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A Study on Speed Control of A separately excited

DC Motor with a Microprocessor

ABSTRACT

The techniques of speed control of a DC motor are very important
in field of process control, numerical control and robot control . The
change of control methods from the analog control to the digital
control with microprocessor are .often utilized because of control
quality.The speed control method of a DC motor are almost PID control
by this time ,but the digital controllers introduced the concept of
modern state space are recently used in many field.
In this paper,the control charactistics of digital PID controiler,
minimal - proto type controller and dead-beat type controller are
studied through the control experiment of DC motor speed with a
6502 microprocessor of a personal computer. Also the stability ‘pr0blem
of control system is investigated by the root loci method .
The following results are got fromthe above works
1. The digital PID controller adjusted with optimal parameters shows
the best response among the three controllers ..

9. The transient responses of control systems can be improved by
means of sampling frequency increase .

3. In the case of digital PID control ,there exists the most stable
region in the middle range of sampling time, while the control
systems of minimal -proto type and dead -beat type become more

stable by increasing sampling intervals per unit time .
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G, (s):
Gr(s):
G, (s):
G, (s):
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D (z)
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-

Zz o e

i e Bl

o
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BHEBEAR K85 Rk 8§
NOMENCLATURE

overall transfer function of the controlled system.
transfer function of tachogenerator

transfer function of SCR bridge circuit

transfer function of DC motor

transfer function of zero order holder

: open loop transfer function

: transfer function of digital controller
: closed loop transfer function

: variable of Z transferm

reference input signal

: output signal

: error signal

: input signal of digital controller
: output signal of digital controller
: gain of PID controller

: total gain of controlled system

integral time of PID controller

: derivative time of PID controller
: time constant of DC motor

: sampling time

: inductance of motor

resistance of motor

: rpmor sampling number

electrical time constant of motor
mechanical time constant of motor

: moment of inertia

load torque

: electrical torque of motor

: control voltage for firing angle 0°
: flux per pole

: number of pole

number of armature internal circuit

: total number of armature conductor
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BE OBEEAARS BURERS HWEEY BERY & wEstA =k
K dtEAANd el AUl BRS njo] 22 A& (Microcomputer ) o HERE
uA slgen ol® K H@AAse FEFoRA HES EREKI W
e JHAREL”

B Sl EEe HWEES ERS sgsie 4o LEHME, BEHE
283 RS =W ERMA ddd EEY ERE Za od HEERmE 7€
sel opupmo ( Analog )#ifElol 4 E# cIxE#E@ (Direct Digital Control )
FReos AMEZ Yrh'?

ey wlelazzzalA (Microprocessor )& FAR HEAHAL A% 3t
c4gjol (Hardware ) BEglo] Teadg ¥Fe o s@EFRes HEY +
o HEBEE NLAR 4+ e B ohE i, RE, B8R Y #
wESAN A FBol UTh?

olAAR AMY HEAHFREE B Fe HAE PID gi@ARol vt Bfdle
BREEEE] BHA REZE Ese =98 HEHT gE=Ea ded ol
o kisel BHEY FHEUdnEFeE dAdd KR RHolglew HifB &
3 REEEEeE A2 HRT e E= Ut

weld AERAAE — BEARIFEHA WZL ofola 2T AAME MM
o] CREHEAFRANA g slEol =i PID #HEE, B/Ng g ( Minimum
Settling Time) &M@ 7del =um=z=ze®?(Minimal proto type) &) g 3k
g u e (Dead beat type) HEEE> AYste ol HREEHS HEHEA &

malyl 9% sEdnelEe ASn HEALRA W wEHE Z - FEld
A AERPE KE@EA HY BEETHES TRE B BT EA ok
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2. shob= 9l o] FRAT

2.1 B =
HEHEE AT stolmflolold slolZezedAd® FET DC- Anzel
M ow1s oo

110V

A

igi DC cly
r( T Pigital | __} na Hold | Eq | SCR - T.G
“] Aoe Control ler] ¢ " circuit BrlcgJ' Molor

