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Development of High—Speed Active Vibration Control
System Based on TMS320C6713 Microprocessor

and Study the Simulink

Kim, Dong Chan

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

In this thesis, we have developed a high—speed active control system
based on the TMS320C6713 microprocessor to control the vibration of the
structure actively. This system is composed of the DSP microprocessor,
Piezoelectric(PZT) driver, PZT actuator and sensors.

In particular, PZT actuator can generate 200 ~ 450 variable voltage
using the H-bridge circuit and DC-DC converter. In addition, we made a
control box which is composed of PCBs for several circuits and A/D, D/A
devices with the same speed resolution of the main processor. The
designed control box is portable and practical. Also TMS320C6713

microprocessor is conveniently to simulate the vibration system's input
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and output signals using the Matlab. The simulation is based on the PPF
control algorithm to reduce vibration. Through the extensive experiments,
the real-time control performance of the system has been verified. The
comparisons are also presented between the experiments and simulation

results.

Key Words : Active control system, Microprocessor, Piezoelectric
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- 16Mbytes of SDRAM, 512Kbytes of Flash Memory

- USB host interface & ©]&3%F JTAG emulator
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Table 2.1 Feature of PZT Sensor/Actuator

Overall dimensions 110[mm] x 75[mm] (4.3” x 2.97)
Active area (Actuator) 85[mm] x 50[mm] (3.4” x 2.0")
Active Area (Sensor) 85[mm] x 3.5[mm] (3.4” x 0.14")

IDE Spacing 0.5[mm] (20 mil)
Capacitance Approx. 12[nF]
PZT Type Navy Type II
Max Voltage -500[V] to + 1500[V]
Max Tensile Strain 4500 Part Per Million(ppm)

Fig 2.7 ol PZT ¢ 985 YERAT

Fig 2.7 PZT Sensor/Actuator
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1A T=cS+eE
o € D=eS+e’E
L. S =S°T+gD
g 63}4 T
E=-gT+B"D
. T=c"-hD
b E=-hS+p°D

o714 g= AtEEATd A BaelH, B= o wAdEelt
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Fig 3.1 THUNDER Actuator
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Al 4 & External Deviced 7

4.1 A/D Interface

PZT Sensor oA Ho+ =94 A4S A

~
)
il

& gAY gto = WA
Controller & BUA ®r}. ADS7805 += olgd=z 1 S 16bit ¢ A ™

grom wbgFE +10[V]e] A WS S48 4 Aok PZT Sensor oA

dot Agke 1[V] Aol Ao Ydng 83 48 5 g3 3
Agko] 1he= PZT A Op-Amp & AHg3te] A4S ZEshe] 24 +
A= TASAT L ATelq A& PZT AL NASA oA At

M8557 S1 Type ¢ #A|Fo=Z &5 HSgte] A A/D W3 7hsstm

h

)

B0 FEZ A= B2t ADS7805 o 54L& thea gk

- TI AF¢] 16bit 10us Sampling CMOS Analog—To-Digital Converter
- 100 KHz Minimum Sampling Rate

- Standard -10[V] ~ + 10[V] Input Range

- Pull Parallel Data Output

- Uses internal or external reference

- 100mW max Power dissipation
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A/D 37|+ Address Line ¥ Data

&3 EMIF ¢ CE3

100[KHz]2] Sampling rate

=

=

qoie Abgstel

JFA] 2

S =3 Controller 9 £41

Mapping 3stA ¥ttt

s gs 54T + Uk
+ 10[V] 43S A/D AWE7E gloj=d AAZA ddel ¢17ksa, R/C
of /CSE A/D ol HHS Fo dE5E ALdS AU gloj=d & deoly
ghlo 2 AEeth BYTE & 485 E= 200, Dl wheh dlolg 2l 3]+
/49 HIEMSB)9} #3k9] ¥ ELSB)Y FEl2 YelA Hr).
-—— RIC
Clock —— _ - e T3
Successive Approximation Register and Control Logic -~ BYTE
L= Y
H
CDAC -
" 1 t
2 TV (s e
A0V Input ‘;—\.-ﬁ'.f\.'-'“'—J—J—‘O \ —{ —{ and DS:-Jral\el
2 00 Zao H—@—_L i e (=5
%; i — 7 Comparator Drivers =
CAP 3 ']
Buffer Intemal
+2 BV Ref
40
REF | \,.-'\v."'- \,.‘"

Fig 4.1 A/D Block Diagram
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Table 4.1 A/D Operation

cs R/iC BUSY OFERATION

1 x X None. Databus is in Hi-Z state.

