. B.G. Watters,R.B. Coleman,G.L. Duckworth and EF. Berkman * A

Perspective On Active Machinery Isolation * IEEE Proceedings of the 27th
Conference on Decision and Control Austin, 1988

. Colin F Ross “ Active Isolation of Ship Machinery Platforms " IEEE
Proceedings of the 27t Conference on Decision and Control Austin,

1988

. Z. Jason Geng and Leonard . Haynes “ Six Degree-of-Freedom Active
Vibration Control Using the Stewart Platforms “ IEEE. VOL.2, NO.1,

MARCH 1994

. Eric H. Anderson and Jonathan p. How * Active Vibration Isolation Using

Adaptive Feedforward Control " IEEE. Proceedings of the American Control

Conference, 1997

. JK Baker “ Vibration Isolation " Oxford University Press



1. William T. Thomson “ Vibration Theory and Applications " 4thedition Prentice-
Hall. Inc. 1993

2. Austin H. Church “ Mechanical Vibrations " 2rdedition John Wiley and Sons.
Inc- 1963

3. J.p. Den Hartog “ Mechanical Vibrations " 4t edition McGraw-Hill Book
Company. Inc. 1956

4. Robert K. Vierck “ Vibration Analysis " 5t edition International Textbook
Company.1967

.. 2538

6. Curtis D. Johnson “ Process Control Instrumentation Technology " 2rd edition
John Wilev & Sons. Inc. 1982

7. Kutsuhiko Ogata “ Modem Control Engineering " 1d edition Prentice-Hall
International. Inc.1990

8. William F. Riley and Loren Zachary * Introduction to Mechanic of Materials "
Is edition John Wiley & Sons. Inc. 1989

9. Neil Storey * Electronics A Systems Approach " Addison-Weslev Publishing
Company 1992

10. * "

11, 'l ,
12. JL. Meriam and LG. Kraige “ Engineering Mechanics Volume Two
Dynamics " 3rdedition John Wiley & Sons. Inc. 1993



AWIAINTAUNNIINY 1Y
CHuLALONGKORN UNIVERSITY



MCS-51

ORG  0000H

Define keypad

KPAD RO

KPAD_ROW1
KPAD_ROW?2
KPAD_ROW3
KPAD COL2
KPAD_COLL
KPAD_COLO

KPAD_DATA
DATAI
DATA2
DATA3
DATA4
DATAS

BIT P20
BIT P21

BIT
BIT
BIT
BIT
BIT

EQU
EQU
EQU
EQU
EQU
EQU

Define variable

P2.2
P2.3
P2.4
P2.5
P2.6

030H ; For keep keypad data

031H
032H
033H
034H
035H

(Controller Board) CP-58252 V2.0

For keep input data
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FWD_SIG BIT
BWD_SIG BIT
HOME_SIGNAL BIT
PULSEL BIT
PULSE2 BIT

| EQU  036H
] EQU  037H

OVER EQU  038H

MULIH EQU
MULLL EQU
MUL2 EQU

MUL_RESULTL EQU
MUL_RESULTH EQU
MUL_RESULTHH  EQU

COMPARER EQU
COMPAREIH EQU
COMPAREIL EQU
COMPARE2H EQU
COMPARE2L EQU

HEXH EQU  044H
HEXL EQU  045H

KEY DATAH EQU
KEY_DATAL EQU

P1.0
P11
POO
P3.4
P2.7

039H
03AH
03BH
03CH
03DH
03EH

03FH
040H
041H
042H
043H

046H
047H

139



POSH
POSL
POS2H
POS2L
ROTATE
LAST ROTATE
POSSTOPH
POSSTOPL
HZH

HZL
POSDH
POSDL
CHECK_HZ
OLD HZ
LIMIT

CSLCD  EQU
RSLCD EQU PL2

MAIN:

P1.3

EQU  048H
EQU  049H
FQU  04AH
EQU  04BH
EQU  04CH
EQU  04DH
FQU  O4EH
FQU  04FH
FQU  050H
EQU  051H
FQU  054H
FQU  055H
EQU  056H
EQU  057H
FQU  058H

Define LCD pins

AJMP MAIN

ORG  OOBH
SETB OVER
RETI

MOV  SP#256-32 ; Initial Stack 32 Byte

'E LCD (PIN INTY)
RS LCD (Pin TO)

140

; TFO vector interrupt
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MOV  P3#001111118
MOV P2#11111111B
MOV POA000000008
CLR FWD SIG
CLR BWD SIG

