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=n=n+n+r, 045055 c01 5Ty 5T 51 S sl s

e RECHPCIPRICINE
8, =0, —m/2 b o i

r; cosfy =r cosh, +ry cosfly +r; cosl,

rysind, =rsiné +rysinf; +r,siné,

Ay | e
ry, 05 0,
ry, 0, 03
0,, 0, I
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ry cosfly —r cosf =, costy +r,sind,

1, 5iné, —r sinf; =, sinb; —r; cosh,

sk g 5093 0y § Al Jo 0

= Jrf +r —7f —2rlr?_(cos 8, cosf, +sinf, sin 32)

Al1+62)=n{1-1)-r(21) =0
A= Py 00392 —# CU‘SBI

(4+n) —2rt+{d-nr)=0

2,af

O

Ferdows/i University of Mashad

o
et




_ 1y +B-J;f—.42 +r31
= (A+r3)
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W™
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f; =2tan™'t ‘
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ry cosfl, —r cosf =, cosly +r,sind,

1, 5iné, —r sinf; =, sinb; —r; cosb,




ry cosf, =1 cosb, + r; cosf, +r,sind,
.r: Sinﬂz - rl Einﬂl +r3 Sinﬂj —Fy l:l}ﬁ-ﬂ]

first for r, and then for 6,

Two solutions ‘
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sl o 53959 U3 8 > sl o ®

Position 2
n =-;-[—B+BJBZ -4C]; B=+l

B= Zq(cosa, cosf; +sinf, sin 93)

= ’,12 1), r22 + f42 = 2"‘?'4 (c056, sin 03 -sin 6, 00393)

0, =tan™" 1 sinf, +r; sinf; —r, cosh,
r cosf, +r; cosy +r,sind,y

0, =0, —7/2

p=R = rz(cosﬁgi +sinf, j)
rp=htry= r,(cos&,i +sin 0,;’) +74 (cosﬂ.,i + sin84j)
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ab o959 [3 8 A=l J>

eliminate 8, from the component equations
solve for 8, and then for 6,

two possible solutions )
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Position

A =-2nr, cosb,

B==2nnr, sind,

Sl 2 2 2
C=r+r" -1y —n

- .

A=r, cosf, —r, cosf,

il s +a\/rf - A -H',2

(A-i-r}) )

03‘—'-'2t8n

o i1s constant for a given linkage and
is determined by the sign of angle PQR.

Ferdows/i University of Mashad

abb 009y l3 8 I lpd= ©

0‘ =03 —17/2
p=n=n (cosﬂzt'+sin02f)

=ntn =r,(coso‘i+sin0,]]+r4(cosﬂ4i+sin 04]')




S 5 0ai5a) 955ma 03580 (sl caspus Y slma ©
Tp=h=hH+r+n
ry, ¥a, ry, and 8, are constants
fjj - 9-4,
~ry8, sin &, = —r3é3 sinf + #, cosf; + 1,6, sinf,
rzéz cos, = r,é, cosfdy +rysinf, + r4é3 cosd,

39 (o dpuslons 498 Sr Jhas sy 1 JIghus LY
Tl byl bey (23 b 698
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O
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If , is input, then #; and 9, will be unknown

cosdy —rysindy—rysinb; (5| —rzéz sinf,

sinf; rycosd, +r,cosd, |8 rzéz cosf,
If 8, is input, then #, and 6, will be unknown

~rysing, —cosé, |[6, y —563 sinf; - r,‘éJ sind,

rcosé, —sind || A 1393 cosf, +r4f?3 cosfl
If ry is input, then 8, and 8, will be unknown

I sin 02 £ sin 83 + ry sin 04 9.2 _ ’.'3 (:0893

r,cosfl; —rycosby —rgcosh, 93 ry sinfy
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—ry 05 sin@, — 8 cosé,

= "r383 sin 83 —r_;ﬂ; 00593 2 ;:3 COS 83 —'2’:383 sin 0}; -rAB*; sin 0, ~r43.£ 00304
"‘rzﬂz Cosﬂz - ’:3.922 Siﬂez

= n .z 4 " e . s 3 2
==, cosd; — nyf; sinb, + F sinby + 2740, cosy +r,0; cosf, — r,ﬂ% sin 8y
If 8, is input, then 7; and 8, will be unknown
cosfly; -rysinfy —rgsinf, || A
sinfy rcosfy +rycosb, 5,
= -r252 sin@, —r,07 cosf, + r;éf cos 8y +250; sind; +r,67 cos,
150, cos B, — 03 sin8, +ry07 sin 8, — 27,6, cos, +r,6% sin g,
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If 8, is input, then #, and 8, will be unknown

