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Development of High—-Speed Active Control System

Based on DSP320C6713 Microprocessor
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Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

In this paper, we have developed a new ultra high—-speed active control
system based on the DSP320C6713 microprocessor to control the
vibration of the structure actively. The active control system is composed
of the DSP320C6713 microprocessor which is the fastest processor in the
DSP series, a Piezoelectric(PZT) driver, PZT actuator, and vibration
sensor. To compose a compatible system, we composed the A/D and D/A
devices with the same speed resolution of the DSP320C6713. Since fast
processing is very important in the active control of the vibration, we
mainly worked on achieving a very fast loop time. Using the developed
system, we have tested the processing time of the processor and
peripheral devices for the speed of the loop time, and found that the
overall processing time was fast enough to control the vibration mode of
the prepared aluminum plate. Also, we have presented two test results
with different loop times to identify the superior performance of the
DSP320C6713 processor in the fast processing time. We applied the PPF
control algorithm to reduce the second mode of the plate, and tested the

control system with different loop time. We identified that the active
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vibration control system shows good vibration reduction performance and
that faster loop time shows better result in vibration reduction. In this
reason, we have ensured that the proposed control system based on the
fast DSP320C6713 would be a prospective control system in active

vibration control.

Key Words : Active Control, DSP, MIMO, Piezo actuator, Microprocessor
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Table 2.1 Feature of PZT Sensor/Actuator

Overall dimensions:

110[mm] x 75[mm] (4.3” x 2.9”)

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"7)

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)
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A 4 & External Device?] 7]

4.1 A/D Interface

PZT Sensor 9|4 Ho+x= =

L)
B
rd
tllo
x>
~
)
i
ol

a tAE g WA A
Controller & RuAl ¥t} ADS7805 & obd=1 F¢hg 16bit o tj«dE

o= v a £ 10[V]Y d HE SAT 4 Ak PZT Sensor oA

i
to
rlr

N
A7
rlo

[

<

d | o] o]l E9HER T3] SAL & il @2

o] 1o

5 s B Aol A ARERE PZT Al NASA oA 7l

2
2

rlr

PZT o4+ Op-Amp & AR&sto]l Ats S35t SAY -

H

l

L7

facs

M8557 S1 Type ¢ AFo= &% el A4 AD WH Jhesinz

37149 ZE4AE 21025t ADSTS05 o 54 Be 2,

- TI AF¢] 16bit 10us Sampling CMOS Analog-To-Digital Converter
- 100 KHz min 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 W¥37]+= Address Line ¥} Data Line & %3l Controller ¢ £41S

A% Mapping oA Hto}. T

N

st EMIF ¢ CE3 99S& A&
100[KHz]¢] Sampling rate & 7}Aal Qoex= & 10[ us | @92 1&Ho =
259 s SAY 5 Utk Fig 4.1 9 Slg#o] 2~ 3= yepd npe} o]
DSP ¢] 16 7§¢] Data Bus ©l A/D ¢] Data Line & $143}a /CS & /CE3 9
Adste] @48t Al7lch. Address Line o R/C Pin & A&t F4 g
A E3 Read, Convert & A|ojstal BYTE Pin & GND o] 43}
16 70 Data Line & X% AF&stA €dk. /BUSY + 1/0 Port Pin 9
AZA3Fe] Conversion ©] #3 9%, #FIU=AE A A359] sampling &=
o dlelH & ¢lo] 91l Fig 4.2 & A/D & Alo)3t7] 918 Operation &
e Zlolth

DATA BUS (DO ~ D15)

—
Vin DO éi ¢ B?
AGND1 D1 55— o2
REF D2 9 D3
CAP D3 118 D4
AGND2 D4 [ BE
D516 ¢ D6
RIC D6 [1e—* o7
Ics D7 [13—* 55
/BUSY D8 [5—* 59
Vana D9 77 ¢ D10
Vdig D10 77 M D11
Dil79—* D12
D12 [7g—* DI3
DGND D13 [—~—* Dia
BYTE D14 [5—* D15
D15

ADS7805

Fig 4.1 A/D Interface Circuit
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to

cs R/C EBUSY OFERATION

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

o o 1 Initlates conversicn “n”. Databus remains
in Hi-Z state,

0 1 1 Intiates conversion “n". Databus enters Hi-Z
slate,

0 1 T Conversion “n” completed. Valid data from
conversion “n” on the databus.

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

L 1 [§] Enables databus with valid data fram
conversion “n-1717 Conversion noin progress.

o T o Enables databus with wvalid data from
conversion “n-1"0 Conversion “n' in progress,

o o T Mew conversion initiated without acquisition
of a new signal. Data will be invalid. ©5 and/ar
R/ must be HIGH when BUSY goes HIGH

X . 0 New convert commands ignored. Conversion
n" in progress.