Fig.1 Block diagramof DC Motor speed control system

ol HEE Mfsle mlolazT 2 AAR, cheafEWe CXESEBHE M
Hg#sl= A/D & D/A B, HREHRE F53517 9% BEERER
B oaelm BHERHE % HERHNZ olRod gtk

olzidh HMEERY BifEEEE ogx 2o,

FER BEAKEde B|EEECY $¥Y EEEHHEE (Tacho -gener -
ator ) & ¥ K= EEEEGH vimss odrA BAesE &
AR A/DBEHBBA s dAT doz molazTsAAe ANRCH
FlelazT oA fEdnzlEe 53 SSHUANE A DA SR
HAOAZA =He o] ohvtza (FHEME HERKEBEES HABERos 2k
#gifiske SCR Beix| [EBEe] SCR EelA g 10~170 H ol A 2251 &)
MERe] H oo s —EY EWHEEE A 9% BERFERS
#wedorAd sue] MELZE EmsA St
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2.2 ulo]laABZT2AA

#E WAADT HEe AMA K XRAAE Apple-1 715Ql “4n sHad
#A#FE " (Type 20-XT)ol Was Synerteck/ Mos Technology el 6502 o}
oZzzeAAE Agstgied DA 9 A/D B#BA Ag=es s=e 1O
&5 8ME® &% sx2ol 4dsted Agsfch 6502 vhelamT oMM &L
£13% g3 UWFETRe W29 At

Table 1. Characteristics of the 6502 Microprocessor

Number of instruction 56
Addressing mode 13
Register Index register 2(X,Y)

Stack pointer (s)
Status register (p)

RAM 64K

ROM 12K

Stack 256 Byte (H0100~H01FF)
Addressing range 2% (64 K)

Clock frequency 1.023 M




166 BEWEAR KB e g8

K__) 8-BIT BIDIRECTIONAL DATA BUS D7- DO

6502
RAM ROM /0SLOT
MICRO - i ﬂ ﬂ ﬂ
PROCESSOR | 1 | J 1 \
" 15-BIT ADDRESS BUS A15 - A0 )
' DEVICE
ADDRESS SEELVéCI' LINES
DECODER

Fig 2. Block diagramof 6502 system

2.3 3t #HR

melazZ oA AHAMY "Wad FHEBHEE A/DBHBe DA BE
&7t BE— st (board) Aol AA|, A5 Mountain Computer Co () AE
& ASstgles A/DB#e Al 15449 ( $COAF )&, D/ASEE Al 139
( $COAD) & Fimstgrh

2.4 BIFER HEDE

BERERGEDE: D/ASKELYH HACHERS Uo =EHE —cEE
BE #xlsted dogt HRERS HHasts Axlor)
S LRY HRERS EARKKSEBHR#EEA SCR nyx@Kold SCR o i
AE BEAZo=A 9 4+ vk SCRY HMAHEEKE= 2333 ok
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+5V

R12
. R7., : kK
A E: 03 0‘3
AC . y -3
18V C1| Z R1 R3 15V ED‘HK @

R28 ?:8 TR? quRg
RO

Fig 3. The trigger circuit of SCR bridge

2.5 HREEE

A ¥R HAY EXBEBHE MREAR S%5EHE=24 NORMAND
ELECTRIC Co, LTD (2£)e] Frame No.50|= ®@mijiiel #ite %29 x
D/A #mBo] HABRES BHEDMEES JAe 4ok Ao

Table 2. Characteristics of the DC Motor

Rated Voltage 180 A/215F Volt
Rated Current , 2 Amp
Rated Speed ' 3600 r.p.m
Rated output /3 Hp

2.6 HE KBH%

FERH 3 HE Folowo ALY EEHA BERe AABEARCo=A [
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Fig 4 . Curve Fitting of Control Voltage and Motor RPM
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3. Al 289 (EERK

3.1 AARS] MR
ay19 BEF ASE EEEms FAsd ads5ek Zrh

]'_L
F(Hfd \5@7‘ D@ Hk;Fh(S) Gc(S)—:s‘ Gm(s) Gtls) )

Fig 5. Tranfer functions of DC motor speed control system.

