
-

:

89





...



 .
 .

.

IPCO.



 . .
 .

 .

 . .

 .
 .

 .

 .
.

 :(
)

( .(
 .(

 .(
PID

 .
.

 :

1.



...........................................................................................................................................................................

1...................................................................................................................................................................................1
1-1 -..........................................................................................................................................2
1-2 -[3]...................................................................................................................................................3
1-3 -......................................................................................3
1-4 -[3]..............................................................................3
1-5 -[5]...........................................................................................................................6
2...................................................................................................................................................................................7
2-1 -............................................................................................................................................................7

2-2 -.............................................................................................................8
2-3 -............................................................................................................8
2-4 -......................................................................................................................................9
2-5 -[6]..............................................................10

2-5 -1-.................................................................................................................10
2-5 -2-...................................................................................................................10

---.................................................................................................................11
2-5 -4-...............................................................................................................11
2-5 -5-................................................................................................................12

---............................................................................................................12
2-5 -7-[6]..........................................................................................................13

2-6-[6]............................................................................................16
2-7 -[22]............................................16

2-7 -1-....................................................................................................................16
2-7 -2-...................................................................................................................17
2-7 -3-..................................................................................................................................................17
2-7 -4-.................................................................................................................................................17
2-7 -5-.................................................................................................................18
2-7 -6 -..................................................................................................18
2-7 -7-..............................................................................................................................19



2-7 -8-................................................................................................19
2-8 -[6]...........................................................20
2-9 -[10]........................................22
2-10-[26].........................................................................................26

2-10-2-[26]...........................................................................................26
2-10-3-[26]....................................................................................................27
2-10-4-)([26]..................................................................28

2-11-[26].............................................................................29
2-12-20072009......................................35
2-13-[26]....................................................................39

2-13-1-...........................................................................................................................39
2-13-2-[42]......................................................................................................42
2-13-3-[42]...........................................................................................45

2-14-........................................................................................................................................46
3................................................................................................................................................................................47
3-1 -.........................................................................................................................................................47
3-2 -...................................................................................................................................48

3-2 -1-....................................................48
3-2 -2-......................................................................................50
3-2 -3-............................................................50
3-2 -4-....................................................................52
3-2 -5-.........................................................................53

3-3 -................................................................................................................54
3-4 -................................................................................................................55

3-4 -1-..............................................................................................................................55
3-4 -2-...............................................................................................................................55

3-4-3-LVDT...................................................................................................57
3-4 -4-...............................................................................................................................58

3-5 -.....................................................................................................................59
3-5 -2-..................................................................................................61
3-5 -3-....................................................................................................................63
3-5 -4-..........................................................................................................................63



3-5 -5-)(.....................................................................................64
3-6-..........................................................................................................67
3-7 -..........................................................................................................69
3-8 -................................................................................................................................70
3-9 -..............................................................................................................................72
3-10-..............................................................................................................................73
3-11-..............................................................................................................................75
3-12-..................................................................................................................76
3-13-....................................................................................................................78
4................................................................................................................................................................................82
4-1 -.........................................................................................................................................................82
4-2 -..................................................83
4-3 -..................................................................................................................84
4-4 -.................................................................................................................85
4-5 -)(..............................................................87
4-6-.....................................................................100
4-7 -.............................................................101
4-8 -)(...............................................102
4-9 -)(.........110
5.............................................................................................................................................................................121
5-1 -.........................................................................................................................................121
5-2 -.....................................................................................................................................121
5-3 -............................................................................................................122
5-4 -..............................................................................................................................................122



...........................................................................................................................................................................

)1-1([2]....................................................................................................2
)1-2(...........................................4
)1-3([4].......5
)1-4([6]..............6
)2-1([9]..................................................................................8
)2-2([19].................................................................................................9
)2-3([20]......................................................................................................................9
)2-4([6]............................................................................................................10
)2-5([6]..............................................................................................................11
)2-6([6].............................................................................................................11
)2-7([6]..........................................................................................................12
)2-8([6]...........................................................................................................12
)2-9([6]........................................................................................................13
)2-10([21]...........................................14
)2-11(-[21]......15
)2-12([21].......................................................15
)2-13([22].....................................................................16
)2-14([22]....................................................................17
)2-15([22]..................................................................................................17
)2-16([22]..................................................................................................18
)2-17([22]..................................................................18
)2-18([22]..................................................18



)2-19([22]...............................................................................19
)2-20([22]................................................19
)2-21([21,24]...................................20
)2-22([21].............................................21
)2-23([6]........21
)2-24([25].......................................................................22
)2-25([17]...............................23
)2-26([17]...................................24
)2-27([27]..............................................................................26
)2-28([26]...................................................................29
)2-29([26]...........................................................................30
)2-30(Gee-CloughWaller[26]...............................................................31
)2-31(.............................................................32
)2-32(Gee-CloughWaller1982[26]..................................32
)2-33(E. RivinB. IBachrach1982[26]....................33
)2-34(E. RivinB. IBachrach1982[26]...................33
)2-35(A. J Nieto2008[37]....................35
)2-36([38]........................................................................................................36
)-(Jeung-Hoon LeeKwang-Joon Kim[ ].................................36
)2-38([38]......................................................36
)2-39(LeeKim2006[39]................................................37
)2-40(Yun-Ho ShinKwang-Joon Kim[40]....................37
)2-41(Yun-Ho ShinKwang-Joon Kim2008[40]....38
)2-42(Tomonori Kato2008[41].....................38
)2-43([41]......................................................38



