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Fig. 2.1 Engine generator MGC2200G.
Table. 2.1 Specification of gas engine generator.
Engine type Air cooling 4-stroke OHV gas engine
Engine displacement 0.181 L
Bore-Stroke 68 mmx50mm
Rated power 3.4 kW (4.7PS) / 2800 rpm
Engine Max. power 4.6 kW (6.3PS) / 4000 rpm
Max. torque 11.6Nm/2800rpm
Use fuel LPG(Propane Gas)
Ignition type Fly wheel magnet
Starting type Recoil starter
Generator type AC inverter generator
Voltage adjustment type Inverter type
Generator Rated frequency 50/60 Hz switchable
AC 2.2 kVA (100 Vx22 A)
Rated output
DC 100 W (12 Vx8.3 A)
%:leg‘;}sl‘f\‘;fi dthHeight 547 mmx480 mmx618 mm
Other
Dry mass 56 kg
Throttle control method Electronic governor
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Fig. 2.2 Based engine GB180 and performance curve.
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Fig. 2.3 Structure of stroke spark ignition engine.(4)
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stroke stroke stroke stroke

Fig. 2.4 Operating-Principle of 4 stroke spark ignition engine"”’
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Fig. 2.5 PV diagram.
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Fig. 2.6 TS diagram.

AKWFROZ TR RERA N R P ThDB. FOEFNCHSE BT R L X

—JRE LTRSS & » TRED F L RISBARRET 2WENLETH Y,

H 8 5 ]

TV THNTAMREAIRE RN ST D2 RAFTOMB LN LETH D, fAlRA
BHIRALKFE TR SN TEBY, MALRICL THEIRO “bRFE EKEERT D, L

WoT, BELEINLRDIBAERID TV DIEEBIME L > TS,

20



IO P ATENP, BV, WETIC X > TEEIWE OREZE 2 FEIC L
TLHIEVNABNTHY, BNZE B EREBTEXNEZEAEDE THEAMELZRDD Z
ERHKD.

B2 AR D DB A 7 VTE) L, Ay b= A7, T4 —EBt A
TN, YRTHA T NVIEHEHINDD, KFROZ 3ty b= A 7 2T
L7280, Ay h—H A7 MOV TIHRRTNL.

(5) Ay b—HA 27 1©®

HBY A= 2o/ 8) ) AR 728 & o KAEFUKBEREIE, BN R, B3R TO
—ERBECTEHENMTbND EEETE 5720, BIEREIZMEARICSERE(LEZITH & A
D, ZOXOIRBY A I NVETy b= A T VLD, KERKEEOEARY A 7 1L
LTHWLRTND. Fy h—H A 7LD py HEER 2.7 1057F.

D p-v I H ADREEDOHEFZ2RLTED, 1523541+ - LN TNL .

ZOVA I NDRNEEFEOT P NCBITHETRICY TIDDLERDOLIITRD.

© 12 OWEERM - EMET R

c 23 OERIMEL -

N

DOBRBEIC L HES L5
« 34 OWrEAE R -

&
s

N
!
ot

c 41 OFERE A PEEATRR K O KT R

LIFIS, #ATREZOEZHESEEZ R L T,
(a) W BAE
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O, =mc(T; - T)) (2.6)

(c) WrEhfE ok
HARNBREBE LB L2 ENIC L > TEXA MR TFICHL TP, EHEED
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k-1 k-1
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(d) EHEm A
VU UCHENOERENRRE RS TRETHER ANV BB X, BRBET A 2/ ICHE
HZETIENINABIIETL, HFOKKT 5. (K(2.8))

k-1
V.
0, =me(T, ~T) = me(T, —T»(;z} (2.8)

1

where, K=c,/cy  (Cp: specific heat under constant pressure, Cv: specific heat under constant volume)
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ULEDO—BOITIRIC L o TS A 7 LB S, =0 DU REEL TV,
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Fig. 2.7 p-v diagram of the Otto cycle

223. NUTFTRAZ VDUV ETNVOEEE

Crossley & Cook(199) =y VU EF N DIRE N A ViR L =0 2 v RIEH O IR Y
REMBEEIRRIC L VBRIAEL T, KIERANRZ PO GHIBET VEREL T
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& LT Mathworks (£ 232t L TV ®, oz VU EF L4 K 2.8 1TRT.
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TX 5. ARX DIRE A 0~10 RE CTEASH L&D AIC X 2.10 1277, K 2.10
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2.9 O 1/T;, /T, DEIE, ZiZH 0.2rad/s, 10rad/s T v, R(2.12)% AFET L &

IﬂX p+ 1/711_
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)T B+ D(O01s + 1)
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$2+410.25+2

where, 2{w, =102, w,* =2

Q) XQINDOAKRET VORMBRERIEEARD R w, OEIL, THLEN (=362L
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RNQI)OME _RENFELZHIEHALAHET L (VIa2b—va A7 7 FET
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G(s) = s (2.13)

S242.4s5+1.44

where, 2{w, =24, w,? =144
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Fig. 2.8 Typical engine model with open-loop identification.
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Fig. 2.9 Frequency characteristics of engine model of Fig.2.8.
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Fig. 2.12 Frequency characteristics of nominal model.
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.......

Hot water
unit

Fig 2.13 ECOWILL.

Table 2.2 Specification of cogeneration gas engine-generator.'"”

Engine type Water cooling 4-stroke OHV gas engine
Eneine displacement Intake stroke volume : 110cm’
gine displaceme Exhaust stroke volume : 163cm’
Bore-Stroke 68 mmx50mm
Engine Rated power 1.0 kW (PS) / 1,950 rpm
Use fuel City gas (Natural gas)
Ignition type Capacitor discharge igniter
Starting type Self starter
Generator type Starter generator
Voltage adjustment type Manual
Generator
Rated frequency 50/60 Hz switchable
Rated output 1000W(AC200V*x5.0A)
Dimensions 298 mmx580 mmx750 mm
Other (lengthxwidthxheight)
Dry mass 71 kg
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Fig 2.15 Piston stroke for lcycle!'?.
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Additional work derived
from extended expansion

Qin

Fig. 2.16 Extended expansion thermal cycle"'?.
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2.4.1. BEEMH
(1) =Y E5 /1 : GBISO
(2) HF5%E : 0.181L
(3) A7 A b —7 : 68x59mm
(4) EH&HI T : 3.4kW/3600rpm
(5) ;K h/LZ : 11.6Nm/2800rpm
6) BIEEIE (7T A KA =N~ %y b, FEEo—%) BET—42 b @ 0.225kgm’
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MV EEFEICHW S HERETER 2.17 (I2RT.

Fig.2.17 Specification of Piston Crank mechanism.

32



(1) & b BN x
AR UCEAN x TRQIHTEELND.

x=RcosO+ Lcosg (2.14)

(2) 1% 24k F,'7
1B AL F xR Q215 TERELND.
by = Fpp tang-x (2.15)

g max

(3) g S FOD
ARy 7T 7 BB O xy BT RQ2.16), Q2.1 E R D

E, = —m X + My, Rw? cos @ (2.16)
E, = myotRw?sin 6 (2.17)

K214 5, x:Ra)z(—cose—%cosze) %z X(2.16), XQ2ANDIZ AT B & K(2.18),

H(2.19) & 72 %

ITOMTERET LR TRES., BERLIETIRELT DL BEAMETTOE R K
VHENTNRY, NS TDHEEEAMETOER N UEENEE D,
COZEERPRICRESSEDLIRFLT T THS.
F.=-m,_Rw*(cosd—1/Acos20)+m, Ra’ cosd

= Ra*{m, (cosd+1/ Acos20)+m,, cosd} (2.18)
F, =Ra)2(mm, siné’) (2.19)

CITEENDOHD A VEERD.
U5 MORRCH LT T s B DR my. R, B 5 EAEMLT,
F,F 132 n2nx(2.20),R0221)E 2 5.