NOTE: (1) See Figures 2 and 4 for constraints on data walid from
conversion “n-1".

Fig 4.1 ¢ Analog 98 %o

=

_0_
=

=

e ar

=

o
L

Fig 4.2 A/D Operation

21tk Sampling time ©] 10[

2

2" 7HAARs SsiA A/D

F3l4 Conversion o] But WE SAT F 7S o] 5% Utk

4.2 D/A Interface

PZT

Sensor

Controller °lA

u:]

57 D/A

ZH-E
=°laL
£ S8 =H9

AssE A/D Wk gAd A

=
Controller oA FA% Ao Lzl

o]

=

H

y7i
10[ us 159l #t= ¢lol &= "ol 9laL, /BUSY Pin

R=I
b

< 17} ¥l & Conversion

[e)

=

i

) D/A oA Y2 Ao] A= Actuator
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Driver o] A4% o] PZT & F+%538A ®t} A8-3F D/A Chip 1 DAC712 9

Ae e .

i

- TI A}9] 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 4.3 & D/A & DSP Controller ¢+ 2% < =5 74T 3| 2ot}
Controller oA &%= HAYE #gde] AojgHE> D/A = F3 +10[V]
el Analog 4l&2 WEES PZT Driver 9 TE3|za Sortes:
ANE|S AR o] ofd R AL 400[V] ol ;e E¥o)
7Ved PZT Zgold] e  OP-Amp o 94%a, FZ ujgo uw}
D/A Wg7]e] =9 Analog #kol Hl#lalA Actuator o F&xSte] =%
D/A ¥W37]%= A/D ¥WZ7]e} FAFSHAl Address Line ¥} Data Line & 53l
CE2 99l Mapping €t +10[VIelAd -10[VIZHAe] S HE
5[V/us 19l Slew rate 2 Transition ©] 7}s3st2=2 U] 4[ us 19| Delay 7}

o,

Ay

o
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DSP ¢] 16 70¢] Data Bus © D/A ¢ Data Line & A Z3}31, Address Bus =
/AQ, /A1 °] &3tk /WR Pin & DSP ¢ /WE ¢ /CE2 o OR Al#AA
A4k, /CLR Pin 2 Pull Up AlA Feth 7HA AgS S8 &9 99

Offset & 28 F Ui =9 &9 ds &3 PZT Amp o =8NS

n

ZA3A ©Y. Fig 4.4 = D/A & A|ost7] 9138k Operation = e

%ol e.
ADDRESS BUS (A2 ~ A3)
DATA BUS (D16 ~D31)
U2A
MR 1 RTASA A 0ol 28 D16
3 10 7 D17
ICE2 2 " 11 | MR D1 1% D18
4522 A n|A 0215 D19
A0 D3 4 D20 Vref out .
AWP #in 3 D43 D21
Vo ] — T A1
O—5{ OFFSETAD) DB 555
D—6Vref0ut D720—DZA
0—={ GAIN ADJ D8 [ ——5—
o B D2
D26
1V Ve Di0 7
0 | -Vee DIl [e——F—
A 16 D28 R3
i R
1 1 D30
o~ C2 A el D14 773 D3L GALN ADJ
0.01uF 0.01uF e D15
1 RS
DAC712

COFFSET ADJ

Fig 4.3 D/A Interface Circuit
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A, A WR | CLR DESCRIPTION

0 1 1=0=1 1 Load Input Latch

1 0 1=s0=1 1 Load D/A Latch

1 1 1=0=1 1 No Change

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

A X A 0 Reset D/A Latch

Fig 4.4 D/A Operation

4.3 Timing Circuit Interface
Timing Circuit & ¥ 7F4 &9 Driver =l A Bridge driver & Al-&3<
Aol a3t g2 ZFol HAE = +=IHS A8s] 54sle], 21 Timing °l
3
u

S HEolth. PZT AlAdlA 2alg

ZZ0] Op-Amp & AHA ZZ a1, o] A&E TR ¢ Base Wol dZAHT
%27] /M Ao 9= Timing Circuit < ¢HA 2212 £33 HAE 3191,
4 A A E ujekel  HeES FEsle] TR & TFEAVIES

0.7[V]RT} & Agto] MAxlmR2 S type ¢ PZT olA= A JE Aot
olstz= #AAZA 4 de WA FFV|E IJE2E FAGoF st FEL9
ARL o] AR o] ZFA AojE ST AAAZ AHI Fo,

