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Four inversions of the slider-crank chain:

(a) an internal combustion engine,

(b) rotary engine used in early aircraft, quick-return mechanism,
(c) steam engine, crankshaper mechanism,

(d) farm hand pump.
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Lo juil80 g1l b SLBT ¥ Juad

Adapted trom ref. (10). s=shortest link, i = longest link, G0t = Grashof, RRRY = non-Grashof, $x = Special case

s+ 1 vs

Type p+q Inversion Class Barker's Dasignation Code  Also Known As
1 < £ =s=ground I-1 Grashof crank-crank-crank GCCC  double-crank
2 < Ly = s=input I-2 Grashof crank-rocker-rocker GCRR  crank-rocker
3 < I3 = s§=coupler I3 rashof rocker-crank-rocker GRCR  double-rocker
4 < 14 = s = output [-4 Grashof rocker-rocker-crank GRRC  rocker-crank
5 > 4y = =ground [1-1 Class 1 rackerrocker-rocker RRR1 triplerocker
& > Ly =1 =input [1-2 Class 2 rockerrocker-rocker RRR2 triplerocker
7 > Ly == coupler I13 Class 3 rocker—rocker-rocker RRR3 triple-rocker
B > I4 = [ = cutput 114 Class 4 rocker-rocker-rocker RRR4 triple-rocker
9 = Ly = s=ground I1I-1 change point crank-crank-crank SCCC  8C™ double -crank
10 = Ly = 5= input [1-2 change point crank-rocker-rocker SCRR SC crank-rocker
11 e I =s=coupler III-3 change point rocker-crank-rocker  SRCR 8C double-rocker
12 - [4 = 5= output [11-4 change point rocker-rocker-crank SRRC SCrocker-crank
13 = two egual pairs III-5 doukle change point S2X %?rggﬁlgigmm
14 = L=ly=13=14 [1l-6 friple change point 53X sguare
* 8C = special case.
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(Kennedy’s Theorem) c¢uss g 955 °

Any three bodies in plane motion will have exactly three instant centers,
and they will lie on the same straight line.
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Six-bar linkage model with centrodes represented by noncircular gears.
The gears roll on each other at the pitch points.

The pitch point is the instant center between the two frame-mounted cranks.

Ferdowsi University of Mashad



S 2

/////////{///f///// 72

Ferdowsi University of Mashad

AN NNNNNNNNANNNN

—




Ab=1.35"
ally=39"
DE=0.9"
AC=09"
cF=2.0"

Ferdowsi University of Mashad




@T;b.ofd.ooﬁ

AB=8.0cm
AC=4.5¢cm
BD=13.0cm
DE=29cm

Ferdowsi University of Mashad

Waldron _Ls ;1 4-4 ave ©




@T;b.ofdaoﬁ
¥ Jad Pluwo g by yod

dled gy ) G5 (5,95 Coms )
el S 1y 5 Slee sl (Sl ST e soles Y

Ferdowsi University of Mashad

4




@T;b.ofd.oﬁ

¥ Jad fluwo g ol poi

Ferdowsi University of Mashad




@T;‘).ofdaoﬁ

P b Jiliws 9 iz o3

Ferdowsi University of Mashad




1B 1Y g W1

F s Sl g iy o3

ol yrny Jilie yo S0 e &S (6lls Boston Rocker  Jocs -Y
el 00y yoy @0 Platform Rocker Josos aSCIl> o

§ > So,lo (o min Linlyl g 5 cel, Jaso plas (@
Sl ool Cavdy 438> S e (D

Platform Rocker
Boston Rocker

R

\ : ) e — e
TRt xxx< : —— —

Ferdowsi University of Mashad




@T;b.ofd.oﬁ

Ferdowsi University of Mashad




Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

UT LQLQ d_o.lyo)‘ oowlbwﬁw—\'

(i LSLQ;-CJ'“ ui’ﬁ) 2l

Ferdowsi University of Mashad



Lo jilSo jo S v O Juad

S Sl bawg Co g s

0,5 coley wb w3 A5 Jeo!

518 )90 slads b pudiins S Slyg0 pun (59, blai oz e s o5l )
ol alads T ol 90 glad g oges gliwl) j0 Cae pu Al

(Lol g loin) Sy cas at ps 21 45 Consl quazrgd Gy S e (gl alaii ST 55,0 ¥
il

LB EE D —

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

ooyl pyuilico po e g @
oo glad ()
T A i e p a5 3 180 Has 50 Jolie plSle yo @
/ﬁ, Cow 1,185 8,00 C g B bla a3 e g polas
/. Al oo Samay oY (ST 58T fa
D9 oo 00lawl VY ST 55 10
FOWIISEICR | ] ISC PRI
S 55 50 ohes WY o ¥ gae alasd cnl o
St 0lhge Elad g Sty el Sl ool b

Ferdowsi University of Mashad



oo Hlz oo jo ey
Y¥ GST 3 o )‘l ool b Ql)go &Lx..i) Y9
B ahi cepwosioslo D ahais ceps ®

S 59] Sl

SS9, 2k Hhi 090 ahadi g0 &5 wpled x>y

il 4285 18 e

30 g S e sl adass lgie 4 VY alads ol Jlie o

(F oV gac o S yline alads) YV ahadi pgo Jlo jo g
Ll ool Sl &8 > Sl adadi lgie A
(Transfer Point) =5 > sl ahi Obesl g, a> g5

Ferdowsi University of Mashad


Presenter
Presentation Notes
در 


Lo jilSo jo S v O Juad

oo Ja

...\.1)3]' C’a.w..\.gbB Ahmg&).w Y W oé‘éAé.bﬁJu).w g/S).o,o}g.Jl&o)é —

3 06

Ferdowsi University of Mashad


Presenter
Presentation Notes
در کلاس حل شود


Lo jilSo jo S v O Juad

S0 Jbe

.J.g.)gT Sy |5 C alads A g O odlaY pac ‘5| gl S s XY g u.mf)b ,n).uls.o o -

I S AC
I B — Tugy D
fgat= e [

Ferdowsi University of Mashad


Presenter
Presentation Notes
در کلاس حل شود. چرا راستای  I12 و I25 براستای لغزش عمود است.


Leo jilSo jo Ce g O Juad

Sl agly ce w0
OlgF (o0 (o) 4 Commd guis oy (S 35 g0 (]S g plai 0 yg0 guas | alall Cee pw (409l Cawy 1 —

10905 Ao |y gde (gl gl Coe yun
|4
w = —
R
4\| s ABlg i (31590 St (S 35 30 Ay S ey g 51—
S e S50 =
/!0)3 !/ \
Vi 7 Y = Vg
‘ g =—
j’1‘1-1734

VB
)y, = —
‘ ? Jr13 I34
N

fel \[ B -
=21, L AW

Ferdowsi University of Mashad



/ S g oz p3ilo jo Cas p @

//"’ olige gled o9,
g : B alaii Cos pu a5 00 5250 515 50 Jolio p 3l o @

o | 515 8,80 D abail Jas &y g polao

Wl (o0 Cowss 03 (I 351 o T

g o o3lisw 1Y T 35 50 5

! 3200 VW ST 35 g0 s s @

W3S 31593V 5 0 Jgo ¥ guae alaxd (ol 50

e g 1590 Elad 9 G jw el jl oolaswl b

T (o0 Cawdy oy 0y D g D’ bl

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

‘;iobl.g ,n).»al&o PCLw  ®
oul 03ld Solob ‘5| gl oy —

3 e wlod g9 3l ol —

Follower I - .
ool Cawas Sl ¥y lasul —
: |23 S 35 70 a8 o a8 (g —
Spring Wl (o0 Sy

Vo3 = Rw = [Iiﬁlzﬁjmcuﬂ;