F.=Rw*{m, (cos@+1/Acos28)+m,, cosd—m,, cos} (2.20)
F, =R’ (m,, sind—m, sin0)) (2.21)

BBV EVR m,, =my* R, D& X,
EA Ny 7 77 OB FI3(Q2.22) TERED.

F,=m Rw’(cos®+1/Acos20) (2.22)
(4) ©A b FUY
EA R FIERQ23)TEELNS.
F=F,-F (2.23)

33



ZONFIEEANCEBGMEREBBE SO RE, vy REMOT) QIZ5h1E
SHD. 0SB, 7T 7N L Yy —FTINIZMAND DG E, THIZEE

S

DIHHIWIZHRESND., ZOHWNI Z 7% 7 haeRiindwE5)1k75.

(5) ~arZEE '
ML 7 TIERQR24)TEELND.

T'=H-R

(2.24)

:F-Rsin0[1+ 1/ Acost j
J1-1/Asin? 6

(6) EELEFFs
B 4 XM, 4 FA TN DU DE MV IIXRBEED BN L S T
[BlHE 71330 M & T, =2 ¥ AREER IR TS ), @ BlEsiE CIRE M A R E 0.
ZDOEIR IV EBPELC TS & &, EEEROEEE—2A > ba [, FY bV
7 T, , G EOR KM - k/MEEZZENEN 0,0, & KK/DOREESE Eo 2 A 3

I ERENENL L, FHAEREY o, ETIVEEEZTEIIXQ25ERD.
_ Wmax—Wmin __ 1 tmax
g = St = ey 7 e
where,

wy,: average revolution, T;,,: average torque

LED->T, ZOREEBRZ|EIIMA DO, FHEERE, K737 7484
—MRHEE — A 2 E ORISR TH 5.

34



243. MV I EHHERKR

242D M7 BEEXOFEHE R A XK 2.18 IR 7.

1@ Rev. Fluctuationl [ XA FFIEMEE — A > h 23 0.225[kgm’|DHE O HJE LR Z R L,
Rev. Fluctuation2 X & i IEMEE — A > b &, 5l 213 1/10 (RIEEKE &4 1/10) O 0.0225[kgm’]
LB EORELHEREZRLTWD. Mrb, @URAMEEE—A L MIERT 57
TABRA—=NAHNRIZEY, MRBBEICLDIEELEHNIZTEALL, MHlsh TS Z & A
5.

50

—Truque Fluctuation
—Rev. Fluctuationl
= —Rev. Fluctuation2

I /_______\ ______ ______/ ______ | E— /_______\Al’*_’_rig_‘fﬁ’_r_ql‘%_"_ ;

Torque Fluctuation [Nm], Rev. Fluctuatin [rad/s]

2 4 6 8 10 12
Crank angle [rad]

Fig.2.18 Torque Fluctuation by intermittent combustion.
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Fig. 3.1 Conventional gas engine generator.
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T ATV R EROHREZ R 3.1 (R

Table 3.1 Specification of gas engine generator.

Engine type Air cooling 4-stroke OHV gas engine
Engine displacement 0.181 L
Bore-stroke 68 mmx50mm
Rated power 3.4 kW (4.7PS) / 2800 rpm
Engine Max. power 4.6 kW (6.3PS) / 4000 rpm
Max. torque 11.6Nm/2800rpm
Use fuel LPG(Propane gas)
Ignition type Fly wheel magnet
Starting type Recoil starter
Generator type AC inverter generator
Voltage adjustment type Inverter type
Generator Rated Frequency 50/60 Hz Switchable
AC 2.2 kVA (100 Vx22 A)
Rated output
DC 100 W (12 Vx8.3 A)
Dimensions 547 mmx480 mmx=618 mm
(LengthxWidthxHeight)
Other
Dry mass 56 kg
Throttle control method Electronic governor
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—EENDORERIE~ =R —/ RIZHAS S, ECU XEERF D O v ¥ v aEs s FES & 2
2y MSVTRERZRESTHZ LT, BUEO = U O B A SIS, —, BllT — 21X
BVESCHERIRE, ST T JREEEE, U UMREAREL TWD. &5, HEOT Y
V@%@ké%%%@m?é:kf,ﬁ@%%ﬁ L, I///@Eﬁé*#f@i B fERR L
7z.

RN, IEWEREICH LT a XU HALL D VU REHOAMRBR ATV, = YRR
B lox o Do nReERE EROBERET —2 & L TE LT,

Z D%, PES OIGTECHIE SR ZMERT 572012, A CAMEKHF CRARDBEDO NS, F A X
T ATE D 38R % R L7z

60%IREED/ISA FAZ T AD 1kW FEEZ ATREEL T D AT 0V B DRI D,
Pl EBRTHEOLNIZMAZ S L2, PES VAT ADKERIZOWT H Elii L7=.

3.2.2. FlRERER

TEBRICE N TL, 7o XU HRAEWEROT ATV U RERIMIG L, R80T
T, UV U, ERRE, ZERR, MIROZLERE L. 0%, HHEREE T a s
T AN, %ﬂﬁxfﬁﬁﬁ L oT, BEEE 100%, 70%, 60%D /A A4 A X REFA~EF L, —
v v nlfin gk, i, ZERRI, WIEOT — X BAERET — & L i U CRTEEE O A1 % e
BTz, @%%% [ 5 H U 72 R DM AR 3.2 (TR

Table 3.2 Experiment data in PES system

Fuel flow |Choke Valve| Air Flow Engine ;fgg‘;gt Engine oil Eth‘e‘LS];éas Generator
# Fuel Opening A/Fratio | Revolution temp. (Tor) load (L ggN)
NUmn) | % | ONUmin) I o I O I I
[oC] [oC]
100 %35 114 2800 982 698 118.0 0
I | propancgs [Not Measure| 100 168.9 16 2,950 109.5 770 1483 400
100 2340 13 3,100 1192 813 1875 800
65 100 1882 181 2850 1002 632 1725 0
2 |0 | 84 100 2534 172 3,000 1136 771 2152 400
103 100 3113 168 3,100 1237 832 2495 800
N 57 2437 170 2,800 1053 741 321 0
3 (57 50 3161 140 3,000 1268 844 383 400
C0230%)
267 50 3137 136 2,100 140.5 9.1 3379 800
e |5 53 2872 181 2,800 1015 79 2438 0
¢ | coran |2 54 3258 165 2,950 1199 820 296.5 400
276 50 33 139 2200 136.4 899 3362 800

TaN HRAEHOTESE, ARICISECT, EXMES ML, iz T 11.3~11.6 OHH
THERF SN2, = P mEEEIT 2800rpm (MEEAT), 2950rpm (400W), 3100rpm (800W) Fifif
W CCEH LT,

NAF AR T A (CHA) OBGHZEREDIT 1720 TH D, B 3.2 05, HEAREIRR O HiG2Ze
BRIEN D, AT R, ZBRLEME T2 2 L35, B33 D3, A A X R 100%%
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L7256, AREEINIEY, 2850rpm (#E£147), 3000rpm (400W), 3100rpm (800W) Tx~
DUEEEES B L, BE 70%, 60%ITAMHEINIEYY, 2850rpm (EA ), 3000rpm (400W),
2100~2200rpm (800W) & =1 U EEREAZEL L CTWD Z L3 5.

PERIR B I XA R B Uiz, AR > 250 E, REoiEs-%, BLo=x
YU VEEREIE, LR OEROERET — 2 L LIRS S 72D Lz

RIRDIRBED/SNA T A S Z I, AR E > TREL & 22Dt ED EA- LTz
oL, ARREDASA AL (60%, 70%) M L7256, EXUiEIT 400W & 800W D fif
TIZIEF L TH o7z, ZHE, 800W OAMENE CIIERMEN AL T DD EEZTND. A
A AL AR, WIEE KT T T OMEERGREN B L, FRCHEREENKBIC ERT5 2 &0
o7,

INAF AL 60%, TO%EHRE, =2 2 o ElREE 2800rpm (HEEFT), 2950~3000rpm (400W)
FORE L AR T D 2 N TE. L, =u Y v mEREIE 800W AT 2100~
2200rpm (2K F L7=. ZHUE 7 o R0 T ADKERET — % L H_T, KRERENTH 5.

