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ME 213— MACHINE DYNAMICS

Assignments— FALL 2010

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

COURSE OUTLINE

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

APPLICATIONS

CHAPTER 12. Balancing.
TEST 3

CHAPTER 8. Cams. .
CHAPTER 9. Gears. ‘ Mnad EXawm (0 ()“°\Ol(’/vv\3 ) L Nougs
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REVIEW LECTURE 1: KINEMATICS




REVOLUTE JOINT

AO,

First order pin joint - one DOF
(two links joined)




PRISMATIC JOINT

Translating full slider (P) joint (form closed)




FORCE-CLOSED HALF JOINT

Link against plane (force closed)




FORM-CLOSED HALF JOINT

Pin in slot (form closed)




KUTZBACH-GRUBLER MOBILITY EQUATION

M=3(L - 1)-2.J, - J»

L = # LINKS

Ji = # FULL JOINTS
J» = # HALF JOINTS




L=6

Ji =1

Jo =1
M=36-1)—(2)(7)—1=0




L=10

Jy =12

Jo =0
=3(L—1)—2J; — J, = 3(9) —2(12) — 0 = 3




FOUR-BAR MECHANISM




FUNDAMENTAL POSITION ANGLES




CLASSIFICATION OF FOUR-BAR MECHANISMS

] ~ Ry, COUPY

Fig. 1. Typiczal planar four-bar mechanism,

s = LENGTH OF SHORTEST LINK

| = LENGTH OF LONGEST LINK
p,q = LENGTHS OF OTHER LINKS

s<p<l s<q<l




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

ASSEMBLABILITY CONDITION: | <s+p+gq

GRASHOF CONDITION

GRASHOF CONDITION: s+l <p+gq

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




BARKER CLASSIFICATION

Table 2. Complete classification of four-bar planar mechanisms

p+4q Characteristic bar
Category Class Proposed name Symbol

Grashof - Grashof crank-crank-crank GCCC
Grashof Grashof crank-rocker-rocker GCRR
Grashof coupler, R; s Grashof rocker-crank-rocker GRCR
Grashof  output, R = Grashof rocker-rocker-crank GRRC

noa-Grashof frame, R, = [ Class 1 rocker-rocker-rocker RRRI1
non-Grashof input, R; = [ Class 2 rocker-rocker-rocker RRR2
non-Grashof coupler, Ry = [ Class 3 rocker-rocker-rocker RRR3
non-Grashof output, Ry = [ Class 4 rocker-rocker-rocker RRR4

change potnt ‘ change point crank<crank-crank CPCCC
change point change point crank-rocker-rocker LCPCRR
change point coupier, R, change point rocker-crank-rocker CPRCR
change point output, Ry = change point rocker-rocker-crank CPRRC
change point two equal pairs double change point CPXX
change point R, = Ry = R; = R triple change point CPIX

VVVV AANAATVIEA

00 ~1Oh A WK -




FOR GCCC, GCRR, RRR1 ...RRR4: ¢y > 0

FOR GRCR, GRRC: ¢34 >0

FORM 2

FOR GCCC, GCRR, RRR1 ...RRR4: ¢35 <0

FOR GRCR, GRRC: ¢34 <0
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TOGGLE POINTS OF A CRANK-DOUBLE

ROCKER




TOGGLE POINTS OF A TRIPLE ROCKER




IF A FOUR-BAR MECHANISM HAS A
CONFIGURATION INWHICH 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 INWHICH 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

LOOP: O, A= B—=0.—0;




VECTOR LOOP EQUATION




VECTOR LOOP EQUATION

B

Ro+R3—R;s—R;=0
R,

Rao, + Rea — Rpo, —Ro,0, =0
ael?2 4 pel¥s — celfs — g =

VARIABLES: 0.0, 0,.




acosfy +bcosfz —ccosly —d =0

. — asinfy + bsinfs; — ¢sinf4 = 0

THESE MAY BE REGARDED AS TWO EQUATIONS RELATING THE
TWO UNKNOWNS 63,604 TO THE INPUT VARIABLE 6-.
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AR

LOOP3: G—-F —>FE—>D-—>G

L TR

Y \

SRR

LOOP2: A—-H—->B—>F->G—-A

<t
H
)
QO
Q
H
An
H
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o
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4

C




Ro+Rs+Rs+Rs—Rg=0

o
..U‘

R:+R3s+R7—Rg—R; =0
Rgs+Ro—Rijo—R11 =0

Ry, < dkeij

dy,ds,ds,dy...d;; ARE CONSTANT.
ds,ds,ds ARE VARIABLE.
61,05,06,011 ARE CONSTANT.
O2...04,07...000 ARE VARIABLE.
O3 = 04, O — 67 = ~y (constant).

ds + d4y = d (constant).

.- o0




=
0.0‘

X

.\\\\\\\\s -

&

>

d26j92 - d36j63 - d46j94 — d5 — ]d6 — O,

d26j62 + d36j63 + d76j97 — dgejes — dl — O,

0 . . .
dge’?s + d96399 _ d106.7910 _ d116.7911 =0,

03 = 04, ds + d4y = d(const.), 09 — 67 =y (const.).
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VARIABLES: d3, d6, (92, 93, 97, 08, 99, 910.

NN

AN

8 VARIABLES
7 EQUATIONS
| D.O.F.

SR S S

doe?%? + del% — dy — jdg = 0,

doe??? + dse??s + d,el? — dgel? —dy =0,

160 16 160 16
dgej 8 | dgej 9 __ leBJ 10 __ d1163 11 — O,

69 — 07 = ~y (const.).



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 THREEVECTORS ON THE SAME LINK ARE USED
IN AVECTOR-LOOP ANALYSIS, THE
FORMULATION HAS A REDUNDANCY.