Initialize LCD

SETB CSJ-CD  ;initial LCD
LCALL DELAY initial delay
LCALL INITLCD  ;initial LCD

Main loop

MOV TMOD,#55H ; counterO 16 bit, counter! 16 bit
SETB EA

MOV POSH, #003H

MOV POSL#08CH

SETJ-OME;
JB  HOME_SIGNAL,STOP TO_HOME
SETB BWD SIG
CLR FWD SIG
LJMP  SET_HOME
STOP_TO_HOME;
MOV  P0#11111111B
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CLR FWD SIG
CLR  BWD SIG

MAIN_LOOP:

MOV OLD_HZ#0
LIMP  INITIAL_HZ

RECORD_POSITION:

MOV  A#040H

LCALL GOTO_LCD

MOV  LIMIT #16

LCALL WRLINE_LCD

MOV -~ POSSTOPH.HEXH

MOV  POSSTOPL.HEXL

MOV A #000H

LCALL GOTOJ-CD

MOV DPTR#MOVE

MOV ~ LIMIT #16

LCALL WRLINE_LCD

LCALL DELAY 1s
CHECK:

ClR C

MOV APOSSTOPH

SUBB A,POSH

JNC  COND1

LCALL RUN_BACKWARD

LIMP MAIN_LOOP
CONDL1: JZ MAIN_LOOP

LCALL RUN_FORWARD



COND2:

INITIAL_HZ:

DETECT_HZ:

LIMP  MAIN_LOOP

DETECT SPEED

MOV CHECK_HZ#3
MOV OLD_HZHZL

MOV TH1#000H
MOV TL1,#000H
SETB ETL

SETB TRI

LCALL DELAY_1s
MOV~ HEXHJH1
MOV HEXLJLL
MOV HZLHEXL
MOV AHEXL
MOV B #60

MUL AB

MOV HEXL,A
MOV HEXH.B
CLR TR1

CLR EM

MOV A#000H
LCALL GOTO_LCD
MOV DPTR#DETECT
MOV LIMIT #7
LCALL WRLINE_LCD
LCALL SHOW_DEC
MOV DPTR#RPM
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:show freq in rpm



HZ_TO_POSITION:;

NOT13:

NOT15:

NOT17:

MOV LIMIT #4
LCALL WRLINE_LCD

MOV HEXL.HZL

MOV AHEXL

CINE A,OLD_HZ,INITIAL_HZ
MOV OLD_HZHEXL

DINZ CHECK_HZDETECT_HZ

CINE A#I3NOTI3

MOV HEXH,#020H

MOV HEXL#030H

MOV DPTR#POSITION13
LIMP RECORD_POSITION

CINE A#15NOT15

MOV  HEXH,#018H

MOV HEXL #0EOH

MOV  DPTR,#POSITION 15
LIMP RECORD_POSITION

CINE A#17NOTIL7

MOV HEXH #014H

MOV HEXL,#000H

MOV  DPTR#POSITION17
LIMP  RECORD_POSITION

CINE A#18NOTI8
MOV HEXH#011H
MOV HEXL,#090H



NOT18:

NOT20:

NOT22:

NOT23:

NOT25:

MOV
LIMP

CINE
MOV
MOV
MOV
LIMP

CINE
MOV
MOV
MOV
LIMP

DPTR#POSITION 18
RECORD_POSITION

A#20,NOT20
HEXH,#00FH
HEXL,#020H

DPTR #POSITION20
RECORD_POSITION

A#22NOT22
HEXH,#00CH
HEXL,#0BOH
DPTR #POSITION22
RECORD_POSITION

CINE A#23NOT23

MOV
MOV
MOV
LIMP

CINE
MOV
MOV
MOV
LIMP

LIMP

HEXH,#00AH
HEXL #040H
DPTR #POSITION23
RECORD_POSITION

A#25NOT25
HEXH,#007H
HEXL,#0D0H
DPTR #POSITION25
RECORD_POSITION

INITIAL_HZ



(POSHPOSL)=RUN_FORWARD(POSH,POSL,POSSTOPH,POSSTOPL)

RUN_FORWARD:

FORWARD 10:

Run Forward

PUSH
MOV
MOV
SETB
SETB
CLR
MOV
SUBB
MOV
MOV
SUBB
MOV
CLR
MOV
SUBB
MOV
MOV
SUBB
MOV

CLR
MOV
MOV
MOV
SUBB

ACC
THO,#000H
TLO,#000H
ETO

TRO

C
A.POSSTOPL
A.POSL
POSDL.A
A.POSSTOPH
A,POSH
POSDH.A

C

A.POSDL
A#20
POSDL.A
A.POSDH
A#0
POSDH.A

C
POS2H.THO
POS2L.TLO
A.POS2H
A.POSDH
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STOP F