Z OEBFERND, AR CHA % 60% & 70% R, 28Rt & = > o o Ry K
T2 Lo, BRI, RIBNESA A A X I KD 800W A fiifEl: TII ALK EN LT D
ZEDPHoTo. THUTER E B OWREN AR5 Th D LZREMMET L, BREERRI BT D
T EEZTND.

Engine operating data compared by fuel

A/F ratio
20.0
18.0 r&
B~
-~ - X
"‘s‘ =
16.0 e ~
“Pea ~
‘h\ \ .
Seo ~
14.0 “"mﬁ.‘i
12.0
0 200 400 600 800 1000

——CH4100% --m--CH470% —& -CH4 60%Generatorload[W]

Fig. 3.2 Relationship between generator load and A/F ratio.
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Engine operating data compared by fuel
Engine Revolution[rpm]
3,500

3100rpm

3,000

2,500

2100rpm
2,000 1 T T T 1

0 200 400 600 800 1000
—&— (CH4 100% ---#---CH4 70% —-&--CH460% Generatorload[W]

Fig. 3.3 Relationship between generator load and engine revolution.

3.2.3. AN X 2 EBREEE (IES, Improved Experiment Set-up) & EBRFER
T FERIEE XTI LIRS R0 o loic ), BREIOERBE R 2 LEE 5720, YA %
YT VERY =T T e EOMBIEEZBNT S Z L Lz, (K3.4)

F, AR e e — =
_L&' "'E" Tene Tz Thy Ta 0 Ty
Intake air | : E H / /
"""" —hI2 o .
I e Thermal insulator
| Eig EE a X222 22277
Ty Fawa T T i Texn
I —_— ; Carburetor #1 et
= t e .
Intake air @ | : | : ;8 : Silencer [Exhaust gas
[ ' | R ] |
GAS mixer it 1 . |
st — h . : |
. Back fire checkvalve : | :
| | Mixer 'l"()_[;E]' aul L T !
L o H v T TWS
. : |
Flow Q\i\ Tegniter [ h-\_'l"‘ Taz
Ladiusl 1 (Yl Gene- !
M Inverter
I ®\ U rator
0.1MPa 0.1

- i
Reducng |J| Reéducng F €02 | 4 ' |
. valve val p il Eneine oil |
L o i .
g s | g Fpg ! ECU :
’_ 37 £ CH4 : |
i : Engine Control Unit |
L 5 .S_e.n_g 1Ee_ge;er_at(:r .....................
Tt OIL
CH, Co,
+ Improved Experiment Set-up (IES) system 1# :  twin carburetor
+ Improved Experiment Set-up (IES) system 2# :  twin carburetor + surge

Fig. 3.4 Improved experiment set-up system.
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ZOWEE, R, VU, HERIRE A BT — 2 & Ui, 2%ERIE 3 FIEL,
FOWHF— 2 %2333, BIOERILITTRT. TNODT—ZE A F A Z AN LD THERD
TR LB LT, RIZITRT LIS, VA Uy T L HIEER, RREDO NS F X 2
B, HEARTES OV 400W AT TR IS 5 L7228, AT 800W DM TiE, kv %< 0k sk
ANUTed, 2RI Lo Tz, = ¥ o [alds1E 2800rpm (EA{RT), 2950rpm (400W), 3100rpm

(800W) DER D AMICE N T, 1FITLE LR A R L7, PERIBEE X T ER L b,
HEFIZE LS Lo TN D.

Fz 34 TRT LI, VA rFy T L HEY—TU 7 (018L) ZiBMN%, SAMKRFCEWT
ZEPREEN B L, BEERZEAEL 17.2 1050 2. 800W A DM TiE, L0 &< ORARERAT
L2 EMTED Loz, =Ygl E 2800rpm (#EETRT), 2900~3000rpm (400W), 3000
~3100rpm (800W) TIHITZLE LIz A MERF 2 2 L TE 0. AR OPERIR L T
HRF L0 RS e o7z,

Table 3.3 Data of IES system 1# (twin carburetor).

Fuel flow |Choke Valve| Air Flow Engine Plli I;Ité(:;t Engine oil EXh;l:];(ias Generator
# Fuel Opening A/F ratio | Revolution temp. (Tor) load (L gen)
[NL/min] [%] [NL/min] [tpm] emp. (Ten) [oC] (Texn) [W]
[oC] [oC]
114 100 485.0 209 2,800 82.1 60.0 230.9 0
1 (CH4 100%) 13 100 5743 21.1 3,000 1023 70.4 3139 400
149 100 649.0 20.7 3,100 115.0 79.1 354.9 800
(CHAT0% 16 28 2533 19.1 2,800 94.8 68.3 246.5 0
2 o 30%)’ 18.6 28 316.1 17.9 3,000 113.0 74.7 298.6 400
23.8 28 376.4 16.7 3,100 1249 83.2 330.0 800
(CHA 60% 24.7 20 159.3 17.8 2,800 - - 293 0
3 o2 40%)’ 26.8 20 219.6 159 3,000 - - 3444 400
47.6 20 395.8 139 3,100 - - over 800
Table 3.4 Data of IES system 1# (twin carburetor and surge tank).
Fuel flow |Choke Valve| Air Flow Engine Plli r;lt;(:;t Engine oil Ethel:qt).Gas Generator
# Fuel Opening A/Fratio | Revolution temp. (Tor) load (L ggn)
Numin) | [ | NUmin] E I A I U G
[oC] [oC]
114 100 485.0 209 2,800 2.1 60.0 2309 0
1 (CH4 100%) 13 100 5743 211 3,000 102.3 704 313.9 400
149 100 649.0 20.7 3,100 115.0 79.1 354.9 800
(CHATOY 16 28 2533 19.1 2,800 94.8 68.3 246.5 0
2 ’ 18.6 28 316.1 179 3,000 113.0 747 298.6 400
C0230%)
238 28 376.4 16.7 3,100 1249 832 330.0 800
(CHA 60% 247 20 159.3 17.8 2,800 - - 293 0
3 02 40% )’ 26.8 20 219.6 159 3,000 - - 3444 400
47.6 20 395.8 139 3,100 - - over 800
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IES O FEBriE R 2K 3.5~ 3.8 (2”7, ZERLLIT IESH2 O IES VAT AH1ICK ) S
TS ENHD. IBS VAT A2 OZERRICIT, A X U W AOHEGRZEMRIL 172 LREEETH D,
BEEENH DA T AL THEIEINDGEICH, BREOEEEN R /NI WD &35,
IESH# 1 DHlET 5= U mERENE, 2800rpm (MEAL), 2950rpm (400W) . 3100rpm (800W)
DRE LT Y R R LTS Z &3 5. £70, IBSH2 THIEHT 2= T B,
2800rpm (HEEfF), 2900~3000rpm (400W), 3000~3100rpm (800W) DZEE L 7T ¥ [AlHREL
EHEFFL CTWADZ LS.

BUhRIIRE B Th 5 B HIBICB T A2IERICE o THEHERERTH Y, PERIBEIZONT
X VUREROERE AT HAREERH D Z LB L TR AREHETHD. Bk L
PR 2 X 3.9~ 3.10 2779, FFIC CH4 60%% i HRFIX IES & A7 A #2 OBGhEN M L5
Z o T

AJE tatic IES System 1# (Carburetor #2 added)
22.0

20.0

S
)

-
S m———

180 {

16.0 =

14.0 —

12,0
0 200 400 600 800 1000
—&—CH4 100% --m--CH4 70% —& =CH460%  Generator load W1

Fig. 3.5 Relationship between generator load and A/F ratio. (IES system 1#)

A/F ratio  |ES System 2#(Carburetor #2 added and surge tank added)

22.0
 ———

20.0 —_—
s .‘v....-'-.:'_-.-_.._.:_:_ -

"1"-1':_; ~.