3.2 HEEEBHY] (EEEB

EREIS fifde BERTHE Rmmse SAx ARl Aed K W
R AL HBEsKEe Fo BERT HEAFRE Hstdch

BT HELX EREDHSY SEEEVE 2Wes o, F Wz WA
& HHFBRoE EAR

L - €
S B3, e if=Const
+
n TI,B,J,
Ea Eg -

Fig 6. Schematic Diagram of separately excited d. c.Motor
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di,(t)

eut)= e (D+ i, (1) R AL S e (3.
(1) =KD (1) verereereentenee et esr e e ete ettt et e e e (3.
T.(t)=T. +Bn(t) + J d';it) e e e e e et e e e ar e e e (3.
T (£) = Kyiy (1) svreeereererseesesueseennensensteanssesaeeessenseseeneeeseeseneeeeenns (3.

@ Ko=ed Kemar g
a 2ma

R (3.1) 4 (3.3)& =Zeta wWasle AHelsia

I.(s):%g—j.)—;f'(s):—ﬁ%o_gl!i_sg%g!_(ﬁ_. ................................ (3.5)
E\'—‘: '-=le.
N(s):Ml—i.M ................................. (3.

B+ s] ~ B 1+ ras

A (3.2)F =Tzrar W9 (3.5)6 ogsiw

E.(s) -Kyn(s)

I‘ks) :m)_.....-........-.......... ....................................... (3_

KX (3.4)F zhTebr HBslY  (3.6) o] oysiw

L K ) T (s) -
NG)=—griFo (3.

A (3.8)e K (3.7)¢& RAsH

N(s) *B(1+ras) = K,I.(s) —T.(s)

_ El(s) "'KbN(S)
B N
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wan EEEde Ti(s)=0°=2 £(3.9) &

— TR (S) o rieeieeeesreeerase e .
N(s) = RB(TFz.s) (1+7.5) T KK (310)

o] mlme MEBHo (EEEEE

_N(s) _ K,
G.(s) =g, (5] ~ KB Fr.5)(1 T ras) +KKs

_ K,
= JL.s* + JR.S+KtK,

2 HxECH
aelw, ditdes r,(r.ol2® £ (3.11).

N(s) . Kt K.

E.(s) _ sR.Br.+ RB+K.K, =~ 1+ 7ms

R.Br. il Kt
K. = RBF+KK

rd'. Tal ‘—m )

K R T T e . ,
G.(s) = TF zoes (3.12)

3 go] —KH%kE HIFE + 4%
DelAd £ (3.12)0] HikMES EE@Emols ¥ ES5HmEs vehid 2
d73 Ao

Ns)

1+ Ta$s

s
Eds) Ra | Io@ | I% /B
—“? ' t 1S Tm

Kb

(a)
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Ea(S) Km N(S)
1+S Tm

(b)

Fig 7. Block diagrams of DCMotor
(a) Complete block diagram of DC Motor
(b) Simplified block diagram of DCMotor

BB HeoiHE EMs MEsteus oele ol mons A HRAA
t HENd Kle HYF: BERe HEMNGS HE AT K. =24.35

Ta1 = 0.6 sec & KRB FEH3ICL
23 8L HMEEBMS AY EEE Jerdr

10 4

0.5 ;

A } i i I 4 A ]

1 2 3 A 5 Sec
Fig 8. The Step Response of The DC Motor
3.3 SCREEA ZREMiiBe] (EEml