-r; sinf, -—cosé, 52

rcosf, —sinb; ||F
rze, cost, — r303 sinf; — r3é§ cosf, — 2r,0, sin @, - r493 sinf, ~ r493 cosd,
rzO2 sinf, + r303 cosfy — r363 sind, + 2r303 cosfy + r493 cosf, — r493 sinf,

If y is input, then 6, and §; will be unknown
["rz sin 92 & sin 93 + Fi sin 04 52
r, €086, —r cosl; —rycosd, 53
{rzﬂz cosf, — r,ﬂ, cosf, — 2r,93 siné; +# cos 6, — r493 COS 94}

ry0; sin 6, — r,&z siné, + 2r363 cosf; +#sin@; — r403 sind,
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(8, = 60°) s 3L (sl argly Slis g sy ¢ ¥ 9 7 sl 5L Jobo £ gazea
8, = 2.5 rad/s CW constant JAFSERIS] S PULRCITE IR %)
P
A
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r=85cm, 6, =60°, @ =-2.5radf, 9, =0,
r, =0, 8, =60, é, =0, 54 =1,

U.IIkﬂD"r'l"l'l. ry, 93| 9'3, and 53

n =J;22 + rf -1 —2qrz(cosﬂ| cos 6, +sin 8, sinﬁz)

. Js.s’ +207 - 2(20)(8.5) cos(60°) = 302.2 =17.38 em

- . : iy il yly3 9 SeSlaipus pl Sl
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A=r, cosd, ~r, cos 8, =8.5cos(60°)-20=-15.75 cm

s =2m-nPa +By7 - £ +G’T=2m-| By-{(-1575) +(17.38)
g (4+7) (-15.75+17.38)
IO 27 P '
=2tan”" ~(i53) +154.98

To determine 84, we need to specify B

For this problem, 8 = +I
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velocity analysis

cos(154.99) —17.38sin(154.99
5in(154.99)  17.38cos(154.99)

09059 -73612]{% | [ 18.403
| 04234 —15.750] |8,

—
p—
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cos 8, -nsinb;~rgsing, {jr| |-n 9, sinf,
sinf, 70058, +r, cost, |6 r,8, cos @,
7
6,

{—1(}.625

{_s.s(-z.s)siﬂ(ﬁ‘]")}

8.5(~2.5) cos(60°)

Al [-21171 cm/s}
=4 r= ]
6, 10.1055 rad/s




acceleration analysis

cosf, —rsinfy —~r,smb, lir,
sinfly r,cosd, +r, cosb, j{6,
- {—rzﬁz sind, — r,‘,ﬂz2 cosé, + r;6; cos®, + 27,8, sinf, +r,6; cos 94}
. 5 > % L o
r,8, cosfl, -6, sinf, +r,8; sinf, ~ 2r,8, cosf; +r,8; sind,

-0.9059 -7.3612 |[#

04234 -15.750 ||8,
r—(a 5)(-2.5) cos(60°)+17.38(0.1055)" cos(154.99°) +2(-21.171)(0.1055)sin{154.99°)
~(8.5)(~2.5)" sin(60°) +17.38{0.1055)" 5in{154.95°) + 2(~21.171){0.1055) cos(154.99°)

L *zs,wst}#{a}_ 4777 cmfs?
-42.6038)  16;] 12833 rad/s?

=S 59y S
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a less common mechanism than the various four-bar linkages and slider cranks

Rapson slide, is used in marine steering gear
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a- 1, cosf, +rcosty =r cosh, +r,cosb,

b- rys8infly +rysinfy = r;sind, +rysinf,

AY constants: ry, 0,, r,, and 8,
b c- 0y =8, +m/2
\ 1y 4 ) .
: 37 variables are ry, 8,, ry, and 8,
\ R I_f‘ Equations are a, b, c.