VELOCITY ANALYSIS




e?? < [cos O+ sinf]]
je?? & [—sinf1+ cosBj]
ANGULARVELOCITY
w=0k

d . L
E{eﬁ}:jé’eﬁ

%{[Cosgi+ sinfj]} = 9[_ sinf1+ cosfj] = w X [cos @1+ sinb]]




TIME DERIVATIVE OF A GENERAL VECTOR

el? < [cosO1 + sin 6]
je?? « [—sin@1+ cos ]

w=10k

%{dejo} _ de?? + jdfe?

sin@3j]} = d[cos 01+ sinfj] + w x d[cos 01




FOURBAR POSITION ANALYSIS

ael?2 L peifs _ ceif _ g —

acosfs +bcosls =d+ ccosby

asinf, + bsinf3 = ¢sin b,




FOURBAR VELOCITY ANALYSIS

jwzaej‘s’2 +ngbej93 — jw4cej94 =0

a cos Bows + bcos 3w = ccos Bawy

a sin Bows + bsin f3ws = csin Gawy

bcosf3 —ccosby w3\ _ . cos 65
bsinf; —csinb, wa | 2\ sin 6,

Link 2 regarded as input link




INSTANT CENTER

[F' TWO RIGID BODIES, 1 AND 2, UNDERGO MOTION IN THE
SAME PLANE, THEIR INSTANT CENTER DENOTED I; 5 - IS
THE POINT OF THE PLANE WHICH HAS THE SAME VELOCITY
CONSIDERED AS A POINT OF BODY 2 AS IT DOES REGARDED
AS A POINT OF BODY 1.

IF' A IS A REFERENCE POINT ON BODY 1, B A REFERENCE
POINT ON BODY 2, AND IF wi, w2 ARE THE RESPECTIVE
ANGULAR VELOCITIES OF THE TWO BODIES, THEN

Vi +wo X RIl,gB = V4 +wi X RIl,gA-




ALTERNATE DEFINITION

I o IS THE APPARENT INSTANTANEOUS CENTER OF BODY 2
IN THE FRAME OF REFERENCE OF BODY 1. THAT IS, IF A IS
A REFERENCE POINT ON BODY 1, P ANY POINT ON BODY 2,
AND IF w;i, we ARE THE RESPECTIVE ANGULAR VELOCITIES
OF THE TWO BODIES, THEN

(VP4) ggy: = (w2 —w1) X Repry .




KENNEDY’S RULE

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

I s MUST LIE ON THE LINE JOINING I; 2 AND Is 3.




FOUR-BAR INSTANT CENTERS




SLIDERS .C. OF TWO
BODIES IN SLIDING
CONTACT IS

o /' LOCATED AT oo
) , / | ALONG NORMAL
CONNECT "7 . | TO PLANE OF SLIP

.C.@ o0 TO
A FINITE -
POINT BY
LINE
THROUGH
IT NORMAL
TO PLANE
OF SLIP.




GENERAL POINTS

Ruo, ~ uej(94+64)




GENERAL POINTS

6.7'(92+52) 6j(94+54)

Vso, ~ jwas Vvo, ~ jwau

63(93+53)

Vpo, ~ jweae’? + jwsp




GENERAL POINTS




ACCELERATION ANALYSIS




PURE ROTATION

. 1

2
VPA:w2 ><:R'PA APAzaz XRPA_WQRPA

Rpa ~ Re° Vpa ~ jszejg Apyg ~ [jaz — wg]Rej‘9




PURE ROTATION

. 1

2
VPA:w2 ><:R'PA APAzaz XRPA_WQRPA

Rpa ~ Re° Vpa ~ jszejg Apyg ~ [jaz — wg]Rej‘9




COMPLEX MOTION

2
Vpa =ws X Rpy Aps =09 XRpy —ws;Rpy

Vp=V4+Vpy Ap=A,+Apgy

t 2
APA:RQQ %A:sz

R e A A AR N




SLIDERS

SRR RN T RN m R

Rpo, ~pe’’ Vpo, ~ [p+ipwa]e’® Apa ~ [p+2jpwr+jpos—pws]e’”

Vp = VPslz'p + W9y X Rp02
slip Coriolis

lip

2
Ap=Ap, +ayxRpo, —wiRpo, +2ws X Vp,
#

rotation

Ap

coriolis

— 2]5(4)2




FOURBAR POSITION ANALYSIS

ael?2 1 peifs _ ceifs _ g — )

acosfs +bcosls =d+ ccosby

asinf, + bsinf3 = ¢sin b,




FOURBAR VELOCITY ANALYSIS

jwzaej‘s’2 +ngbej93 — jw4cej94 =0

a cos Bows + bcos 3w = ccos Bawy

a sin Bows + bsin f3ws = csin Gawy

bcosf3 —ccosby w3\ _ . cos 65
bsinf; —csinb, wa | 2\ sin 6,

Link 2 regarded as input link




. w3\ —csinfys ccosby cos 65
besin(f3 — 64) (w4) G (—b sinfl3 bcos 93) (sin 65 )

| B ws) csin(fy — 604)
besin(fz — 64) (w4) — a2 (bsin(é’z — 93))

asin(fy — 05

“8 = bsin(fs — 04

asin(fy — 03

Wyqg =

).
)2
).,
)2

csin(f, — 05

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




| FOURBAR ACCELERATION ANALYSIS

a’[jaz _ w%]ejOQ + b[Ja3 — w§]6j93 — C[ja4 - U,)Z]ejall —

—a sin 05 ap —bsin 03 ag+csinby oy = a cos b, wg—i—bcos 05 wg—ccos 0,4 wi

acos By ap +bcosls a3 —ccosby vy = asin by w% + bsin 03 w§ —csin94wZ

bcosf; —ccosby Q3
bsinfl3 —csinfy Q4

sin 92
— cos 6o




: a3\ [ —csinfy ccosby k1
besin(63 — 64) (a4) o (—bsin93 bcos@;;) (kz)