1 0 1 Initiates conversion “n”. Databus remains
in Hi-Z state.

a 1 1 Initiates conversion “n". Databus enters Hi-Z
state,

4] 1 T Conversion “n” completed. Valid data from
canversion “n” on the databus.

1 1 1 Enables databus with valid data from
conversion “n".

HE 1 8] Enables databus with valid data from
conversion “n-1"7 Conversion n in progress.

1] T 1] Enables databus with walid data from
CoOnversion “n-1""" Conversion “n" In progress,

o o T Mew conversion initiated without acquisition
of 2 new signal. Data will be invalid. ©35 and/or
R/ must be HIGH when BUSY goes HIGH

x x 4] Mew convert commands ignored. Conversion
" in progress,

NOTE: (1) See Figures 3 and 4 for constrainls on data wvalid from
conversion “n-1".

Table 4.1 & A/DE Alojst7] 913k Operation & YERH Aot} A
12

/CSel Wl whE dejek Zu

Age)its a9t
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4.2 D/A Interface

PZT sensor ZHF-He =ZHH Alg

rr

A/D ®W3E3s 5 Controller &3l
OAE zS 9jo] S04 HaL, Controller olME FAH Aol Larg]Fol
e 257 D/A & B3 ol R AER FYHET o] ofdREI ASE +

400[V] o]de] sk &9 0] 7Fedk PZT =2tols] W& Amp o 945 L,

% HEo] wdk D/A ¢ =9 Analog #tel H|FEA  AFrol o] €]

-
oft

Heto] Z=#EET) A28 D/A Chip ¢! DAC712 ¢ EA L t}

dlo

3} 2.

- TI AF¢] 16bit Digital-To-Analog Converter with 16bit Bus Interface
- High—-Speed 16bit Parallel Double-Buffered Interface

- Voltage Output : -10[V] ~ + 10[V]

- Gain and Offset Adjust

- 600mW max power dissipation

— 16bit monotonic over temperature

Fig 4.2 & DAC712 ¢ Wy5¥5%%E YEd Block Diagram o]t} WlF-ol =
AdH S dA=ER AFS= A (Latch) FJ=27F F M2 Hoda, ol&

o]

ol

e w4, 9 /4 9 2Eel wek d=d 16bit @S AL

pota g MEE %S WY, Ae EFPst 98 FUs A -

ol
=l
ol

]

oN
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O[VIellA  +10[VIZEAel  AMHAE 5[V/ ws 19] Slew rate =

Transition ©] 7Fs3st2=2 Hd] 4[ us 19] Delay 7} @A gt}

3 | Bipolar
Offset

Adjust

~
T ima
25V e Yy
VY
DA Switches
e [ [ [ T T T T T P T TPl T s

[ — 16-3it Dva Latch |

A‘:b£||||||||||||||||

- E ; 16-Bit Input Latch |
| )
/; V]

[ze[[27[2e ] [25] [22] [z ] [2z2] [0 [ [=e ] [ne] oo [ o7 [ [ne ] [ ns [ [ 0e [ [ n3] |,2_| |1|,
Fig 4.2 D/A Block Diagram
Table 4.2 & DAC712 &} iAol 7121 =]e] Sl DACT12 & Alofstr] 913t

WH“

/A4,, 14,,/WR 18]31 /CLR 2159 AEEZ WHS YA Zlojt

Table 4.2 D/A Operation

A A WR | CLR DESCRIPTION
0 1 1201 1 Load Input Latch

1 0 [1=0=1 1 Load D/A Latch

1 1 1=a0=1 1 No Change

0 0 0 1 Latches Transparent
X A 1 1 No Change

X A X 0 Reset D/A Latch
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A 5 & Actuator Driver?] 712t

5.1 PZT Actuator Amp Driver

B ATl oM Ax"le] FAdAM = A/D S FTE FEE ATE U

AT 2332 9sle] = APEX A PZT #A8 PA Amp Series &
& I Fol A% PA 97 & £24[V]e 4= HAdow +450[V]e
=Hd94s 9 7 A, 10[mAIZEAl 7S 8183, 8[V/ us 19 Slew

Rate 9] 4% 71t} Fig 5.1 2 PA 95 9] 57F S22 & yeldt.