¥ Jollower

Sl (wso |pg ey 9 ¥ guae 0330 by > @

Ferdowsi University of Mashad



Lo 3500 40 s O Jucad

Lbs\.dg.o U"’9))| L g ®
Ngh Judexi cawlio (gl Adgo as s g o510 o s jxd gy 3l WilgT oo I3l s g —
ol 3L 0590 D alads g o0 p3 Cie juw g podro B abdi e g oy JUo jo  —
D9l (o0 432 Vs 9V adlge g3 4 Vg —
Vo =V plpBC bl ;0 C aaii ey —
T (o0 Caway Vo o adlgn 59, Vi < &5 aled azgi —
0,00 Saols ax P alais —
P . v NV ol b e 00wl Cawds Vi s guw Tol —
r \\ ol aBlgs Cauway (5510 202 (95 31 Vp
D

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

v ¥ 4\.5.‘9.0 gf’og) )| L g ®
foﬂmwr 3&.»:' ﬁ51.&o Solob Lsg)B 4-'9.0.’&4.9).»& 2) Jl.uo o =
Follower Sl L 0590 ¥ ouiss” JLdo cus
D9 (o0 & 325 Vigs 9 Vs didgo 90 4y Vg lasl —

3 )15 Bl e &S yo ¥ (g9, bl ads asCiluil I —

Spring Sg wplgs ¥ gac ey Vg
Ces g oS JL3o Slasel joVp» addge —
v ) »VB ¥
L WOy g gyl
A
®cam

Ferdowsi University of Mashad



Lo 3500 40 s O Jucad

o addgo Jogy jleal 0olo ¥ gac lasgly ey —
.4.3.)5-";’;.-».&.3 |)D4.Ia.63,_5béc;¢.,m‘c;.c,.w

bl oo Vo gl addgo Vg, —

Ve el g9; 31 9 0l (o0 OBy pr 0g0s ]
..\g] (SO

AN

S doldl —

NS

Ferdowsi University of Mashad



Lo 350 35 o s B ot

* o o °
o Gl g (w9
S0l and e e sl b o3l i b ) S —

I"Fc = Vﬂ + FE_.-':q

ol oo bl g lade slilo oS 2 g lopalaly o —
! wbu J.alﬁ J}Q?LA 9o Lg)‘s)).g d.lag‘))ﬂ)s)s —

A delsl =

i

DA=20"
AC =2.0"
AB=210"

VB; /A

Velocity Polygon
20 /s

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

e slosis o (g ©
(Velocity Polygon) ce ju slo v —
gl (0 ey alags Q.;.\ 3 Sllas slosie W51 jas ey 4SSl ‘a).ulin S9y O GELQ.: ‘oLQ.‘S o nlis cdad  —
g o 0dld Gioled m b ol 50 p5lSe L& aldS g 098 (oo oay b Cule ) b e p alo iy —
AL (oo et o diz e 5 g ()l p SV olae (plbg Al e g0 Joli J> —

I"FB:REJJ ZAEEJJ:

; V- =Vo+ Vo
s C B /B
Velocity Scale
AB=175" Ve =Vae+ Ve,
AD =355 . E E ;
cD =2.75" 4 50 1n/s ‘B
BC =515

1200 BE=25"

I"FE = 'U,: + I"FE N
BEC=40" o

V,: + I"F.E:l."t_ = FB + FE.,-":E-

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

C g s

S,ls (Image) ygal Cus pw thd Kz )0 05050 gae 2 —
il oo alice Edie g0 4zl 10 wg BDC clie il sg0s iy 4y B'D’CPedie eI —

SRCNEETNY — ce o 15

Ferdowsi University of Mashad



Lo 350 35 o s B ot

AB=1.80"
BC =1.95"
CD=0.75"
DE=210"

Ferdowsi University of Mashad


Presenter
Presentation Notes
2-20 (Waldron) 


L il & édaaé

C.}.C).w XS P U‘)ﬁo el 6L® 4\4).0.6 &.9)1.7 “""P o 1'1_rad/sec 6‘ 4;9‘) g.,&).w L Y 9»4.(— o
Al S 1) ¥ g sl aygly 5 >

lﬁé/

~B

Ferdowsi University of Mashad


Presenter
Presentation Notes
Wallace spring 2001 exam 2


Lo jilSo jo S v O Juad

O Jas Pluo g ©ly o3
9] Cawds |y A alall e o 90 Elad (g, g o) ST e 5l esliiwl b )

A

4\3 CT =V

/ s

Ferdowsi University of Mashad



Lo jilSo jo S v O Juad

O bad fluo g Ol s
)7 gas sl agly ooy 5 D alalis Cuo o Lo adlgo 4y 4325 g, 9 (51 5515 5 oolicial L Y
Vogac dsly 0 50 Sl ;0 CCW V- agisec ¥ osrae sl augly oy a5l sy

MLGA \Y’O

A Yi OQAZ 6.20

04 B=3.00

AC=225

BC'=2725

CD =5.60

B04D =110°

P\ . -
X

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

O Jas Pluo g ©ly o3
Dles > ey ‘obfl.ﬁogwél.g‘;c)’m o9y 3l eslaiwl LI, ¥ altws Y

Yi 2 |y el L§~>|)’T Sl o olasy las] -
5 AB=343 Serol0 Y el S bise o anle
; // P BC=504 les C"SP e Ceomw 4y Ve mm/sec
Al AP3 =315 5l ool L P, 5 Py B Llis cac
bl BP; =222 o .
| BP,=4152 325l Sy olgzeld gon i b

50.5
£y
P
' e h ! S -
m..k ' % 8
AR SOTOERNNY ~
ot 57 -

Ferdowsi University of Mashad



Lo 3500 40 s O Jucad

O Jas Pluo g ©ly o3

24z 20 0.9 fagisec sl copm L P gas sl ond sy JolS olidio b 25 053l -0

A

S

Ferdowsi University of Mashad



Leo jilSo jo Ce g O Juad

Ferdowsi University of Mashad



Lo 350 4o obids & Jua

g .
SN ST RN M e WLt i o

Ferdowsi University of Mashad



Lo 350 30 ol & Juad

wfngp}g&aég)wd%‘ﬂwgbéuﬂ&éw)a
5 oo (SLealis® b a1 55 ik (e 1 390 i Al 1
X535 (0 518 (oo 0590 "6l @l

dy daods gy (@l 0l (o0 plosl e sleslids g & b 3l Gl fudes
Dl (oo (i Glosie pw 09

o 0315 Jwlei (double prime) 0”7 & gas cdad Glss lowss o
oS g

Ngh o0 001y oLii (double prime) b 6 blis L
uwéhaagawbgdﬂa»uwblmm@)‘omwm)bgb

Ferdowsi University of Mashad




o ) L “Coriolis” 4\.5.,3.0 ] VW SOF0L 9 ‘s.wLo.o ‘SLb 4\.5.,3.0 5 ogils ®
C8yS 5l 8 w0 90

A, =2V

Ferdowsi University of Mashad




Lo juilSo 3o il £ uad

! * 9‘.0 & ®

1, C abads Gl il 0 @) CS sy s g (510 KT (K g o 33 p 3ilso jo —

A9l Cowy
( \ C

\\\\\\\\

. G Vo=Vg+ Ve

Ferdowsi University of Mashad




Ferdowsi University of Mashad

AC =.n‘lj.LE+ .:qlf;."g

"3’% + AE = *"!'*% -+ *"!'*1:5 -+ "!'":::fn'{‘-’j‘tﬁfs




Lo 350 30 ol & Juad

(Acceleration Image) oliss pogai °
0,10 0959 Ll louis 0 paal S pilSo guac W gl —
:4?.)165‘.)53)~>|)C58 bl —

Apic = Ajjc T Agjc

-
-

| n
— B’ & &
|r’13;c| = "JI Ag.e” + Agye

= J(BCw?)?+ (BCa)?