. B as\ csin(fy —62) \ o [ ccos(04 — 6s)
besin(f3 — 60,) (a4) = ap (bsin(93 _02)) aws (bCOS(93 ) )

2 C
T awy (bcos(94 — 93)>




EXAMPLE

R40, = |Ra0,|[cos(02)1 + sin(62)j] = [.14491 + .0388]] m

RCA — ‘RCAI [608(93 + Qb)i + sin(93 + ¢)j]
Rca = 0.3[cos(146.44°)1 + sin(146.44°)j| = | — .251 + .1658]| m

1.(30%) The link-lengths for the four-bar mechanism shown are R; = 75mm, Ry =
150mm, R3 = R4 = 250 mm . At the instant shown, the angles, angular velocities and the
angular accelerations of the links are given to be 6, = 15°, 63 = 128.25°, 6, = 109.85°,
wy = Hrad/s ¥, ws = 9.47rad/s N, wy = 8.73, ay = Orad/s? A, as = 24.00rad/s? ~
, ag = 36.13rad/s? ~. AB makes an angle ¢ = 18.19° with AC. AC = 300mm Find the
horizontal and vertical components of the acceleration ap of the coupler-point C. Link
angles are measured counter-clockwise relative to the ground link.




R40, = |Ra0,|[cos(02)1 + sin(62)j] = [.14491 + .0388]] m

Rca = 0.3[cos(146.44°)1 + sin(146.44°)j] = | — .251 + .1658]| m

ac = as +aca
as = o X Rao, — wiR40, = 0 — 25[.14491 + .0388j| m/s°
aca = agxRoa—wiReoa = —24kx [—.251+.16585] —(9.47)% [—.251+.1658]] m /s
ac. = —(25)(.1449) + (24)(.1658) + (9.47)%(.25) = 22.78 m/s”
ac, = —(25)(.0388) + (24)(.25) — (9.47)%(.1658) = —9.84 m/s*




REVIEW LECTURE 2: KINETICS




MECHANICAL ADVANTAGE




POWER AND EFFICIENCY

POWER OF A FORCE

P=FV

V IS THE VELOCITY OF THE POINT OF APPLICATION OF THE
FORCE F.

POWER OF A COUPLE

P=Tw

w IS THE ANGULAR VELOCITY OF THE BODY TO WHICH
COUPLE T IS APPLIED.

IDEAL MECHANISM




| POWER IDENTITY

Pz’n — anvzn — anv;n COS ¢zn — Lout — Fout'Vout — Fout‘/out COS ¢out

MECHANICAL ADVANTAGE |

Vin €OS @;n,

Vout COS ¢out




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

oy &
1
Fout Cs4] 1l \
-

&%,
o AN
i

FIGURE 6-11

'Rock-crusher" toggle mechanism

Fin'rz'n Wy = Fout'rout Wy

MA — Fout _ Tin W2

F. Xg) Tout W4




FOURBAR INSTANT CENTERS




EXAMPLE

Fout i F
\
"F"_'-' w| O 4| 1 ."'.\
L. @ - i

Oy y
l NOA_ N
I i

Finrinwo = FoutTout wa

Fout Tin dAR4
M.A. = =
F?Z Tout dB R2

AS v — 0,[1,3 — B,dB — O,MA — OCQ.




EXAMPLE:WIRE CUTTERS

FOUR-BAR MECHANISM




M.A. LARGE NEAR
7 | B TOGGLE.STOP LIMITS
M A — Lout T'in W3 Tin L14
R e OVERSHOOT OF
TOGGLE.

Finrinws = FoutTout wa

AS 11,3 — B,dB — O,MA — OQ.




Finrinwos = Fout Vout

Vout = dwo

Fout

M.A. = o

EXAMPLE




EXAMPLE




EXAMPLE

Finrinwo = Fout Vout

Vout = dwo




FORCE ANALYSIS




EQUATIONS OF KINETICS

/Y' Fy

rd
"4
s
s
>
o
”
>

MAg=Fo+F; +Fy +F3+F,— Wj

4
Icok=T1+To+RoxFo+)» {RexFi}=)» Tg
k=1




WHAT’S SPECIAL ABOUT MECHANISMS ?

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

e KINEMATICS KNOWN UP-FRONT

(DESIGNED IN).

e UNKNOWNS - DRIVING INPUTS AND
JOINT FORCES.




NOMENCLATURE

R,, IS THE POSITION VECTOR OF THE JOINT BETWEEN LINK
a (“ADJACENT”) AND LINK p (“PARENT”) RELATIVE TO THE
CG of LINK p.

THUS, Rs2 IS THE POSITION VECTOR RELATIVE TO CGy OF
THE JOINT BETWEEN LINKS 3 AND 2.

F,, IS THE FORCE EXPERIENCED BY LINK p AT THE JOINT
BETWEEN LINKS a AND p.

THUS, F3, IS THE FORCE EXPERIENCED BY LINK 2 AT THE
JOINT BETWEEN LINKS 3 AND 2. Fy3 = —F3s.




SINGLE, GROUNDED ROTOR

Note: x, vy is a local, nonrotating coordinate system (LNCS), attached to the link

() Kinematic diagran

FIGURE 11-1

Dynamic force analysis of a single link in pure rotation

moag, = Fi1o+Fp

IGQO.’QR = Tlgﬁ -+ R12 X F12 -+ Rp X Fp




IN COMPONENTS

F12x = mMaag2, — FPI
Fia, = moage, — Fp,

—Rio, Fio, + Ri2,F12, + 112 = Ig,a2 + Rp, Fp, — Rp, Fp,

3 LINEAR EQUATIONS IN 3 UNKNOWNS




IN MATRIX FORM




IG30A3R = R4z X Fg3 — Ro3 X F32s +Rp X Fp




THE SIX-BAR
MECHANISM IS DRIVEN
BY A COUPLE APPLIED
TO LINK 4. DRAW THE

FBD FOR LINK 4, AND
WRITE THE KINETIC Ru,
EQUATIONS FOR THE
LINK IN COMPONENTS
WITH RESPECT TO
THE LCS SHOWN.