R
D
16.0 --A
14.0
0 200 400 600 800 1000

—+—CH4100% --Em--CH470% —aA -=CH460% Generator load [W]

Fig. 3.6 Relationship between generator load and A/F ratio. (IES system 2#)
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IES System 1# (Carburetor #2 added)
Engine Revolution[rpm]

3,200
3100rpm
3,100
3,000 3000rp
2,900
2800rp
2,800
2,700
0 200 400 600 800 1000
—#— CH4 100% CH4 70% CH4 60% Generator load [W]

Fig. 3.7 Relationship between generator load and engine revolution.

IES System 2#(Carburetor #2 added and surge tank added)

Engine Revolution
3,200

3100rpm

3,100 :
3000rpm . /
3,000 A o
B

. -~ —’—‘-‘

2,900 ===

] * /-O———
ZSW-—-' 2900rpm

2,800 -

2,700

0 200 400 600 800 1000

—¢—CH4 100% =-E--CH470% -—aA =CH460% Generator load [W]

Fig. 3.8 Relationship between generator load and engine revolution.
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Thermal Efficiency: Qout(W)/Qin(J/s)

Efficiency (%)
13
12
11
10
AE———em—eem————e—————— Y
9 I ” = e —— 4
8 +n27
‘I
A/
./
5 / . | | |
60 70 80 90 100
—@— |ES system 1# -=A=-|ES system 2# CH4(%)

Fig. 3.9 Fuel efficiency treated by various bio-methane compositions in different System.

Exhaust temperature(°C) l/mOverheat

400.0

350.0

300.0

250.0

200.0

150-0 L) L] L] L]

0 200 400 600 800
e PES system ==@l==|ES system 1# == = |ES system 2# Load(w)

Fig. 3.10 Exhaust temperature treated by various load in different system for CH4 60%

(most representative).
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3.3. F—77 4 — F Ny 7 HIBE(PID %)
I HICHERERZ M LS A7, BARMARAL—T 7 4 — KXy 7l AT A28 L, #
Bl OMmir2iT1o7=.

33.1. =V UETIV
AKIETIX, AR THERA LT AT YT VOMEZRRS. (K 3.11)

]

Desired rpm
2800 || . valve timing U;:wac' 1
I Gas Engine Model :
edgelsd Ni¢ {1 I
| i |
Lpp{Desiced rpm = it |
Throttie Ang 1 P Throtte Ang. mass(k) P Air Charge rad/s [
N | Torque | Teng fowpm
|-
L Engine Speed, N mass(k+1) —s{mass(k+1) N oy B Englr\eSpeed
N {20/pi
Controller tigger
trigger Combustion  [»{Thead I
I - EngineSpeed
Throttle & Manifold Comprassion N Vehicle |
27 1 Dynamics I
I load I
e e e  —— —————— e o
LoadTorque
Simulation Inputs
TheottieAngle =
L

]

Simulationinputs

Fig. 3.11 The mathematical model of gas engine.

Anry Ny, w=A—/V R, JEfE, BB, s, MR FLR L7 5e a2 iEB) AR,
JF#@), G)EBRLTWEE& 0. ZOET /L TIE, MATLAB® / Simulink™ 0 4L 3EHERE £ 15 )
L TR R =2 DA Xy MNE#j S TWb. BEiSnzh 7 v 27 A%, BNCERI Lz VT
BETNLEN L TR~ ==L Rnb Y ) VA ~ORAKOBNBEIZET ML T, =
o, WRIRARUE, M7 34E, B X ONEOERRE~ 77 2 &[RRI ST 5.

33.2. AV—T7"7 4 — Xy ZHIEEPID ) & v I =2 v—Ta v

Fox L, M, By, MOoEEER>7 4 — NNy ar br—J @R LT
L, EFREOL 7y FEIHT 210 ETH Y, HIEIIRE SIS L - TRAET
HAFHEBNEZMET 2720000 ThH D, 7 4 VAREIE, BOEEICRIT D 7 4 Vv Z ORLE
ERETDHHDOTHDH. HAL—T7 ¢ — RN 7RO E K 312 2R

Val—va URERER 313 18T, 2.7Nm OAfERE (800W FHY) TiX, t=30 T, =
¥ U EEEE 2800rpm 123 L, HEERHRHIC—E L TW\WDH 2 &2V 5.

47



4.|-H:_
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Differential Gain
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Integrator
Fig. 3.12 Closed-loop feedback controller.
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Time/s

Fig. 3.13 Simulation result of the approximate engine model.

333. B—7"7 4 — Ry Z HIEPID fIH)IC X 2 EBRRER

PAL—7"7 ¢ — RN il (PID filf#) (2L A6l (BCU) ZHWTH AT ¥ U3 EKO
ERT =B %2502 LT AT ARG OHEE, BIWIES Y A7 LOEBAREMZFRET 5 2
&C, Wl AT KOS ERRE RS 2D,

xS L LT, BBEANOAL Y PFIVECU & AT v B 7 E—X—DHEG &2 R L, #Hizlc
ATy rE—2—%BNL. (B314 Z8) PAL—T77 0 — Ry il 2T H g4
LIz, ¥4 7mrarya—4 (AD7011-EVA) ZfEH LT 5.
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il speed

§i(@)

Modified IES System

Fig. 3.14 The closed-loop feedback control system.

K 314 IR T L9, Avy MACVTHAER, vA7vara—F2OMNIc k> Tl E
A, #RFREIZ PID AN L o> THI S 5.

a2 he—721%, GPIO, A/D, D/A 21> /3—%, DIO 72 EOFEREAL B 7 = — ZA RN S
T3,

PID R EMI, TR L > TRELTHD. a2 bu—F DR L PID REMEZHE 3.5 1R
7.

Z OFREMIC X D RIS R E2 K 3.6 (RT.

B DAMKMETICBWTC, 4V Y L® ECU TidEx > ¥ v aldsEh3 2800~3100rpm (K] 3.7,
3.8) ICEBELTWAN, SEIEELEEL—T 7 0 — KXy ZHIEClio o ¥ o hlifinkk %
2800rpm D [FHREIZHERF LTV D 2 L3 D, (3 3.6)

IHIT, 432 HTHEOLNILY I a2 b—T g URERICESE, [ES VAT AZBITLHL—77
4 — Ry 7 2T DO FEBLAREME A MRGET N & & B2 T D.

Table 3.5 Specification of the AD8011-EVA and PID settings.

oS Linux+Xenomai (Real-tim extension)
CPU ARMI1136JF-S (532MHz)
ADC : 4-ch, 12-bit, single ended,
+10V input, AD7323
DAC : 4-ch, 12-bit, single ended,
+5V output, AD5024

AD/DA

Proportional gain 0.02

Integral gain 0.01
PID setting value

Differential gain 0.02

Differential filter 2.0
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Table 3.6 Experimental data (Carburetor 2# and surge tank added).

Igniti Exhaust Ga
Fuel flow [Choke Valve| Air Flow Engine Pli o ;:;t taeus *| Generator
Fuel Opening A/Fratio | Revolution g(T ) (Tmp.) load (L ggn)
NUmin] | [%] | [NUnmin] R A [W]
[oC] [oC]
Bio-methane 15.2 35 468.1 199 2,800 78.1 2329 0
gas
1 (CH4 0%, 17.1 35 579.1 19.4 2,800 95.3 309.1 400
CO2 30%) 16.1 30 434.3 18.1 2,800 112.7 334.9 800
Bio-methane| 14,0 20 236.4 18.5 2,800 86.1 2542 0
gas
2 (CH4 0%, 16.4 20 284.7 17.7 2,800 106.1 3314 400
CO2 30%) 182 20 313.7 16.6 2,800 117.7 335.1 800
34. &0

NAF AR T ADPEEISENC Y TAH A DK LI AT ¥ U B ORI D,
EEET LI- & X DT AT VU RBMED K ISNEIC O W T ORFFER R 2 =T,

ZIZTO, RUSFREMFERTIE, A NE T OBLED D B AT U U ARIR O IECHIE RS
EFEMZT, FMEEOMNIMIE > T, " FRAZ ARG TED L IICL, = VAR
Lo DU ARKREICET 27T — X 25 L, BEfF/INEA AT P Oxbit ATBEME 2 Rl L 7=

AIFFEDORE L LT, A A A5 5his AT ReEIC 3 5 R-AE ROV T, LU ITRT.

