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Abstract
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Construction of H,, controller
based on analytical solution for infinite inertia ratio
in disturbance suppression problem
of two-inertia system with high inertia ratio
No.15301690
IWAMOTO Shintaro

Department of Mechanical Engineering
Nagaoka University of Technology

In recent years for various plants of industrial machines, general-purpose servo motors have been
developed and widely used as driving devices in order to achieve desirable control performance by
user’s as simple directions as possible. Some of such motors have so-called ”auto-tuning” or ”tuning-
less” functions that help users adjusting the motors behavior with their little effort; the physical
parameters of the target, e.g., inertia moment and/or torsional frequency, are estimated by combining
inertia and friction estimation mechanisms. Furthermore, controller gains and notch filter’s frequencies
are automatically adjusted due to the parameter estimation.

Because industrial machines to which these motors are applied have recently become lighter and
faster, the resonance frequencies are lowered due to a decrease in rigidity, and vibrations are easily
excited with rapid operation. In addition, because the inertia ratio (the magnification of the moment
of inertia of the load with respect to the moment of inertia of the drive unit) increases, the machine
is more susceptible to the disturbance torque. On the other hand, since the PID controller and the
notch filter which are empirically widely installed in general-purpose servo motors are stable, it is not
always possible to obtain sufficient disturbance suppression performance.

This is not the case when robust control theory such as Hs, control is used to design control system
because controllers that achieve sufficient disturbance suppression performance can be obtained. By
using this controller, optimum performance is achieved in the sense of H, norm based on given
information of plant. However, the relationship between the dynamic characteristics of the obtained
controller and the physical parameters of the controlled object is not clear even in the case of simple
two-inertia system.

Various methods have been studied as control methods of two-inertia system, but almost no cases
of disturbance suppression problem of two-inertia system with high inertia ratio as this research
considered are assumed. In a previous study, unstable quadratic controller structure with three tunable



parameters related to constant gain and notch depth is proposed.

This paper focuses on the gain characteristics of closed loop system in order to improve performance
by using additional feedback. Many previous studies have chosen the pole placement method for the
construction of the controller with additional feedback. However, there is no compensation as to
whether it has optimal disturbance suppression performance. Therefore, there is no research targeting
the optimal disturbance suppression performance by evaluating the hinf norm.

This paper propose a two design methods of the H, controller composed of two proportional
feedback gains to the driving- and driven-side angular velocities for disturbance suppression problem
of two-inertia high-inertia-ratio system. The first method flattens the closed loop gain in the low
frequency range. However, one-dimensional search of controller coefficients is required. The second
method is based on the optimal solution for the case with infinite. In this method, search is unnecessary
and the performance equivalent to the optimum controller can always be obtained.

Finally, the validity of the proposed controller is confirmed by numerical simulations and experi-

ments.
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@ O \
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Fig. 2.1: Two-inertia system with low stiffness and high inertia ratio
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P
WM T
K

Fig. 2.2: Closed-loop system
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Fig. 2.3: Closed-loop system using Ty feedback
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2.2 HINRZERAW-EREE

BN & W2 FEBREEOME % Fig. 2.4, FEBEONE% Fig. 2.5, EEFEIC%E Table 2.1 [Z/R7.
FIERIUHBED 20D ACH —RE—XD, NI EZHWEZFZRAYy 7)) v 7% H LT —FRE—X
[T O 10 fEDEMAR T « A7 IZEHRINTWS, BT X —X3 3BTRS, Ml

wr, Wy
Counter Counter
CPU
| D/A Ty, RT Linux | T D/A |
Converter Converter
SerYo Driven i Drive SerYo
Amplifier Inertial side | side Amplifier
Motor ! . ! Motor
+ oJ° Shaft spring 59 n
Encoder Encoder
l |
100 mm
| IR |
Fig. 2.4: Configuration of experimental apparatus using shaft spring
Table 2.1: Experimental equipments
pPC Dell Dimension 2100 / Fedora Core 1 (RTLinux 3.2-pre3, Linux kernel 2.4.22)
D/A CONTEC DA12-4(PCI) (12bit, 10us)
counter CONTEC CNT24-4(PCI)H (24bit, 1MHz)
PIO CONTEC PI10-32/32T(PCI) (Parallel input output, 32bit 200ns)

Driving motor | YASKAWA ELECTRIC CORPORATION SGMAV-02ADA21, SGDV-1R6A01A
(rated power: 200 W, rated torque: 0.637 Nm(max 1.91 Nm),

rotor inertia moment: 0.116 x 10~* kg - m?),

speed /position detector: 20-bit encoder

Driven motor | MITSUBISHI ELECTRIC CORPORATION HF-MP23, MR-J3-20A

(rated power: 200 W, rated torque: 0.64 Nm(max 1.9 Nm),

rotor inertia moment: 0.088 x 10~* kg - m?),

speed /position detector: 18-bit encoder

Inertial load ¢ 60 mm x T 20 mm, material: SS400

Shaft spring ¢ 3 mm x L 230 mm (The shaft is 250 mm long.)
material: SUS304

13



Fig. 2.5: Experimental system(top view)

DY —RE—XDT » FE MV HIEE— FIZRES S, EBREZAY a2 5 D/A ZHEZ N LT
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DWm5. 127U, Fig 24 LEADRIERWIZR>TH Y, EMHEREIH, AMAREEMIT, EEH
IR AR BREI N TN S,

EREHEMEE — A > b Ty, WEEMIEME—RA VN JL, NRER Ky &SRB £, KIRA
I fo ORERIZIRATERA SN S.

1 1 1
==+ K 2.4
fo= oo (JM h) s (2.4)
1 [Ks
- /== 2.
fu= 5oy (25

2.2.1 FERBSSEMNE

Bl 3 DEBREEE 12N U CHBBUSE ER 2T T, P OEBEISE 25T 5. Tyu(t) =0, TL(t)
Y UCERMESE AL, Py b Py ORBEIEE%, Tu(t) =0, Tu(t) & LCERKES2ANL,
Py & Py, DFEBUGE % Fig. 26 D& 512155, Py DIREER3 &,

o 1 DDHIRE 1 DD IEIRERDOZ &,
o ILIRFAWBHI 324 rad/s(f 51.6 Hz) L{R\\NZ &,
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Fig. 2.6: Frequency response of P
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2.3 MLtV ERVWEERES

FMVI X2 HWEREDOHMEIRT. ZORKEIXBAEIZHWT, BREMIMEE DK D DI h
VT BN T 14— RNy 23 BEEROEEDKREICH WS, Fig. 2.4 L DEREWNE, MLZErHn
ERESENEMZ N, E-ZN%2mARATZOIC A/D AR - RZEMLZZ 2 ThH5. AREiTIIHNE%E

Fig. 2.7, ME&E#IC% Table 2.2 IZRTDAL L, W/ A — XU N A REBUEE 12 DWW TIX Table 8.4

Tk 3,

EIL Fig. 2.7 2R T X5, Mgl —RE—XDPREINTE O, Mo TAMDERENHE], AH{H]
DB 72 5. F-EEHOY —RE—ZDTCERDIZH D, SEOEHIEDIKEBOEHFEN b
T Y THD. TNTNDOFHMIZDOWTIE Table 2.2 1Z/R7.