Fi4 +F34 + F5q4 = Myag,

Ris X Fiy + Rgy x Fay + Ry x Fy + Tk = I, a4k




Fia, + F34, + Fs4, = Maag,,
Fi4, + F34, + F54, = Myag,,

—Ry4, F14, R4, Fra,—Raq F34,+ R34, F34,—Rsa, F54,+R54, F54,+114 = I, a4




FLYWHEELS



USE FLYWHEEL TO EASE THIS PROBLEM

THE MOTOR IMPARTS TORQUE T, TO THE FLYWHEEL |

THE FLYWHEEL IS
MOUNTED ON THE
DRIVE-SHAFT
BETVVEEN THE
MOTOR AND THE
INPUT LINK.

T~ Flywheel

THE FLYWHEEL IMPARTS TORQUE T; TO THE FOUR-BAR




T2 — 6 PLOT

Torque | Area Area

+200.73 | +153.88
341.7

Areas of torque pulses
in order over one cycle

Order Neg Area Pos Area

1 -261.05 200.73
2 -92.02 153.88

Energy units are Ib-in-rad

-341.7
0

FIGURE 11-11

Integrating the pulses above and below the average value in the input torque function




TABLE 111 Integroﬂng the Torque Function

From A Area = AE Accum. Sum=F£

AtoB +200.73 +200.73 Wi, @B
Bto C -261.05 -60.32 ) (@C
CtoD +153.88 +93.56
Dto A -92.02 +1.54
Total AEnergy = E@ ®,,,, —£ @ O,
= (—60.32)—(+200.73) = -261.05n - 1b

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

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




QW
min] ~ A {Tavg B le}dg ‘= (AE)Flywheel

@wmin

(AE) Flywheel — _I(wma’x T wmin) (wmaa: - wmin) ~ I(wavg)(kwa'vg)

2

(AE) Flywheel

2
kws., g

I, =

... FLYWHEEL SIZE ESTIMATE




BALANCING



DYNAMIC BALANCING

FIGURE 12-3

Two-plane dynamic balancing







ZTAZO

—l1R X m1w2R1 — lgR X m2w2R2 — l3f{ X m3w2R3 — lBR X mbzRB =0

—w?k x {my;R; + mylaRy + m3lsR3 + mplgRp} =0

m1l1R1 + maloRa + m3lsR3s +mplgRp =0

Y Tp=0
(lB—ll)RXm1w2R1+(lB—l2)Rxm2w2R2+(lB—l3)Rxm3w2R3+lBRxmAw2RA =0
—w?k x {m1(lg —11)R1 +ma(lp —l2)Ra +m3(lp —I3)Rs +malgRa} =0

m1(lg — I1)R1 +ma(lp — I2)Ra +m3(lp — I3)R3 + malgRa =0

OR

» F=0

m1w2R1 -+ m2w2R2 == m3w2R3 -+ mAw2RA -+ mbzRB =0

miR; +moRgo +m3Rs+magR4 +mpRp =0




m1l1R1 + malaRo + m3l3R3 + mplgRp =0

IN SYSTEM Azyz, I, = I, = 0.

m1(lg — l1)R1 + ma(lp — lo)Ry +m3(lp — I3)R3 +mylpR4 =0

IN SYSTEM Bzyz, I,, = I, = 0.

\ miR; + moRy + maRs +msR4 + mgRp =0

C. G. OF ASSEMBLY LIES ON z - AXIS.




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 AWHEEL

Bearing Correction planes
Mandrel \% F/
Tire Shaft encoder '
. ) ) 1
.

. o N
\— Force transducers : /

i E—

FIGURE 12-12

A dynamic wheel balancer




PROBLEM 12-6

2007 107
=60 — 3 rad/s




MOMENT BALANCE (ABOUT A)

j| - 4k x | —1— V33| + 7k x mpw? | Rp, 1+ Rp,§| =0

70 70
7mb2RBaz = — —4 7mb2RBy = 4\/§

V2 V2

Rp = 7.5[cosfpi+sinfp]] Ra =7.5[cosfa1+sinb4]]
5757.2692m 5 cos 0 = 45.4975 5757.2692m 5 sin 0 = 42.5693
tanfp = .9356 O = .7521rad = 43.09° mp = .0108 blobs W = 4.1814 1bs
FORCE BALANCE

mszRA + mbzRB +Fr+Fr=0

822.4670m 4 cos 4 = —9.0352 822.4670m 4 sinfy = —7.8848
tanf4 = .8727 604 = 3.8591rad = 221.11° m4 = .0146 blobs W4 = 5.6338 Ibs




REVIEW LECTURE 3: CAMS, GEARS, INDICES OF MERIT




| JERK |

LINEAR JERK J.

J=A=V.

ANGULAR JERK o.

p=pk=a=dk=0u0=0uk=0k




KINETIC EQUATIONS FOR JERK

LARGE JERKS <~ RAPIDLY VARYING FORCES AND TORQUES.

INFINITE JERKS <~ JUMPS IN FORCES AND TORQUES.