HMR BEE SCRAFPEKEKE BN HHEEES= HHsto BEe &
#r BES U5 =i ou doix: BETF BESL
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E. :__Z_J;i_y_ﬁsa = E_" QOS (L eeeesreomnssousnasasntesaanssassaostatacineses (3_13)

2, a=RlA
olme AEFSF Gls)E

.(s)

|

G.(s) =

o, B @ Bl 0°9 ABARR
o] Xtk
3.4 HEMHMBY EHERB
SEME 9 EE ¥ol=we FRASHE it ESmsE Mg 1,000 RPM

& [t 2Volt2 BE@Asizne
HEw Gr(s)t

_Er6(8) | L2 (000 seeereerremmssinenssenssarssnnnasnasecns «
Gr(s) =55 = Tooo = 0002 (3.15)

o] ®rth
3.5 AAR {EEEEK

¢l Aw#sols SCR 2REHES BEERBEE RELHA AL ERAY
A% o] AgI4L HEAHR EHBALI BarA Ge(s)2 AR 4

Ak

Gp(s) —_ Gc(s) G.(s) G-r(s) — 1+K’§cs — 1_}2_04.% g e (3-16)
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metA APdeE gy 9o o IR 4 Qi
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Fig 9. Simplified block diagram of speed control system

a2l 0K 29 ( zero order holder ) ] Hg3d<4 Gh(s):

Gh(S) :_é’(l'—e—s'r) ............................................................... (3‘17)
ol Anezd wAgIs, =
R(Z): (l'z_l)'lsz_l_ ...................................................... (3-18)

& st olAF HMELT EEEE G(z)o Heox HEm® F(z)e

G(z) =D(z) Z{(l_e;ﬂ) < Hf(;cs) }
= D(z) (1-27')z {T(T%TST}
_ D(2) K (1-e “7%)
z—e"l:r_c

= D@KUHB1) oo .
- B (3.19)

T
"Tl', Bi= -e TC

_Cz) _  G(2)
F(z) = R(z)  14+G(z2)

D(z)Kc(1-e7g)
(z-e_%)-i—D(z)Kc(l*e'TcL)

D(Z)KC(I+B1) .................................. ‘
(z+B.)+D(2)Ke (148, (3.20)

o] Rtk
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4. FlEEe WL

HEmEe] FEdnAESS FEB HIY HEREE TIH olFE ELHEX
o2 H@mAzosa dojxrh

4.1 ©PAE PIDHI@E Al
mEnel PIDFM@BS AN Mke X 4.1) =2 FrEa”
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o, K : iR, T BoKM. To : BORE
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22 KR (4.4)oA Ke. Ti,Toe —F AEY BHEAIA BiFatololor st
dool 3AMe sHevlEE ostsl AFs=u s RMEE diws ojm-ow A
= HEY M@olrh

AFAA del EAER e BEHHCE FEEED ot Ziegler & Nichols
7h RRE RABEE, FASEES HEE (Me) ol 9% 2A4Y Zeln mz
cRERE AHEHEHKE st REEZEO dxd, X FHEAMAE  “Apple A
FEH 7 RIFT E@FEaNY giEe REsY BREEE.: —Kkwe B8
& FZ o FdAN BE2REKE BhE e BRKBEUL R3IH 2
ol T3t

Table 3. Optimal parameters for digital PID control

AEH A2
He) o] B 25ms 50 ms 100 ms
Ke 10.56 4.15 3.24
Ty 0.12 0.2 0.5
To 0.01 0.01 0.01

23 44 HERAA RE2SEHS FESM ()= ¥ AS YAds
o HmAs BRERAREe ohgn 3o

1) AEEE

ARANE HAKBEBE s9 HEEZ e o REWRS FEENK ()=
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FELAA mEEHRRS He F9 mEhe Bads] £l