=EBC/w?+ of

Sl 2o W g9 bl [0 O )le @ ol gae Job b cawlicn oo oLl 10
bl (o0 o3l (59, Lo LG p guad

Ferdowsi University of Mashad

R



oY = \
0, 4
% NN

Ferdowsi University of Mashad

& 591 cawss 1y Apg 9 Apjc ol —




L@H&O)& ggl.«.w Q‘L@-é

2959l Cawds Iy ¥ guae gl asgly ols gC B A bl b ol

Wy = 15 rad/ssc &z = lﬂrmdfﬁ'mz
Assume rolling contact
| A=0.75
12
AB=1.5
AC=1.2

Ferdowsi University of Mashad




Lo juilSo 3o il £ uad

slacl Glid (39 Jlo Jo 51 Jub
g (0 ()3 e (pilod 5o

ﬂpz — ﬂf_j + Apsz

d""llpz — 4'11? + AE* + A.;g,f‘rc + A;ﬁf{c

Ferdowsi University of Mashad




Lo 350 30 ol & Juad

Sl agly ol o
A S e (59 aali S owlow Sl b cawl pl gy oo guae o gl asgly olcy —
aladi 90 | alold p el guac lod 595 (5,0 Akl
b sl il ¥ e ausl Sl 15 Jlie 5 —

AL,
. =
3 BC
oy p 30950 ( Sodlodomw 01,510 (59, (owlow s JUGI L ol 1 9l) olih cqr —
B D B Js .
Aci
3
2/
C
op Y4
N
NN
N

Ferdowsi University of Mashad




Lo jilS0 jo G £ Juad
H: -'ﬁf;'f' F?*E‘
Ag-ﬁi'f' AE‘TE‘

HE o A Ay b Ay b At Ay

Ferdowsi University of Mashad



n
AC!B

Ferdowsi University of Mashad




Lo juil50 30 by & Juad

Joleo lpo juilso

oo ol ol ool joliieo w pudlivno (pwlod (gleeo 3 S0 Ll Judxs fm —
By il Joleo o5l Uy Ll olgd

Sy C39C, ¢ 5 i 0g0c C)C3 —
| s 90 Ll

abwo Hle p 380 Sldus A jo0 yo —
Sg (o0 W31 0 5 51,8 bLG (p 5o
WSS Jolro p 3l 90

S oo guac dbid opl 50 K00 wyle 4 —
UL&»)B&.A.C)M 6!,!&\” J,:uw“ 3"
il (o0 (Sl

Ferdowsi University of Mashad




Ferdowsi University of Mashad @



Cy wi

Ferdowsi University of Mashad @



Ferdowsi University of Mashad @



P P
3 2
]
3
ewa
Path
9 (s ;1:11.1"

1 T

Lo 350 30 ol & Juad

Coriolis oL
bidd (il ou coliiw! o 3ilso O Jdowi (gl 9 U s Slle —
o led! S 0w i ,o).ul&o 3 ngS;m L g il 0099y Jlail 6|,|.>

| A0S ‘ssl)go o 3 guas A5 Wl

il ALl )18 )90 uas SO (59, 50 0w Jlail a5 (89 —
Clils wplgs 929 "Coriolis GLis” ol &y CLLs 51 6,50 adlgo

Ferdowsl! University of Mashad




w, wb ‘_5| 4.13‘} D b do o}'&‘ A gan0 dt Ql.o)’ SO0 jo —
. . ‘ °~w:. ’v,.. P,z I oo Q P2 I PN 9 = :,‘é O‘)SQ

& oaee 9 al . . e . —
OQM‘S.OM P3QP3MOL0)UMW)Q

P3 P2 Sl guled gy Oyge aly B0 i (ol g8 (o —
PPy + P'oB + BP'y
bl 00gs <ol s yw LP?,B g PP, 8o s —
:c;wol.’i.wb Q,{‘ L) ul.o.w AZs o BP,3 Q&" Prrat]
s arcBEP'y = (P',B)dé
Path = (Vp, sp AL} {wwqdt) = Vp sp, wo di”

U F5 L g0 OF ks pogosc Py ahaii cc gy —
(12) 99 (0 30
el S0l OF 5 0g0e Py alaili OLLL o 0yl v —

) 1 ﬂ
,/7‘\1 BP'y = ds = 5 A(df)?

, 1 .
FFE..-"FE g dt= = Eﬂ{dr}‘

o 4=2 UPE..-'IP:L La

1 R A

B P, ki Coriolis i 4ilse

Ferdowsi University of Mashad @



Lo juilSo 3o il £ uad

Coriolis olus e s o9y °
s ) 5 42810 S8 s S AV gy ©8 s 90° 490

i 2 Vpy/p, @2
= C
VPE{PZ \?,{]‘2 k
OR W3
- - {VPare,
2 Vps/p, W2

Ferdowsi University of Mashad @



Lo juilSo 3o il £ uad

APE- - AP!. + AP;.;P;
AF‘:— - ":"E"a -+ ":"E"a -+ AE’F?& + ‘;"E"F?a + A.E’:;Fﬁ,

Ferdowsi University of Mashad @



Lo 350 30 ol & Juad

o iz Jo

1 rad/sec cCw CrLY 695b ol ouls powy 5:5‘9 VY ol b ool ool 4L o jilso —

9 Y 693k &l vgly Clch g ey 0510 Cee yw Jw13810.5 radisecr2 TP L 99 (o0 0ly90

Ferdowsi University of Mashad




Lo juil50 30 by & Juad

Ferdowsi University of Mashad

Salo p ulg,y jleolanl L OLLS 9 e g Sl
XYZ Sy oBws XYZ coll oiws —
ol ol 43 Conss P ala courBge —

Rp=R, + R

z _— -~

Ro=x 1+v.]+zk




Lo juilSo 3o lids § uad

7 Jad bluwo g Oly poi

&)3 = 1.0 rad/sec )
o = 0.0 rad/sec 03,9l Cewaa 1) 0 g ¥V (slagil ol asgly olids 9 e pus -
J\ \ 3,\ Swoled dewle |y E abss as Ol
'A/ B 4B
l, =1.035 cm
I2 l, =20 cm
I1 l3=1cm
l4 = 2.259 cm
| 5= 1.035 cm
I I

4 5
\D/\/%\I\— velocity scale: Tem/sec = 2 cm
C “—{)El

acceleration scale: 1cm/sec 2. 2 Ccm

lg (U

Ferdowsi University of Mashad




3cm

Ferdowsi University of Mashad

| Velocity Scale
- X 2 cm/sec

Acceleration Scale

2 cmJ/sec2

1

R



bog Ko 50 ead ool las clamping el -Y
Sl g Sy ST S o Joo Sibegy S S
asb2em/s? ¢ 5emis e 4 S as 5k
b Ll 5 S s 9 ¥ gae gl agly Sl g e
9] Sy D alas

Ferdowsi University of Mashad @



Lo juilSo 3o lids § uad

S 0 &8 > o 4 B0¢ys? 9 8y (b Sl g Ce o L F g 5 05005 yo -F
Aoyl ey 1, ¥ gae gl aygly Qlil g ey

scales

B 8 cm/sec
| |

50 ecm/sec?