SLIDER-CRANK

S lider position o

ae’%? — pel? — je—d =0
ajwoel?? — bjwsel? — d=0

a(jas —w3)e?” —b(joz —w3)e’™ —d =0

ka(jgoz — 30&2(4)2 — ].(4):23)6‘7.‘92 — b(]903 — 30&3&)3 — ng)ej93— d: 0 )




CAMS



Effective link 3

Effective link 4

(a) An cscilating cam-follower has an effective pin-jointed fourbar equivalent

Instantaneous center
of cam curvature

Effective link 2 Effective link 3

Follower

(b) A transkating cam-follower has an effective fourbar slider-crank equivalent

FIGURE 8-1

Effective linkages in the cam-follower mechanism




Half joint

‘
\ \ /
l‘\
“
\\
\\x 2
Cam e

Track or groove

(a) Form-closed cam with transikating follower (b) Form-closed cam with oscillating follower

/‘(_\4/— Conjugate 2
R

(0 Conjugate cams on common shaft

Follower

FIGURE 8-2
Form-closed cam-follower systems




Follower Follower Follower

Spring Spring g | Spring g |

/

(o) Roller follower (&) Mushroom follower (¢) Flat-faced follower

FIGURE 8-3

Three common types of cam followers




MOTION CONSTRAINTS

CRITICAL EXTREME POSITION (CEP)

-

INITIALAND FINAL FOLLOWER
DISPLACEMENTS ARE SPECIFIED.
INTERMEDIATE CONFIGURATIONS
ARE UNCONSTRAINED.

\




CRITICAL PATH MOTION




CAM SHAPE IS DESIGNED TO MEET
FOLLOWER MOTION CONSTRAINTS.

FOLLOWER MOTION IS CHARACTERIZED
BY svaj DIAGRAMS.

FINITE JERK REQUIREMENT:
ACCELERATION MUST BE CONTINUOUS.




FOLLOWER DISPLACEMENT s
s-DIAGRAM: PLOTS s AGAINST 6 (IN DEGREES).

FOLLOWER VELOCITY v
v-DIAGRAM: PLOTS v AGAINST 6 (IN DEGREES).

FOLLOWER ACCELERATION a
a-DIAGRAM: PLOTS a AGAINST 6 (IN DEGREES).

FOLLOWER JERK ;
j-DIAGRAM: PLOTS j AGAINST 6 (IN DEGREES).




DWELLS

SUPPOSE FOLLOWER HAS TWO DWELLS
DWELL 2 ENDS @ 6 = 0°.
DWELL 1 BEGINS @ 6 = °.

a(0) = a(B) =0, v(0) =v(B) =0.
/ " a(6)d8 = 0.

B
/0 0(8)d8 = s(B) — s(0).




cam angle 0

FIGURE 8-12
————

Sinusoidal
acceleration gives
cycloidal
displacement




(@) Take a sine wave

(b) Split the sine
wave apart

(c) Take a constant
acceleration
square wave

(d) Combine the two

u—.

(&) Modified trapezoidd
acceleration

Y
@

u caramininsnsasas Pofeis sesasa sinine s

p2

FIGURE 8-15
Creating the medified trapezeidal acceleration function




Sine wave #1
of period B/2

Sine wave #2
of period 3p/2

i
A
Take 1st and 4ih J

quarters of #1

0 pm B e B

B

(d) Toke 2nd and 3d
quarters of #2 8

C
pr e
c

by B

—

prs
(e) Combine to get
0 pB p2 T8

modified sne

FIGURE 8-16
Creating the modified sine acceleration function




Acceleration

Cyclordal (0:=03;c=0,a=0.9) _ _
Simple harmonic

(0 =0palony =]}

C, =628
C, =4.89

Maodified sine
(F=i 2SS, o=y =0s)

Modified trapezoid
(=020 =00¢a=0.20)

Constant acceleration
(he=t)ome: ] de=d))
FIGURE 8-18

Comparison of five acceleration functions in the SCCA family




4-5-6-7 polynomaial

Velocitty 3-4-3 polynomial

b Moaodified trapezoid

Cycloidal

FIGURE 8-21

Comparison of five double-dwell cam velocity functions




Displacement

i Moditied trapezoid

Cycloidal

Maodified sine

FIGURE 8-23

Comparison of three SCCA double-dwell cam displacement functions




Pitch curve

Cam surface
Prime circle ) TR
S / —-x\ \ Roller follower
\\ \
ANy

_ NP < N NN

Base circle

UL.(UUUUULN\\\\\ -

FIGURE 8-43

Base circle Ry, prime circle Rp and pitch curve of a radial cam with reller follower




Pressure

angle
o ¢ 7

Transmission
angle pn

Common normal f |
(axis of transmission) = \-

™

Common tangent ! ' Roller follower

(axis of slip) x/

FIGURE 8-44
Cam pressure angle




(axis of transmission)

Common tangent

(axis of slip) _\

Prime circle

Follower

pitch curve
center of
curvature

Effective

Follower axis
of motion

, ds

§ = Vfoliower = g =
Vfollower — bwa b=v
TRIANGLE ACI3 4

c=b—e=(s+d)tan¢
b=c+ (s+d)tan¢

TRIANGLE CDOs

d:\/Rf,—s2

(s—l—\/R%—sz)tanqb:V—s

vV —¢&

s+ +/R% — €2

@ = arctan




R(6) := ctt, + (d+ s(6)) g

do =/ (d+3(0))’ + (e +v(9))°

{ — (d+ s(0))t, + (e + V(e))ﬁg}

do

{(d +5(0))" + (e + 1/(9))2}§
(d+5(6)" + (e +v(8)) (= + 20(8)) — (d + 5(6))a(6)

p(0) =

GIVES RADIUS OF CURVATURE IN
TERMS OF PRESCRIBED QUANTITIES.




CONCAVE CAM:
MULTIPLE CONTACT

IF Rf> pmin

-y

Vfo!lwer

Follower

FIGURE 8-48

The result of using a roller follower larger than the one for which the cam was designed




Cusp due to Missing material and
undercutting cusp due to undercutting

Follower
—\ Follower \

h Pitch curve
Pitch curve 4

\ . | / Cam surface

(o) Radius of curvature of pitch curve (&) Radius of curvature of pitch curve is
equals the radius of the roller follower less than the radius of the roller follower

FIGURE 8-49

Small positive radius of curvature can cause undercutting




GEARS



SIMPLEST MODEL:
CYLINDERS IN
PURE ROLLING

CONTACT.