e R11Z SR12
aog -

il are EH—‘ —F ais

Fig 5.1 PA 95 Equivalent Schematic
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PA 97 9o A§ 2=9Hd & do] Aoz Qlste] A4 Amp 7h
HeEE A4S 25 et 24 PA 97 Bl a1 Aokl PA 95
Amp & A& HArk AA H&3ste] FAg A=A PA 95 = o]A
Series o H|3] ANEH o7 FUdS EAHS 7HX YA AF/FE Al & 5

itk F o8 5402 ste nr) kel

il
+

9om D/A o FHALE Wobd FE

C1 i

[}

. RF_a& RI
e 1 z
B30 104
L]
+h's
_] cz
Co_A
Lo |
| M Signal & 1
7 DOUTSignala
R
Ry 1 2
| c3 RCL_&
BT
=4

Fig 5.2 Actuator Amp Driver Circuit
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PA 95 & o]&3F AYZZ whiHoe v wd ZFZ S AFgstgon, 9
A2 D/A o &8 AU -10[VIelA +10[VIE A3 dAsd. Add

H-Bridge 3=Z& &9Hol| <dAsto] AMEsl L, ©]5(Gain)= Fig 5.2 9

FAER Y. aglal +Vs, -Vs o ZAdAME AAste] Amp ©F H9]
ol slE el mR|wto = PA 95 o AF A EAHES o] &dld

Cc_Aol 20[Q] AHg3le] 30[mA]R AFE A st
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E o S
R =
Of HE w_ ﬁu,._
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Fig 5.3 The Circuit of the H-Bridge
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PZT € Actuator Amp = T%5317] HYaldes W EES FAdz}

[e)
=74

1o

o

o] Q327 Bridge Circuit o4 FIF 88S 5o GND =& a1 +
AP, - APoz Basor}.
Fig 5.4 &= 2 A| Bridge 325 o|&3}lo] A&k PCB 7]#9o|al Fig 5.5 &

7Pl aF AhE WA 7]=d AR Slidac AR o]t

Fig 5.4 The PCB of the Bridge Circuit

ol AC 450[V]Y F ALE o83t + 450[VIZHAY A/ Hdo]

7 7hestm ol FA 7hH A

S
rN
(o

< °]&38te] Amp B AAHQD Al=Fel

A AR RS FASA Fo, o] Ak APARA ) S,
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Fig 5.5 Figure of the Slidac

i

AreM = L AgolA  AREEH= AC 220[VIE ol &% W

i

2
o
4z
i

olelo| = AHHF3lel Ag3E 93te]l DC-DC Converter ©]-83F
=

Aow AT F A AAST Fig 56 = PICO AR
12AV/250D & Abg3le]l 9= DC 12[V]el wal &2 + DC 250[VI17F
Vet I 2E AT B2 A AFdE FEo] 7bed MFC &AE

2 7}s3tt). kA% DC-DC Converter © X=©] A9
ale] ol W7E WkSS HWolmE AREAldlE WHEA] FO] Flojof ),
d2 AYe Power Supplier 53t AF&3aIar, AAZ <l A|~Ele] 73]

293E M A HAH
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+is

1 o
'-'1 104 B30%
17 0
u LN out 2 qﬁ
camt
S OC GND 2 5
R '|N 'DUT b [}
1282500 104 B0
1K
| A
o
1 ”z‘fi
LED

Fig 5.6 The circuit of the DC-DC Converter

el

Fig 5.7 The PCB of the DC-DC Converter
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Fig 5.7 & Fig 5.6 ¢ 32 = vlegoz FA3 AWE Y PCB 7]3o|t},
7y7re] A A2BE BT Agste] | A Ao A2~FlE Fig 5.8 ©f
el A PZT 9] Sensor ©AFE A/D 9] 94& dho] AZA3sta A/D & Data

D
Bus ¢} Address Bus & &3 DSP o 243}3 T3 DSP 9] Data Bus 9

rlo

Address Bus 9 D/A ¢ Data 9x& AZ23s9th. D/A ¢ Analog &9

PZT Actuator Amp ¢ ¥ go=g dAAx, v Wby £ 322 A"

Amp ] %8 we PZT dFololge] Qs HE% dadstg.