(1) RAFEEA AT D DEETIE, RELTT DA T AL U HATHIETERNT & 21
L.

BEFREN ATV ORRICELL SUEEZ N AT, fMFEONMORTDNRA F AL T A
~ORNE, BBESINTZFEMHITBWNT, AIETHLZ 2R L. £, A4 Y=y b
BPEHEOF ¥ 7L H O FETIE, SA A AL HACHIETE RN LT,
ZORKEE LT, HHEREIO RIEERPER TERNWI ERBTObND. ZOMRKLE LT,
UIF OB EZEES L THNT 52 LTk 0, SHEREIOERREZEN M 35 2 & 2GR L
7.

(a) X ¥ 7 L X —DORKRO ZH (Wb dHY A Ux vy T L&) OB T, BREHAR
BHROM EITROT, A X RE 60~T0%D /A F A X T A & RELE U= Al
BT ARAEECTH - 72,

(b) EHeX ¥ 7 L X —DRERIT, WK —T % v 7 ZINT 5 ORTIE, EHEREZ RO
FEHBLINT, A X PREE 60~T0%D/NA A A X NEE T A& REE LT AT EER IR 7]
HEThoT-.

() VAV Fx T LY, BLOWKR =V 7 BEAMICHAEDZ L2k b, BREHARES)
KOMEEKDZ ENTE, AXPRE 60~T0%D /A 4 A X ANHGEH Az WRELE LT-fA
fiEERANATRE & A o T2

(d) EfE@)~@)DO*xK TN, BHEXF Y T L X —D A Yy ME (3¢) ZORIERL

2
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(329) T2 LT, BREHARIROM L2 X5 Z LN TE, AZRE 60~T70%0D /A
A B RN A ZRELE LT ARHER S ATRE & e o 72
B)YQEDOY A X v T L H, MR —TUF 7 EOMBEMNINC, A4 Y=y b ORIEK(E
W26 LC, BEFREEN AT DA D £ £ TIHEE L& TE /2=, PID
RN E D7 4 — RNy ZHIEIS AT 2% HT-1CBA% L=, PID &AL S 7 4 — KXy
IR AT D N AT D DEF A ANTITHIAT Z LI XD, A X2 R 60~70%
DNNAF A NG ALV EZE LTEENTEH L%, VIalb—Tay, BIUEE
RESEBRIZ LV AERE LT
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FA4E BE_WETLVEFEMY —NVE LI ETNwyTF T L
BEA T —NOEERIT X B u N2 N EREEHIE R o4O

4.1. XEDHH

ARETIE, o6 BO/NMUHTAZ P URERHAE T AT ORBANCET LV~ v F
YT EREA T - ANOMAETICIOHEN 2 E T 20D, ZofENICEs
T % AT R O HME A R T D 7o, Sl RIS & U CHEL W Ot R~ & i A T

VT4, HENHO Steer by Wire Z HiIfE & 2 BRAEHIE O 2 7 DBV TIE, #HAFEAT) & HW
ISEREDORBRAEFRICERE TE L LI oT. EATHRICBE VTS, H ML DA
A NREARD, BT VEEHIEY, LQG HIEIC X 5 HEERAEDS, WL T O R S & B
L7z BB Bt RSO F A4 79— O, mosx MRS & 5 s g gem RO i
NET N~ F o 70 K DEINR TS & RN L7 BT I B B 0%, AR O R
(THcE A 7 P — N OARKOREE L (5 —L— b, BUEMA, #iEMA) 2IEL T, Ao/
AR ST T ML LIANVLE T VA RBERE L CTERINT 5 2 & T, AkDORESR
DOHEE L L BIHEEOHEEZFRFIZATS 2L Th D, Z ONEEOHEEE 2 724 ELo
R R8T 4 — RNy 71 X D W BISE O FH 2 RIRF AT O HlE o7 LT X HITME

FREN DD EEZ, BELMOCTRE L. Z0OBEHICBWL T, HfEdg (2
Wi E 7 V) DRMEICHOWT, EHEEEBHORMELIESR (BEMIZE, Ba—F Y 727
A7 RAEMER L2 81255 1G (9.8m/s?) LLEDFERINFEE) L7720, xS ohE >
TR AHETH - 7.

ARETIE, HIE GO EEER QL EEITERT 52 L 2Pk LT, f#Exdg (HBEa
—F VT AT 4 TR AW ZiwE TV, LI, BE ZmET ) 1%, THmEEZ A
BIEDH T L THIE R OBEIIRT DT A— 2 EB@ 2 HHE] CT& 55— & LTHE
BESTFS., ZOFMY =L EFEHT Y I 2 b—3a VEICBWT, BET D EEHIE
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where,
2(L%CpH1,2Cr) 2(LCr—15Cr) (4.1)
Ay = - v A = -5
2(LCr=LgCy) 2(Ce+Cy)
Ay =2 g g, = 2
21 mv2 22 mv
Zlf'Cf ZCf
B = _— —
1 T2 T my
e
GamZ
> r
I . Integrator]
Gain »
A12 (4
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Gainl »

B

Gainb

Fig. 4.1 The evaluation tool of the bicycle model for control plant is shown. 4, to 45, , By and
B, are expressed by Eq.(1). The control input ¢ is the steering angle, the controlled
output : r + f is linear coupling of yaw rate r and side-slip angular rate £. This model
expresses linear cornering characteristics regardless vehicle velocity and side slip angle.
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Table 4.1 Simulation variable of bicycle model.

0 Front wheel steering angle

r Yaw rate State variable
S Side slip angle

m Vehicle mass 1460kg

I Yaw inertia moment 2050kgm2

/ Wheel base 2550mm

Zf Distance from CG to Front wheel 1070mm

[, Distance from CG to Rear wheel 1480mm
C, Front tire cornering stiffness/ 1 tire 34.5kN/rad
C Rear tire cornering stiffness/ 1 tire 46kN/rad

V Vehicle velocity 37km/h,60km/h

43. I a2l — g VETI
4.3.1. Model Matching (MM)#IfIZ & 5 B AZ R D EB

MM il &I HIE G G(s) (W) (2xF LT, AAEMESE ref, BREE u, HIEE y, K
ExzHELLLE, REZ7— Xy ZHIF, XU 7 4 —F74+U—FHIRIZE-T
ref—y O LO AIEIGE 25 5HEAYY (M258) Thb.

AENE, S R OF ARG L D87 A —F B3 LT, E LH#ER oz S
A MERZFHMIT 2720, FOMEEITZ—EE L (R42). /2, RCXDEET AV
(lref T HIZ 1 f%0dB) L 725 X D ICRE LT

ZO%E, BEERESIE ref IIRBUNME LTS, BAFEE o ITREA WA, HIEE ) (TRONEE
H 77, RAE R x (X B S EARIEE ANV E LA nEr SRDRER [9—
L— b o, BRI B, MEA  01ER

:F

L.

F%}
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Fig. 4.2 Model Matching (MM) control law is shown. G(s) is the vehicle (linear bicycle model),
R is feedforward gain to adjust input to output gain = 0dB, and F is state feedback gain.
ref. is reference command, u is control input (steering deviation), y is controlled output
(r + B) and x is state variables (yaw rate r, side slip anglep, steering angle J).

Table 4.2 Pole placement

Simulation velocity p1 Actuator pole p2,p3 Vehicle pole
37km/h -5.5 -14.8 £3j3.03
60km/h -5.5 -14.8 £j3.03

Note : 37km/h is determined by 1G cornering at simulation course.