GEAR RELATIONSHIP:
NO SLIP AT CONTACT
" . POINT,VELOCITIES

\

A MATCH.

.

() External set

‘7‘1001 — ToW2 ‘

() Internal set

FIGURE 2-1

Rolling cylinders




)

FIGURE 9-4

An external gearset




Rowysinvg = Rpwysingp
dg o R¢g dp . Rp

sinfy  sinp sintp  sinp

dg + dp = C (const.)

dgwg = dpwy,

IN GENERAL,
THE COMMON
NORMAL AND

POINT
P VARY.




INVOLUTE

NORMALTO
INVOLUTE IS
ALWAYS
TANGENT TO
BASE CIRCLE




INVOLUTE TOOTH
PROFILE GIVES
CONSTANT VELOCITY

POINT P IS FIXED
(PITCH POINT)

COMMON NORMALAT
CONTACT-POINT ALWAYS
COINCIDES WITH COMMON
TANGENT TO BASE CIRCLES




Addendum circle

Addendum

Clearance

FIGURE 9-9

Gear tooth nomenclature

Tooth

__a] Space Circular pitch p.

Top land
l—

thickness Face width

Face

Flank

Bottom land

\ Pitch circle
\ Base circle

Base pitch pp




BASE PITCH p,

BASE CIRCLE
CIRCUMFERENCE

3 27T COS @
Dy = N,

BY DEFINITION OF INVOLUTE, ps IS ALSO
THE DISTANCE BETWEEN SUCCESSIVE TEETH
ALONG THE COMMON NORMAL.




Pressure angle rotated in direction of driven gear \

Axis of transmission
(common normal)

Leaving contact

Pitch circles
Pitch point

Length of action Z

® ¢ ear /‘

Driven (CCW) Arc of action

-

K O pinion
. Driving (CW)

Beginning contact

Center distance C

N

L

Addendum circles

FIGURE 9-7

Pitch point, pitch circles, pressure angle, length of action, arc of action, and angles of approach and recess during

the meshing of a gear and pinion




LENGTH OF ACTION

Pressure angle rotated in direction of driven gear \

Pitch circles
Axis of transmission Pitch point
(common normal) \
'/ ' /R
\y I

Leaving contact

Length of action Z

Driving (CW)

Driven (CCW) Arc of action Beginning contact

Center distance ' - .
I
Addendum circles

Z = \/(rg +ag)2 — (rgcos¢)2 + \/(rp +ap)2 — (rpcosqb)2 — (C'sin¢

DISTANCE ALONG LINE OF ACTION FROM
INITIAL CONTACT TO FINAL SEPARATION




CONTACT RATIO
LENGTH OF ACTION

M, =
D
Pb

AVERAGE NUMBER OF PAIRS OF TEETH IN
CONTACT. THE ACTUAL NUMBER VARIES
FROM INSTANT TO INSTANT. IF m, ISTOO
CLOSETO 1, ASINGLE TOOTH MUST CARRY
THE TRANSMITTED LOAD NEAR ITS TIP AND
MAY BREAK.




CONTACT RATIO

MINIMUM ACCEPTABLE VALUE:
™mp =1.2.

STANDARD TARGET RANGE:
Mp = 1.4.




CENTER DISTANCE ERROR

Shift in center distance \ + New pitch point

- ! New, larger Base circle

- pitch radius nchaneed
radms of Pitch point of pinion 's unchang
PG shifts position : /

Velocity at

New pitch
cn'c les

Base circle
! 1s unchanged

New, larger
pitch radius
of gear

PRESSURE |
ANGLE IS | L oot conmen
CHANGED -

(a) Cormrect center distance (b) Increased center distance
FIGURE 9-8
Changing center distance of involute gears changes the pressure angle and pitch diameters




Shift in center distance \ * New pitch point

. . ’ New, larger Base circle
Pitch pitch radius is unchanged
radius of Pitch point of pinion
PO shifts position

Velocity at
pitch point

-t

Base circle
is unchanged

New, larger
pitch radius
of gear

pressure

angle
¢ =23°

Line of action (common normal)
is tangent to both base circles

I
ter distance (b) Increased center distance
FIGURE 9-8
Changing center distance of involute gears changes the pressure angle and pitch diameters

... PINION BASE
Wgear _ Tp _ Tpcosg <« C|RCLE RADIUS

VELOCITY RATIO UNCHANGED! . GEAR BASE
CIRCLE RADIUS




INTERFERENCE
= /\ Base circle of gear

\ Pitch circles

‘ Base circle of pinion
4

/
Interference —
Tooth below base circle \<
15 not an involute
FIGURE 9-12

Interference and undercuttfing of teeth below the base circle

ISSUE: INVOLUTES LIE OUTSIDE THE BASE
CIRCLE. [F DEDENDUM EXTENDS INSIDE
THE BASE CIRCLE, THE TOOTH PROFILE IN
THERE CANNOT BE INVOLUTE. CONTACT
HERE IS CALLED INTERFERENCE.




PREVENTING INTERFERENCE

STRATEGY 1: ENOUGH TEETH ON PINION

Mg COS @ _ Tag
Db Pc

ADDENDUM CONSTANT: k = = P4ayg

AT ONSET OF INTERFERENCE

N2sin? ¢ — 4k?
N, = -2
Y 4k — 2N, sin? ¢

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




STRATEGY 2: RE-DESIGN TEETH ON
PINION AND GEAR

Long addendum
on pinion

Short addendum
on gear

FIGURE 9-13
Profile-shifted teeth with long and short addenda to avoeid interference and undercutting

..GIVES WEAKER GEAR-TOOTH, STRONGER
PINION-TOOTH.THIS MAKES PINION AND
GEAR TOOTH STRENGTHS CLOSER TO EQUALITY.