JC  SET_FW_SIGNAL
IJNZ  STOP_F

MOV A.POSDL

SUBB A.POS2L

JC  STOP_F

LIMP SET_FW_SIGNAL

CLR FWD SIG
CLR BWD SIG
LCALL DELAYJs
LCALL DELAYJs
MOV HEXHIHO
MOV  HEXLTLO
ClR C

MOV APOSL
ADD ~ AHEXL
MOV  POSLA
MOV A, POSH
ADDC A HEXH
MOV POSHA
MOV HEXH.POSH
MOV HEXL.POSL
MOV A#000H
LCALL GOTOJ-CD
MOV  DPTRASTOP
MOV LIMIT#16
LCALL WRLINE_LCD
LCALL DELAYJs
ClR TRO

CLR E0

POP  ACC
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SET F _SIGNAL:

(POSHPOSL)=RUN_BACKWARD(POSH POSL, POSSTOPHPPOSSTOPL)

RUN_BACKWARD:

RET

MOV P0,#00000000B

SETB
CLR

LIMP FORWARD 10

FWD_SIG
BWD SIG

Run Backward

PUSH
MOV
MOV
SETB
SETB
CLR
MOV
SUBB
MOV
MOV
SUBB
MOV
CLR
MOV
SUBB
MOV
MOV
SUBB
MOV

ACC
THO,#000H
TLO,#000H
ETO

TRO

C

A, POSL

A, POSSTOPL
POSDL.A

A, POSH
A.POSSTOPH
POSDH.A

C

A.POSDL
A#20
POSDL.A
A.POSDH
A#0
POSDH.A
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BACKWARD 10:
ClR C
MOV POS2HIHO
MOV POS2LILO
MOV  APOS2H
SUBB APOSDH
JC  SET BW SIGNAL
INZ  STOP_BW
MOV A.POSDL
SUBB APOS2L
JC  STOP BW
LIMP SET_BW._SIGNAL

STOP BW:
CLR  BWD SIG
CLR  FWD SIG
LCALL DELAY. s
LCALL DELAY 1s
MOV, HEXH.THO
MOV HEXLILO
ClR C
MOV A.POSL
SUBB A HEXL
MOV POSLA
MOV APOSH
SUBB AHEXH
MOV POSH,A
MOV HEXH.POSH
MOV HEXL.POSL
MOV A #000H
LCALL GOTOJ-CD
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MOV DPTR#STOP
MOV LIMIT#16
LCALL WRLINE_LCD
LCALL DELAY 1s
CLR TRO
CLR ET0
POP ACC
RET

SET B _SIGNAL:
MOV POAO0000000B
SETB  BWD_SIG
CLR FWD SIG
LIMP  BACKWARD 10

; Show decimal numberto LCD

SHOW_DEC:
PUSH ACC
PUSH B
PUSH 1
PUSH 2
MOV 145

SHOW DEC1
MOV AHEXH
MOV B#10
DIV AB
MOV HEXHA
MOV AHEXL
ANL  A#OFOH
ORL AB
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SWAP A

MOV B,#10

DIV AB

MOV RLA

MOV AB

SWAP A

MOV B,A

MOV AHEXL

ANL  A#0FH

ORL AB

MOV B#10

DIV AB

MOV R2A

MOV DATAI DATA2
MOV DATA2.DATA3
MOV ~ DATA3.DATA4
MOV  DATA4.DATAS
MOV  DATAS.B
MOV AR1

SWAP A

ORL AR2

MOV~ HEXLA
DINZ |,SHOW_DEC1
LCALL SHOW_LCD
LCALL DELAY

POP 2

POP 1

POP B

POP ACC

RET



SHOW_LCD:

show LCD *

PUSH ACC
MOV~ A DATAS
ADD  A#030H
ACALL WR_LCD
MOV A DATA4
ADD  A#030H
ACALL WR_LCD
MOV  A.DATA3
ADD A#030H
ACALL WR_LCD
MOV~ A.DATA2
ADD  A#030H
ACALL WR_LCD
MOV A DATAI
ADD A #030H
ACALL WR_LCD
POP  ACC
RET

Input : ACC (ASCII)
* Output : Data bus LCD

WR_LCD:

PUSH B
PUSH 2
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MOV BA

ANL  A#OFOH
ORL A#00001100B ;RSICSHI
MOV R2A

MOV  APL

ANL  A#00000011B
ORL AR2

MOV  P1A

LCALL EN_LCD
MOV AB ;Low hyte
SWAP A

ANL  A#OFOH
ORL A#00001100B
MOV R2A

MOV~ APl

ANL ~ A#00000011B
ORL AR

MOV PLA

LCALL EN _LCD
POP 2

POP B

RET

Write Line to LCD

WRLINE_LCD:
PUSH ACC
PUSH 0
MOV RO#0
WRLINE_LCD1:



*

*

WRINS:

MOV A#0

Move A,@A+DPTR

LCALL WR_LCD

INC  DPTR

INC RO

MOV ARO

CINE A,LIMIT,WRLINE_LCD1
POP 0

POP ACC

RET

Write Instruction LCD &
Input : ACC (Command) y
Output : Data bus LCD 1

PUSH ACC

PUSH B

MOV BA

ANL ~ A#0FOH

SETB ACC.3 .CSHI
MOV R2A

MOV AP1

ANL  A#00000011B else hit
ORL AR2

MOV PLA - High byte
LCALL EN_LCD

MOV AB » Low byte
SWAP A

ANL  A#OFOH

SETB  ACC3
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MOV R2,A

MOV  AP1L

ANL  A#00000011B
ORL AR2

MOV PLA

LCALL EN_LCD

POP B

POP ACC

RET

Goto position of LCD
Input ACC (addr.)

GOTOJ-CD:

PUSH ACC
SETB  ACC.7
LCALL WRJINS
POP ACC
RET

Clear LCD Screen

CLR_SCREEN:

PUSH ACC
MOV A#01H
LCALL WRINS
POP ACC
RET
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.**»***** ******»* **»*»»**»********»***»*********:

*
]

*
]

Initial LCD
4-Bit Interface ¥

tk******************»*************************%

INIT_LCD:

*
]

*
]

ENJ_CD:

PUSH ACC
CLR RS.LCD
MOV A #33H
LCALL WRINS
MOV A#32H
LCALL WRINS
MOV A#28H
LCALL WRINS
MOV A#OCH
LCALL WRINS
MOV A #06H
LCALL WRINS
MOV AHOLH
LCALL WRINS
POP  ACC
RET

Enable Pin ELCD
Active Chip select

CLR (CSJ.CD
LCALL BUSY
SETB CS_LCD
RET

*

*
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*Set DL = 1 3-time

' Clear DL = 0 1-time

Function set
- DL=0 4Bit N=1 2Line,F=0 5X7

4Entry display,cursor off,cursor not blink
; Entry mode set
ID=1 Increment,s=0 cursor shift
» Clear display
Clear display,set DD RAM address=0

: Enable LCD
; Busy delay time
' Disable LCD



ok ok aebloaokyy ekboaaoky bk st oy ks

X Delay time for Busy *
* Wait LCD Ready

BUSY:  PUSH 07H
PUSH 06H
MOV R6,#05H
BUSYL: MOV  R7#0FFH
DINZ R7,$
DINZ R6.BUSY1
POP  06H
POP  07H
RET

Delay Time

DELAY:  PUSH 07H
PUSH 06H
DELL: MOV  R6#0FFH
DEL2. MOV  R7#0FFH
DINZ R7$
DINZ R6.DEL2
POP  06H
POP 07H

RET

Delay Time 1 second

DELAY 1 PUSH 07H



DELAYJOms:

DELAY 2
DELAY 3

FWD_RUN:
BWD_RUN:
STOP:

HZ.
DETECT:
MOVE:
RPM:

POSITION 13;
POSITION 15:

PUSH
PUSH
MOV
MOV
MOV
NOP
NOP
NOP
NOP
NOP
NOP
DINZ
DINZ
DINZ
POP
POP
POP
RET

DB
DB
DB
DB
DB
DB
DB
DB
DB

06H
05H
5#100
7#10
6,#0BFH

R6,DELAY 3
R7,DELAY 2
R5,DELAY _10ms
05H

06H

07H

'0123456789ABCDEF

‘FWD RUN

'BWD RUN

'STOP AT

*HZ

'DETECT

'MOVE TO

'RPM'

'POSITION 42 cm.
'POSITION 39 c¢m.
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‘Each loop = 10 ms
Each loop = 1 ms



