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"

(mechanics) :

Mechanics is the science that consi dwtx
(statics)

of bodies under
(Mechanics of rigid bodies) \

Staticsis the Atudy of motionless systems or | (dynamics)
stems thg¥’ move with a constant velocity.

(Mechanics of deformable bodies) (mechanics of materials)

/ (compressible fluids)
(Mechanics of fluids) \

(incompressible fluids) | 8
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(space) : .

(time)

(mass)

(force) : .
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(particle) :

(rigid body) :

10
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11.1

1)

2)

ANERN

(kinematics) :

(kinetics) :

11
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LUEJN 101 REHADIIIL
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(Particle)

(Kinematics)

(Absolute motion)

(Rigid bodies)

(Relative motion)

/ /
(Force mass acceleration methot

(Kinetics)

(Work-energy method)

(Impul se-momentum method)

12
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e Problem Solving in Dynamics
1. Newton'’ s laws (Force-Mass-A ccel eration method)
2. Work and energy methods
3. Impulse and momentum methods

e Differences between Statics and Dynamics
1. Time-varying nature of the loading (dynamic loading)
2. Role played by accelerations (inertiaforce)

e Advanced Dynamics

1. Structural Dynamics ( )
2. Machine Dynamics ( )
3. Vehicle Dynamics ( )
4. Soil Dynamics ( )

5. Ice Dynamics ( )

LUEJN 101 REHADIIIL
in Macro & Micro Structul
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e \Why dynamics must be considered in the design?

- All machines are subjected to dynamic loading
- Dynamic means time-varying
- Dynamic load (magnitude, direction, or point of application)
varies with time
1) Periodic excitation
2) Aperiodic excitation (step, impulse, ramp)
3) Random excitation (earthquake)
- Dynamic response constitute the resulting time-varying deflections,
vibrations and stresses, etc.
- Safety, performance and reliability of machines

- Need for extensive analysis and testing to determine their response
to dynamic loading

14
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11.3 :
a.

Ar =r(t+At)—r(t)

As=dt+At)-dt)

Fig. 11.3

16
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AV(t) =Vt + At)—Vi(t)

alt)=

AV -
lim- =)=

‘h-""'""-—-._.___

Pa_di
vii+ AL
B
ol

r(t)

[

v(r)

(a)
Fig. 11.4
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11.4
Q . |saac Newton(1642-1727), The Principia(1687)
e 1 ( ):
e 2 ( )
e 3 ( )

U : Leonhard Euler(1707-1783),
18
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U

1)
2)
3)
4)
o)
6)

1)
2)

(space)
(time)
(mass)
(force)
(inertia) :

(matter) :

0 2

(event)

(action)

(substance)

LUEJN 101 REHADIIIL
in MacrofL_B/Iicro Structul

19



nnnnn

"

a (dimensions) :
1) S ( ) [M1], [L1. [T]
2) US ( ) [FL [L]. [T]
) [M] = [FT2/1] , [F] = [ML/T2]
a (units) : (standards)
1)
(1) Sl ( ) : (kg), (m), (s)
(2) US ( ) 5 (Ib), (1), (s)
2)

) (F=mg); 1N= 1kg x1 m/s?
W=F-s); 1J=1Nm

LUEJN 101 REHADIIIL
in MaIr_<B& Micro Structut
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1)
2)

>

(1)
(2)

(3) ( ) ( )
(1)

(2) )
(3)

1)
(@) , 21
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(kinematics)

(Kinetics)

22
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12.1
> :
> ,
1)
2) ( )
3)
>
1. ( ) (rectangular Cartesian coordinate system)
1) 2
2) 2 x 'y ; ), 3 xy z )
3) :
2. (curvilinear coordinate system)
1) (path coordinates) :
2) (polar coordinates) : 23

) (vlindrical conrdi natec)
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V1.

rii=xi1+yvi+z k

Vo2
dr d .
= — = —(xi+yjt+zk
v dt dt(x 1 )
d .. dj .. dk .
= X— i = +yj+z— +2zK
xdt+x1+ydt y) Zdt
V=u, 1Ty, JTu, K
E’}H:x Ef}j}__rp E}z:;z
v 3
a=fg=%(vxi+vyj+vzk)=vxi+i1yj+\'zzk

a=a, 1ta,1ta; k
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r=xityj v=u,ito]

/ le
Ve— X Uy=— ¥
Gy= Uy= X Q= Uy=}
v
v dyldt dy
MY =S, T dwdr T dx
a d?yldt?
ta = 2 = Z 77"
"B = T Evan