-

e el

Fig. 2.7: Experiment system using torque sensor(top view)

Table 2.2: Experimental equipments using torque sensor

PC Dell Dimension 2100 / Fedora Core 1 (RTLinux 3.2-pre3, Linux kernel 2.4.22)
D/A CONTEC DA12-4(PCI) (12bit, 10ps)

counter CONTEC CNT24-4(PCI)H (24bit, 1MHz)

PIO CONTEC PI10-32/32T(PCI) (Parallel input output, 32bit 200ns)

A/D CONTEC AD12-16(PCI) (12bit, £5V 10ps)

Driving motor

YASKAWA ELECTRIC CORPORATION SGD7S-1R6A00A, SGM7J-02AFA21
(rated power: 200 W, rated torque: 0.637 Nm(max 2.23 Nm),

rotor inertia moment: 0.263 x 10~* kg - m?),

speed /position detector: 20-bit encoder

Driven motor

YASKAWA ELECTRIC CORPORATION SGD7S-1R6A00A, SGM7J-02AFA21
(rated power: 200 W, rated torque: 0.637 Nm(max 2.23 Nm),

rotor inertia moment: 0.263 x 10~* kg - m?),

speed /position detector: 20-bit encoder

Shaft spring

¢ 3 mm x L 230 mm (The shaft is 250 mm long.)
material: SUS304

Dynamic torque meter

UTMII -20Nm
(Max torque range: 20N - m, Max output voltage:+5vDC))

Inertial load

¢ 60 mm x T 13 mm, ¢ 80 mm x T 20 mm
material: SS400
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3.1 “EMROYEBETIL

Fig. 3.1 D k5> EHMER2E 2 5. —EEROER ARERNIRATERZ 6N 5.

Jmwn = T — Ts (3.1)
Ts = Kb, + Cs(wnm — wr) (3.2)
Juwr, =11, + Ts — Cruwry, (3.3)

=L, Ts F@loRlt v MLy, 6, \ZMEEOMNME (Eol ), Juy ZERENEIEEE— X v
N, Jn IZREEMANEMEE — X Vb, Kq 13D U D NI E, Cq I$EIOWERE, O 13RI DEEE
RETH 5.

T T
“/17‘L\P0)>{ﬁ?.§’21:::[9r oy wL} ,J\ﬁ%U:Z[TL TM]

T
,tﬂjﬂ’i’y::{wL wM]

wr, 11, Cr K C Ig wy I
s Cg

( I

Fig. 3.1: Model of two-inertia system

17



By, ZORBEEERRIIROLSIZEZ NS,

t=Ax+ Bu, y=Cx (3.4)

0 1 -1, 0 0

Ks G G g1

4B A I Ja

w Kg Cs Cs+C, 1

T T T = T T T ‘T 0 (35)

Ci0 I TR "R VR T VR

| 0 0 1 10 0

|
0 1 0 00

£72, VAT LAOEEBIEUTIIZRATE A 505 [10].

JM82 + Css + Kg Css + Kg

P(s) Pri(s) Pra(s) Css + Kg Jus? + (Cs + Cp)s + Kg )
v - Js2 2 3 .
Pai(s) Pal(s) sJ(Js? + Css + Kg) + Cp(Jus? + Css + Kg)

JIMmIL

J = J Ju, Ji=
ML Jm + J1,

ZIT, Pu(s) IR w, ¥ IHRA R w, BT NENKRTEZ5NS.

“h=¢<i¢+i)K@ (3.7)

Wa =1/ — (3.8)

THIZ, (3.6) Rk D Py ORI H 1T 2 R —20 dB/dec DIHE £725 7 > & Mk - (3t
IRIED 7 1~ DEMEZ Fig. 3.2 DX S 1IZRDBZeNTES. ZOBREM>T, #NREZHWEZE
BRELE DY T A — R & FIEUSE FIRDIERD Py 25 EFIMALBAENTE R L IFNE KRB LS
WZIRD & S ITHRE L 7.

1. HHR#BIZ —20 dB/dec DIHE L7257 1 VIZIEH L, BAT8GERT Ju 27 1 YV OEPNI RS
XOITHET 5.
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2. wy & wy, ZEBERDPSHAMY, Kg & Jp, 2IRATRDZ.

K
Ks=Ju(wh—wi), Jo=—3 (3.9)

3. HIREFD 7 1 ZIEH L, ITEEAT Cy 271 VDEDNNI L b K523 5.
4. RILEREGED 71 IZIFEH L, RMTEEET CL 271 VOENNS LK KRB L5 I3 T 5.

fE9 % Table 3.1 127R Y. ZOX TOYBEF VDT A VR Fig. 3.2 DEAIZ, Fig. 2.6 D Pyy(ER
FER) & ARARITRT .

100F 1 .

Gain [dB]

10 10 10°

Angular frequency [rad/s]

Fig. 3.2: Gain characteristics of Pao

Table 3.1: Physical parameter
Ju | 2,17 x 107° kg - m?
Jr, | 2.49 x 107* kg - m?
Kg | 2.10 N-m/rad
Cs | 5.0 x107° N -m - s/rad
Cp | 25%x107* N -m-s/rad
wn | 324 rad/s (51.6 Hz)
wa | 91.7 rad/s (14.6 Hz)
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3.2 FEHRELI-MEETIL

CAFADTESEIREAEH A BAET 5. o AT L OWEES £ EH 5 0 75k TV 10 7 £ 8
Wave » FIRHAEE 0, , HIRGEE 6, 2 5<. ZOL X, wae BAEHROEK T TH B 7280, MWL

T T T T
Tﬁtv:tﬂ&%?é.&:[wm}@ _@] KB%,VX%A®At%ﬁ:{L fJ] z
L M
W, ERFTHT %

T:=11 0 0 , o= , = (3.10)

EBE, MUEHBINZV AT LOREEZ 2 LB L, ThERATEASNS.

awy + (1 — a)wr, Wave
=Tz = 0, = 0, (3.11)
Wi, — Wit —0,

51T, Cp & Pyo(s) DKILRD /v FORS LARMFRBIED 7 1 VT E 5 A D DAT, Kifi
MXOFERIZHEER G2 CL=02T5%, a2 y ETOYATL P ORBZEMEH KA

THZoN5.
r=Az+Bu, y=Cz (3.12)
0 0 0 1—-a «
|
o o0 -1 ' 0 0
A'B ‘
=10 W 2w, 1 1| (3.13)
c.o| |V~~~ - : ********
! 1 0 a 1+ 0 0
|
10 a-1, 0 0 |
11
2wy = —+—)C
fw (JM+JL> s
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KTV r Ak 2 VIS (r > 10) 285, %72, ¥ AT AOEEREITAIIRATE X 5N5.