HAEE FaA dASoF sty Amp oA 2T = A7) 0.7[V] o]Ao]
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HAZwW TR & FEHER, AAES 438 & 7]Fo] e Ao SZES
2 3| ", TR 9 Collector Pin o& DSP
Controller & AFg4d%el 3.3[V]=E 23d )

Timing Circuit ¢ AA HX = A7t AlFE w7149 Delay Al7HS

by
b

3 A71E Aot gy d¥td oz TR 9 29% 715d Fi4

rr

10[KHz] Akolal, =1 oo aFufelr= 29 o] Az o]Fo] AA

e AV ok oA &9 Aol Base ©el 3 AfE|oirh 2o

g HEs ZHAE et do 293 A 24
wAlsle] AlEolr Rolx HEslm w2 Az oto] A AV} Ho] ;&
293 ol 7hsstA dn FdAe] FFE BE Y [pF] A& A7d
tale}, Fig 4.5 o] Timing Circuit & 3] 2= UERN QI Fig 4.6 & A/D 9

D/A & PCB 7|3 T&83F ALxlo]r},
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v(g)c +12V +3.3V

10K U2A

U1A 1/ 0 Port

P

1N4144

Vin
R1 1

20M R2

471 +1}SF

|
|
S
%,
2
.||I

VCC +12V
(0]

OP0O7 o
—

LI

R1 , >L_H_<

Vin  O— AN/ T s

Ul1A

1K R2 1N4144§

O
|

2K

- VCC -12v -

Fig 4.5 Timing Circuit Interface
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Fig 4.6 A/D & D/A Circuit
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Al 5 & Actuator Driver?d] 71t

5.1 PZT Bridge Driver
PZT & F&A1717] §3%F Driver & FASH= Hl+= 2 7FA] HHol ¢

shbe PZT 8 1ASH Amp B AHgste] PZT & FEAD & 9w, ® e

TEAgel AVIE &4 WEAZ 4 9k W Bridge Driver =
AREEH Tl dnks AFEske] PZT o -] WEke Switching &

AL, Aol FX A e Delay & © = ¢ Ak F 9 Driver

[

27 Aade AL ey, dAls Aol Y et Amp £ ol &%

Driver & A}g3}al U} Bridge Driver & AF&& wjo] A A"l A4S Fig

5.1l YERH AT
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S Sy rorper=-per=-prr=rr T A T PR T Ry

| s == |
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TrS3E0 EPMINZE FATAELCA

CEME ATC 100 ANCE WRITE

e ;
Direction et i
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Pulze P piroutt g
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Fig 5.1 H/W Structure using Bridge Driver

Bridge Actuator Driver & AF&3}51S wo] sl=9oo] AojsEL v}

|
>
o
ol
2
n%
2
il
)
H
)
Ea
o
=
2]
o

7+t}. Sensor Signal € Op-Amp =
&3l Controller oA <Q12& & Q= 22 WESLE o] A3 = DSP

Controller ¢ I/O Port o] AZ%o] XFo] WA u wit} Interrupt =

WA 7] Al E}. Interrupt 7F SR ISR (interrupt Service Routine) ©l A

=

=

Bridge Actuator Driver & Direction Signal ¥} Pulse & 1I/O Port & &3l

WEWA "ot o] F 7fe] A5 E %3 Bridge Actuator Driver &= PZT 9
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=} O =] O = =] =] .
TEWEs AAsta, ANS EHste] PZT & F538kA ¥t} Bridge
Driver ¢ A& Fig 5.2 o YERHAC}. Bridge Driver & H.Eo] &3t
AR Fig 5.3 o] YeER AT

S B |
J2 J1
1 VCC_5V 1 VCC_PIEZO
2 B c2 2 B c2
J3 J4 1uF 1uF
CON2 CON2
D1:PWM pa— o
2 DIR 2 ND_5V
%3; VCC_5v VCC_200V
CON2 CON2 [e] T
VCC_5V
U1A éRZ R3 R4 R5 R6
4081 8.2ky 8.2ky 8.2ky 8.2k 1k 1k
PWM 1
DIR 2
Q1 Q2
C5027 C5027
VCC_5V b]
U3A| __ENDJ:“EZO
2
4584 L[ HEo |2
| |
ND_5V PZT
R11 m
; : K oot po
u
47k | 2 o : 4
B6N137
lGND_5v ND_5V

ND_PIEZO

Fig 5.2 Bridge Actuator Driver Circuit
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2005/04/14