(z=0)

a=ag,11ay)
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Path

25
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1 )
v ( )
(X )
r=x1 vV=u1 a=a 1 =K A=p=x
v ( )
a = dv/dt = (dv/dx)(dx/dt), dx/dt=v
_ .
A= i
0 ' Path
- —L@_ i’b-a / X
A

26
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I

12. 1 A I—

rish

X = -3t2+12t-6 m
t=0, 3 sec

w F's]

=
I+

;M

= Ly

(]
;| a =)

(L3
o CTafs=)
[ | 2 3
k + } P s
| ] ]
_ﬁ L 1 1
UL
—'15'.: ll]= - -I:El ‘Hﬁ'axcﬁ:
r=3= 'E.'r=2=

27
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A\

13.7° a = 38.6 mm/s?
mme--—-——-- -

11.95°

b— 60 mm ——— (b)

(a)

y=4t>+6t mm, when y=30 mm

28
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x=R cos(wt), Y=R/2sin(2ot), Z=R sin*(wt),

LUEJN 101 REHADIIIL
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A\

12. 4

R=16 mm

30
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a : EF::mﬂf EFFZH’M}* EFzzmz
a (FBD) (MAD) :
FBD :
MAD : ma
Q 4
v 1 FBD
v 2
v 3 12 MAD
v 4 )
Z z
g ma {
F, = F, =
F, F3
FBD MAD Y Y
iy FBD i MAD

31
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Q :
S Fy=ma 2 F,=2 F,=0

U : : :
a=jflu, x, 1)

Q P2 , X(t)

f 3 (X, v, t)
= f(x, x1)

32
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1. Casel: a= f(t) La= dvidt

do=al et wit) = | a@®)dt + C,
x v=dxdt  dx= v(t) dt
x@) = ] v()dt + C

C.. G, [t= 0; X(0), V(0)]
2. Casell : a=f(X) , a= vdv/dx
vdv= al x) dx | _;_vz = [ a(x)dx + G,

v(x) = \/2 U a(x)dx + C3]

LUEJN 101 REHADIIIL
in Macro & Micro Structul
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"

3. Caselll : a=f(v)

v dv = a(x) dx a(x) a(v)
v dv = a(v) dx
I _ [ vav
a3ty o= ]Gre
dv = a(v) dt
__ dv _ | dv

LUEJN 101 REHADIIIL
in Macro & Micro Structul
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(b}
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12. 6

P=8MtN A

(a)

P=8kN

l
- i

FBD MAD

(b) 36
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vgiymik

;\j;

| W =ms ~m’:ﬁ\
P=kx *
l ©
N

FBD MAD

[
|
F

(b)
37
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12. 8
__'D _
: ma Fﬂ = ppd ma
I
g _ -
60 fifs -
W=mg W=mg
o) FBD MAD FBD MAD
(b) (c)

38



| FEHYR Lgn 1or Xeliabllit
in Macro & Micro Structul

e e DG o FTERITT

N

12. 5

v
a,=Flv, 2, 0 a,=Flo, v, 0 a=Ff{v, 2.0

v

1.

2. (uncoupled)

3. XY Zz

4, , ( )

5. Xy

12.10

39
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N

12.

(a)

(b)

LUEJN 101 REHADIIIL
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ke

MAD
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12. 10

(a)

FBD MAD
(b)
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A\

12. 11

x = 091275 Air resistance
included _—
/ Aur resistance
neglected

248 Rt

3¢ 164811

0 ' 1 N X
788 ———— Ny, =20475 r=2485
172.1 fi !
(cl

FBD MAD
(b)
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v D X )
v ;
) 1 ,
a= dv/dt, v= dx/dt : t
1) a :
2) :
dv/idt=a, dx/dt=v
e (b)
Vp — Vg = a(t)dt
)}
Uy — Ug = areac:fthecz—rdiagl'am]i: I
Tangent at ¢;
In
Xp — Xg = v(t) dt '
fo — t
. fo 2 A
xy — xg = area of the v— ¢ diagram],’ ©

49
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L— 1 (5)
5

W=5gN

b Lro

Iy

FBD MAD

(c)
44
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12. 13

(d)
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a, (fu's)
(e)

0 i 1(s)

(f)

(g)
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12. 13
(a)
a, (ft/s*) a, (ft/s*)
(h) 2.395 5.152 (k) 5.152
u_ tis) 0 — t(s)
|
-32.2 i ; :
vy (ft/s) ! : v, (fi/s) |
| [ |
! 91.93
gy R ' i U _ ‘6)

‘ |
(m) 474
0 r(s)

47
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13

(path coordinates), (polar coordinates)
(cylindrical coordinates)

48
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13. 1

1. ,
2.
1) (path coordinate),

)
2) (polar coordinate),

)
3) (cylindrical coordinate) :