2+ (1 — a)(28wys + w?) (28w s + w?)

_ Pii(s) Pia(s (1-a)(2wns +wp) 8+ a(28wns +wp)
Ple) e 711< ) 712< )| e 1)
P21(8) PQQ(S) n n

IDEE, w, & w, DEFRIX o ZHVTIRAD XS IZRKES.

Wa = wpyVa (3.15)

Table 3.1 DEINT A —RIZDWTIEFILBEDINT A — X % Table 3.2 12773, ZHIZHIRT AHER K

A

BEINEZLIZEELT,
JIM

K:j; (3.16)
5.

DBETIXEHE D7D, wy, =1 DFEEZBZDD, wy £ 1 OBELFAMRICERTE S, 72, KX
TIERL O AMESMR WIS A2 E R 5720, UETEEHRDZD ¢ =0 LIKETS. T L Z O

W& P(s) 1 (3.17) K&k b.

2+ (1 —a) !

1—« s>+ a

s(s?24+1)

P(s)}gzo = P(s) = (3.17)

P & 3t s a4 K 25 &, Fig 2213 Fig. 3.3 I0RT &5 REL—TREK S, P(s) DA
WBUSE % Fig. 3.4 105RT. € =0 LAELZ720, HIRARBTIRT 1 UOERKE 20, ILRA
PBTIET Ao 0 275, BEDEBTIEEA0THD, ZORIUIBHFEIZIFLZ 50A, 8FIC
MY ERBTEBIZ E£0 (1) DEBEZF, REMGHHEBVPHHTEEZL2HRL TV,

Table 3.2: Normalized physical parameter
r 115

“a | 0.0801

¢ 10.0039
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Fig. 3.3: Closed-loop system using P

From: TL/J . From: TM/J "
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Fig. 3.4: Frequency responses of normalized plant P

22

10°



BAEZE FAIN—TIoEREBERESHE

ARETIX Fig. 3.3 DHIHRDOHIL — PEEBBIZOWTEE LZDBIZ, TRDBRLELRDODH
HEN T A =R Ky, Ko T 55044257,

4.1 B — T=ZEREK

Fig. 3.3 DIV — 7RERB G ZRANTHEZ 6N 5.

Py, P
o o | By, 4 2P &
~ 1 — PyKs P Po1 Ko ~ Py
Ga = Pn — —— + — ——— = P11 = =
1 = PioK1 — PpoKy 1—PiaK1 — PyKs 1= PioKy — PpoK>
_ P11 — P11 Py Ky + P1aPo1 Ko (4.1)
1= PioKy — PooK>
(3.17) RERAT L L (42) ATHEZ LN S.
2K 1—
Gq = S fstza) (4.2)
— K952 4+ s — ay
X = K +K (4.3)
N _ 11—
ZIT, XK & Ko DHMTHB., ZNZ\BETDI L (4.2) REVERT T > Gu(0) = Mf%

BETHILE2ERL, AARTEIEELZNATIA-RTHS.
F7z, AIETHERARZLDIZ, (4.2) ATHEDZD, w, =1 DHBEEZEZTVIEY, w, #1 OHE (T

bbb P) AICHERATE 5. 2054,

ETnX L.
ARENIEZ OBH%ZRT. P& K THEINIHL— T REERE =0 LIRETH L 42) R &
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Gl _ s2 — Kowps + (1 — a)w? (4.5)
ctle=0 s% — Kowns? + wis — axw? '

LB, s=jwERALUTEHT S L

(jw)? — Kown(jw) + (1 — a)u
(jw)? = Kown(jw)? + wi(jw) — axw]

N LW 3 f(g Lw 2 LW X
willi—) ——i—) +li—)—a—
Wn Wn Wn Wn Wn
9 _
Lw K Lw
(2)-5(2) s
Whn Whn Wn
— = — 5 (4.6)
wn [ w Ky [ w LW X
(2) -5 ()
Wn Wn Wn Wn Wn

L%, (4.6) "o, BV — FEERR ORI E w, TERMTE S Z 22000, ERLOTT
ERRDMHEARDOBGRA (4.4) K& 0 b.

Gells=jwe=0

4.2 HIERDRE &5
BV — 72N LEL 72 5720D ¥, Ko T 554270y YOI X v EHT 5. K 1<
DVWTIE, YE Ko D REDBZ L ITE - TEES720, AHiTIE K, TlREL Y IZOWTORESRM 2R

5. IRDFERDKD L.

R 4.1 ANV —TRZBREL DD DBEDEMEFRADE O NIDZ L TH .
0> ay > Ko (4.7)

AlERA

o ~ s24+a -

1— Pp(s)K; — Po(s)Ky=1— ———— K| — ———Ky=0 4.8
12(5) K1 = Po(s) K s(2+1) 1 s(s241) 7 (48)
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L0, V=T ROKMEAEAIZT

Ky +s—a(K+Ky))=5>—Kos>+s—ax=0 (4.9)

2775, FEZEAOETORBMNTELRE7201T, ¥ & Ky 1&

0>%, 0>K, (4.10)
THDHIRBEDRD 5. 175] Hy %
—Ky —ay
H, = ? X (4.11)
1 1

BTNy YOREHR LY, HIL—TRNGE L L7200 BE+ DM,
|Hy| = —Kg +ax >0 (4.12)

RO DZEThHA. BIALT

ax > Ko (4.13)

0, |Hy| >0& (410) RO %2723 DIE (4.7) RNenb. Liho>T, V- TRZBLEL LD
7DD BEA DG (4.7) RABHEO IO L TH B. O
KETIE w, =1 DFBITOVTEHR LD, wy A1 DHEITBWTH, HfiTRTEIICIK & K,
EEINTNw, f5T57ZTTHE70, FERMIZ w, 1FFL TS INTLESRME (4.7) Xk sd. U
Do T, a B ME—RERMETHPDBIYH AT A =R 2D, w, [T L 2R,

