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1. Scalar & Vector

a) Scalar( ): ,
Ex] 60 km/h ’ 75kg
b) Vector( ):
Ex] 60 km/S 4 4 4 4 4 4 4 4 4
Scale:
0 10 20 30 !
T o .
‘ C_mph>
r l+— 1 unit —|
« ) . ) Miles Per Hour ()
Figure 3.1 A 45 mph velocity vector.
1 mile = 1.6 km
e Speed( ):
e Velocity( ): ( )
e Displacement( ): P Q P P-Q
P-Q P Q P Q
( ) .
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2-1. Right triangle( )
A B
. a
SiIn ZA=— SinZBZB
C C
b a
CoOs LZA=— cos/B==
C C
Figure 3.2 The right triangle. tan ZA = a tan /B = E
b a
Pythagoreans theorem( ):
2 2 2
a“+b°=c
180
ZA+ /B =90°
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3.1

3.3 BC
AB

inch

Figure 3.3 Front loader for Example Problem 3.1.

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis



240 cm
¢ . a b
sin /A =— COS /LA =—
A 35 C C
b

BC
sin35°—E . BC =240-sin35 =137.66
240 o = -sin 35" =137.66(cm)
AC
. AC .
C0S 35 :ZTfO - AC =240-c0s 35" =196.60(cm)
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3.2

34 25 240 cm

8 ft = 243.839 cm
6 ft = 182.879 cm
11 ft = 335.279 cm

Overhang — 51 PE— 1ft=30.479 cm

e 11 ft

Figure 3.4 Tow truck for Example Problem 3.2.
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Example 3.2 Solution

4 )
cos ZA= b
i C
- J
(AC) B
. AC .
c0s25' = -. AC =240-c0s25" =217.51cm
g ¢ 240cm

(180+217.51) —330 = 67.51cm

25
C
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2-2. Oblique triangle( )

e Law of sines( )

a b ¢
sinZA sinZB sinZC

e Law of cosines( )

a) 1
a=bcosC+ccosB

b=ccos A+acosC
c=acosB+bcosA

Figure 3.5 The oblique triangle.

b) 2

A+ /B+~2C =180° a’ =b%+c?=2bccos A
b?=c’+a*—-2cacosB

c’=a’+b*—2abcosC

MACHINES AND MECHANISMS applied kinematic analysis
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[ 1] (a) ( A B) L 2] (a, b) ( A)
a) C . a) ( B)
£ZC =180"-ZA-ZB AB:sinl{(EjsinLA}
b) L a
sin /B ®) (9 '
b=al = j /C=180"-/ZA- /B
sin ZA
cea sin LC] <) ¢
sin ZA c:\/{a2+b2—2abcoszc}
..................................................................................... Beeeeetereeteeateeateaateeateaateaateaateeateeateaateaateeaneaateeaeeeatesanean
[ 3] (a, b) ( O [ 4] (a, b, c)
a) C : a)
_ [52 +p? a’+b* ¢’
c_\/{a +b —2abcosLC} /C = cos ( )
b) ( A) _ : 2ab
ZA=sin? {(Ejsin LC} b)
o ( B) ¢ /A =sin™ {(%)sin LC}
/B=180" - ZA-/C L .
/B=180"- /A-~/C
MACHINES AND MECHANISMS applied kinematic analysis
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3.6 AB .

Figure 3.6 Front loader for Example Problem 3.3.
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Example 3.3 Solution

[ 3] (a, b) ( O

a) (o
C= \/{az +h? - 2abcosAC}

b) ( A)
/A=sin™t {(%)sin AC}

c) ( B) .
/B=180"-/A-~/C

A

a) 0.9

a= \/{bz +c?—2bccos AA}

= \/{(1952 +240°)-2-195- 240 }

=103.897cm

b)

LB:sinl{(EjsinzA}
a
:sinl( 195 )sin25 B
103.897

=52.485%°
240 cm
)

/C=180"-/A- /B
—180-25-52.485
25 =102.515°
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3.4

3.7

Figure 3.7 Engine linkage for Example Problem 3.4.
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Example 3.4 Solution a)

2bc

/A= cosl{(b2 e _az)}

_ cos-! {13.252 +2.5? —12.52}

2-13.25-25
=67.3
~.crank _angle=90"-67.3" =22.7°
C b)
[ 4] (a, b, c) /C = sinl{ %)sin AA}
a) : :
/C = COSI{(a ';Zb—c )3} =sma{ 1%?]%73}
1325 cm =10.6
b) : c)
LA:sinl{(%jsin LC} b 2B =180"-/A-ZC
o _ =180"-67.8-10.6°
/B=180"-/ZA-«ZC =102.1°
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A+>B C+>D+>--.

