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Vector Analysis

r=r,+ir,=r(cos@+ising) =re'’
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Vector Loop-Closure Equation
Four Bar Linkage
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Vector Loop-Closure Equation

Four Bar Linkage
Position Vector:
rh+rp+r;+r,=0

0 0 0 6
rie’’l +me'? +r3e’? +me’™ =0(1)

r1(cos B, + ismb,) + r(cos G + isinbh) + r3(cos s + isiné;) + r4(cos by + isinby) =0
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Vector Loop-Closure Equation
Four Bar Linkage .
Position Vector:

Real: ricos@ +imcos6s +13¢c086; + rycos6, =0
Imag: 74SIné; + 18inés + r3sinés + 148mné; = 0

Given: ", 12, I'3, T4, 6’1, 52 Find: 53,, 54
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Vector Loop-Closure Equation
Four Bar Linkage

dr

el P TT i6
Velocity Analysis: d¢ rE(rriro)e

P+ (7 + i) e’ + (75 + irsm) e’ B+ (7y +irgmy) e’ =0

Real: —»ms1n6 —ryosinésy —rymysiéy =0
Imag: 7@ cos6h + r3@;c0s6; + ry@ycosfy = 0

Given: All 7’s and @’s, and @» Find: o3, o
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Vector Loop-Closure Equation
Four Bar Linkage

Acceleration Analysis:
dr

P +i27 o+ ira—ra)e’”

. . i~ : 2. 6 . i~ : 2\ b
n+(m +i2rmo+imna —I2m5 Ye 2+ (13 +i21y a5 +irsas — 33 e 73
+ (?"4 + 12?"4 Oy + 1110 — f‘4w% )Efﬁd +=0
Real: —»orsiné—i w% cos h—ryosinG3—i a}:;? cos y—ry oS B,—1y wﬁ cos@, =0

Imag: racosh—in w% Sin G-+13 03C0S Bs—i%3 a);‘: SN G5+, 044 COS By—7y a)f sind, =0

Given: All 7’s, 8’s, and @ ’s, and o Find: &g, au
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Vector Loop-Closure Equation
Slider Crank Mechanism

O

TNy

4 777777777777

1 1
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Vector Loop-Closure Equation
Slider Crank Mechanism
Position Vector:

r,+r;-r,=0

LA
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Vector Loop-Closure Equation
Slider Crank Mechanism
Position Vector:

r,+ry;-r,=0

r>(coséh + isinéh) + r3(coss + isinés) —ry =0

Real: 7.cos@ +13c0s6; — 1y =0
Imag: rsmé +r3smés; =0

Given: 7, 3 and & Find: &, 4
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Vector Loop-Closure Equation
Slider Crank Mechanism
Velocity Analysis:

r,+ry;-r,=0

(79 +irmn)e' ™+ (15 +irsas)e’™ — 74 =0

Real: —m@81n6, —r3osmmbs — 74 =0
Imag: 7 ancosbh + r3ascosfs =0

Given: All 7’s and @’s, and a» Find: @, 7y
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Vector Loop-Closure Equation
Slider Crank Mechanism
Acceleration Analysis:

o +iraan) e’ 2 + (75 +irsan)e’® — 7y =0
(72 ) 3 A
(};’:2 —|—f2}‘:'2 (’Lb‘l‘f?”gﬂg—FQm%)Ein'
T (}“'3 ‘|‘I2F"3(D3 +f?‘3{f€3—?*3m§)€f$3 — I”4 =(

Real: 055116 — 1 w% cosbh — ryoasinés — 3 ,;{;32 costz— 1y =0

Imag: r,ccosbh— 1 a}% SIN6s + 1"30:C08 65 — 13 m?? siné; =0

Given: All 7’s, €’s, and @ ’s, and o Find: a3, 74
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\ 13 11/19/2014

Example 15.3

If the crank and the connecting rod are
300 mm and 1000 mm long respectively
and the crank rofates at a constant
speed of 200 rom, determine:

1. The crank angle af which the
maximum velocity occurs

2. Maximum velocity of the piston.
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Example 15.4

The crank and connecting rod of a
sfeam engine are 0.3 m and 1.5 m iIn
length. The crank rofafes at 180 rom
clockwise. Determine the velocity and
acceleration of the piston when the
crank is at 40 degrees from the IDC
position. Also determine the position of
the crank for zero acceleration of the
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Example 15.5

In a slider crank mechanism, the length of
the crank and connecting rod are 150 mm
and 600 mm respectively. The crank position
is 60° from IDC. The crank shaft speed is 450
rom cw. Using analytical method,

determine:
1. Velocity and acceleration of the slider
2. Angular velocity and angular

acceleration of the connecting rod

Dr. Mohammad Suliman Abuhaiba, PE