$70, K OWEIZHPIEROBTH 570, MARHERR72\. X >T, ﬁﬁf«am—f:%wo
BI< &, Prg & Py IIIHID K 90 EE TUMENR W28, —KIEEBBUIAAIRME 90 B, 71 v
RBER R L7205, MHESRICE > T, MiREZEET LI L unNZ MEWD ML — R4 7 DRIRIC
RBH (72 & ZIE [15]), AFFETHGR L § 5 MEEMBIETIZT S 25720,
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HHE RFEREUN TR Z o mESREEUE

AETIX, £ K =0 & U CHRBIMUAEE DA% FIHT 2 HAIHIEIC B 2 58 [15] 1220 TRR
5. T, ZOHFFNCBENTRAIZRAERBUZ BT 571 %, [{EffREEZFHT 2 Z & TEhT
&5 Z L ITE D W ilER R R 2 R S

5.1 BRED(AEEE D LLBIHIMEIC 5 1F 2 B [15]
K1 =054, (41) R&VEL— TEZEEB G, AT TEA SN,

. 1-—cK _ Py P
Guy=Pp— 02 o Py 22 (5.1)
1-— PQQKQ Pll

fRE 5.1 BV — T EERK G, % (5.1) ATHR 5. ZDOLE,

. 1—\ﬂ—2m1—apv¢3
THEZONDAABB w=w* 1IZBWT, RADPED ZD.
s -, (1—a)—w*?
|Ga(jw™)| = ‘PII(JW )| = m (5.3)

Thbb, K72 AREE W BWEEL, TOMABRBIZBIT2HLV—771 13, Ky 2k 5 3B —
TrA VTS, INHEEIAEEDAE T 1 — RNy 23 5 HpIHIEIC B 1 2 H%2 52 5.
RERAFZE [15] TIE, (5.3) R AL D EDBHD, w=w" ITBWVWT ¢ & Py WEEHEOEKREZRY,

LRy i Ry 1n kST 1 THBH T ENRENTINS, T0 LT, WAL Db k&7

1 — Pyks

NAHHE A% R O AN LE LA E ARG 2 R L, FEBRIANLIHIME RS R ETE 2 2L 2R LT W5,
EBE Hoo /VADFREE RS Ko(Z0E Ky T ZHIV— FEEBEBROBER T 1 > & w = w*
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TOTFAv2FELLTHEDE L TIRA

~ *__(l—a)w*(l—w*) o1
Ky = ol — a7 ~ (5.4)

THEZLON, Z0&E W' L VEVEPEI TV 1 VRN ER S 0D, REITIX, 2071
REICHEH U 72 BaHi 2 2R T 5.

5.2 ERKHETEESRF 2 HOMESBNE

AR TN — TEEBBOER A Y w=w" TBF2 71 vE2EL{TEILT, ZTOHAD
M2 IFIFEHE T AMMESE K 28R L, 2RICHEDSHHEROREAEBRET I FELIRELTA.

RTETIZ BT, BRED AR O LB B 1 282 R LAY, K #0 OBAICE, (5.1) A H
Y (4.1) ROBRHTIE Ky WEEND 0D, BR L7z ¢ & Py WEHELKL BSBWV. £oT, w' iz
BBV ERL—Tr A v R0 NS THI MRS, £/, (42) R&b, x BEFET TV
EEDBNIA—RTHE IS, K & Ky, DEEHE SR LoD ZONRELEX B I &Iz
ko T, HfT A v E B UEEEHL— T TS Y OMBOEERTRETHS. MU ELD, [G(0) &
|Gy (jw*) | 2L L, DOFEDT A 35 K 2T 528%2E25. |Gq(0)] & |Gy (ju*) | &

FNFNLLTRTERZONS.
1 _
Ga0)| = - Jx% (5.5)
Guliot)| = | (=) =) + Ky (5.6
ol (W — w*3)2 4 (Kow*? — ay)? '

LRI (5.5) N& (5.6) ABFELWEeTHE, ZXKABEROMOAREHWTHE Ky 2Rk 2 Z e TE
3. BARIIZIE, BoNiz " DDFEBIRD > BN — TROLESRME%2 - Ky < 0 12HI6T 5%
BT DL, kAEES.

Ry = (5.7)
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C = 042)22 ((1 — - w*2)2 _ (1 _ a)2) _ (1 _ a)2w*2(1 _ w*2)2
£oT, U3)R&Y, Kj BIRO XS ITEX 3.

Ki=x- K, (5.8)
Fig. 3.3 1Zm U7z K W2 &, FifiiCm U 7z i 72 BEE I £ 33 B D A% W 2 HA I 2 8 U 72
Ba L FBRIZ, BV — TEEEBO T VR wf &0 SEARBOSRIC B WTIRIEEHE B, 7277
U, w* Bl EOEREEBIRIC BT 2HL— T7 1 V2OV TREELTE ST, YOz kv E@scr (v
WEL 2B ARNED D B, EBIZ r = 10 & U THEIERI 22 21T - /581 % Fig. 51105 d. x = Ky
LB, HRTA ORI OREIRIE L %L Bk, BIL— TS v v TREL, TREDE
SRASEI & R B HIHI TR A7 A VR R S, ¢ & Ky ORI TV L (Hidfig kE LT
WL E), HBEETIE Hoo /NVAMMEFT 3. Fig. 5.112BWTIE v = 1.7K, Dl y 725, L
PLESIZ Y 2BAZTETWL &, Fig 5112835 v =25K, D& S ICEEBEEETY — 22 E LT
Heo / NVODET B, (BAIIZIIHE 4.1 0N 223 2<B0, REALERT . ) TD Heo
JIVAPMETF T2 ¢ OFPIZOWT, WSS X — X X OME 2R T 2 RMIBINTVED, 22
TREHD20D, TEDIEE%21357-0D ¢ 12T 2 HERET S ROFLA 2 RET 3.

BEGE 1 ATFD (1) 225 (5) 247 5.

(1) y=K, &9 5.

(2) (5.7) R& D Ky 23ET 5.

(3) (5.8) Rk v K, 2357 5.

(4) K #9801, BBEZIFYIalb—Ya v OiEeiids

(5) FREDIEDGS NI S IEHEEK TS 5. IWEMRHINICA > 75 41E ¥ 2L, Z5Tx
WIBA RS E R, (2) KR5.