Resultant( )

(A+>B+>C)=(C+>B+>A)

, Auto CAD

(B+>A+>C)=---
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3.8 A B

Scale:
0 25 50

| | |
| 1 |

in/s
A =59 in/s B =30 in/s
200 60°

Figure 3.8 Vectors for Example Problem 3.5.
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Example 3.5 Solution

A =59 in/s

B =30 in/s

90

[ 3]

b)

d)

(a, b) ( ©
c

c:\/{a2+b2—2abcoszc} 0

= /592 +30? — 2-59-30 €os 90
=66.189m/s

( A)

ZA=sin™? {(Ejsin LC}
C
1
=sin*! ( S9 in 90
66.189

=62.999" =63

( B) .
/B =180"-/A-~/C

=180" -63" -90°
=27

R=66.189m/s 57
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310 4 A, B,C D

Scale:

_ D =300 1b
A =2001b S et 2 et 0 100 200
‘M AA’S 20 Ib

Figure 3.10 Vectors for Example Problem 3.6.
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Example 3.6 Solution

D =3001b

20°

A=2001b
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3.7

3.12

A =46 ft/s?
20°

Figure 3.12 Vectors for Example Problem 3.7.
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[ 3] (a, b) ( ©O
Example 3.7 Solution )
a r
r= \/{az +b* —2abcos £ 6} 0.0871
= /46% +23° —2-46-23@@/
=53.19m/s’
b) A R ( B)
Bk LB:sinl{(%jsinLC}
’a 0.996
_ein-l ‘- L~
I {(53.19
=25.%
c) ( A

/ZA=180"-«B-~ZC
=180"-25.5" -95°
=59.5

d)

R=53.19m/s* 1345 | o | R=53.19m/s* 455

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis



[ ]
[ ]
L 4
Horizontal( )
£
A A
Av AV A K A v
Vertical( )
Ay
(a) (b) (c)
Figure 3.14 Components of a vector. 6, 90 180
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3.8

3.15 3.5kN

35°
F=3.5kN

Figure 3.15 Force vector for Example Problem 3.8.
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Example 3.8 Solution

sin35° = i
35
- F
cos35° ="
35
Fh
35°
FV
F=35kN F =3.5-c0s35 =2.87kN _~ —180°

F,=35-in35 =2.0kN _~ —90°
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2-5. (+>) :
R =A+B,+C. +D, +---
R,=A+B,+C,+D, +--
L] Rh Rv
- .
R=,R’+R’ ]
g, =tan™ = |
- "

Rn
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3.17 3

C=501b

A=301b

Figure 3.17 Forces for Example Problem 3.9.

B=201Ib B, C, C=501b
A =301b 45° 7\
—
B, Ch

Figure 3.18 Components of vectors in Example Problem 3.9.
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Example 3.9 Solution

Ox Fh=F cosOx Fv=F SinOx
0 An=(30)cos0 Av=(30)sin0
= +30 =0
@ 45 Br=(20)cos45 Bv=(20)sin45
=+14.14 =+14.14
120 Ch=(50)co0s120 Cv=(50)sin120
=-25 =43.3
Rh=19.14 Rv=57.44
a)
R =./R?+R? =19.142 +57.44° = 60.54N
b) b) 3
tan 6, = ( R, j _oraa_ 3.001
R R =57.441b Rh 19.14 R = 6054N471570
0, =tan(3.001) = 71.57°
0
R, =19.141b
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A—>B:A+>(QB)

Resultant(

)

\ A A
A B —>B —>B B
A -A 0 0
J ]
(a) (b) (c) (d)

Figure 3.20 Negative vector.

Figure 3.21 Vector subtraction.
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3.22 A B , R=A->B

Scale:
& 0 20 40
A =32in/s 1
L)O

B =56 in/s in/s

Figure 3.22 Vectors for Example Problem 3.10.
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Example 3.10 Solution

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis



WiAS .

gaj‘&
ma KR
o

3.11

3.24

A =2001b
—

R=A->B->C+>D

D =3001b

65° Scale:

B=2261b 0 100 200
L | | | |

. 600 I 1 1 I 1
15 C=1761b Ib

Figure 3.24 Vectors for Example Problem 3.11.
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Example 3.11 Solution

A 4

B+>(->C)

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis
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3.12

3.26 R=A->B

A =15 ft/s2 B = 10 ft/s2
15°

Figure 3.26 Vectors for Example Problem 3.12.
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Example 3.12 Solution

15°

F A 15;
B

Figure 3.27 The result for Example Problem 3.12.

[ 3] (a, b) ( O
a) (o
C= \/{az +b*—2abcos LC}
b) ( A)
ZA=sin™ {(%)sin AC}
<) ( B)

/B =180"-/ZA-~ZC

a) R

R = \/{ A+ B? —2ABCOs £0) P

- J[15° +10° ~2.15.1060s 275 )——

=15.727m/ s?

b) ¢ B

Aﬁ:sinl{(gjsinze}
:sinl{( 10 jsin475"}
15.727

=37.9°
9] C 7) .
Zy=180"-/260-2Zp
=180"-75 -37.9
=67.T

- R=15.727Tm/s* 22.9°
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2-7. (->) :

R=A+>B->C+>D+>---

R =A+B,-C,.+D, +---
R =A+B,-C,+D,+---

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis
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3.13

3.28

30° N ft/s = A

R=A->B+>C+>D

8 ft/s =C

]-5 30°
P 12 ft/s=B 45° D =10 ft/s

Figure 3.28 Forces for Example Problem 3.13.