2

LUEJN 101 REHADIIIL
in Macro & Micro Structul
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Q
= p8
2
[1 ¥ (gz)
p 7y
ds?
(base vector), (unit vector) :
1) (unit normal) €,
2) (1), (0 )
3) :
4) : A
5€6:A , S
e : C

n

dr =eds, e=dr/ds

LUEJN 101 REHADIIIL
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(unit tangent) €,
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.

m
1) ( )
2) f
o,= —sinfitcosfj e,=—cosfi—smnbj i
di/dt=dj/dt=0 , o *

e = (—cosfi— sinﬂj)é | e, = (sinfi — cosﬁj)é

ét == 9en én = ""Gef
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3

1. (velocity)
v = dr/dt = (dr/ds)(ds/dt) = e (ds/dt) = ve

1) e
2) (speed) V. \%
2. (acceleration)

_dv _ d L .. :

a=—-= Z;(Ve:) = ve; + ve; = ve, + vle,
E -
a=a, e,t+a, e, ﬂm:% a,= ¥
, & = dv/dt = (dv/ds) (dg/dt)
753

4=V

LUEJN 101 REHADIIIL
in Macro & Micro Structul

(b)
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"

1)
2)

1)
2)

3)

a=ae+a,e,

a :

(centripetal acceleration)

LUEJN 101 REHADIIIL
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d
1.
1) ( R)
v= R
Ty %ZR@E a,= v= Rf
2 AC
) , (a) Velocity (b) Acceleration for increasing speed
(1)
(2
3 : 0

(c) Acceleration for decreasing speed  (d) Acceleration for constant speed
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N

13. 1

a = 10.76 m/s®

(a)

(e)
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13. 2
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N

13. 3

R; =150 mm R, =100 mm

Ve, Ac
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N

(a)

(b)
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Hovihie D
.

2) e
3)
4)
5)
6)
7)
8)

%

SHFTEITY

)

€p =

€g —

deR
Af

OA

cos Bi + sin 6

—sinfi + cos @)

= (— sin6i + cos 8j)0

éR = 909

é@ = —0ep

deg
At

(radian)

= (—cos#i — sin 0j)0

LUEJN 101 REHADIIIL
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Path

| !
1
] 0
A
®
7]
X
i
éR = éee
er
R
?]
X
(a)
]
éa = —éeR
®
2]

oY
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y
D v
1) . r=Reg, o= R o7 =R
2) ;v =dr/dt ¥
v =9 _ 9 Rep) = Reg + Réx £
dt dt
| . 6
v=vpeptuvgey vr= R 0= RO x
Vg ! » Vo :
q y a
dv d . .
a= E = d—(ReR + ROey)
: t N GB=R9.+2R9. \“
= (Reg + Reg) + (Rfey + Rfe, + ROé,) ‘\
vf’aR=jé—Ré2
a=dap ept+ ap ep |
o ° 9 * sl L
ar= R—R& a,—~RO+2RY
6
( ) : R ( ) ’
v=R8 e, ©
60
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v
1) A i
2) ; (R 9), ( ) Z o
NG e
3) :r=Re, +12z¢ RN o
4) ze, . ex
5) dk /dt=0 el
i j y

6)

v=PReptROezt+ze, . -

a= (R—R&) ept+ (RO+IRY) eg+ 2z e, x ot aman
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13. 5

(a)

LUEJN 101 REHADIIIL
in Macro & Micro Structul

v=14.01 in.Js

vg=9.0in/s
a‘*”"fﬁ;' ?
S
. a=30"
0
(b)
a = 67.0 in./s?
ag = 59.16 in./s? Ak
ag = 31.53 in./s?
. A
ﬁﬂ?-”;
L
- 5 8 = 30°
0
(e)
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(a) (b)
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N

13. 7

(a)

(c)
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A\

13. 8

-
-

r

i e s
LY

LY

=
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at =vyv= V:_sv
y Yy a, = %2
F,
EI — —
v 4 - =
1) (FBD) cor
2) x x
FBD MAD
3) = (MAD) (a) Path (n-1) coordinates
4) FBD MAD ap = R— RO*
P4 < ag = RO +2R6
v (n-t ): =
FBD MAD m;:ae
EF*-; = Mﬂ ZF.f_ m-‘:
v : FBD MAD

{b) Cylindrical coordinates

66
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13.

e o s H—"

]
£
=

(b)

67



| FEHYR Lgn 1or Xeliabllit
TORGARDRG SHNTESITY in Macro & Micro Structul

13. 10

0.51b mag = m{RO+2RE)
mag = m(R — R9?)

(a)

(b)

68
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13. 11

(a)

mg
e " ma,
t ma,
Ny
FBD MAD

(b) 69
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