give positions 
o Homework 3 prob2 

• Cams: 
o Pitch curve p453 
o Pressure angle p445, review2 p13 
o Undercutting p450 
o Transmission angle review 3 p12, 

• Gears: 
o Equation for Z: p476 
o Equation for mp p484 
o Interference & undercutting  p482 
o Teeth anatomy p480 
o Involute profile p478 -center distance does not affect the velocity ratio 

 
 
 



homework no.3 spreadsheet - David Malawey, file type .xlsx 9/22/2010

x y Midpoint slope perpendicular slope  b = y - x(m)
c1 0 5.086 x y
c2 2.019 3.181 c1 & c2 1.010 4.134 -0.944 1.060 3.064
c3 3.933 4.051 c2& c3 2.976 3.616 0.455 -2.200 10.163
d1 0.741 2.703 d1&d2 2.585 2.616 -0.047 21.190 -52.149
d2 4.428 2.529 d2&d3 5.366 3.680 1.227 -0.815 8.054
d3 6.304 4.83

intersection of lines
mx + b = mx + b x= y=

C lines 1.06x + 3.06 = -2.20x + 10.16 2.178 5.372
D lines 21.19x -52.15 = -.82x + 8.05 2.740 5.911

link 2 2.197
link 4 3.780
coupler 2.496
ground link 0.779

length of links



homework no.4 spreadsheet - David Malawey, file type .xlsx 9/22/2010

x y Midpoint slope perpendicular slope  b = y - x(m)
O2 0.995 0 x y
O2' -3.1405 3.9436 o2 & o2' -1.073 1.972 -0.954 1.049 3.097
O2'' 5.124 0.929 o2'& o2'' 0.992 2.436 -0.365 2.741 -0.283
O4 5.298 0 o4 &o4' 2.186 0.306 -0.098 10.172 -21.924
O4' -0.927 0.612 o4' &o4'' 3.747 1.904 0.276 -3.619 15.462
O4'' 8.4205 3.195

intersection of lines
mx+b=mx+b m1-m2 b2-b1 x x= y=

-1.693 -3.379 1.996258 1.996 5.190
13.790 37.386 2.711 2.711 5.652

o2 lines 1.049x + 3.097 = 2.136x -.182 5.190
o4 lines 10.172x -21.924 = -1.930x + 11.440 5.652

link 2 5.286
link 4 6.216
coupler 4.303
ground link 0.851

length of links
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