4.3.2. AZINELET AV ZMAM LU TIEA T F—

MM Hl# & Feil A4 7 — RN EMAE T AT A2 R 43R T . AT SRR TR
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ERETD.

(2) ANHEL(QZIRIER L LT, AKRDIREBE[LL,TEMNL, JLRRIRIER[1L6,0.]
ZRRT D,

(3) T DATIIMEL(Qu) D e HE EME (Qy) & il A7 — N THEE T 5

(4) Z OfiEHEEE T ADSNEL 2 AR, ShELEHIT S .

B, Ubo7ntR3EE T L2 OREHEREOLSEMThrEEXLND.

Thbb, REATF—"OTF AL v W FHBRAEM L THLIZENTE, K

A7 Y — N (B R ERRE O R/IME) & HERARE L X = L — Z [E & et

ELTHRT 2 2 & THEEEOREMEZ KR TE 5. (Appendix Z )
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= Ax+BU+Q) |

Optimal observer
y=Cxy, R

=Cx+w

q

Fig. 3 This optimal observer system configured by MM control is shown. Q, is defined
the input disturbance by random walk integrating white noise ¢ , w is the
observation noise, y, is observation data and Xis estimated states. The input
disturbance Q, is cancelled by estimated input disturbance (), .

4.33. BEEA TV —NOREH

Hl A SAC A TISMELE TV AR, SERFR T 5. EGR ORI G R E2 K (4.2)

(ZRd.
6] =16 Gllo +[olu+ [l
=G 01y |+w
=Cx+w=[r+p) 0"+w
Xe = AeXe + Bou+v
Yn = CheXe + W L

where,
v=Bg:system noise, w:observation noise
h O,r—b]x—r B 8T
B, = [51'31 = [g]rche = [Cn 0]

Cy,: observation matrix

4.3.4. BEF T —NOHER

K@) V) v A FHEXMADEMRNT, R@.HYDOLTHF =T A2 G, ZRDI-#,
R@SHCRTREA TS — "R T 5. 20k, BRIy, 25, #HERERX, % kiE
FTP =R LV HEET D,
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AP+ PAY +V — PCEW™1CyP =0 (4.3)

where,

V: covariance of system noise, W: covariance of observation noise

G, = PCp,W™* (4.4)
x’:e = AeXe + Bou + G (Y, — CpeXe)

= (Ae - Geche)jc\e + Bou + Goyy

(4.5)
where,

-~ A N X
u=F%—0Q, = F,x,, xe:=[ ], F,=[F -1]

44. VI a2 b—v a3 VITXHEHE
441 AV F—nN—F ¥ Ialb—vav

A= N—=TLFEBMIATITAEZHBT DD T A — RNy 7V —TThb.
MM il & i A 7 Y — N E A G bYA= —T I a2 — v a VET L ER

4.4 27T, B, TF LT SIMULINK  THERL L Tdh 5.

w Ohservation noisa w,

(Observation data) ,

Fig. 4.4 Inner loop of Model matching and Optimal observer is shown. Inner loop is defined
the feedback loop which augment the vehicle dynamics. Input disturbance Q, is
defined the input disturbance by random walk integrating white noise ¢g. Observation
noise w is defined by white noise. The difference of Observation data y, and

Estimation data j,is expressed Innovation. y is Controlled output. R and F are defined
in Fig.2.
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Fig. 4.5 MM control & Optimal observer without input disturbance and observation noise.
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Fig.4.6 MM control only and Bicycle model only added input disturbance[2x107(m/s*)?]

and observation noise[5X% 10'4(m/sz)2].
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Fig.4.7 MM control with Optimal observer added input disturbance[2x 107 (m/s*)?]

and observation noise[5%10*(m/s*)?].
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Fig. 4.7.1 Estimation accuracy of input disturbance Q,and estimated disturbance Qu
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Fig. 4.8 Outer loop including inner loop observer is shown. Outer loop is defined the feedback loop to control
the vehicle trajectory which is used by present position and prediction position by 1°' steer angle

prediction control using lateral velocity and prediction time.
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S LT RELORME DDA, ABREO BHIE, HIE 0 % R~ O S & A
52 LTI, HEKREMZAT2HIEXS (41751 2FE) OREIZ KDL (F
J£ 37 km/h, 3 X VL 60 km/h T A 1750 EA IR TS <) A5 2 il 8 J o B A
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Fig. 4.9.1 Trajectory simulation result of outer loop @ Velocity:37km/h is shown.
Simulation condition:
Outer loop control law is 1° prediction steering angle control law (prediction time =Is).
Trajectory red is reference. Trajectory black is Outer loop control + MM control & Optimal
observer. Trajectory blue is Outer loop control only. Reference trajectory is captured tracing on
racing vehicle locus by Vehicle Motion Trajectory Recorder (Higuchi et al., 2006).
Noise level:
System noise co-variance =2.45°[(m/s*)?], Observation noise co-variance =3.46° [(m/s*)*]
This noise revel is determined by lateral acceleration PSD (power spectral density) described
reference document (Takahata et al., 2006).
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Fig.4.9.2 Trajectory simulation result of outer loop @ Velocity:60km/h is shown.
Simulation condition:
Outer loop control law is 1st prediction steering angle control law (prediction time =Is).
Trajectory red is reference. Trajectory black is Outer loop control + MM control & Optimal
observer. Trajectory blue is Outer loop control only. Reference trajectory is captured tracing on

racing vehicle locus by Vehicle motion trajectory recorder (Higuchi et al., 2006).
Noise level:
System noise co-variance =2.452[(m/s2)2], Observation noise co-variance =3.462 [(m/sz)z]

This noise revel is determined by lateral acceleration PSD (power spectral density) described

reference document (Takahata et al., 2000).
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e sensitivity

g —u transfer function: S(s):= (1+ L(s))" (4.6)
e complementary sensitivity
g — v transfer function: T'(s) := L(s)(1 + L(s))" (4.7)
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0. G(s) w(q)

y y( L(s)
L(s):=C(s)G(s)

C(s)

Fig. 4.10 Definition of input, and output point for robust evaluation is shown. C(s) s the
controller, G(s) is the plant, L(s) is open loop transfer function. y is controlled output.
g 1is disturbance meaning the system noise or observation noise generally. The
notation in brackets indicate the nomenclature of Eq.(4.6) and (4.7).
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Fig. 4.11 Evaluation of closed loop characteristics for Robustness:
Sensitivity: Qu-y is low gain at low frequency.
Complementary sensitivity: w-y is low gain at high frequency.
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Fig.4.12 Fluctuation of plant according to vehicle Fig.4.13 Evaluation of open loop characteristics for

each velocity (37km/h, 60km/h). stability margin: The Nyquist Loci is
Fluctuation of plant is defined G+ (G37)". separated from the origin at low frequency
Where, Gy is transfer function of plant and approach to the origin at high
@ velocity: 60km/h. frequency and stability margin is very

G37 is transfer function of plant large.

@ velocity: 37km/h.
Red line indicates control band of plant.
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Appendix

ASERELEREA T —R"OF T —=NTF A G, (R@GHBR) 1TV v b F HEKX % i
WTHELNDZ EFRIBRERY TH D, RE CIREA 7V — I E R R L ¥ =
L— 2R ZE LT, TOREEICONTERTS.

VAT NADADICB T D REA T — N OE R A DL TSR,

x=Ax+Bu+v

(AD)
y=Cx+w

(A2)
where, v, w : white noise no correlated mutually

CITREA T ANOHEEBE e L BT, F 7 F— O FANBI K Fle®e D] (E (11145

) OF/AMEARILY v FHERXN(A3) O P THDH. 2O P EHNWT, FilA4 7 ¥ —n

FAY GERAHYNLRD D, GEAWT, 7P —"OREFEXASEZENTS.

AP + PAT — PCTW™1CP+V =0

(A3)
G=PCTW! (A4)
X =A% +Bu+G(y — CX) (A5)

(A (A DI A 7P — N OHEERTE e 1T T MR HE R (A6) A H %, MUk RE
ELTA DERBEYAT AANEEHT 5.