8ETIHw, #1D—OBEB LY, YATLOANP uTIER uThdEEEED. TOHBET
HoTH (3.16) X& (4.4) An b
K = KwyJu (5.9)
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ETBIENHED D, witTE K BEHLEZK D w,JyfEThzon5.
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Fig. 5.1: Closed-loop gain each
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RIEE T, &5 K " SN CEEAREL— 77 1 VRt 2 % § 2 i i oKk 2 IRE L=, &
72U, w* ML EDREEBEIR T 1 VAL U R BRI E A <, RIEERRIR D 1 ORI BB T
Hole. RMFETIEI DR, HRE1TD & Rala M1 R o NS MESRBRIEZIRE T 5. 20D
72 D IZAZE T I BRI D 2 TR 21TV, Hoo / VADBUNE 725 B0l K 2K L 72354 D
V=T 4 v OIE, EBERICLESTIChREERDZ L Z2RL, BT Z21T5.

9, Rl K 28Ul RS 5720, BRAERST A —XET (r, K|, Ko) ZlMIZE 2T
G DLEMNE Hoo /Ny ZEEL, v NS R BHiESRE A Yy Y a BB U7z, r IZ55056 305 %
TH5MEZHA, K 12055 —20 £T—0.01 4%, Ko ld 025 —10 £ T —0.01AAE Lz, TNETNDr
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MBI =D TE, TOT A UMEEEBISO 1 v L IZIEAETH B Z L, r HRELKRBITDON
TTA VI REIIZ ER L, ZOZEEE R o Tn Zehbhs.
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BB 7.1 (7.]) ROEEEB Gy Z2HEL, HOFTD Hy /by Z2ERIMET S Ky & Al

THEzoN5.
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Fig. 7.2: Plot of D=0 (r =1, 5, 10, 20)
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HoTHREKIE 1 EFAMKIZ, (5.9) R&ED witHT 2 K IF#&Et Lz K D w,JyfETH5Ez 5605,
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BEE HER - EIRIC K DIREE

8.1 EUABERNEEDHESR

MERRTE 2 IZBWTEBZ WD Z 22Tk > TH A SNz y AYRiEAE & [[5F DYERE & 7D BARHY 70 Hi
ZHNDLID, RRIZE > TRONLFRREHEK TS, 720 2 2 TOREIL, REEOREZM LS

HE70, 6BTITo72 K| & Ky IZBT 24y v aRTIERL, TED (7.17) RESWTHFS. B

RIIZIE, Ko % 0.01 Z1ATH 2, MATLAB OB roots % W T (7.17) ROME ¢ 28T, TDHb
EOFICLERM (A7) REW L, 510 |3 PRAL 5L EERETILICL R
By BN 3 TIUE AL, FRIE 2D Ky 3TRT -1 OEDEBLTWS, v IZEBT

5Y, BAHBEREERE 20T r BX10ELENS 0.02dBA N> TWB Z 2D bh 5. ko> Tk

A ERR O I W B IR I 5 2 B

=AY

=1

BNTWEEZOSND.

Table 8.1: Comparison of closed-loop Hsonorm =y

r

Numerical search

Proposed method

Ko X 2(dB)| x  ~(dB)
5 | —1.01 —232 6.66 | -234 6.70
10| —1.00 —441 710 | —442 7.12
15| —1.00 —6.49 7.27 | —6.50 7.28
20| —1.00 —857 7.36 | —857 17.37
25 | —1.00 —10.64 7.42 | —10.64 7.42
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82 YIalL—¥v3zVv

REAGE 1, RERREE 212 & o T, BRENA A 8 2 o A % N 72 Fl ANz ok U C AL R e 2 des ok B
TYEBMEYI AL —Ya i RT. r=102 L Pz LT, RO 4 DOREEE IR L 7-.

o MEEIE 112 & o CTELEHL 72 HlfE#R Kpropl

o MEEIE 212 & o CTELEH U 72 WS Kprop2

o (5.4) AEHWTEHEI L K, == [ 0 K ]

o (7.17) RUTHEH D W THUEBERIT & 0 1372 Bl (Hoo FERT) Koo

PIZH U TEE U RORMERDINS A — & L FD ~ % Table 8.212, N —TRD7 A Lk
% Fig. 8.11ZmRd. K&V K, ZHVWBEEIZHART, Kyopl ZHWVWSE5E1E5.12 dB, Kpyop2 &
AW28561%, v 2#95.78 dABIKEHET WS Z b hd. £z, Koo & Kpop2 HIXIFER-THD,
Table 8.2 & 0 Hoo / VLD 0.02 dBFEETHS. Fig. 8.1 DZ YW AMERT 572012, MATLAB
DB Isim (IZ& > Ty Iab—Yaryzfrork. ki1 Nm, FAEEO0.1 rad/s DIEREINEL & INA 72
& Z2D wy, DIRHINE % Fig. 8.2 IZ/RT.

Fig. 8.1 M 0.1 rad/s B 371 VX Ky, Kpropl TENEN12.8 dB = 4.37, 7.49 dB =2.37 T
Kprop2 & Koo FZ DB TIEFEU T A V2 FD720, Wi H7.02dB =223 %0, Fig. 8.2 &%

BT 5.
Table 8.2: Parameter of controller
Controller Parameter ‘ ~v(dB)
K., |Ki=0 Ky =Ky =—2.35 12.9
Kpropl | K1 = =269 Ky = —1.30 (X =18Ky ) | 7.78
Kpop2 | K1 =342 Ky =—1.00 7.12
Koo K, =-341 K,=-1.00 7.10
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Fig. 8.1: Numerical examples of K,,,, and Kpropl, Kprop2, Koo
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Fig. 8.2: Simulation result
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8.3 HINRDERKEICHITDHEER

2.2 5 TR U 72 EMEL 11.5 f5 08l N 2 O FEERIEE 120 U CTRIE & [FIREIZ 4 DOfifERm 2 HREI Lz, £

ENIIRD FNE T - 7=.
1. Table 3.2 25 a Z&HAD, 4 DOMEREINFNDHET K 2 &3 5.
2. Table 3.2 55 wy, %, Table 3.1 %5 Jy Z#HAHY, (5.9 R&E Y K = Ku, JJy 153 5.