X
\\\WR
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r; cosfy — ry cosly =r cosb, —r, cosb,

rasinf, —r;sinf, =r,sind, —r, sinf
3 ¢ o ¢ 4=n 10 2

cos@; —cosdy ||| {rcosf, —r, cosh,

sinfy, —siné, ||r y sind, —r, sind,




Position s2923 0
93 = 92 + 17/2
94 = Bl + 17'/2

cos@y —cosfyiln| |[rcosf —rcosb,
sin@; —sinby ||y r, sin@; - r, sinb,

rp=r+R =(r2 cosf, +r; cosﬂ,)“-(fz sing, +r, sin93)j
=n+n= (r, cosf, +ry coso.,)l "'("l sin 6, +#,sin 94)j
Tp=h= (’ﬁ cosaz)f'{- (rz sin 02)]

rg = 1, =, cos8, )i +(r; sin8, )
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Velocity
é:i =6,

cosfy —coshy |[r] | r6,sin6, +ri6;sind,
sing; -sind, |7y ~ry0, cos 8, — r,0, cosb,

Fp=h+n= (—rzez sin 8, —ry0; sin B, + 7 cos b, )i + (r2 6, cosf, + r0, cos@; +r,sinf; ) j

=Fy = (r'4 cosO,)i + (i4 sin 0,,)]
'.Q = = (—rzéz siné, )l' + (r2é2 cosé, ).’

Acceleration

53 . 62
[cosﬂ, —cosf, ] [F,} . { 7,0, sind, + »,63 cosf, + 2i'39°3 sinf, + r,é, sinf; + r,()} cosf, }

sinf; —sind, |{7 ~r,0, 06, + r,03 sind, —2#0; cosf; — nb, cosfy + r,f),z sin 6y

rp=F= (i",, cosﬂ.)i + (i-',, sin04)j

fp=#= (—"zéz sinf, — 1,03 cosd, )z’ + (rzéz cosf, —r,0; sin B, ) J
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geometric unknowns are r, and r,,
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[& [
cos; —cosf, [|n 1 { r, cosf, —r, cosé,
sin@; -sinf, ||r,) |r,sin8, ~rsing,

[c0os60° —cos180° " W 10cos 90° -0
> =
| sin60°  —sin 180° 10sin 90° -0

" 05 t]fn] [o {r,}:{u.m}
08660 0|~ lio —) n) |-5.774

Mbd.oe4 O ez yo Mg g 5 sl l sians Lis ke cuadls :Mg cudls 59y 4 5
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unknowns are 7, and 7,
8, = 6,= 10 rad/s CCW.

[ cos g, =—cosb, ||7 1 ~ r,8, sin 8, + r,6, sin 6,
 sinfy, —sind, ~r,8, cos 8, - r,0, cos b,

[ 05 l:}{r‘al_;0+ll.547(10)sin60°}x{ 100 }

08660 0|7 | |0-11.547(10)cos60° 57.74

il [-66.67
Rl 13333

%)

B s
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unknowns are 7 and 7
ﬁz - ’ﬁs =0

sinfy, -sinf, ||7 —r,fl, cos B, + 1,6] sin B, — 270, cos 8, — b, cos b, + 8% sin &,

05 t|[R] [-5774
08660 0|5] |1666.7
%] [ 19245
| |-1539.6
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This mechanism occurs frequently in industrial machinery and household appliances

A common version of it is the Scotch yoke,
converiing rotary motion to reciprocating motion.
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PE=R=RTH

r, cosfl, =1 cosf + r, cosd,
r sinfl, = rsinf, + rysinb,
8,, ry, and 8, are constants
6, =6,+8 P isaconstant
X variables are r, #,, and r,

the closure equations
must be satisfied throughout the motion of the linkage
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sbl g3939 05 &5 A sl S

Position
6, =6 +pB s il Y slas il 53990 45 84
cosfy cos; |[n| [n cosé, sl o o T3 5T @ s
Sin Bl Siﬂﬂ} " 5 Sinﬂz ..b)‘.b Sg>9 )Lqﬁ.a oJl- g_i,g Las

= =("2 °°392]i+('2 sinﬂz)]

=h= (I‘l COS&I)"*(" sinﬂl)j
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Velocity
cosB, cost; || A ot -rzéz sin B,
sinf, sinb, |(5 8, cosb,

bp = iy = (~nyb, sin6, )i + (10, cosb;)j

fp=H= (r, coso,)i +(r| sinB,)j
Acceleration

[coso, cos 03]{5']} - {-—rzéz sinf, — r,6; cos&,}

sinf, sin6, (|7 ry0, cosfy — r,63 sinf,

Fo=t = (—rzé2 sin6, - 1,63 °°392)i +('262 costy =3 Sinﬂz)j

p=h= (r, cosa,)i-i-(i'; sine,)j
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2bb 0 RRPP 086 (esSae S Elliptic Trammel

