2. Kinematic Analysis
Solution of Loop Closure Equations

2. Stepwise Solution
3. Analytic — Closed Form Solution
4. Numerical Solution

ME 301 Theory of Machines I

2. Kinematic Analysis
3. Analytic—Closed Form Solution of Loop Closure Equations
Slider-Crank Mechanism
Disconnect and reconnect A
AgA, = AB +BA;
aye®12 = ja; + 514 + aze'®ss

Re:a,cos601, = s14 + azcosby3
Im: a,sinf;, = a; + azsinbfy3

en, Department of nical Enginee dle East Technical Uni

ME 301 Theory of Machines I

2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equations
Slider-Crank Mechanism

1. Let 6,, be the input

(cont’ed)
056013

6,3 = Pol(x13,¥13)

ME 301 Theory of Machines I
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2. Kinematic Analysis
2. Stepwise Solution of Loop Closure Equations
Law of cosines:
s? =a,? +a,* — 2a,a,c0s04,
s? = az? + a,? — 2aza,cosp -

az?® + a % —s?

Therefore angular orientations of all links can be
dete ined ME 301 Theory of Machines I

2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equations
Slider-Crank Mechanism
Re: aycos015 = s14 + azcosbyiz (1)
Im: a,sinb,, = a; + aszsinb,3 (2)
1. Let 0, be the input

a. First solve sy, then 0,3
(1) = ayc056,; — 514 = azcosby3

(2) = aysinb;; — a, = azsinb;z

(12 + (2)2: (az cosb1, —s14)% + (az sinby, —ay)? =

S14% — 2a5€05015514 + @12 + ay? — az? — 2a,a,5in0;; = 0
S14 = Ap€0801, + 04/ (aycoso 32 — 2a,a,Sinb)

o==1

ME 301 Theory of Machines I

2. Kinematic Analysis

3. Analytic-Closed Form Solution of Loop Closure Equations
Slider-Crank Mechanism

1. Let 6,, be the input
a. First solve sy, then 6;3 (cont’ed)

ME 301 Theory of Machines I




2. Kinematic Analysis
3. Analytic—Closed Form Solution of Loop Closure Equations

Slider-Crank Mechanism
Re: a,c050,, = S14 + azcosf,5 (1)
Im: a,sinf, = a; + azsinf,3 (2)
1. Let 6,, be the input
b. First solve 6,5 then s,
(2) - sinb;3 .

c0s63 =

(1) = 594 = aycos6;; —az

ME 301 Theory of Machines I

2. Kinematic Analysis

3. Analytic—Closed Form Solution of Loop Closure Equations

2. Let sy, be the input

st solve 6, then 6;3

),sinﬁ)“ =—

(3) > $14% — 2a;514

(a® + az% — az® + 5147

At + Bty +C=0

01, = 2tan”ty, ME 301 Theory of Machines I

2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equati

2. Let sy, be the input
a. First solve 6;, then 6;3 (cont’ed)

c0s6,3

sinby3

ME 301 Theory of Machines I
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2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equations
Slider-Crank Mechanism
Re: a,c0501, = 14 + azcosfy5 (1)
Im: a,sinf,, = a; + azsinf3 (2)
2. Let s14 be the input

a. First solve 6;, then 6,3
) - S14 = @;

@ inf,, — a; = azsinf3
(1?2 + (2)%: (az coss; — 514)* + (a; sinby, —a;)? = as?

20505015514 + 012 + ay% — az? — 2a,a;sinf;, = 0

ME 301 Theory of Machines I

2. Kinematic Analysis

3. Analytic-Closed Form Solution of Loop Closure Equations

2. Let s14 be the input

b. First solve 6;, then 8,5
5142 —2 12514 + @12 + a

2 — a;% - 2a;a,sin0;, =0 (3)
ii. Phase angle method:
2a,514C050;5 + 2a,a,sinb. s142 + @12+ a,% — az?
acosby, + bsinby, = ¢
r>0,a =rcos¢,b = rsing
r,¢ = Pol(a,b)

c0s6,, + rsingsinf;, = c

.
5(612 — b)) = C, 612 :¢+nms"(—
T

ME 301 Theory of Machines I

2. Kinematic Analysis

3. Analytic-Closed Form Solution of Loop Closure Equations

2. Let s14 be the input

a. First solve 6, 9,5 (C

ME 301 Theory of Machines I




2. Kinematic Analysis

3. Analytic—Closed Form Solution of Loop Closure Equation:

2. Let s;4 be the input

t solve ;5 then 6;,

612 = Pol(x12,y12)

ME 301 Theory of Machines I

2. Kinematic Analysis
3. Analytic—Closed Form Solution of Loop Closure Equations
Inverted Slider-Crank Mechanism

sp3ei012 + a3ei(91'- 2) = a; +agef

Re: 53c0501, + azsinby; = a; + a,c0s614(1)
Im: s535in60,, — azc05015, = a,Sindy, 2
1. Let 6,4 be the input

a. First solve s,3 then 6,
(D% 4+ (2)2 > 5532 +a3? = a1? + 2a,040056,4 + a4

3
=o0\a, a104C05014,0 = il

2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equations
Inverted Slider-Crank Mechanism

1. Let 6,4 be the input

ME 301 Theory of Machines I

10-Nov-20

2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equations
Inverted Slider-Crank Mechanism
Disconnect and reconnect B

A, A + AB; = ABy+ ByB,
) (.. T .
Syzeif12 a3e1(91: 2) = a, +azeif
Re: 5530050, + azsinfy, = a; + a4c0s5014(1)
Im: $535in0,, — az3c05015 = a4Sinb;, @)

2. Kinematic Analysis
3. Analytic-Closed Form Solution of Loop Closure Equations
Inverted Slider-Crank Mechanism

1. Let 0,4 be the input

a. First solve s,3 then 6, (cont’ed)
R 05015 + azsinfy; = a; + a,co0s6,,(1)
Im: 5,35in6;, — azc0s61; = a,sinbiy 2)
Let cos6,, = x;, and sinf;, = y;,, substitute into (1) and (2)
[523 5 ] _ [ a4Sinfy, ](ﬁZ
ay + ascos644] (1)
2)

ME 301 Theory of Machines I