Ferdowsi University of Mashad




Lo juilSo 3o lids § uad

Q‘)yb CW ML)JQLQ‘) AARA wl.s g&).wl.’ ' A.wa‘ 0Juls M)Muauobf) r:).uls.c—a

Ferdowsi University of Mashad




Lo juilSo 3o lids § uad

Ferdowsi University of Mashad




Ferdowsi University of Mashad




o 3oil8c0 oo Voo

oolarul Lo 1ilSo Judod (sl (cou 5 Sledg, 5l (L8 slodas jo
oolaw] &Yoles LS"’L’) J;> L L;“‘L"U LQLQ-‘*’S) )| J..as u_,‘ JERRW?
D9 (50

A adl> OYobes 3l oolainl b leh o |y p5uilo SO cwiin 05,8 ©
Bl L)»JLQJ &.)Lw) 9 Sy cul.i.«o yrr 0 LSLQ)“)):’

Digdh o Ay ASS oo aie ob 4 p 3l (100P) wil> S5 o

Ferdowsi University of Mashad




o 35S0 Jualoxs ¥ o

Dgd o0 00l yisled yue 90 51 C alais

Ferdowsi University of Mashad @



Lo 350 Jloxs ¥ oo

1y 5 S 5m Blis 0255 sons (S5 (5 5m p3eiSe S ko ol
Bl oled bdylo o 5l sl 0 sy

- - -
= +'1"2 +T5

'
|

= r{cos@, 1 + sin &y j)

=
I

65 oo $98 SYSlno 3l o 53

A

' s
Ferdowsi University of Mashad L



o 35S0 Jualoxs ¥ o

oo oz p3lSe lelos SYolas o

Py |:+:ns B, +sind, j} + r]{cl:rs i i +sind, j] = r‘;{msﬂiHsin By j] + I"_.{:EIII-E i,f +sind, j]

¥y co8f, + 1y 056y = r cosh, + ry cosl,

Jj:ﬁl‘iﬂ: 'i'l'] Eillﬁ'j =-|"]_Ei“ﬂ| +:|"d!i.ﬂ Eq

Loop closure equation

[ ' X
O[@ -

Ferdowsi University of Mashad @




o 35S0 Jualoxs ¥ o

bl S e ¥ 95k o5 (Al 6l p abio )l o

AY y P > (539,9

Bz O juts Jo> 0 —

E.: e J.> )O -

&, &_)Ls.ud J.> )O -

UY}QDM i

sy B4 OB s > o —

L 4 ey Jor 3

L1 - s -

> ' X

- N
=T Sl Jo B U]

Ferdowsi University of Mashad @



o 35S0 Jualoxs ¥ o

o Hloz pille SYolas o

Position Analysis b e O¥olee oo

l

Velocity Analysis b SYolas olSiws

l

Acceleration Analysis sz DYl olitws

Ferdowsi University of Mashad




Lo 350 Jloxs ¥ oo

ry 0803 = r; cos b, +ry cosf, —r, cosh, By B3 SVoeme —
B Bi> g o8 b yaile, ¥ ol —
1 ; . 3 2 9 2P O,y ) Ul
rsind; =7 sinb, +r,sind, —r, sind,
r | u W
r=nler trg +2r,r_1(cusﬂ, cosf, +sinf, smﬂ,‘)
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2B+ 4B ~4C-A)\C+4) _pioVF i1 d
= =
2(C - 4) C-4

‘o ==] is asign variable identifying the assembly mode

Ferdowsi University of Mashad




o 35S0 Jualoxs ¥ o

-1
94 =2tan ¢ .J_;J:".go 9‘9_? 9& ),Q 45 Q)‘Q 09.?9 64 (5‘)-? h:—"j—? 5‘3

= s
1y cosfl +ry cosby —r, cosd,

S8 s plaS 50 03 45 WS e are (358 S 5 5 D0 Cudle &S el s
Dl oo oolaiwl atan2 b 1A col a8 )3

ATANl(sinﬂj. cos 8_,.] - tan']{ sin }
cost,

Ferdowsi University of Mashad




Jade 90 0, lade yo gl dd Con 4G jshilen
"assembly ambiguity ;5tige ,o sleo! “

w‘d?mts‘fd‘fg)i.qﬁ&go P,5P.
23l o oyle QR s 4y s Sl 50 S 05 4z i

55 ool el Ol _asls oKy oo

Ferdowsi University of Mashad




o 35S0 Jualoxs ¥ o

Sl sogmge T 0j00 4z o
(A2+B?) < C? s

Dol Slige wilgy el 0, G 4sly Comdge ;0 ous ool prlSe O g0 (pl o

Ferdowsi University of Mashad




Lo 350 Jloxs ¥ oo

$d9,9 coupler a5 > ol p |y e Jlgz 055050 Condge SYolae = o3 ©

Ferdowsi University of Mashad




o 38150 ks ¥

abo 5l o 3ilKo Cs g YSleo °
rw-l)‘d E:A-:-*js-o M 4.8.1.’> QYQL,.Q }‘ (5):25/ w4, L"

o gl 415 Jolo 358 Aslas 3 o8 5 4

", sinf, -+ r;6,; siny = ryf, sinf,

rb, cosh; +rd, cost = r4|§4 cosd,

B_'! and ﬂ'q 5l o )le SYgamme all (6999 é'! ST 598 dolao o

8, and 84 3 o5l SVspze 0l 535y B3 S 558 oles o

Ferdowsi University of Mashad @



o 35S0 Jualoxs ¥ o

Aol oo o OYolas oiws a4 05l 0 aduine g ax g8 OY ol S 4 S

3l sled g yle &ygo a4 e s SY0lse G‘BS 0

—-F‘J Sin 9_; ?‘4 Sill B" éJ’ - ?'MB-M Sil‘l HM
~r, cosf; r,cosd, |4, ry By cos 8y
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M =3 and J = 2 for 8, as the input

) prle 59, a5 090 abatis jo  as Cao o g (o BS0l anlome lagl (sl agly e pu g
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e _ 'I'J ' Lad L] 3 - L L] [ - &
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I . 32
ycosf, r,cos6, |16, By cosBly, ~ry 0y sind,, —r,6%sind, - 7,63 siné,

M =2 and.J=3 for 8, as the input
M =3 and J = 2 for 8, as the input

Pl 55, Jh 050 abadi s o LS (g (oo ol dvuloe bagsl (ol asly Sl (8
05.0.3 ML?DO ‘)
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fp=r+n= -(rzﬂ'z sinf, +r,0; cosf, +ryf, sinf, + rf; cosfy )r
- + oy . - -
+(rzﬂl cos#y —rb; sind, + rf, cosd, — 1'1931 sin @, ) j

. o - by 1 o v Ay
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Position Velocity
A=2rr,cost —2ryrycos8y, [—rjsinej rysin@, H&J}= {rw?” sin&M}
B =2nr,sinB, —2ryr,sind,, —rycos8y rycosty j|8s] |rb)y cosby

.2 2 2 2 ; g . . f . M
C—rl +rM +r4 —ry —zrlf'M(CDSGI COS&M +51ﬂ6151ﬂ6M) rQ = rz — rzaz(“mnazl +C0532j)

| -B+ayB -C?+ 4 |

= (—r4é4 sin&]f + (::,fh cosf, ) j

8y = 2tan 3 g=%I
C-4 Acceleration
9, =tan-!| A sinf, + rysinfly — ry, sinfy, [—rj sin@, rysing, HéJ } - {"Mé:y sinfy, + rMéf!, costy, + r_,é} cos@; ~ r40:§ cos 64}
Ik 1 cos@, +rycosfly —ry cosdy, ~#y costl; rycosé, {6, 130y €088,y = 1y, 0%, sinfy, — r,65 siné, + 1,0} sind,
rp=n=rn (cus B,i + sin 31]) p=hn= (—rzﬂz sin@, — 10, cosd, )l + (r292 cosf, —-ry0; sin -92)}

Fp = -(r4§4 sin@, + r,6 cos b, )r‘ + (r4§4 cos@, — b sin 8, ) j
rERtn=n (cosﬂzi + sinﬂzj) + .r,(cos Bqi + sinﬂ;})

=1 +ry =1 (cosfi +sinB,j) + r,(cosh,i +5ind, )

R=n= rl(cosalhsin ﬂ',j)
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r=ln=2rn=35r=4andf =0 < Spe e, ts
Syl Gty Jo V> SIS 2 6l 1) Brand By polis il
#,=10, w/2, w, and — 7/2
for8,=0

A=2rrycos) —2ryr cosh, =2(1)(4)-2(2)(4) =8
B=1nrysint =2nr,sing; =0
C=nl+r+ri-n —2r,rz(c{}sﬂ| cosf, +sinf, sinﬂ;) =11 4+2%+47 -3 57 -2(1)(2)=4.75