Ny W

COUPIEr b 5 ol o532 LPIISMALIC £ 31 a3 L ¥ ¥ sliae! ey Sl
sl o LTEVOlULE 545 5
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Cyndga o

3L 3590 Go3a) shls g ol maye 1o i Iy 93
g o LSS CumBge diws 4l 1oy 4w LRRPP 40 e —

Point O is the origin of the frame coordinate system.,
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Cyndga o

rQ = Ji =r1 +.r3
ncost =n cost, +rycosh
nsinf =n siné, +rsind,

constants: 8, r;, and 8,
0, =0, +B pisaconstant

variables are r;, &5, and r,.
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Position
0,=6,+p
cosf, -cosb, q}={r,cose,}
sinf, -siné, ||~ r; sin B,
1 =1 =(ry cost, Ji +(r, sind, )

R=hK= (r. coso,)i +(q sinO,)j

Velocity Acceleration

[cosa, -cosé, r}}:{-—r,é,sinl?,} [cos@, —cosﬂz]{ﬁ}z{-rgé,sinol-qéfcosﬂ,}

sin, -sinb, ||%] | nbycos8; | |sing, ~-sin®, ||i| | 58, cosh —n; sin,
tp = = (3 cosy )i + (7, sin8, ) j 7 =B = (i costy Ji + (7 sin6, )j

iy = =i cosO,)H(i,sinD,)j iy = # = (7 cos8, )i + (7 sin, ) j
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When r, is known, we must determine 6, and r,.
Two assembly modes

It is also possible to specify values for », for which
the mechanism cannot be assembled.
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Position Velocity

h =g +4 cos8, -nsindy (|5 | |Fcos
J i sin,

sinf, rcosf; ||

B= —r,(cosa, cosf, +sinf, sinﬂz)
c=( -1) = =i costs ) 45 00,
iy = k=(4 cosf, )i + (% sin@, )

r=-B+ oVB: —C Acceleration

-1 fisinf —r sind,

coshy -nsinby (|5 | |7 cosé, + 6§ cosb,
b, 7 sin@; + 87 sin6,

03 = tan
1 cos@, —n, cosb, sin@, rcosb,
rp =1, =(r, costy )i +(rsind,)j Fp = # =% cos8, )i + (5 sin6, ) j
n=h ,__(,-l cosﬂl)i+(f| sinB,)j Ry =F§= ("1 cosﬂl)i+(ﬁ sin&)j

e
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"'\'3)5T N Coupler o Ghes So sl P s38) ks g caspu g R s Cans 90

OP=10emand QR is 20 cm,

n=10

B, =90°, A, =0°, B = 90°
8, =10, b, =0

338 Jo 03 (63538 bl w3l s cwsl€lliptic trammel g4 5 a3

Ferdows/i University of Mashad




100

0 -1 r,l rr300593

1 0 ln)] [5sing,

Velocity of Point P (em/s)
=

Y = d ’ ’ 0 100 200 300
. - 8, (deg)
1 0 jln) nbcosh, ’
|- r.. o - 1000
. 7.7 .n . 19 E
.. . o 5
L D_‘lr}f ' nyfh, cosfy — r; sin 8, s 0
2
B 500
E
<o
0 100 200 300
8, (deg)
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8., w,, and &, are known values.
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[7 paadsbles 0 07 Og P esbstly
St (5505 a3l 31 B Llgs 51 Sy

St gio |y dal> b dslan g ools LSl |y Jowa ylap sl dal> -7
O =0, —

fntra=r+p,

rstre=r,+r,
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Ngh aings Y g X slusly y3 1y ylap Lulgy b ailge-Y
X = tj cost +r; cosfly =, cosf, +ry cosh,

Y= fsiny +ry siny = r, siné, + r;sin
X =5 15 0S5 + 1 cosfly =ry cosl; + 1y cos by

y=>rssinf; +r;8inf, =y sin b, + 73 sin fg

aled s [y ] °~>-BE =B7 +7r/2 3393515 3929 blg; g ledgb (po a5 (5358 -A
Bs =8, -p
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n +f = Y gyzma slasi
eYolee oloss N
6olil ol s slass f

gy 03L95 5yl dile Y slan b g 38 g (5,505 5948 b asl jrag oY gemma slass S
unknowns is seven (85, 05, 8, 0, 8, 85, and r,)
n+f=17

.x{,m M].b‘ uh.w 9 Q&)m d.> 6‘):’
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