Xx=A%+ B, +G(y—C%) = AX + B, + GC, }

.. s (A6)
e=x—x=Age, AgEA—GC
é=Ale=(AT-C"GMNe (A7)
RANEZER L TXA)ZEHMNT 5.
e=(AT—CTGTe = ATe + CTu, }
(A8)
u, = —GTe

RADITHEERRZ e ITHEHT AN VAT ADORKHEL X2 L—XDOFEAIZR > TWT, #E
E e [T RN EL X2 L— XX N TED.
Ubkzilwsdl, KAND LI ICEHTE .
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X =A%+ Bu+G(y—CRx)
Ele(t)eT(1)] » Minimization
AP + PAT

—PCTW~1CP+V =0

L G=PCTW?

—

~
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e=ATe+CTu,, u,=-GTe
L% or T
J = > (e’ Ve + ugWuy)dt
0

AP + PAT
—PCTW™ICP+V =0

GT =w~1icp
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51. AEDHRK

6 BTk D AR MR Z BT D720 vz E T L — 2B 5 (MBD, Model
Based Development) FiEICB T 5, kKO AV v N Th HET /VOEENIZ OV TOHFIEAK
F, BELO MBD FiEEEROHIEREEFILETHLET V7 U —B%(MFD, Model Free
Development) -7k & Z Ll 2 kX %5, MBD FiEDENMIEIZ DWW CTOMFZER R 2 R

MBD FIEIC K VBRI HHIHAIE LT, Hx ORATHETH 2 BB BEEAERICHEM L
ERERTDIET Ny F U7 A7V —NOMEEICL D X MHEA] (LLF,
MM _OBSV fil#f]) #@#HT 52 & & L.

MBD F{EIZ & 2 il 1 Bl B & F 15 O ALY S W T Ol RUE LT & L7z,

(1) KWFFETRRE LI VT ME, T VOEMENEZK DL -0, iV
EFL B _KEBALETL) L, YATLNRNTA—EZDOEFRDORHRT, BEOH
Wt (o e vy) T, B LETO= Y rET 0, LU
1 S A% 1 D — Ak

(2) MBD Fi£ % 1% 3 % il 48 HI B 38 1 O 1% #E 1k

Q) AT TR D FERE N ORI R EZ /NN AT DU REROB AT ANTICER
L7256 O

(4) MBD il # Al D FIEDE Gk, I LUk

5.2. flfERDOHEE
5.2.1. MFD & MBD D% LR HEE

Wk DEFFETH D MFD & MBD O s TROLE AKX 5.1 (2~ . K 5.1 © MFD
1T, REFLRECHENORELPABEETLIHEGRZLVOICx L, MBD TlE&i TRER
EATHHEANINEE THDGERZ . BIZ, B5.2I10R7T X912 MFD TiE, il
FEE (2 hr—F LHEGORE T ey 7)) OREL, RATHRNPZL <, IR
DEHEL, BRI A NBEATIHAND PP, —%, MBD TIE, RSO RE
LD WEENREL L, RABRORITER CTHEEAMETH Y, AR A T ¥ 2 — i3k
L, B =X MIMERBT 25518 L.
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FE A E T b —F LHERE2 O L) RBETHRT 20E2RETL LD
ThHY, K523 K951, MFD Tilakit LEOER OV, ML TV <A, MBD
TH—2OHH A EE B L CHEATES. LLF, MBD I2k23%, ARG L 7ZE
ZoRT.

Z Ot g L LT MFD ThA% L 7= PID fl# B>\ T 6 H R 7.

Concept Design Basic Design Detail Design

‘ Decide Controllability performancg

l Specify Plant Model

N Decide Control Decide Control Decide Control
Configuration Configuration Configuration
] i ¥
Specify Control . Specify Control R Specify Control
MBD Parameter Parameter | Parameter
I ! ! !
Method Evaluation by Evaluation by 1 Evaluation by
Simulation Simulation ' Simulation
!

Achieve Target
Performance ?

Achieve Target
Performance ?

Achieve Target
Performance ?

Control law Complete Minor modify Minor modify
Concept Design Basic Design Detail Design
| Decide Controllability performance |
1 ' T
[ Specify Plant Model | Specify Plant Model Specify Plant Model |
1 :
Decide Control Decide Control Decide Control
I . > . ¥ .
Configuration Configuration Configuration
1 B !
Specity Control Specify Control Specify Control
MFD Parameter Parameter Parameter
] ! !
Method Evaluation by Evaluation by Evaluation by
— . . — e
Simulation Simulation Simulation

!

‘Achieve Target
Performance ?

‘Achieve Target
Performance ?

Achieve Target
Performance ?

LYes T Yes
1t Control law 2nd Control law 3rd Control law
Complete Complete Complete

Fig. 5.1 Comparison of design processes between MFD and MBD.
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Input

disturbance
Reference Control Coo?lttrposllted
MBD command mnput
Method Controller O Plant
. Observation
(Typical) Noise
Q
Observation data
Concept Design
L& |
Reference e Controlled
command |0 B L b iy }oupt
K,
Basic/Detail design
K, |
MFD Referencg Fre Coni;;ro]lted
Method comman O Tl O—>| Actuator ]—>| Plant I_ou u
(Typical) K, |
Compensator I
Actual operation
Compensator |—>| K,
Reference Controlled
comuzan O S Actuator | Plant output
s
Compensator < K, |<
Compensator |
Fig. 5.2 Comparison of control system configurations between MFD and MBD.
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5.2.2. Hl#EIXRDOET VAL

HES R O/NRE T A2 IR 5.3 (DRI LD Rffil b Lz w70 (CRGE
nNET /L) & LT
g Lz YT (ZREBLET V) OGEEMEERG.DICRT.

0@ _ o
5(s)  s2+2wps+wn? (5.1)

where, & : Throttle openingangle, : Engine revolution, { =1, w, = 6.28 rad/s
B, LoV rET L (CRERET V) OZSMHEICO VTR, AEHT
DrEFAYOBBEICBNTY, BIEREEZ A0y MVEE, HIEEE T YRR s
L7z, #BEs - Sl &M o EBEEREN S, HEx R oML, ZRENLET VTHooE
RIS TW D L Hr L7z,
BIERBIIT 7 Fa2ax—% (RAay MARNAVTREET—X) ~OBREG. ), WEEIZT
VU AR (0), =2 Y EEENGEE (0), EEO VTG, HEETT Y o mEEK
(WTHD. Tz, TP VAMITITZ VYU I T 07y 7 MCEHBINT-REROREE

(Load Y TH 5.
| Modeling |
L. error_
Control Enei Angular
Input &, ngimne Velocity
Throttle O- Model
Model [&) ﬁ.) 5.]
Generator
Load

Fig. 5.3 The model of small engine-generator for control plant.

5.2.3. MM_OBSV il HI

MM (Model Matching) I & 1%, K 5.4 12739 X 912, HIEIE Gs) Ik L, BEHES
EB(r), BlEEwm), fIEHEyY) RKEEC)ZHELEZ L REZ7 4 — KAy ZHI(F)IZX -
THEMode) DB EIRE, 74— 74U — RRHIRWZ K> TEE A 2 1 f£0dB)IZ 72

5L, roy OFLISE %1 DH (Matching S 2)I#HHITH 5.
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= R G(s)

F

Fig. 5.4 MM (Model Matching) control law.

MMl & A DHELE TV & A0 U 72 il A 7 — N A fl A W 7o i R A S 2 RS, B
K OBE5.5127R.

B, AT ANOEEECO L L, ’SSICRT AT =R A (Ge: VAT L
B EBINMEE ZFGEEOEA L L TRDOZY v I FHRAXOM) IL-T, BT —%
G EHET —2@)DE HERE) O _RFHERE/NIRDLEIICTLILTHD.

i, KEA T — NI ATSNEL B HEE Q)T HILIRBEREL AL, RET 4 — R v
B|NOANHNELQ)E M, F-mEl L2y MUBHERSHEG)ZH I TE D,

ZOXOREREEATORES T —A"ARE T _NEEEEZUTOL S ITER L.