5.1 Hamw Bz
L(5.1)A o] 3xRoz HRFL HT-+Z EZwl (F(z))o ##5E
I
22 01z Cuz b Cgm 0 crerrreereniete et e e oo (5.1)
z=a-co/3°2 &1 K (5.1) e
8- B3Pa 4 2G = 0.0 surten e e i e e (5.2)

°f H9 R (5.2)9 Rew™

a,=utv
a2=wu+wzv ..................................................................... (5.3)
a; = w?u +wy

B {uz('”"""’ F v=(-a-va o) ¥
w=1+i% (=19 mwm)

o] Hrc} =kefr
>~ p*>00l"d a, & HWEB a,,a; = HBHER

1

g*-p’=0°l" u=volmg a;=-2q7, a,=a;=q¥
e’ -p’C 0ol 3R BE wH

a, = 2vpos {(e+ 27 )3}
a5 =2vpos {(p+47)/3) &, as o= -q/pt
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& ZErn

74 1) Bol ¥ Afoln HNEEANY AF C(2)=F(z)R(z)=

Cla)=—Pi 4P 4 _Dbs | 2z

z-a, z-a, zZ-ag z-1

2 Hoao% BEEE &+ Ao olf -BEsd

C (KT) = byay ¥ 4 byt 4 byag o L evsesseresnsssesssnsassansssinssnnse. (5.5)
B k= 0,1, e .
o] stk
& (5.5) ol A
a;>19°" C(o0) =bja; = 0 Hol FEE
0<a,<lold W& BHEHEIIH &BE
-1<a, <00l EERFINT RE

2) Bl BERERC AL A% Clo)=

__by b, bs 2
C(Z)—z-aﬁ- z-a,+jd, z-a,-jd, = z-1

o] == X (5.6)& 2z -WEHsH

C(kT) = blalk-l+ ar s (k-1)0+§0]+1 ..................... (5.7)

@, (( r=+vai+dZ 0 =tn™! do/a,
Valpr AAzde om 23

o] Eth X (5.7) A
r>1, 6xnold C(o)=co2 KRS TERE
r=1 6¢xrnol® C(oo)=—E3d JARD
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r<1 6=rold REREIA KE
g=rold [&e] RHilol JEE 2A =Hol AEFYALTA REHHA
BREEH KE Yrk
olg ayes Forstd ¥ 103 Arh

Imaginary

o A A
v

A
KO

X

Fig10. Transient responses of various poles.

5.2 TiX& PID &if AAR
A& P fifkel EEdks

_ Ko (Bg2’ FAIZHA) e
D(z) = 2 (2-1) (5.8)
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olmz ol& X (3.20001 RAs

Ke(Agz? +Az+4,)
-1)
F(z) = z(z .
(Z+Bl) +KP(AoZ +AIZ+A2_
z(z-1)

KeB, (Apz?+A; 21A, e (5.9)
z° + (KPAoBz +B1‘1) Zz+ (KPA]BZ 'Bl) zZ +KPA1B2 *

B,

o Mk @A £(5.9)° HBE 002 s BE & AEY MU T
g Z-FEEd SAnRE mE EgEAY fEstzE RES

Sum 29 l-abeds AEWHM S0msolAd FE A SACHE @
mos BARE W Aol Aadel gkl cldE ¥ AEMes v
Bu AesA KeTo, TE & A ¥4& Tt A& A4 UHE FX
EHAe BAETh

5.3 MPE #Hi@ALH
HERe EEEEe

T = - U OO PO OTURRRO PP
D(z)= B, (z-1) (5.10)

ojmz ol& X (3.2001 RAsH

z+B,

F (Z):_Z.G-+—1§——l) ............................................................ (5.11)

2 2y 126l FRT BEEE Zol AEYHMA Al g4 RESHH
AEEsael AoA4E YL FALC
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+
H1,0)f ke=T7.0

BRGFRE KB Hsk Ho @R

Imaginary

Z Plane

/\ (1,0)

kp0

{(Z10)

kp110 '\ kpd10 [ Real
kp=1.0

Ti dT: Const

Imaginary

Z Plane

{ 10) o)

Td=05 6:0001
Rea!