FRU T2 EMERDONTA—RE PIZXUTEMAUZEED v % Table 8.3 12, BV — 7RO %
Fig. 8.3 12239, Table 83I1Z2WT, $TARTOMEIINEGRSE 3MATHUIBEBLALTWS. HMED K, &
FAWBIGEIZIART, Kpopl ZFWVSEETIEH 5.3 dB, Kpop2 & V2556 Tl 6.3 dB v % (K
HRTWS. 28, Kpop2 DN Ko 06 423 0.02 dBREEK 2> TWEAD, Koo OERRRFDOZ]
ANTFINS LK epotzlzbeFEZ6NE. 8.1EMNS, EMN 105 ETIE+A4EERATAS Z L
DPHERINT WD, ZOFEFURIRRZEREIT- 7=,

Table 8.3: Parameter of controller

Controller ‘ Parameter ‘ ~v(dB)
Koy, |Ki=0 Ky=—-002 (K1 =0 Ky = Ky = —2.50) 35.25
Kpopl | K1 =-0.02 Ky=-001 (K;=-313 Ky=-137 X =18Ky) | 30.00
Kpop2 | K1 =-0.03 Ky=-001 (K;=-404 K;=-1.00) 28.95
Koo Ki=-003 K;=-001 (K, =-403 Ky=—1.00) 28.97

43



50 T r

— Open loop
——— Kpropl

= = =Kprop2

45

wM

5
L)

w
o1
\

\

Magnitude (dB)

w
(@]

25

20

10° 10"

Frequency (rad/sec)

Fig. 8.3: Closed-loop gain calculated using P of K,,,, and Kpopl, Kprop2, Koo
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8.3.1 AT v THLVEKERMNELINEEER

AHITIL Fig. 8.3 DZ YA MERT 5720, AT v THELE EiLEMNELE T 2K E2 T o7, E
BRIRFFIL 65 CHAEEMAME X 20 rad/s —ETH S. 72720, REBRTIIFERFABREOEEILE XD H
BARE LD OEEINE 2 EMRT 5720, EEBRELE (0s) 225 1 s DI PL##{ERZHWTHEEZH
FEAHRIE 20 rad/s —E & 725 & 5ITL, 1s THEEST SMESRICUDEA . ROFMETHILI VS %
A7, T2 URESR O I Ty 1I22WT, HEDEEZ P < HIT £0.21 Nm OflR2FEL T\,

o 255 3s DH] : —0.096 Nm(FEHE ML 2 D 15 %) D AT v THEL
o 4s 75 5s D = JixiE 0.064 Nm(ZEHE bV 27 D 10 %), 5Hz DIEGLKIKANL

FREIZEIIN U 72 bV 2 DI % Fig. 8.4 1T L, et Lzt NOMERZEH L 72RO EREED
& % ZNZh Fig. 8.5-Fig. 8.8 IZ/”7.

ATy THEL & IERLIRAELIZ & 5wy, ODZE % Fig. 8.3 0256 Tl 5. Fig. 8.3 &0, HIRT A V16
5Hz EFCOANL—T7 1 vk, TRTOMERTIFIEFETHD I LWGAINND 2D, EHiEd%H
FUZZBED v %S LICPRHER T 5. K, 2 AVESETEAT Y THILIHC 103525/20 x —0.096
£V wp ¥ —5.56 rad/s DZEB, EFZHEATLE 10552520 x —0.064 &V wy, IZEK 3.70 rad/s DEH
MPRTE S, EBRIT Fig. 8.5 2R T 2L, ADNINAAIICH LT HRE L AFEEDOEFH L TN
ZENHAMND. FRIC, MO E VS OALAIIINT D wy, DEBNE, Kpopl 2L
T EIE AT v THNLIE —3.04 rad /s IESKANELIR 2.02 rad /s, Kprop2 & WS EIE AT v THNELR
—2.69 rad/s, IERKIEAMILEE 1.80 rad/s, Ko ZHWZEEE AT v THNLEF —2.69 rad/s, 1EKHEAML
K 1.80 rad/s & PHITE 5. TNZTNITHILT % EERFEE Fig. 8.6-Fig. 8.8 2 A5 &, FHIME L FEE
DEFDERTE, Fig. 83EFZUTHLHENZ 5.
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Fig. 8.5: Experimental result with step and sinusoidal disturbance using K,
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Fig. 8.7: Experimental result with step and sinusoidal disturbance using Kprop2
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8.3.2 LA ELILERER

ARETIE, &0 —MRANEL % &TEIC, JARISINELZ -V T Fig. 8.3 OZ M2 R T 5. BARHIC
&, AELE TN B wy, OFERKEREHWTEEES 2T WLV v ERlT 52 LT,
Fig. 8.3 DZY M %R T 5.

FEERFINEE LT, BiflE RIS (0s) 225 1 s £ Tl PLAERRZ AW TARE %2 HIEAEE
20rad/s =L 7B ESIZL, 1s THREET SMERICUI VX 5. SMEL T, 13RIE 0.096 Nm O A 15
MELT, rand B (BELELED) 12 & D AER I D, ERIFICIELAZARAES T, & wy, I2DOWT, %
NZENNRT =AY NVEE (PSD) %38 L, wy, ® PSD % Ty, ® PSD THRLU TR =L —T 71
% Fig. 8.9-Fig. 8.12 2R 7. F7z, HIKD7=HIZ Fig. 8.3 TREINLHIL—T 71 VEERTRT.

Fig. 8.9-Fig. 8.12 £ 0, 100 Hz & b I CHEERFE R & SIAMENIFIE-HL TWBH I AR TE
%. 100 Hz ARE D FZERAE R L SHRAE RO X VT wy & wp, DEEOBEIIZE T 28 UMM IcL2E DL
Zz2To6N5. %7 Fig 8.9-Fig. 812 DR TIZHEWT 3 Hz, 60 Hz, 200 Hz I2¥—2 A H 5052
Eo, FHESRTIERSERREERED /) A APHELTWELEZONS. PLEXD, Fig 8.3 1F%
WThHhBLERD.

49



Gain

Gain

— Experiment
Cadculation ||

10
Frequency [HZ]
Fig. 8.9: Closed-loop gain(K,,,)
—— Experiment
‘‘‘‘‘ Calculation ||
10

Frequency [HZ]

Fig. 8.10: Closed-loop gain(Kpropl)
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8.4 HEINILIEVHODOAAICKZRBEEEMABERDERE

AT wr, ZFH T DEEZRIC OV TG L T & 7228, BEOHIENRIZ L > TE wy, BEEHIHID
HIWRTHDH72D, TOMAPEEL WD HD. TDXSLGETH, HEMAITIEA EKEHENZE# ~ L
I Y REBNTEIELTTs 2MHAT LI LBEZOND. BITRT LT, wy iFwy & Ts(DWIT)
DoREIENARETH 2720, wy HWHIATE DL UTHEHL-HilEss K 25, S5 72 SMELI 1 AE
2RO Ty # P B HHESR Kn, 2FKTE 5. AHiTI, #ibVo &Y 28N 72 FEREEZ FW
T, Fig. 2.3 DMV — T RIINIRT 5 Kpy ZHifiE TOMiELR & AEOMEREZ ROl & U THEET
5FIEEZRL, FEEANOBEHIZOWTHRGTT 5.