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 REENGAGEWITHA
BANG, BECAUSE OF THE GAP.




INDICES OF MERIT

e TRANSMISSION ANGLE

e MECHANICAL ADVANTAGE

o PRESSURE ANGLE




FOUR-BAR TRANSMISSION ANGLE

THE TRANSMISSION ANGLE g IS THE ANGLE BETWEEN
THE OUTPUT LINK AND THE COUPLER. IT IS TAKEN
CONVENTIONALLY TO BE THE ABSOLUTE VALUE OF THE
ACUTE ANGLE AT THE JOINT.

/ 1
Link 3 D

coupler
Link 4
output link




STATIC IMPLICATIONS OF TRANSMISSION ANGLE

4 ~
%4 =F34 COs L

OPTIMUM VALUE OF p IS 90°

COMMON DESIGNER’S RULE: KEEP p NO LESS THAN 40°




GCRR - MINIMUM TRANSMISSION ANGLE

FIGURE 4-15

VALUES OF p AT EXTREMA OF ¢19




CAM TRANSMISSION ANGLE

Pressure
angle

o ¢ 7

Common normal J}\ |
(axis of transmission) «
Common tangent

il
(axis of slip) N} =
N\ AT

4 e
! Ve
!
I‘.
/
J
J

Transmission
angle n

FIGURE 8-44
Cam pressure angle




MECHANICAL ADVANTAGE

M.A. LARGE NEAR
TOGGLE. STOP LIMITS
MA == ns = OVERSHOOT OF
TOGGLE.

Finrinws = FoutTout wa

Fout Tin W3 Tin 14

AS 11,3 — B,dB — O,MA — OQ.




M. A. DEPENDS ON u, BUT
ALSO ON v.

Output

\
ry (1,41

Ry e

V=T — P14 Y= ¢12 = W

TinW? Tin 4 81N Q12
M.A = —

ToutW4 routR2 S1I1 ¢14




V=T — Q14 Y= ¢12 = W

TinWo Tindl4 SIN Q12
M.A = —

ToutW4 ToutRZ S1I1 ¢14

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




CAM PRESSURE ANGLE ¢

Pressure

A

-

angle
\or

Transmussion

Common normal j\ '
(axis of transmission) -

7

angle p

Common tangent

i

il
- %//— Roller follower

?\

(axis of slip) _\/
o //

-
e

:
\

S

-

ACCEPTABLE RANGE OF ¢: 0 — 30° - (

/
/
/
N
\\
.

FIGURE 8-44

Cam pressure angle

.\\

N
\
A
\
\

\."_‘_L_,/‘_CQm

B




GEAR PRESSURE ANGLE ¢

Pressure angle rotated in direction of driven gear \

Axis of transmission
(common normal)

Leaving contact

Angle of recess

Pitch circles
Pitch point

Length of action Z

Angle-of a;-)proa-ch

Driven (CCW) Arc of action

-

l O pinion

Driving (CW)

Beginning contact

Center distance C

N

Lo

Addendum circles

FIGURE 9-7

Pitch point, pitch circles, pressure angle, length of action, arc of action, and angles of approach and recess during

the meshing of a gear and pinion

STANDARD VALUES OF ¢: 14.5°, 20°, 25°




ME 213 A/B HOMEWORK SET 6
(Due 10/08/10)
1. A GCRR four-bar mechanism has link-lengths Ry = 8, Ry =4, R3 =7, R4 = 6. Let
0, range from 0° to 90° in increments of 15°. Implement the MATLAB code presented
in class to find the corresponding values of 63 and 6,4, 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 Ry = 8, Ry =4, R3 =7, R4 = 6. Let
0, range from 0° to 90° in increments of 15°. Implement the MATLAB code presented
in class to find the corresponding values of 63 and 6,4, using both the direct method and
Newton-Raphson.



DESIGN OF MACHINERY SOLUTION MANUAL 6-13-1

25 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. Thisis afourbar inverted slider-crank with n :=4.

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

=n-(n— 1)
2

c: C=6

2. Draw the linkage to scale and identify those I1Cs that can be found by inspection.

3,4 at infinit

3. Use Kennedy's Rule and a linear graph to find the remaining 2 ICs, 1; 3and I, 4
13" lolpzandly 4134 o0 lolgandlys-lgy

3,4 at infinity

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

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

=n-(n— 1)
2

C: Cc=15

2. Draw the linkage to scale and identify those I1Cs that can be found by inspection.

2nd Edition, 1999



DESIGN OF MACHINERY SOLUTION MANUAL 6-13-2

1,6 at infinit

14

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

13" lolpzandly 4134 o4t ol gandly5-lg,
15" li6lseandlys-lys ly6° l16-l14and Ig5-l56
o5 lio-lisand Iy 4-lg 5 26" 112711 6and Iz 5156

36" l16-l13and I34-16

13 36

1,6 at infinity

024
024~ )
o -4 1,6 at infinity
1,6 at infinity _ 1;;:‘

26

1,6 at infinity

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.

=n-(n— 1)
2

C: Cc=15

2. Draw the linkage to scale and identify those I1Cs that can be found by inspection.

25

2,3

16

1,4 at infinit

3,4

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.

6" l12-l16and Iz 5156 137l zandly 4134
15" lelseandlyo-lps o4t lpligandlys-lp g
g5 lia-lisand by 4-lps 35" l34-ls5and Iy 57153
36" 1367156 aNd 537156 ly6° lasls6and I34-l36

3

1,4 at infinity=

1,4 at infinity

13

1,4 at infinity

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.