=95

([ PIT MOl Al )

--

A/D
Sensing ADSTEF Gonuersion

Actuator
Signal

Feedback Sensing
+ 3600 ! ks

Sliidnc A pe-oe

Fig 5.8 Developed Control System
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5.3 Control Cell® +4

AR Rl ek MFCe Al #E2 A/DE F3to] "UAdE go=

rlo

HekEo] o F(TMS320C6713)e Addot. 5+ Adel o3 A4 d=s

741389 HAHE Fsto] Zh4ke] A/DF D/AE AHESHA E

Amalog @ ¢
V5
Digital ¢ &

DADACTIZ)

Fig 5.9& Control Celld] S HoAFI a1, D/A, 74138, A/D,

ARl thsto] 2 ool whe F3F AFe] e BolFa gl

2
(o,
1

o A% AMETEY AYHE golBE okdEa AA% UAd

N
1

<

2]
o

2 Bgslodol sl=d BEADE E3dte] + 12[V] AYF GNDE

]_

off
38
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!
L1
+150 rrl-v-kEi 1A
|

J & J &
- P | -

[Hﬂ a6, wp e
- | -

o “”ETL,E” ]
DIGITAL | BEAD || ANALOG

Fig 5.10 DIGITAL VS ANALOG

Ao A AMRVHY QY= @gelnE okt A% UAY

ALd7E EBgstodol stEdl BEADE £33t 12(V] AL3 GNDE

o,

FEREAA bk £

Fig 5.11 Consisted of the Control Cell
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54 FW 7Hed Ao Al

Slidac 9] ACE o]&3 A3} DC-DC ConverterE o] &3 APo=z 213k
adstel AFstE s st AEE ¥ao] Fol Thseh Al AEe FE ol
7R A A HAY. ALE v A4 BESE Fote] & 44 twAol
7bsstH, 291X5 o]&3dte] RampEs &3 A A =8-S 7HAE St

THE ACTIVE DOMTROL SYSTEM
TUCED BF LA,

Fig 5.12 Figure of the Control System Kit

Fig 5.12 A& AZ3F Control System KitE Ho] Fi1 i1, ON/OFF
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g gHE w7 9% EHow FHS dur:

290219 el A Ramp, WA 29A2 TAE dx

A
N
o
e
B
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32
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250[V] 10[A]9] F=<F ¥4 =

39



5.5 AYHF9 &

71E9] H3 A(ShelDE o83 Aol 1 M Amp QI PA 97 9
5ol R molX 9} AFY JFgom kel AF A AN A A
A% Amp 7} BEFHE A7 o5 2ASGITE ol g A ew e
ISt Amp Aol AF AT 7lsd wmolAe] HluwA A 545 Ad
PA 95 Amp & HEAIZ Azl A d 9 wo|X] EAolA st
ol HoAFATH I dAFolA WAstE A xolAE Fo]7]
st tAEd opFm=aE st Z47be] Control Box & Al#Febitt

Fig 5.15 & %9 Control Box & H.o] &t}

Actuator Driver

\\.h

Fig 5.15 Isolated Digital and Analog Power Source
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Oxd d949 4§ Control Cell H-H9f

4

3= A/D, D/A, Decoder ¢+ ¥
el TMS320C6713 7F <38tA] %3 Transformer(Slidac)yt DC-DC
Converter ¢ obg21 Ao vla] vjuwa # Aot sjdEt. Fig 5.16 &

Ao F-2] Control Box ®&5< HoFt},

Fig 5.16 Figure of the Control Part Kit

Ao F-2] Control Box + A 9 H F%3 Control Cell FEO=
U5ojx+=d ygx"d AL 4pin Connector & %34 GND, +5[V], -
12[V], +12[V]e]l Aol FFHA Hr}h o3 ALe ¥ 33 Control

Cell o A/D, D/A ol 17}5lo] E2a17) €.
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5.6 Al'E HA(Simulink)d] & &

A% F1BA g4

Active Control System9

G S ARSI AT AlaE AF AT Al

e

glate] TMS320C6713 DSK 71E
4gaott. Fig 5.12% Simulink® ©]43 DSP 6xxx Agel HAAH<

A]2<® Block Diagram< ®.o]F1 g},

Fig 5.17 Application of the Simulink with TMS320C6713

°l

A%E3tE= TMS320C6713 DSKE 3= 9o A ¢l
7bestrE A/D¥YE olyEk D/AC]

5 74

SimulinkE E3}9]
glojm AT E o]l AlEH o]l
= HAA &g & 5 Q.
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A 6 & Systeme] 454
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6.2 HIAE 37
M8557 PZT 414¢ Sensing Al&E Y& o4F
]_

6.13} o] A=t H¥E 365x330[mm] < Y

Hae o
ERIES

O

W A A &=

ol
k]

Actuator/Sensorg H-ZF

e

’

FE0)E B AL§IA T

vg H3 9o PZT
A¥e x5S Fig

o9} 150[mm] *o]¢]

Fig 6.1 Structure for PZT Test

gaell fd¥e 71 fste] Alde @ dvig A xoldld HHE
WAl =i gaate] SR ofaid dgo] TS ek HAg E
= AlFste], kel = 7 MFC Eaol o A=HA =A™, o3 e
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A/DE Eotol & H ZRAME Foto]l HAE gtem e A