POSITION 17
POSITION 18
POSITION20
POSITION22
POSITION23
POSITION25

END

DB
DB
DB
DB
DB
DB

'POSITION 37 cm.
'POSITION 36 cm.
'POSITION 35 cm.
'POSITION 34 cm.
'POSITION 33 cm.
'POSITION 32 cm.
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V Material

Steel spring

Natural rubber
Neoprene

Friction-damped springs

Metal mesh

Air damping

Felt and cork

(Damping Ratio)

Approximate damping ratio
0.005
0.05
0.05
0.33
0.12
0.17
0.06

(Damping Ratio)
5]
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= 4sky +4sky(-mcu*lx +4 2mo)Xy +4002 xky +4h2mcokz-16b XKyk1)

Z'Ad%wkz (-)

- me0)Z0- 4skyF0 + 4ekyF0 .
A= - m(o'lx + 4s2ma>kY + 4(02 xky +4b2rhDkz - 16bXykz ()

0 = dW( 2'4kX) ( ) )
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0 (0212 4bXkx-4b Xy (-0
0 X 0 N

- | *ly +4s2meokx + 4GAykx + 4b2ncoXz - 16h2kxkz =0 (-7)
y @

- mO)*Ix + 4s2meeky +4ceA xky + 4b2meek?2- 16z2Kyk=0  (-)
Z

4oo2 - 4kz = 0 (-9)

Q2 2- 4bXx - 4bXky = 0 ( -10)



=10.2cm, a=138cm, b=20cm, d= 14cm, e=4.2 cm,
m = 53.85 kg,
k, = 1°= 4709 Nim, k,= 47.2 kN/m,
Ix =211 kg-m2,=2.15 kg-m2  122.50 kg-m2

6 -1,
9 -10 )
X 0 ) 174
581 rpm
Z  5651pm
y (3 ) 174
586 rpm

y 234 1pm

i
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Po=
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l0b"sFbkzky-ieb™efTjkzky+iei"sFijkJ-iedIsFbk"-iei*elT) kJ-*dIm sGFbkjr-
4P Fokz+16d1 Fokykz)/
( ix=-4b2  ixkx- 4b2 «dixky- 42 ixky-4 2 *2ky-4  ix%ky+
16b2 2 kxky+16b2 ixkxky+16b2 2 kE+16P 2 KE+16b2 ixk2-
64al2sk™-4b2 4 kz+16 4m<ilkxkz+16b4m<y2kykz+16h212mo>2kykz-
l6al2msw2ky12-162 2 kykz+16 "GR4 kykz- 64bdkxky - 64b*k] +64al2skjkz)
oo=(-0 2«4F-12 ,+4d  Fokx+41  Fkx+4d Fokz- 16d Fokxk2)/
H"2 iytd 22 kxtd  wkx+4h2 2 kz+42 2 <+4  iyke- 1602 kxkz-
162 keke- 16ms2  kxke- 16«2iykxke- 1662 2+ 64h2kxk|)
0=
(-dm  ixFb-Im&>4ixFb+4dms2 Fbky+4Ims2 2Fbky-481 6 Foky-4Ims£0>2Fbky +
4d<MxF -16alsH k*+16aléFk”+4 b2d kz+4 b2Imw? Fukz-16 b2dFi, 1" kz)/
(m ix4-4b2m ixkx- 4b2m ixky- 42m ixky- 4m 2 %ky- 4 ix%ky+
16b2m 2 kxkyt16b2 *xkxky+16b2m 2 kE+162m 2 kj+16b2 ixkE-
64al2sk”-4 b2 % kz+16b4  kxkz+t16b*  kykz+16b22  kykz-

16al*mW kykz-1612ms2 kykz + 16b2 %kykz-64b4kxkykz-64 bdkEkz+64al2skjkz)
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(Structural Damping)
(Bump Test)
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nj rM
Twsu \l/mﬁ::maﬂu

m, v m, J/
%

LE 5z

Tr77777777777777777777777

(Acceleration)
X1 (Transient)

IUERC
Time - Seconds

X1

(Logarithmic Decrement)
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6 (Logarithmic Decrement)
£ (Damping Ratio)
Xq
X, 3
= 10 1X0=0.0861 Gs  x,=0.0632 Gs
£1=0.0049
(Acceleration)  jir2 (Transient) -4

O’Gﬁi_l
P

1 I

.
Tine - Seconds

c2 (Logarithmic

Decrement) C, -4 = 10,

Xq= 0.0669 Gs  x, = 0.0496 Gs -1
£2=0.0047
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