Imaginary

ZPlane

(1,0)

(b)

Ti=zo0 Real

Kp TdT .Const

Z Plane

(1.0)

\/ Td=20 =10 m

KpTi T : Const

Real

Kp Ti Td : Const

(d)

Fig 11. Root loci of the PID control system.
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5.4 DB#® HIEAIAR
HIfRe] HEsEs

— Bazz FBrz 1t Bs e
D(z) = z24Byz-B, (5.12)

olmg ol& X (3.20)1 MRAsHE

F(z) = B,B;z%+B,B;z+B,B;

=+ (5.13
- 2+ (B,B; + B, +B,) 22 +(B,By+B,B, -Bs) z1+B,B; -B, B ( )

24 3@ /b e oY 1290 FAYL BEHA oo unix 2@
Be BEEYZA @3] Ut HRRS MRz ¥4 RESH AEY R
- oA +E AL FAES

Imaginary

\)‘une
=0.0 yneul

Fig 12. Root loci of MP & DB Type control system.
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6. BB 2 BRI

6.1 & B

Yol A HER £ HE5 #6dznE3e Tzoausid BRe Fshgch

1) EREHE BAR@HE 3600 RPMolu F=2 500~ 1500 RPMolA B
st o MEEEBS 1000RPM S|4 shgch

2) 4EH KMe 25ms, 50ms 28l 100ms & FE5 BRI

3) lolazZ e AiAe] FEEM YA KBEE 2 mEtsidos TEE 8X8
bit BE/NMEEARE #BSIda mMEEL 16bit Helstgch

4) 2el: FEet E#E Rl e HMBRE 2EEKHEL BASIC SOFT
2 78l

Fig 13. Overall view of experiment apparatus.
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5) 2% 13 WBEES 2R I 148 FEi4e ARRO EAT H@E

22 5¢E (Flow Chart) ¥ "l 22™ (Memory Map) °l th.

( ~ START )

Initial Condition Setting

r """""""""""""""""""""""""""""""" "
i

i |
‘. Read e, (kT) From ADC {
I {
l )
| 1
| Calculate e, (KT) ‘
: |
| |
] ]
|

‘; Send e, (KT) to DAC »
)

| 1
| |
| 1
: Delay \
1 [}
i !
| !
: No \T '|
.I Sampling No i
|

| :
U 5L b St A

Calculate Error Square

Print Error Square

_,]/’___'
C' END )

Fig 14. Flow Chart for DC Motor Control Program.
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Table 4. Memory Map

RBRERE KB Rs #ew

Address
Memory Contents

HEX DECIMAL
1B00 6912

Basic work area
1FFF 8191
2000 8191

Memory of data,constant,initial valve
2201
3000 12288 Sub-program for PID control
3200 12800 Sub-program for Minimal proto type control

B L L AU

ip mm W' e

i

i
I
i
|
|




5) 2% 13- RKEESY ZRelw ¥ 148 #4e ARR EAT #EE

slol 222 2AAS FIAY EREHR HEHE IT 35

29 xE (Flow Chart) ¥ ™22l (Memory Map) o]t}

C ~ START )

Initial Condition Setting

______________________________________________ 1
i

i

Read e, (KT) From ADC !
|

1

}

Calculate e, (KT) =

i

i

[}

Send e, (kT) to DAC S

2

I

i

Delay :

;

]

No ? '|
Sampling No !

\

J

Caiculate Error Square

Fig 14.