)2-44([26].......................................................................................39
)2-45([42]..........................................42
)2-46(Moody[29]...................................................................................................................43
)2-47([42]Kb

*...................................................................................44
)2-48([42]Co.....................................................................................45
)2-49([42]CRe...................................................................................45
)3-1(...........................................................................................47
)3-2()()

([43,44].................................................................................................................................................................49
)3-3(................................................................................................................52
)3-4(..........................................................53
)3-5(.................................................................................................54
)3-6(.........................................................................................57
)3-7([43]...............................................................................................................57
)3-8([1]................................................................................................................58
)3-9([1,45].................................................................................................58
)3-10(...........................................................................................................59
)3-11(..............................59
)3-12(.........................................................................................60
)3-13(......................................................................................60
)3-14(.............................................................61
)3-15(.................................................62
)3-16(........................................................................................................62
)3-17(............................................................64
)3-18(...................................................66



)3-19(........................................................................................67
)3-20(...................................................................................................................67
)3-21(.................................................................................68
)3-22(-.........................................................................................68
)3-23(............................................................................................................................69
)3-24([44]...................................................................................................70
)3-25(...............................................................................71
)3-26(.....................................................................72
)3-27([6].......................................................................74
)3-28(......................................................75
)3-29(.......................................77
)3-30(...............................78
)3-31(.......................................................................................................78
)3-32(........................................................................................................79
)3-33(........................................................................................................79
)3-34(........................................................................................................80
)3-35(.....................................................................................................80
)3-36(.....................................................................................................81
)4-1(..............................................................................83
)4-2()P(............................................................................................................85
)4-3()PID(....................................................................................................85
)4-4(PID-

.............................................................................................................................................................................86
)4-5(-

..............................................................................................................................................................................87



)4-6( -
..............................................................................................................................................................................................88

)4-7(-
22550................................................................................................................89

)4-8(-
2.52550............................................................................................................90

)4-9(-
32550.......................................................................................................91

)4-10(-
3.52550.................................................................................................92

)4-11(-
42550.....................................................................................................93

)4-12(25
50170..................................................97

)4-13(.............................................................................................................98
)4-14(25

50210..................................................99
)4-15(

2550170
.................................................................................................................................................................99

)4 -16(
2550210

..............................................................................................................................................................100
)4-17(24

170..............................................................................100



)4-18(24
210..............................................................................101

)4-19(.........................................................101
)4-20(...................................105
)4-21(...................................105
)4-22(...................................106
)4-23(PID...............................................................106
)4-24(

.......................................................................................................................109
)4-25(.110
)4-26(

.............................................................................................................................................................................111
)4-27(-

22550..........................................................................112
)4-28(-

2.52550......................................................................113
)4-29(-

32550..........................................................................114
)4-30(-

3.52550......................................................................115
)4-31(-

42550..........................................................................116
)4-32()()(

340.....................117
)4-33(.........................................120



...........................................................................................................................................................................

)2-1([16]..............................................................8
)2-2(h[26]..................................40
)2-3(AAmean[26]...............41
)2-4([26]....................................................................................................................41
)2-5([42].................................................43
)3-1(...............................................................................................51
)3-2([46]...............................................................................................64
)3-3(Ka[46]............................................................................................................65
)3-4(Kc[46]............................................................................................................65
)3-5([6]............................................................................................72
)4-1(......................................................................................................95
)4-2(............95
)4-3(...........................................................102
)4-4(..........................................103
)4-5(

...........................................................................................................................................108
)4-6(......................118
)2-1 ([16]...........................................................................................8
)2-2(h[26]..................................40
)2-3(AAmean[26]...............41
)2-4([26]....................................................................................................................41
)2-5([42].................................................43



)3-1(...............................................................................................51
)3-2([46]...............................................................................................64
)3-3(Ka[46]............................................................................................................65
)3-4(Kc[46]............................................................................................................65
)3-5([6]............................................................................................72
)4-1(......................................................................................................95
)4-2(............95
)4-3(...........................................................102
)4-4(..........................................103
)4-5(

...........................................................................................................................................108
)4-6(......................118



1

.

 .m

 .kc .

 .

 .

 .

)( )(

 .

 . .

 .

 .

 .

2 Rigid
3 Spring
4 Damper
5 Stiffness



2

 .

.

1-1-

 .

c.

)1-1([2]

)-()-([ ] :

)1-1(. .m g k

) -( .

)1-2(
1 1 4 .9 8

2 2n

k g
n m d

k gf
m d d

) -(.

6 Natural Frequency



3

)1-3(2

2

( )
2

1 ( )
2 2n

k c
n m m

k cf
m m

1-2-[3]

 .cc

 .- .

)1-4(2 . .C mc n

ccc .

 .

 .1 =.

1-3-

 .1-5 :

)1-5(2. 1
: 0 1

d n

for

1-4-[3]

) -(FX

FtY .

7 Damping
8 Free Vibration
9 Transmissibility
10 Resonance



4

 .

 .) -(

 .

)1 -2(

)1 -6(.

)1-6(2 2

2 2 2 2
0 0

( ) ( )

( ) ( ) ( )
tF k X c X

F F S in t F m X k X c X

)1-7(.

)1-7(

 =)1-8(     .

)1-8(

2

2 2 20

1 (2 )

(1 ( ) ) (2 )

t n

n n

FXT R
Y F

2

1

( ) 1
n

T R