" =zm.l[-s+m}a‘ -+ A J

C-4

;
-0+ Jﬂ‘ -4.75" +(-8)
475+8

. = 2tan"'(0.5049) = 53.58°

=2tan’

-

P

- tan"[ rysinf, +r, sinB, — 1, sin 6,
3
7 cosf; + 1, cosby —r, cosd, |

_ lan_'[ 4sm(53.58°) ]= tan-'[lnm]" tan™'(2.3412) = 66.87°
L+ 4cos(53.58°) -2 1.3748
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8, o A B [ f, 8
0 1 -8 0 475 53.58° 66.87°
-1 - 53.58° - 66.87°
mf2 1 87 -16 8.75 177.28° - 143.85°
-1 55.86° 21.98°
" 1 24 0 12.75 -~ 122.09° - 75.62°
-1 122.09° 75.82°
~ /21 1 8 16 B.75 - 55 g5° -~ 21.98°
-1 - 177.28° 148.85°
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RV PN
[-5 sin®), rsind, Héj} . {rzél sin &, }
-rycosf, rcosB, ||6 r8, cos &,
¥ [ -3.55in(66.87°) 4sin(53.58°):| {f}, _J2(10)sinfo)] [-3.2187 3.2187](8,] (o
~3.5c0s(66.87°) 4cos(53.58°) 94} B {2(10)(:05(0“)} 3 [-—1 3749 2.3743}{@,} 3 {20}
> 8;=20rad/s and 6, = 20.0 rad/s

-rsinf; r,siné, :I{ﬁ'j} - {:3.51 sinf, + ryf; cos 8, + 18] cosd, ~ r0; cos H‘]

-, €0 g i Al s T 2 .
|~rcos@y, rcosd, |8, 10, cosdy — n#; sind, — ] sinh, - r,f; sind,

[-3.2187 3.2137]{?,}2 0+2(10)" +3.5(20)" cos(66.87) - 4(20)" cos(53.58Y | [200.026s}
13749 23748J(6,] | 0-0-3.5(20) sin(66.87°) + a(20) sin( 53.58) | -0-0363}

mmm) G, = 147.5634 rad/s? and @, = 85.4150 rad/s?
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e =T+

e =7, +"ﬁ(fﬂSﬂﬁf+sin9,5j)

& =8+0.

o = By + 1585~ sin 0 + cos 6 )

i

-

Fe =¥y + 135 ~sin i +cosB ) — 1,62 (cos i +sin 6 j)
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f; =tan

L I

- -l

':3 - f.d * rsﬂg(—sinﬂji*f‘l:ﬂsasj)

IR e o 9. 74,
resinfly  r; cosé.

g = Fy +785{—sinbsi + cosfy j) — r;02 (cosBsi +sino )

(s, 7 )+ rdd cost (i, =, J i sins,

b5 =- r
"‘5 sin ﬂj F's cOs Bs
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n=ln=2n=35rn=4andf =0 | E; s lis e, 8 Jle sl
s 8;=0,0;=10rcad/s, 6, =0,and g =1 -5l coy
B=tan"' G] = 26.565°
ry = AE =2.0/c0s(26.565°) = 2.236 cm
re, = rb, (—sin &, + cosd, j) + r5§3(—sin Ggi + cosly j)
B, =0, 6, = 66.87°, 6, = 10.0 rad/s, and 6, = 20.0 rad/s
8, =8, + B = 66.87° +26.565° = 93.435°

7e, =2(10)(0i + j)+2.236(20.0)(-sin(93.435°)i + cos(93.435°) )
=20 — 44.640f - 2.679 ] = ~44.64i +17.32 ] cm/s
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FE = .r‘:gz (-Einﬂlf " Cﬂsﬂ:."—) == ":E_E (EHSH.‘". hi Siﬂﬂ:j)

3

+rﬁ§3(-—sin 8. +cosh, )‘} - rﬁéj (cuﬁﬂﬁi’ + 510 Sﬁj)

f,=0,8,=66.87%, 8, = 10.0 rad/s, #, = 0 rad/s*, 8, = 20.0 rad’s, and 6, = 147.56 rad/s>

*
-

Fe =0-2(10) (i +0j) +2.236(147.56 ) - sin(93.435°)i + cos( 93.435°)]

~2.236(20.0) [cos(93.435°)i +sin(93.435°) j] = —475.76i - 912.56 j cm/s’
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S g 003 03l (gl Ldo SYoles

rF:rz +r3 =!‘1 +P‘4
84 =31+'JT/2

r> 5in@; +rysinfy = r sin b, + rysinf,

X rcosfl, +rcosfly =rcosé, +r, cosf,

-

A5l 18 il &8 o e IS 50 il 358 Y oles
el 2l B1) o bl Ll S o uis Ty lo 055l a5 asles ax o

ry, Fy, 1y, 0,, and 8, are constants  1f &, Is given, solve @, and r, in terms of #,
if 8 is given, solve &, and r, in terms of 8,
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S| $99)9 02 a5 Gdg &SJ—O.)J}?J ,n).u&o u.uﬁg.o J:>

03 91 oY gee
r; cosfy =1 cosé, +r, cos, —r, cosb,

rysinfy = r; sind, +ry;sinfy - r, sind,
=R +2r'1r4(cos @, cosf, +sinf, sin 64}

—Zr,r;{cos B, cos#, +sinf, sin 31)— 2!‘3!‘4(&‘{}3 6, cosf, +sinf, sin ﬂq)
A= 2:;(1::15 g, cosfl, +sinf, 5in54] -2 (cﬂs 8, cos®, +sinf, sin &1}

B= rf + rf - .rf - Zrzq(cnsﬁz costy +siné, sinﬂ,d

R+ Ar+B=0
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_—A+oV A -4B
2
o = %1 is a sign variable identifying the assembly mode

i
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r; can be complex {'.4_2 < 4B)

s Sz o6 o 523150
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.0)91 Can ‘) 63 CWEWe) asl> SYolso )‘ Q‘ﬁ" < R Mbbo I"1 aS k5"99

1= — - = —

1 cos) +ry cosf, —r, cosd,

355 i ]y O3 Glilte 42U ol oo ALANZ &5 5l oolil L

Fp=r +r= rz(cnsﬂzi+sinﬂzj) + r,[cns @i + sinﬁ';f]
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Gl (533505 1) a5 28y Sid-oaija) pjilSe Condge J>

A Hsind; +rsinfy =nsind, +rysint,
’ Pﬂ r, costl, +r; cosfly =n cosé, +r, cosh,
Q re;.;} // j r, alo 399 WYolas oIy Wi L
P // ‘\e
r 4 .
? 7 /2 \ AcosBy + Bsinf, +C =0
//

% r,

-7 \92 81 |

X
-

A ==2rr, cosb, - 2rr cosé,
B =-2rr,sinb, —2r,r,sind,

2wl 2T g3 : :
C=x +r; +r; -rf +2r,r4(cusﬂl cosf, +siné, sm94)
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A(l—r2)+3(2z)+c(l+r2) =0

t=tan[%2—] ‘ (C—A)IZ+ZBI+(A+C)=0

—23+aJ432 -4((:1—,4)((: +Aj  _BtaVB -C*+ 4

Z(C——A) = C-A

I ==

ﬂl — 2 tan o r
o= %] is a sign variable
identifying the assembly mode

e
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i'.u =f'1 +j'] =Jli +"'4
-rlﬂz Sil‘l ﬂ: - r;ﬂ, 3'in &3 = J':I cos HI
ry0; cos@, + r;0, cosf; =7 siné,

cosd, rysin@, |[A| [-ry8, sing,
sin 9l ~¥ l:ﬂse_; éf rHéH CQSEH

M =2 and J= 3 for link 2 as the input,
M =3 and J = 2 for link 3 as the input.