Print Error Square

‘,’/’_—_
C END )

Flow Chart for DC Motor Control Program.
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Table 4. Memory Map

Address
Memory Contents
HEX DECIMAL
1B00 6912
Basic work area
1FFF 8191
2000 8191
Memory of data,constant,initial valve
2201
3000 12288 Sub-program for PID control
3200 12800 Sub-program for Minimal proto type control
3300 13056 Sub - program for Dead beat type control
3500 13568 Sub - program for 8 X 8 Multiplication, Time
Delay, Sampling No. counting.
6.2 KR

1) 2% 15,16, 172 E—H@EHHEAA HESRfte BLAzE 352 #HA=
SHE UEd Zlez MPHIfES A% 2$HFES gol A uURgor o
of wE HERME dozlch PIDHIMY A-$v ASYRHA ARl At
Hoz ZTE" SHE Uiz Yrh
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0) 2% 18,19,20 ¢ F—AEW BMAAA #HEHEE A2 ZERE 7342
oty HEBY oz AEUKMeE A THE HAESHCl FX ggto™ A
S 25ms o ASE A HESELH A ¢¥ad $HE 2R o= o] §
o W AMBYKEe UAE HENA I3 Fass oF BHRAMNR &5
Aol WA HEY Aoz AAdr

3) AAlgtel EMEEFl Wy AN FESHL KL A gl ol
Aol wlestgon Ao e A5 (Rising time) ¥ ZHHT

1) A HEEEHER #Ee AAAMFel opd Ak ER 3lol 0%
Wasr 243 gEEel doxz e ¥ BAAMFTHEY =9 EE 2
Ware g AA e HEEe IYse WA VAT

5) ®5+€ & ABYRMTS SEhEe 2ERe 34 mzoEEHE (32
Sqr) 3 mEEMe UEd ez RAA & 4 e vk Rl AR %
A Fe 3743 sEsEs PID&@s Addoz Y RER R 24
ool 1 thgel H=uE  HfHelsth

Table 5. Integral square error and settling time

m3 2 EB ( RPS? XSEC) % = B M (SEC)
R
f% ®WE%E | p;pp | MP® |DBHE PID MP & DB &
95 ms 51.2 51.5 | 50.5 0.8 1.3 1.2
50 ms 60.8 79.0 66.0 1.9 2.15 2.01
100 ms 87.5 106.0 98.0 2.2 9.8 2.45
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PID 100

/ PID 50

PID 25

1 2 3 A 5 Sec

Fig 15. Step response of the PID control.
MP 100
MP 50
MP 25

4 il L L L

! 2 3 l’Sec E

Fig.16. Step response of the Minimal proto type control.
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DB 100

L | L H
»

1 2 3 JA 5 Sec

Fig 17. Step response of the Dead beat type control.

MP 25
DB 25
PID 25

1 2 3 4 5 Sec

Fig 18. Step response of the 25 ms sampling time.
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MP 50

/' DB 50
//,-_>- o

v/’

PID 50

1 2 3 A 5  Sec
Fig 19. Step response of the 50 ms sampling time.
MP 100
DB j00

PID 100

W

1 2 3 4 5 Sec

Fig 20. Step response of the 100 ms sampling time.
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T. & L

1 E®RE @St 22 KRE Efcd osat 2o

1) EREEHES] HEHEA M XRRIAA % 3711 #@AFE+d &
Heel g #\{gel &3¢ tixE PIDHES A BIFY ESE 2k

2) w2 BEEEe HEHEEE #mAZozA HESUCL

3) dx& PID#ES A AWM G F RET FHRol HAES
o ﬂquiiﬁﬂ MlEvleEf Hi@me] A AMEJFHE A HE
o REEATL

AEBE A5EA Beg vlazZeAAd os AWSEA nUE —@
BARAFHS clolasZeMAE Afshd wwe] IMEEM BASIC SOFT
& A RAYT 4+ U AEY Fuy U BRSO WA KENAE B
Fetgoo, YUY EHENKRE 754 2R oA yIEA 4% W
mB|Es Ana Yok

olg® 12~16 bit BMBE A Ehe MEEE wolu, MELLAS
o EE U oy MEol o} LMES AFHAANE MY YA &

w @S olFod ez AHrh
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