Fig 6.2 Figure of the MFC Attached Plate

Fig 6.2v A Ha9 d&€HS AE3H7] 218 MFC=Z 712, ME9] Aol7}
112x43[mm]2] MFCE H#o| Fokat 71 Al Zhz A3 & AJg S

Al sk e.
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6.3 PZT¢ Signal Sensing

PZTAIAM 9] Sensing Signal Test: 400[MHz] UtAEH QAZA~mXE
ol g3t FAsF 1 4 LAYVIE Fa 20, 50, 150, 200[Hz]9] PulseE
A7FekSlch. 48 Pulse®] Tkl g} Al & 38S HluE] Bk

Fig 6.3< 919 300[V] Al9] PZT AlMe] gl me 35 b o

fe—rov—ar o-Nov-07
12:02: 3

1— 1

10 ns 10 ns
5.0V . ' . i} 5.8 V
2 2

10 ms 18 ms

268 0y 208 ny

I J2
L’ L/ ]
260 . average 1 high 9
pkpk (2) 484 my 281 638 69
an(2) 4.7mY 4 110 2.3
sdev(2) 93.6my  66.4 107.1  10.9
rns(2) 93.8my  66.5 167.2  10.1
0 BUL 16 ns BHL anpl(2) 345mv 150 e 3%
I " ﬁ@ﬂ | 404 4
2 v oo 2 .2 v o — 1 0Cce.Bv |
STOPPED O STOPPED
[ Novo7 [o-Nov-o7
12:04- 46 h2:08: 19

1

\ ] =1 2 L
Il Lt

T~
—f
rl

- L reod ke | T2
R i el =

66 sueeps: average low  high sigma 302 sueeps: average low  high signa
pkpk(2) S81mv 408 681 62 pkpk (2> 506 mV 381 731 68
nean(2) . 6.4 20.4 8.4 nean(2) 7.2my -16.3  34.8 7.9
sdev(2) 104.8my  101.5  109.1 2.5 dev (2> 104.5my 980  109.7 2.6

185.4my 181.6 118.5 3.8 1685.8my 98.3 111.7 3.0

s (2) rns(2)
2 ms BWL ampl(2) 274ny 147 524 2 ns BUL  ampl(2) 277my 134 713 72
B ﬂ@@E[H}Z] A —
s
2 .2 v oc 1 1 0Co0.0v .2 v oo 1 ocoe.evy

O STOPPED S TOPPED

Fig 6.3 300V Test Input at 20, 50, 150, 200[Hz]

oMl Nz B FAA 9mel 19 A HPS P LIS Sl

A7FE 20[Hz]e] wgo = g dgo] gk 2o A4 gL 20 Wl

4w Ao gee ek dmelA olFo] A k.
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Z~AFe] Sampling Timeol 93] Aol 24 H. a4 AdE A5 E A/D,
D/AZE EalA drtel xdo] WAFFE=AE SAHEE A A|AHY AnE

d 4 b Fed ARdn ¥ 5 AU Fig 64% ¥ BAsE
=
|

28 s L
1.80 ¥ |
i
:-
20 s
1.0 W
i ] nlgh S1gha
pkpkidy ol 7 . [
reant @i U ‘rll_ﬁz:&l.“)ﬂ‘]ﬂy
sdedf @i - W = " o = I 1 T B [
A, A T8GR 18,91 19,16 R
28 |5 BHL  ampli2) 28.5% 30, 4 18,7 @l
1 1 ¥ EOC
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Table 6.1 Frequency Response Values

] Frequency
T Minimum | Maximum Maximum M
Name e | Scope Display at Max
L YPE Frequency | Frequency Amplitude ]
Amplitude
"Frequency | Directional | Face(s) B
3.63X10
Response | Acceleration, on 0.0Hz 1,000.0Hz | Amplitude 9 75.0Hz
m/s?
1" X Axis "Solid"
"Frequency | Directional | Face(s) B
2.2X10
Response | Acceleration, on 0.0Hz 1,000.0Hz | Amplitude 10 1,000.0Hz
m/s?
2" Y Axis "Solid”
"Frequency | Directional | Face(s)
41.58
Response | Acceleration, on 0.0Hz 1,000.0Hz | Amplitude /. 75.0Hz
SZ
3" 7 Axis "Solid"
Table 6.1 7} 59 Fao] BE 7tEEE e, o]l Algd o]
HolelE 7Ielo®2 Hu|Y F4I4 LI R AME FFE AAE

2433t
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