If r, is input,
then 6, and 65 will be unknown
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o 35S0 Jualoxs ¥ o

Fo=t +F=H+F S g o] p5le LS >
—r,0, sin @, —r,03 cos@, — ryf; sind; — 07 cosfy = 7 cosd,
r,0, cos8, —r,03 sin b, + B, cos b, —n04 sinfy = 7, sin

[cusﬂl rysiné; ]{F, } -rHB,, sinfy, — ruﬂl cosfy, -r;&z cosé,
Sinol =ry cosﬂ; 3; r‘“ﬂy CMRM —ruay smGH—rJ-ﬂJ ﬂﬂﬂ_‘r

M =2 and J= 3 for link 2 as the input,
M =3 and J = 2 for link 3 as the input.

If 7, is input, then 8, and 8, will be unknown

-rysin@, —rsinb, 32 _ |nb; cost, + 1,63 cosfy + i; cosb,
r,cos8, rycosd, B, 1,05 sin8, + 1,63 sind; + 7 siné,
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X
o

f‘P = l-'z + l'."j = (-'rzéz Sin Bz — r3é3 sin 63)1 + (?’29‘2 COS 62 + r3é3 COS B})}'
FP "--"l'z + é = —{rzéz Siﬂez +r2é§ cnsgz +r3§3 Siﬂﬂ] + r,ﬂ.f CGSQ}}’
+(r23"2 00562 - rzézz sin 92 + :'353 Cﬂ533 . rlé} sin 63)_1
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0} 37 1.0 rad/sec

o = 0.0 rad/sec

B
I, = 1.035 cm
I2 I, =2.0 cm
|1 |3= T cm
l4 = 2.259¢cm
| 5=1.035 cm

4 5
\D/\/%\I\— velocity scale: Tem/sec = 2 cm
C “-OEl

acceleration scale; 1em/sec 2_ 2 cm

I (©)
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2l L8 5 slacl slal o Wb ol alasly as oo ool Lizs dOuble-rocker alee Jlo> 0308 o -V
Al o,y 1, (tracing point) e > s il asls el ol 90 CcOupler i

_ Connecting
Tracing link

point

d d

2a=1cm, h=0.5cm, 2d = 10 cm, and that the arms have equal length 7

cm.
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y = y(®)

p sl sl agly b g s wilss oY 5O
=
8, + wt

313 Glaled Gloj 51 il wygeo 4 |y Sy Glg5 0 398 Loly, 5 sl L

o dy(e) = dy dp 2

L s
2
j}__d}’(ﬁ)___d(dydﬂ _dy(d8) dvdle _dy . dy
- , _ _dy 2 A
dr? dt\ d6 dt de* | at d@ 412 4p° df

@ 1§ constant, & =

L

y=y"w
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Follower Displacement

v

b Saloly ol A Jud

:rgg)‘.b ] ol Kalol s pus S o (ol ol

¥ is a simple constant times y’
¥ is also a constant times "

555 o e rad s 838 L5 S5y i

aapled gy [y oudy Gasetie blis ol g5

Retum i Dwell

Inflection Pomnts

360°

Cam Displacement
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Uniform Motion csiys, es,~

y=C9 in ages S

[\_‘;\.‘u\__, s 4—13‘3
Rise, 8 Dwell

1

— e L B NN

L [0S s o 31
Rise

B —

- MRS DU ik Sl Cam Motion
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59 o3laiwl b et 90 51 JBUI ja jo &S swuled a0

y=0C +Co+G8*

y' =C, +2C,0
y =20
wils st Y=Y =05 6=0 s ¢9)8 55 3
Co=Cy=
Slo 4 )3 598 258 5]
@=p2,y=L"2
C, =2L/p?
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=082 y=L"72,

§=B,y=L,andy =0
L B..(BY
—2-=C0 +CI'5'+C2(‘2"]

L= Cﬂ +'C'B + Czﬁz
O - Cl + ZCZﬁ
linear set of equations

y=1L
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Follower Displacement
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Follower Displacement
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Return

y=Lto0 angulardisplacement 8

y=Landy' =0atf=0andy=L2até=£2

C,=L,C,=0,and C,= =2

ﬂi
2
9
=[L1l=-2—
g (a)
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0=82,y=L72,
f=8,y=0,andy" =0

2
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=2l =—
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"Parabolic” cs, 1, Salsb o1k Sl

dwell at zero lift for the first 120°
dwell at 0.8 in lift for cam angles from 1807 to 210°

cam totates with constant angular velocity
10° plotting intervals

- 1.0

Follower Displacement

i el J—— { i ] | 1 5 | S———
o o0* 1807 27 s

Cam Angle, ¢
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2 ~120°
yv=2L f‘ ::l-ﬁ(d} e )
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(-

6 1200 130° 140° 150° 160° 170° 180°
y  0,0000 0.0444 0.1778 0.4000 0.6222 0.7556 0.8000

2 210° 220° 230° 240" 250° 260° 270° 280°

y 08000 07929 0.7716 0.7360 06862 0.6222 0.5440 0.4516

L) 290" 300° 310° 320° 330° 340° 350° 360°

y 03484 0.2560 0.1778 0.1138 0.0640 0.0284 0.0071 0.0000

B 1.0

Follower Displacemnent

| " | = | L X —

, L
o 90 180° 270* 360"

Cam Angle, ¢ @
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a rise starting from @ =0 and ending at # =B and y= L

L[ 0

y=—|l—-cos—

2 B |

yr = E“Ein E _}’ 5 TI'L{U sin 'TTQ
2B : 2B B
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, 2Lw | 2m8 . @ ? . 28
y = sin , y=2Ln E sin ——-

g B
o) 3
y= 4L:r cos 200 , Y= 4Ly? [EJ cos <l
B B B

equations are valid for values of 8 from zero to
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2 139 0y 1) g b Sl il
i
y=1(6)= 24
i =0

# is the cam angle
A's must be determined from the conditions to be matched.

sl p3¥ by ML 598 Culhs s sy
6ok O] el < adb oo o dayd e o gy g b S N s34

&)LA < Ji.uo ‘) é,.eo 915:? D ydamwy (§3s 6L§Ua.> ol M‘}:-

n B .
1=0
constants are always numbers between 0 and 1
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2
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3-4-5 polynomial =s> six! 51, Matlab w,,

clear

teta=sym('teta’);

y="10*L*(teta/beta)"3 -

15*L*(teta/beta)*4 +

6*L*(teta/beta)*5';

yd=diff(y);

ydd=diff(yd);

yddd=diff(ydd);

L=1; % Rise cm

beta = 60; % Rise Angle deg

H=1;

for teta=0:0.1:beta
tteta(ii)=teta;
yy(ii)=eval(y);
yyd(ii)=eval(yd);
yydd(ii)=eval(ydd);

Ferdowsi University of Mashad

yyddd(ii)=eval(yddd);

li=ii+1;
end
plot(tteta,yy,'LineWidth',2)
hold on
plot(tteta,20*yyd,'g’,'LineWidth’,2)
plot(tteta,200*yydd,'r",'LineWidth',2)
plot(tteta,2000*yyddd,'m','LineWidth',2)
grid
legend(‘'Displacement’,'Velocity','Accelrati
on','Jerk’,...