Lecture : Sung-Dae Kim

MACHINES AND MECHANISMS applied kinematic analysis



s
-EHFI- .

Example 3.13 Solution

h- '
Ox Fh=F cosOx Fv=F sin®x
A 300 An=(6)c0s300 Av=(6)sin300
=+3 = -5.19
B 195 Bh=(12)cos195 Bv=(12)sin195
@ = _11.59 = _3.11
C 45 Ch=(8)cos45 Cv=(8)sin45
= +5.66 = +5.66
D 330 Dnh=(10)co0s330 Dv=(10)sin330
= +8.66 =-5
R, =A —-B,+C, +D, R,=A —-B,+C,+D,
= (+3) — (-11.59) + (+5.66) + (+8.66) =(-5.19) — (-3.11) + (+5.66) + (-5)
=+28.91m/s =-1.42m/s

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis




R=RZ+R?

= /(+28.91)% + (~1.42)?
=+28.94m/s

tan g, = [&j
Rh
_( -1.42
+28.94

=-0.05

6, = tan™*(-0.05)
=2.86°

. R=28.94m/s . 2.86°

Lecture : Sung-Dae Kim
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; R=A->B

A+>B->C=D

A+>B=C+>D y

(a) (b) (c)
A+>B+>C=R B+>C=R+> A A+>C=+>B+>R

Figure 3.31 Vector equations.
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3.32

Figure 3.32 Vector diagram for Example Problem 3.14.
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Example 3.14 Solution

:A+>B+>C+>D
tE+>F

OP=A+>B+>C+>D=E+>F

:C+>D
:=->B->A+>E+>F

O,PR=C+>D=->A->B+>E+>F

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis
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Figure 3.33 Vector diagram for Example Problem 3.15.
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Example 3.15 Solution

o 3.33

A->B+>C—>D=->E+F

‘‘‘‘‘

D B

Figure 3.34 Rearranged diagram for Example Problem 3.15.

[ 3.34

A+>C+>E=B+>D+>F

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis
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ex] A+>B+>C=D+>E ) ,
A B ¢
C+>B=D+E->A 2
) P
2 I
, 2

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis
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A+>B+>C=D+>E 3.35
A E
B = 100 in/s2 . : Scale:
60 {
. o 0 50 100
D =150in/s= etz ——]
IE in/s?
—— - —— ) —
A C = 124 in/s? Y

Figure 3.35 Vectors for Example Problem 3.16.

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis



Example 3.16 Solution

Direction of A

-

Direction
7 of E

(a) (b)

Figure 3.36 Vector diagrams for Example Problem 3.16.

C}>B+>C:D+XD

B+>C+>A=D+>E

Lecture : Sung-Dae Kim
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3.17

A+>B->C+>D=E+>F 3.37
D
tf——————
F = 100 in/s?
\ D
“\ E =200 in/s’ Scale:
e o '
B =130 in/s 60 i \ 0 50 100
- C =60 in/s? A -
60 45° % in/s*

Figure 3.37 Vectors for Example Problem 3.17.
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Example 3.17 Solution

(a)

A->B->C+>D=E+>F

B->C+>A=E+>F->D

Lecture : Sung-Dae Kim
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A+>B->C+>D=E+>F 3.39
A D

E = 200 in/s?

B = 130 in/s?

o } C =60 in/s> |

Figure 3.39 Vectors for Example Problem 3.18.

-~ —

F =100 in/s>

. e ——
-

Lecture : Sung-Dae Kim
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Example 3.18 Solution

h- V-
Ox Fh=F cos®x Fv=F sin®x
90 0 A
60 Bh=(130)cos60 Bv=(130)sin60
= +65 = +112.58
135 Ch=(60)cos135 Cv=(60)sin135
= -42.43 = +42.43
300 0.5D -0.87D
30 Dnh=(200)cos30 Dv=(200)sin30
=+173.21 = +100
180 Dnh=(100)cos180 Dv=(100)sin180
= -100 =0

Lecture : Sung-Dae Kim
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A +B -C +D, =E +F
A+B,-C,+D,=E, +F,

(0) + (+65) — (—42.43) + (0.5D) = (+173.21) + (-100)
(A)+(+112.58) — (+42.43) + (—0.87D) = (+100) + (0)

A=29.4m/s*  _90°
D=68.4m/s* 120’

o>

Lecture : Sung-Dae Kim MACHINES AND MECHANISMS applied kinematic analysis