=n-(n— 1)
2

C: Cc=15

2. Draw the linkage to scale and identify those I1Cs that can be found by inspection.

1,6 at infinit

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

l130 Iyl and iy 4-13 4 l36: 1167113and 35156
loet 1127116 and 515 6 li50 1167156 and Iy o-ly 5
145: 11 4-l15and 1357134 o0 ol gandly5-lgy

ly6° l16-l14and Ig5-l56

(See next page)

2nd Edition, 1999



DESIGN OF MACHINERY

2nd Edition, 1999

1,6 at infinity

1,6 at infinity

SOLUTION MANUAL 6-13-4




ME 213 SPRING 2010 FINAL EXAM

NAME:

© 00 N O T = W N

—_
o

Total



5

Bin. (203 mm)

V= 10in./s
(254 mm/s)

14 in.

(356 mm)

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

RSN
J 1



2.(10%) The 4-bar mechanism shown has link-lengths {R1, R, R3, R4} = {8,4,9,6}, and
is assembled in a configuration with ¢1o > 0.

(i) Classify the linkage according to Barker’s classification.

(ii) In the configuration shown, the internal angle ¢o3 attains its maximum value.
Sketch the mechanism in the configuration that corresponds to the minimum value of ¢1,.
Compute this value.



3.(10%)

Recall the following types of mechanism synthesis:
(i) Function generation:
(ii) Path generation:
(iii) Motion generation:

r=Rcosg
ﬂ;‘ e

(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-TYPME analog computer which, for each
value of the input angle ¢, delivers the measured output x = R cos ¢. Which of the above
types of synthesis does this mechanism represent?



LLLLLLLEL L

B

Ly =0.801in
L4=297
Ls=12.61
0; =241°
02,04 =1.85@ 2785°

4.(10%) For the six-bar mechanism shown, use Kennedy’s Rule to locate the instant centers
11,3 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?
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5 in.

0, 0,0, = 15.2 in, 0,

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 0 = 60°, 03 = 27.09°, 0, = 101.63°, wo = S5rad/s~, w3z = 7.19rad/s
wy = 7.05rad/s ~, as = 180rad/s?> ~, az = 224.93rad/s? ~ , ag = 272.08rad/s? .
AB makes an angle ¢ = 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.

an = (—180k) x [2.51+4.33j] — 25[2.51+4.333] = [716.91 — 558.25]] in/s>

Rca = [beos(f3 — @)1+ 5sin(fs — ¢) j] in



7.(10%) The FBD for a link in a mechanism is shown above. The link has mass m = 8kg,
and moment of inertia I, = 6kg-m?. At the instant of concern, Ros = {41+ j}m,
Rys = {i—6jlm, Rp = {~1+1.5j}m, ag, = {—41—5j}m/s* a = 5rad/s>2~. The
known force Fp is given to be Fp = {31 — 5j} N, and the known couple Tp to be
Tp =12k N-m. Using the x — y horizontal-vertical coordinate system, and the quantities
F35, F43 named on the diagram, write down the three scalar kinetic equations for the link
in numerically explicit form.
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8.(10%) The wheel and tire assembly shown has been run at 10rad/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 10 N 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 25cm. The
left edge of the wheel rim is 10 cm from the centerline of the closest bearing. The wheel is
17.5cm wide at the rim. The wheel-rim diameter is 37.5cm. The tire is to be balanced
by attaching masses m 4, mp to the rim in correction planes A, B at angles 64,05 to the
zero reference line on the tire. Draw the FBD for the balanced assembly, and find mp and
Op. (Hint: Take moments about Plane A.)
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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 6, s(6) = 0.4, v(0) = 1.2.
If Rp = 2.1, e = 0.1, find the corresponding value of the pressure-angle ¢.
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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 ¢ = 20°, ry = 3.75in, ay = .125in, r, = 1.5in, a, = .125in. Find
the length of action, Z, as defined in the picture above.

(v) If this gearset has base pitch p, = 0.3689in, find the corresponding value of the
contact ratio m,.
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o Examples, homework #2
e  Mechanism synthesis:
o Definitions, test 1 p3
o Examples —p 158
e Instant Centers:
o LOTS on homework 7
o Review 2 pg2
e Vector loops:
o Exam 2 problem1l
e Acceleration:
o  With vslip: Homework 9,
o Acceleration difference, homework 8, test 2 p5
o Find ang. Velocity of a bar: test2 p4
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o Homework 3 prob2
e Cams:
o Pitch curve p453
o Pressure angle p445, review2 p13
o Undercutting p450
o Transmission angle review 3 p12,

o Equationforz: p476
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homework no.3 spreadsheet - David Malawey, file type .xIsx 9/22/2010

X y Midpoint slope perpendicular slope b=y-x(m)
cl 0 5.086 X y
c2 2.019 3.181 cl&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
di 0.741 2.703 di&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 = =
Clines 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

length of links

link 2 2.197
link 4 3.780
coupler 2.496

ground link 0.779



homework no.4 spreadsheet - David Malawey, file type .xlsx

02

02’
02"
04

o4’
04"

mx+b=mx+b

9/22/2010

X y Midpoint slope perpendicular slope b=y-x(m)
0.995 0 X y
-3.1405 3.9436 02 & 02' -1.073 1.972 -0.954 1.049 3.097
5.124 0.929 02'& 02" 0.992 2.436 -0.365 2.741 -0.283
5.298 0 04 &o4' 2.186 0.306 -0.098 10.172 -21.924
-0.927 0.612 o4' &o4" 3.747 1.904 0.276 -3.619 15.462
8.4205 3.195
intersection of lines
ml-m2  b2-bl 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
5.652

o4 lines 10.172x-21.924 = -1.930x + 11.440

length of links

link 2 5.286
link 4 6.216
coupler 4,303

ground link 0.851
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