£, 238 THRAL VI 2 U Y 2 W EBREEDYILE TV Py, & HBEILE % Fig. 8.13 1T/R
T.%%ﬁﬁ%bt%&ﬁmﬁpgﬁ,ﬁﬁﬁf@?%%.%ﬂ%%lﬁu:[ziJM}TWQHﬂJ

T
y:[ijguM] L OB THD. 2T, Pru(s) & b5 a £ TOEEERY L,
a=1, 2, 3BETNFNw,, T, wy i, b=1, 2BETNEFN Ty, Ty (ZHIETBHELUTIRRD LD IZ
Y. Prap(s) BFAKTH 5.

Prai(s) Prya(s)
PTs(S) = PTS21(3) stzz(S) (8.1)

Prysi(s) Prysa(s)

Pr, OREZEMEBUIRD 51252605, £, FPWHIIT A — &% 3.1 8 & FAKD JILT P
MOoHEEL . ZDREE % Table 8.4 IZ/RT.

0 1 -1 ;0 0

K G Gl L

JMm Jum JIMm : JM

4B Bs G _G+G 1,

R R R (8.2)

|

CjO 0 0 1 :0 0

Ks Cs —Cs 10 0
|

0 1 0 10 0

Fig. 8.13 2 "% &, P}SH, P}SQQ ZBEWT, TNEH 2810rad/s, 281rad /s IZPIFRE TIVIZ I8 5
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o OHDOMIROY = A R 60, ZEBERIZR--TwWEEEZLONS. T, Fig 2.71280WT,

MV 2R B 2B BN Y Y TV TF 0 Aoy ) v R L Tl OB 2 1T 5 727212,

RITEAMRNER D A R, Ty F7213 Ty EIEARINIRNVEMELRRELS RS> TLE 727D TH D EEX

CY LN

Table 8.4: Physical parameter of P}S

JIM

7.80 x 107° kg - m?

JL

7.08 x 107% kg - m?

Ks

1.88 Nm/rad

Cs

1.1 x107* N-m-s/rad

CL

1.5x 107* N-m - s/rad

Wn

163.5 rad/s (26.0 Hz)

Wa,

51.5 rad/s (8.2 Hz)

53



Magniuae (0B) ; Pnase (aeg)

From: T From: T [ ——Exp ,.||

10 —— Physical pla
3 M
e e
-10
., 36
3 0 A
o -360
= -72
o 10
_18
I—w ! 0
o =720
= _144
- 10
3
T 0
o -360
= -72 >

10° 10
Frequency (rad/sec)

Fig. 8.13: Frequency response of P}S
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8.4.1 FHMLMERDEE
i bV Ts DM sTs BWRIHTE 2958, (3.2) A&D
sTs = Ks(wm — wr) + sCs(wm — wr) (8.3)
MDD, 22T, MBEOEERTEMEHDEZD Cs=02F 5 (8.3) X
sTs = Kg(wy — w) (8.4)

%, BEOKETIE Cs£A0 THD, TORMIFHEITIFEZ 5720AHY, Table 8.4 £ 0 Cg 1F/h&E
WETH D, FAEBUREIOERTIEHG U ZERO —OWMHHTE S Z BRI T VS,
U723 > TIRDAER DL O V2D

T
B 8.1 (2.3) RO K BIEET 5 72 DB HRME, [ STh wa } £ ANEF BT
W Ko, AP1ET 52 L Th 5.

K, ]
Ts [ K X (8.5)
EEBA (2.3) A0 (3.2) REMRAL,
WM — S*TS K STS
TMZKyZ{Ki Ké] Ks Z[—Kl K1+ K (8.6)
WM S WM
LB NS D O

U7=D35 T, MERGIE 1 HERE 2 THIERR Z %G L7205, (85) RO THETLHI LIZL-T, &
M7 VERE % FE DM 2 3t 372 Z ek 5. 72720, BEROBEANEHT L5411, v o%
M3 BB, BRBMABBOELEIIRTEETH L. Lzh > TRIETITERM S 25 % R U 72528k %

THoTW5,
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8.4.2 HANILIZEVHEBEILE-EREE TCOEER

BIH®D (8.5) REFMMHL T, WbV oY 2B L 7 EREETEREIT - 2. FEERICHW 7 HiE
i

o FEKIE 2 TRENU 72 Kprop2
o (8.5) RIZHES T Kppop2 AL 72 K,

D2DTH5B. Kprop2 13 8.3 HiL A UTFNET Table 8.4 IZHDWTHEI L7z, F72 Kpop2 & HWFER
T Vo 2 Y RBIN L 72 RS E E VT Fig. 22 2K L T\W5. Kn 2 W2 541d Fig. 2.3
R L CEBRE T 572, TNENDI/NT A — K% Table 8.5 127189, 7272L, Table 8.5 1&ZZ 1/

BURMA T M CHUBHEAL TV 5.
7, MIHTHRARZ LS IZEBRORETRER2LMD 2T L LIIAARTH 57D, B D
S

%%8+1%%%b,%ﬁ%ﬁ@bwﬁﬁyﬂ#BW%btigK:@ﬁ&%ﬁ%#HTKRAKﬁTé
€
iiuﬂ@%%%ﬁbt.euﬁvbﬁ7ﬁﬁﬁf,ﬁvhﬁ7%%ﬁ§%uumuht5m£&f@ﬁ

AT o7z, Ppg 2 Kprop2 EENTND Ay M A TIERZHE L 72HED K, % Fig. 8.14 12T
Fig. 8.14 725, Hv M4 7 500 Hz DEAEIT v 1X 1.1 dB OEAL, 100 Hz DEAIT v 1% 6.1 dB
OEALRD, Iy b A TRBEBEESBRET 2IFEEAT LI 0005, T NIFEAR R T
U TR Tl VR, MARMESLIC D DAAEL 2720 TH B e EZ 5N D. RO/
EEAET DI LIZL > THELIFTEED, Fig. 814 DRHAN—TRILZETH D=0, hv b A
7 AL 500 Hz OB 88 % ¥ a ik — )b N CHERME USEBIZ TR U CERE 17> 72, EBRTFIE, [
HANELIE 8.3. 1 Ei L [k TH 5.