Fig 5.3 Bridge Actuator Driver

Bridge Actuator Driver i= DSP Controller ¢4 Y2 = Direction, Pulse
Signal = WolA PZT o F&dYdS Ql7tskAl ¥t Direction ¥ Pulse
Controller ¢] ISR oA Aej&}A He Driver ¢ 774 3|24 e
A T FolA BAE= Noise o JFoziY Ao F& Flst7]
Aaeix EE AZHE ARESAT 4 JH9 TR & ©]&35te] PZT 9o %=
A/dew WA = Qi w AL A7l wEkA PZT o 17k =

ZHAto] WEA Hr}l. Bridge Actuator Driver ¥ dAlE 1A A YA

2 A A E ] ATt PZT o Y-S /HHA o R WHEA7]7] feiA =
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obd 21 gro| wgl PZT actuator ©

PZT %71l
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JTA

PA97 & *24[V]e] gHdde® £450[V]e &3d4S ¥ 71 A,
10[mA17HA A/E &9 71 At 8[V/us]el Slew Rate & 7F4] a1 91,
ARFA <l Amp 9F #o] (FdetAl Interface k] AREE 4 Utk D/A 9

38



RU3C

PZT

RU3C

—Fopr1kv

-VCC -400V

O +vce 400v

104, 1KV

Vin

200K

10K

&/\(I:__

0
104, 1Kvl

Fig 5.5 Actuator Amp Driver Circuit
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Amp & TE37] YA E 9 EES ALY el HAesrw
Bridge Circuit o4 T3 818 o GND & #Fa + Y, - A"AYo=w
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Fig 5.7 Bridge Circuit
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Fig 5.9 Slidac
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Zkzke] g A 2dls BEF ZAddste] hd® dA Alo] Al&EE Fig
5.10 o YepSth PZT ¢ sensor ©AE A/D 9 F

A/D & Data Bus ¢} Address Bus & &3l DSP ol 4353t =3 DSP 9
Data Bus ¢} Address Bus © D/A W37]2] Data ©x& AZA3sth D/A
W37 9] Analog % w2 PZT Actuator Amp ¢ & wro =z dAAdst9a
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Fig 5.10 Developed Control System
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A 6 & System®] A543

6.1 PPF o] ¢ma=

T]X " PPF Ao]7]: theal 7o Ag 4w g3do] )

2 (8)

AN w, 9 (= 77 PPF marEeel @y Fuael 7k <lxfelnh
Qb o PPF Alol7le o, & WA TBe) nfREre QAN N

55 AF AAE olFslrt. AR®E ®AHE PPF Ao7|= HARE
A 23 Iy 329 1 FeEzt Sds. welA OP Amp £ A&3}e]
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6.3 PZT9 Sensing Signal E|AE

PZTA A2l Sensing Signal Test: 400[MHz] YAd" <

11t
il
[>
KU
[l
il

ol g3to] =AYt &4 HAVE Ed 10[Hz]e PulseE <l7lsdx
Actuator Amp DriverE %3] 3¢ @74 FHEe= ALS T8
PZT Actuatorg T &AA &S 7hst
SensorZH-E 9  F¥ A¢E edRazzel dAsd ¥ AIE
A58}, Fig 6.29) Fig 6.3 @A xaxoA 545 A3E Captured
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13-Jun-8%
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— % SHORT
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1LEE Y

2 ' b N =
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BB ms . L F L, W | I S S
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I ME GC LFRET
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) F Cpelope @
v 1| GE “we
3 s i ki ndou
s - - =
5 SweEsl AwErEga | Caa fii gk aigna
phpk (21 a.s9 ¥ .84 9.84 a.8a
moar @l SLe2EC M LLELT LLhEd o, BEG .
il ¢ 20 4,504 g 4, 5oE 4,509 . nasS tuo | doF F—
(R U 4] Y.Eedou Y.21E TLeES . ARG o
58 ns EHL  ampl (23 a.mE Y a. 66 g, a5 6. 88 Ting Evte
PR R T 1 At .
1 i 100 Khfs
2 % v DU | 2 Lo oa.a v
] BUTO

Fig 6.2 100V Test Input at 10[Hz]
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Fig 6.3 100V Test Input at 10[Hz]
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glojdnr. PZT oA 2AH = Aes MMl A 5, o 3s S8fA

A 2251e] Aol 7k A AT,

6.4 Actuator Driverd A% HXE

ENEE

ol

Driver ¢ ASAdL g F 7o AXE 77 Alg

A 2Fsk Bridge Driver 9] A5& A8 3 23+ Fig 6.4 ¥ Fig 6.5 ¢ 2t}
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Fig 6.4 Driver Output at 50[KHz]
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Fig 6.9 The Mode of Controlled System
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Fig 6.10 The Mode of Uncontrolled System
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Fig 6.11 Control Loop Time : 30[ us ]
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Fig 6.13 Control Loop Time : 500[ uS ]
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