‘Location’,'NorthWest')
Xlabel('Cam Rotation Deg.")
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Lulys 5 Saigale cigaas 0ailS JLis S
Offset=0

dwell at zero lift for the first 120° of the motion cycle and
dwell at 0.8 lift for cam angles from 180° to 210°

S 0 oylygs 5Kl g 43 Salsb g ) inch Soks ylad

NCIOR] N2 o.b)gTﬁ)‘ Jj_).:- B kSA‘.)L: ng.b 4.:9‘) L w saS db.b t..aS)?' uLw:LzA EJL.:

¢ 0,380 1w 20° 30° 40° 50 80" 70 80"
y 0.0000 0.0000 00000 00000 0.0000 0.0000 0.0000 0.0000 0.0000
¢ 20° 100° "o 120° 130° 140° 150" 160° 170°
y 00000 0.0000 0.0000 00000 0.0536 0.2000 04000 08000 0.7464
8 180" 190° 200° rali 220° 230° 240° 250° 260°
y 08000 08000 08000 08000 07913 0.7654 0.7236 0.6677 0.6000
L) 270° 280° 290° 300° 3 3208 3307 340° 350°

y 05238 04418 03582 0.2764 02000 0.1323 0.0764 00348 0.0087

Ferdows/i University of Mashad 4



b Saloly b A ot

g p oy sl sl 4 VS g 13 )+ 50 b slads bghas Tl -)
g 8 sy dalgl ol s g Lns 03l g <Y

ol 0 s 3 adly 5l ddgl e pls awg(\.a inch ) 2Bl Las ol 8‘"""’

radius of primecircle =r, +r,
=1.5+0.5=2inch

Ferdows/i University of Mashad




b Saloly b A Juas

D9 &‘?Wuxb C)Bwbé&w 0)5,4.3 a.sMSJLu.b)S)A J‘ﬁ"‘“ kgl.ew.a.s}e O

45 sal swlg> i olpiadge abb jlas o> 51 1SS Lua ol slab &Siyge 53 O
35 Szl o 5 b 48 59 sauiS JLos gl 5| ;iSargS Salsl by glat

ety 028 JLos slats g bl ool Spo 0 o0 sy slb opls O
515 3550 Salol Judays b oyl ool 5 slon giomia b Gogy « o

g ..ubb;-

Ferdows/i University of Mashad




b Saloly b A ot

Radial Flat-faced Follower l,; Salsb gy o)

bl 0 S L Billae S ynis Jooor 9 (Sidgals ()1Sa yuaitS Judgy O

g3 <85 wb Lna oyl slads Ll 59y Lol ¢ 9,105 395 agl pls el ¢l 55 O
S g oy i itlan 15 sy30 05 olas et O

sl 8,8 L o slady slazel yo Jgoor 5o sud sls slas! Lelu! 4 g1Ka yuis O
35w 0 e fy Salob s ¢ slaty gliwly 53 LI ¢l 55 3g0s b3 O

] 808 831 831031 o slad glewl, OFfSET s0iiS JLss 495 O

Ferdowsi University of Mashad




b Saloly b A ot
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Follower Rotation Y

: Follower Translation
Relative to Cam

Follower Displacement '
from Table 8.6 4 N

Offset Line Normal (o O
Radial Line, Length=0.2 in

Follower Velocity / 4
Relative to Cam

Line Corresponding to

| 4
Face of Follower  ~#w (

Follower Centerline
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Follower Rotation
Relative to Cam /

160° and 170°
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base circle is too small to generate an acceptable cam for
a flat-faced follower
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R=ry+r,+ f(0)
x= Rcoso-ﬁsim?:[ro +n +f(0)]coso-6sin8
y= Rsin8+6cosa=[rb +n +j(8)]sin0-8c036
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1. intersections of roller circles
2. average tangent location formed by successive tangent lines
3. intersections of successive tangent lines, and

4. tangent points formed by a circle tangent to three successive
positions of the roller .
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Radius of curvaturs

g ]|

[{X; )(Ym Y) (X 4= }(Yx "'Yl-l)] \[(Xi _xc)z +(Y, _yc)z

o= --.)( =) (X - X (X

Cam coordinates

X; =[rg + 1 +f(8,» )]cos&,- ~dsinf,

¥, = iro + 7, + _f(B, )]sin@,- +dcosh,

W, =tan"(—y‘—'—¥‘-] (f: e n)

\ .1" = Xc
Pressure angle
¢|‘ = "’[ =
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Ay = ~tycoey (convex)
Y; =y, —rysiny,

X, =x, +rycos
o cosy, (concave)
Y, =y, +psing;
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the follower starts from a dwell 0 to 90- and rotate CW.

The rise occurs with cycloidal motion for rotation from 90-to 180-. The follower

then dwells for 60- of cam rotation, and

the return by harmonic motion

for the cam rotation from 240- to 360-.

Rise is 2 cm, and the follower radius is 1 cm.
he base circle radius is 4 cm and the offset is 0.5 cm.

0S6<sm/2:

17/2395 o
<8< 4m/3:

4n[3<0<2m
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Ue oyls als.w J8lo dewsl=e
g% = f’(&) cos@ -[rb +f{6)]sin6 - f"(6)sin6 - _f'({)) cosf = —[r,, + f(o) + f"{ﬂ)]sinﬂ
2
gﬁ =-{r(6)+ r(68)]sino-[r, + 1(6) + 1(8)]coss

g% = f'(€)sin0+[n, + f(6)]cos6 + £ (6)coso- 1(8)sin0=[r, + £(8) + £*(6)]cose

%‘;-:z[ r1(6)+ f”'(ﬂ)]cosﬂ-—[rb + 7(8)+ f"(o)]sino
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Y do){d? y/do* |- (dy/ do){ d’x/ 8"

| =[n+ 1(6)+ r(6)]

Ferdows/i University of Mashad




b Saloly b A ot

p20

[+ 1)+ £7(6)] 20

Ferdows/i University of Mashad

—

CUSp D9 g PAE g (439 LA ,Io).w

n2-/(8)-(0)




b Salsly b A b

Cam coordinates—clockwisa rotation of cam

x, =[r,,+ £(8:)]cose, - 16, )sin8
¥i =[r,, + f(@,)]sinth» f'(ﬂ,)cosef

Cam coordinatss—counterclockwise rotation of cam

x=[r, + £(0)]cosé + £(6)sino
= [rb + f (0)]sin8 -f '(0)005.8

tmax.min e f’(si Hmax.min

Radius of curvature

p=[rb + £(8)+ f”(e]
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. 8L . T
r'(e)= — [sm 4{0 = -2—))
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8 fio) lcrm) f'(8) lcm) £{0} lem) Fmio L€T) t {cm)
0 0.000 0.000 0.000 0.000 0.000
—dwell—
90" 0.000 0.000 0.000 0.000 0.00G
100° 0.018 0.298 3.274 -3.291 0.298
10 0.131 1.052 5.018 - 5,147 1.052
1200 0.391 1.910 4411 - 4,802 1.910
130 0.780 2,470 1.742 -2.522 2.47G
1407 1.220 2.470 -1,742 0.522 2.470
1807 1.609 1.910 -~ 4411 2.802 1.910
160" 1.869 1.052 -5.016 3.147 1.052
170" 1.982 0.298 -3.274 1.291 0.298
180" 2.000 0.000 0.000 ~2.000 0.000
—dwell—
240° 2.000 -0.000 - 2.250 0.250 - 0.000
250" 1.968 -0.388 -2.173 0.207 -0.388
260° 1.866 -0.750 - 1.949 0.083 - 0,750
270" 1.707 - 1.061 -1.591 -0.116 - 1.061
280° 1.500 -1.299 -1.125 -0.375 - 1.299
290° 1.259 - 1.449 -0.582 - 0.676 - 1.449
3007 1,000 -~ 1.500 0.000 -1.000 = 1.500
310° 0.741 -1.449 0.582 -1.324 - 1.449
320° 0.500 - 1.289 1.125 -1.625 -1.299
330° 0.293 -1.061 1.591 - 1.884 - 1.061
340" 0.134 -0.750 1.949 -2.083 -0.750
350° 0.034 -0.388 2.173 -2.207 -0.338

Ferdowsi1 University of Mashad

sty alowl Slaslns bl
e 050l lats 5o
,=3.147 cm
sSu2.47cmt sls,
el 1.5CM 4 500 Ls
oled B okl b Sie bas