HET Uz 2N E N OMiERR 2 #E A U 7B OFEREBDILE & TN E 1 Fig. 8.15 & Fig. 8.16 IZ/R7.
Fig. 8.15 & 0 Kprop2 Z WG A DHIHRIZLZETH D Z L3012, Fig. 8.16 £ Ky DHE

EARRERAER L 72 o 72, Fig. 8.16 1IZxfnd % Ty % Fig. 8.17 (TR

Table 8.5: Parameter of controller

Controller ‘ Parameter
Kpop2 | K1 =-004 Ky=-001 (K;=-304 Ky=—1.00)
K, K, -
K — - =002 x=-0. T2 =162 x=-4.04
T s 0.02 x=-0.05 ( e 62 X 04)
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Fig. 8.14: Compare closed-loop gain with each Ime
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Fig. 8.15: Experimental result with step and sinusoidal disturbance using Kprop2
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Fig. 8.16: Experimental result with step and sinusoidal disturbance using Kr(Incomplete differential

cutoff frequency 500 Hz)
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Fig. 8.17: Plot of Ty recorded in Fig. 8.16
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Fig. 8.18: Open-loop transfer function for each controllers

Fig. 8.17 & 0, HIHIAS Ty P& E X N/EEBEED ML ZHIR 0.21 Nm iZHh7z>TLE->TWVWEZ
&, FEERABETRIRLTVWA I LRGN 5. ZOMREEET 5720, IRO 2 D% Fig. 8.18 IT/RT.
ZTNEND —KIEREAD —1 fFEINTWAHEHIE, HHlHIEICBS I 2EREGOEROATLELES

TDTH 5.

o Kpop2 28U 7255 B OHIL — 7RO —XAZEMH — GﬁmgruﬁmKﬁ

- K
o Kpy 255 UG OM— 7RO KEEBI —(— Prygys— + Progx)

Ks
Fig. 8.18 2R 9 5 &, MWEABKBIBIZE VT, Kpop2 CXRLUT Ky 7 A YIERT B> T
WP h5b. ZHIEFig. 8.13 D Pry,y & Pryy, DEICHIELTWE EEZ 5N, ZOEMHIERE
RLEZEMLTWDEHEZONDS. WERL L TEDO MYy YOG AEEZRET I L, EHERE
DYHENT A -2 2 REL, ZHEEROMELZ LD SHIZTLEI LR ENEFEZSNDD, Thsizon
TIFSHROFE L T 5.
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BIE

T

AREX T, E— X OREERHIEICIA < b PID i X/ v F 7 1 )b X HMEWIME - SiEM kD —
EVERIZE W T RANELIIHIMERE 2 R D L IXR S W Z & 5, (KA - mIEMEEO i MERICE T
B ANELINHIMERE DU EICH D LA 72, & 51T, AR Sigt e LT, BRENM A8 1 n Z CHEE Il /s
EEZRHTE 25818 2HiESREEEE X, Hoo HIHIRKEITHE L LT W, HIHNRALE X
NBHEDOHEGEABIZT 57280, FiEMBOMEEL ZORBIEZYINRT A —RIZGIZIKFEESE5 2 L
7z BRI BRE{ K OB RS (R A VD3 B RS 2 B R, AT TIE 2 DOMiE
MHEEGEZ IRE U2, 1 D HIZBRE A3 o M RN 35 1) 2 il & AT o MR E TR Z 574
WZ EIZEH L, EERBIS TR 2R D7 1 VR %215 6 0 & liEER ML T 1 IROT R 2 17
S MEND 57z, 2 DHDPIEMEL co DIGED Ho MEZRDVEMNIZHESND Z EIZER L, HELLE
BROBGEICZ OEABIRICH DM EBATE I L2ICL>T, Hoo MEBSEZYIINT A — & &l 5H
FAZ L o TEBIHNZHER T DMIETH b, BREITD Z e R RETRERMEREZE2 Z Lk
. ZOEPDVHIEERIC G 2 BR800, MDY 10 5L EOBGEITEEED S D He, / IV A DEAL
130.02dBRETHD, NTWeEZONS.

RERESROEREDOHERIZE TV IaL—va v TFW, YIalb—yay UAMOM®EED
RS DRGSR RO 72BN — T 7 1 v OB L BET D5 e 2R U7, IRIT, ATV
THELE IEREAELZIEIZ IR 2 EBRZT\D, YIalb—Yaroe & LFEKICERTHIE L ZARD
3 OGS DR NI RO AN — T 7 1 VO FFEBICE L BET 5 Z L 2 R U7z, JhariEst
TLEMZ 2 EBRTIE, FHEEERTROEEL—T7 1 v OFEWEBUSE O RIF7 82 MR L, R
MHEGROEMAMEIX T2 H B LR DT 2.

7z, WEAEREBRRPFATERWGEIT, B ML o2 oY 28T 5 Z LIz & - THlk
WO AR ERA D LT D451, RIFEOBKGHEIZ K o TG U - flitdi#s & [ O A ELIN T RE
ERT AHESR AR TE S I R U, ERICERE T o728 25, HHHRNLZET BHERIZES
NIRIpo 12Dy, THIRFEBRKEN ML 72 oY OB D ZEERE Lo TLE o 2 & T—KIKE

60



B D & JH P EIRDINA T A ML T WS ZENFRKTH 2 Z e il N7z FRHZ, DX 5 EED
BETH, WEMAEE 2 WS uOMESR FREOERTLE LI e 2R U .

fe % U 728N oo DM RIZEE D SREKED S & o N7z aliEE XS EME LIS U T —RICZE ThHt
ELIIHI DR CROEIEWERE 2 R D, X MBRE 2 R oW 2 e o A DEA PR TH Y
IRING, BRENMAAERE DA E WD GEITHANTRE LTI EEZ BT e TES. —AT,
B A L DR DIl V2 2 BUAIS 2 HIEIRICEWTH, #RFELUEEEIC XD E S N iERR
CAEDVEREZZERTE D LD 74 VX2 - BIMUTHERT L EVRSROFETDH 5.

61



S B

RFWBIZ D/INRBRF BT, A EEZEDDIZHT- D FENTIHEZBH O E L. 222, A
THRERDHBEERLIT.

HETEHICTH 2O 6T, HRERZEDOH EHLCE, MHTAMZLEICERFIILZOERRT
W hEEE, FHICERBLRPEEFRLZBI TN RELAZZLITOL D EH#HB L EIFET.
HIAWEE DI ARERTE, RNIFREOREREHE IZIZIAMADOEREEDOLRRIZE L TFEo>TW
REEELAEZLIESBLERL LITET.

EEL S NS/ E D BERRICEPNE LT, ¥IFZ2BELTCELLDIEE2WZEE L. &
CIEHOBAERUSBROBEMO ZEELZBHOHBL LITET.
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