39 @8lg o maw (59 5o




b Salsly b A b

293 4 0 2 & & 3 10

cam with a base circle radius 3.2 cm,
and the follower face will be 2.6 cm
above centerline and 1.6 cm below it
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cam with a base circle
radius ¥ cm
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Gear tooth in-plane geometry terminology
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e —’br—r D, = diametral pitch
? A = addendum of rack
0 B = dedendum of rack
I - ¢ = pressure angle
B I, = radius of tip of rack tooth
! ’ = radius of fillet of rack tooth
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Assume that the above rack is used to generate a gear. The pressure
angle is 20° with a diametric pitch (D) of 10 teeth per inch. The rip
and root radii are both 0.0l in. The addendum constant for the rack is
1.25, and the dedendum constant is 1.1. There are 15 teeth on the gear,
and the addendum constant for the gear is 1.0. Determine the shape of
the gear tooth.

mfile : geardr.m
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* Gear Tooth Generation Program

« Enter 1 for file input and 2 for interactive input [1]: 2
« Enter input file name (geardr.dat): manual.dat

« Enter value of diametral pitch [10]: 10

« Enter value of addendum constant for rack [1.25]: 1.25
« Enter value of dedendum constant for rack[1.0]: 1.0
« Enter value of pressure angle in degrees [20]: 20

« Enter radius of tip of rack tooth [0.02]: 0.03

« Enter radius of fillet of rack tooth [0.04]: 0.04

« Enter number of teeth on gear [10]: 8

« Enter value of addendum constant for gear [1.0]: 1
« Enter number of points in rack tip land [30]: 30

« Enter number of points in rack tip radius [30]: 30

« Enter number of points in rack flank [40]: 40

« Enter number of points in rack base radius [30]: 30
« Enter number of points in rack bottom land [30]: 30
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Program for Drawing Rack Envelope (rackmotion.m)

Conjugate Gear Tooth Generation Program arb2th.m
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A -pump used for pumping drilling mud in oil-well
drilling has IWQ double-acting cylinders.

The linkage of the piston to the crankshaft for each
cylinder is arranged as shown in Fig.
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Newton's second law are all that are needed to solve any
dynamic force system by the Newtonian method.

Jean le Rond d' Alembert (1717-1783), a French
mathematician, rearranged Newton's equations to create a
"quasi-static" situation from a dynamic one.

D' Alembert's versions of equations Newton's second law:

Ferdowsi University of Mashad
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An automobile has a total weight of W = 4000 Ib
distance between the front and rear axle centers b+c =90 in,
and its center of mass is b=40in behind the front axle center.
the center of mass is h = 25in above the ground.
The wheel radius isr =14.5in, and on a good surface
the coefficient of friction between the tires and road is 0.8.
&S Grgo 33 da3gl conss |y § UB Ol 4 Jasagil Ol 2STao s
33 ES 4 s o JawsgS Jpuagdl -
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Front-wheel Drive
2. F,=0: —F, +uN,

Z‘F..v =0: W =N, +N;

D M =0 Ny =bN, +huN,
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Ne=0.778 W and N, =0222 W
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A fly-ball governor
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The valve is fully closed when the
angle 0 is 75°. Compute the speed at
which the valve is dosed if the effective
centers of mass of the arms are in the
locations G and G’ and other inertia can
be neglected. The weight of each arm
Is 0.25 Ib. The adjusting nut is set So
that the spring is at its natural or free
length when 6=8°. The stiffness of the
spring is 20 Ib/in. The lengths of the
links are given.

AB=BC=AB'=B'C'=1.5In.
CG=C'G'=2.438in, and CC =1.25 In.
G and G'are center of mass

Ferdows/i University of Mashad
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r=2438sin 75"+ 0.625=2.97% in

N F, =0 Fay +F —F,sin75°=0
a; = rw’ = (2.9?9[!2}m2 =0.248 w"

D F, =0 F;—F,c0875°=0

Y M =0
& AC=2x15¢c0s575"=0,776 in
Fy

)= AC=2x15c0s5°=2989 in
x = 2.989-0.776 = 2212 in
" 2F,=20%2212=4424 Ib

F,=22.121b

F, = mag(0.25/32.2) x 0248 =0.001930"

Ferdowsi University of Mashad @
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F 5 = F;[cos 75° =22.12[cos 75° = 85.47 Ib

1.5sin 30° 1.5sin30°
o e F . =85 47=101.58 1b
2.438sin15° 2.438sin15°

w’ =F, [0.00193 = 101.58/0.00193

w= 2191 rpm

speed at which the governor will close the valve

Ferdows/i University of Mashad
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c¥olan gy = leasslSe oy Julos
oAl Gl b 53l
a mass, being rotated at the end of link

at a constant angular velocity (® and

constant radius 7.

Ferdows/i University of Mashad
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"pure" free-body diagrams of both members in this system,
the ground link (1) the rotating link (2).
The only real force acting on link 2 is F12,
angular acceleration a Is zero in this example,
the acceleration acting on the
link is only the rw? component,

which Is a centripetal acceleration,
l.e., directed toward the center.

Fiz =mrﬂ}2

Ferdowsi University of Mashad
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free-body diagrams done according to
the principle of d' Alembert

a negative ma inertia force /
applied to the mass on link 2

F‘lz —mrﬂ)z =0

Fi2 = mrﬁ)z
12

21

Ferdowsi University of Mashad @
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FORCE ANALYSIS OF A FOURBAR LINKAGE

linear accelerations of
CGs, and link angular
accelerations and
velocities have been
previously determined
from a kinematic analysis

find the forces acting at all
the pin joint of the linkage
for one or more positions

Ferdows/i University of Mashad
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Linkage has three moving links
three equations for any link or rigid body in motion

D F =ma, Y F, =ma, Y =10

expect to have nine equations in nine unknowns for this problem

An external force F D IS shown acting on link 3 at point P. Also an external
forque T 4is shown acting on link 4.

To solve for the pin forces it is necessary that these applied external
forces and torques be defined for all positions of interest

Ferdowsi University of Mashad
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The linkage kinematic parameters are defined with respect to a global XY
system (GCS) whose origin is at the driver pivot 0, and whose X axis
goes through link 4's fixed pivot 0,.

The CG of each link is initially defined within each link with respect to a
local moving and rotating axis system (LRCS) embedded in the link
because the CG is an unchanging physical property of the link.

We need to define each link's dynamic parameters and force locations
with respect to a local, moving, but nonrotating axis system (LNCS) x, )
located at its CG as shown on each free-body diagram

Ferdowsi University of Mashad
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link 2

by, +F3, =mag,

Fa, + 3, =mag,

T +[R12,_,F12}, — Ry Fi2, )+

(Raz_x Fyp, —Ryy F3p ) =1g, 0,

Ferdows/i University of Mashad
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link 3

Foz, —Fy +Fp =myag,
Fio —Fy +Fp =maa
13, ~ P, +Fp =miag,

(R43J¢F43y _R43yF43x )_(R23IF32}* _Rz?’?&z-‘ ]+

(RP.:: FPy —pr pr ) = IG3'13

Ferdows/i University of Mashad
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Link 4

Fa, —Fy3, =myag,

F. —Fpx =mya
14, —F43, 449G,

(R14x Fia, —Rig Fug, )"

(R34x Fp3, —Rsq Fuz, )+ Ty=1g,04

Ferdows/i University of Mashad
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There are nine unknowns present in these nine equations,
Fi20 F120 Faz0 Faop Fazo Fazp Frae F14y @10 T,
so we can solve them simultaneously.

10 1 0 0 0 0 0 0] [R.1 T myag,
0 1 0 1 0 0 0 0 O Flz}, myag,
~Ri;, Ry, Ry, Ry 0 0 O Ig, o
0 0 -1 0 1 0 0 0 0 F32y m3ag, —Fp,
0 0 0 -1 0 1 0 0 0fx Fis | = myag, - Fp
0 0 Ry, -—Ry, —Ry, Ry, 0 0 0 Fya, Ig,03—Rp Fp +Rp Fp,
0 o0 0 0o -1 0 10 0] |F, maag,
o o0 o0 0 0 -1 0 1 0 |R, maag,
0 0 0 0 Ry, R, —Ru, Ry 0] [T, ] | Ig, 0414

Ferdows/i University of Mashad
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