(a) ANAEL(QIE, AMEBIC L 2 M % (mrYy) 0T ML#EED, B LM
BETF MK BHIEN S (=P r) oF A EEDL L.

(b) AAFL(QZEREEL LT, AKORERE[wo §]ITEML, JERKRRERE
(w0, §,Q0,]% KT 5. 2B, [wo SI[T Y EERH, = 2 B NEHE,
2wy MVHE]ITHD.

() T DATIIMEL(Qy) D F B HE E MK (Q) & Tl A7 — N THEET 2.

(d) ZDOxREHEEM TANNE (FETER LIZET MEFRE) 2867 5.

Table 5.1 Symbol description of Fig.5.5.

q System noise (white noise) B Input gain

w Observation noise (white noise) C Output gain

Vh Observation data Cy | Observation data gain

x Estimation state O, | Input disturbance

A System matrix 0, | Estimated input disturbance
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Plant

X =Ax+B(u+Q,) —)y
y=Cx, y;,=C,x+w

Optimal observer

2z
F

Fig. 5.5 The robust controller with optimal observer.

q—-) 1/s

5.2.4. MBD IZ X 2 il R85

Zra], MBD E7& & LT MATLAB® /Simulink®® % /] L 7=. Simulink® 1ZXE 578 TH
v, HEAZ T ey Z-A A=V TREET TE D720, C FaEN— X THIE A %2 B %
LR L, Ta I IV T EEOT 7 = HVRAGRIIAETH Y, i 4E R ER 0
WMOBTHRTHD. 2FED, FABEROEN, IOz Y=7V 70 EE LT,
HEMEICENTE D720, HEAOERENEm R D.

Simulink® CTHEk L 72l R TH L= P EF L E MM il & K4 7 — S %24
BELEHIEYI2b—varTny 7 NeR52, BLURKS6I1CRT. K56 »56HD XK
N, BUERE S PIHRGH R R TRk A L RIS 2, 12IE20EE, W#ET e v 71k
T&, 0%, flfl7a vy s XR—=2T, Y alb—ral, FEIFMBMITICE > THIE
PERE OSZME, ZERA, v AR ME) 23T 22 &R/ TE 5.

Table 5.2 Symbol description and simulation variable of Fig.5.6.

A, System matrix G. | Observer gain Ay Cross feedback gain
B, Input gain F. | MM state feedback gain | A4;; Feedback gain

u Control input R MM feedforward gain B Input gain

0 Throttle opening angle Ay, | Feedback gain B Input gain

Ch. | Observation data gain Ay, | Cross feedback gain
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Throttle valve motor model Engine model

g iy SR A M M e e ~.
& 1. 1
1 . .
: Stepping | ! %L I
1 motor I 1 \I .
F . . : |
1 gain Feedback gain. .
W, TR 1 a - : 1) |
g 1 ) s UTs et Bl < |
Reference I | 2 .
MM . I. Input gain 1
angu%ar Fpmi oS feedforward ! | Load '
velocity gain i | | oai |
« .
1. I
| Stepping 1 .
motor 1 I I
'\ cutoff ; | Load Step input I
! i
| .
; P —
. |
I Cross feedback gain I
! Nominal 4]- i
i +50% ~J :
; Cross feedback gain N I
; . Jip @ b
i - = Nominal '
: ominal .
i Input gain . +50% |
Optimal observer N < J
o i e ne = AT R R R AT &7 “Feedback gain+
! w
1 Ge* uvee
! Observer Gain
1

Input gain
Observation data gain -

System matrix observer

Fe*u I‘

MM state feedback gain

1
1
I
1
I
1
1
1
1
1
1 .
1
1 -
1
1 .
. 1
1 -
. 1
1 .
1
1 .
1
1 .
1
1 .
!

Fig.5.6 The simulation block diagram of MBD by Simulink®.

5.2.5. Simulink® EFNVIZLBY Ialb—Tav

B 56 OflHlIab—varryey 7K, R S53 OIalb—3 g VEHET,
MM_OBSV #l# Al ZHl#Ext G Th rfli = v rETNMCEALEZHTHD. B 5.6 O
Engine model ™ /X7 A — % (All, A12, A21, A22, B11, B22)i%, X (5.1)DI5EME HIkHEZE
MA~DOEMEZITOHRE L. AmAE)E, K 5.6 ® Engine model @ Load (A11 & I ¥l #% ¢
LS EDL LT, fEGSRET A OAMMKHTUIHE S T 2 MR ¢ & EA RIS w, %
b E. £, E DU OERBEEEAHIETL2T 7V Faz—2E, Ary ML

TG THAHEZYD, VI —a BV ThH, Aagy MUV TBHEOATT Y
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[ A I L7z, K Z A I 7RI L D= O VRO RIENIEIT - TR,

Z OHEVERE (BAEEIT T 2008, ARMEEIC T2 13X MME, 7 ERRZEC
T BHE AR ME)ERBIEEY I 2 —var LEMEEZKST~K 5.9 10 £/ R,
BB, ALYyIalb—va rFECEIT25 PID X DHI8EREKPAMRT. 2B,
AFERFFECOVWTwRE L TEY, REFFEONHITY I a2 b—va VI THoa
HTE o0, BIEMITEGITEZ L.

ZOVIalb—va UERMGHD XD, HEMEREIX MM_OBSV fl# I3 T\
ZEIFEWTHDS. ZiE, MM _OBSV HiIlEHAIOSE, AN (AmA#), K05
ETNDET MEERZE) PRALTEEREEN OHEEANEL A AR, 72136l =8 2 #ae
AT 20K LT, PID fH OGS, e N2 MEIZH LT, P 7 A ORITHRAR 2
BLNTERWVWEDEZZXTND. ZOR/NRORITHA TEM ATAEZL, MM_OBSV il
HIOEAER R ENTWDUHITH 5.

(1) M

HEEFE B (w233 2 5B MIE, MM $l N L > TIRESN S . B S5 70505 L 951
HAZ R 5 (w23 5 Al 35 (@) 038 5EPE DY MM_OBSV il B 0 5 23 T % . PID il
FAITIX, " F U T HBELSERVPTFA I >TWA T8, [BERE(@)DIBIE D HV
TENHD.

(2) AmAEERICKT 5 m N2 MME

ZOMRITREA T =L o TIRES LD, Al (Load) L Hl X G D E 7T /L NITI
BIN5b0THY, ZoAMESZ ANHNELLE LT, &KEA 7T — "0 KEBT 4 — F A
v BEMELTHNEN, 58Dy I 2 b—ya kR TlE, BEH@)OZEHN PID
PRI E B L CTRERWZ ENHD. ik, Yab—va VEORIENSRD ) 25
WNRIA=ZIZH LTI, PIAVEZRSRETDIENTELLLDTHD.

(3) ET MLRREICK T 2 m N A M

MM _OBSV IR T, AMZEBII T 5 e N2 MME & EERC, HIESROEF ViR
Z(APYZK LTS, B AR MMERSH L. WS IEIP %/ I FAVET IR LT, TR
— X E50%EH ST LD THD. ZOHAEL, ETMERELRDINT A—FZDEH
AANNAEE LT, REA TP —A"PRET7 4 — PRy 7 BEMMELTWDHZD, /TR
— X2 E T L (@) OEEITITE A RN LD

PID HIBHIC BN TIX, /I T ANT A= THELEZ P 7 Tl TE S, <7
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A —ZZBENZ LT, FHEE@OEEBZ MM CE RN &35, ZoZ &L, MBD T
X, EHIFO ) I T ALETAORBENRE LS 2 Th L, 521 BT X 51z, HlH

FHEEORBELNMFLAELEDODR W LZEKRL TS,

Table 5.3 The simulation conditions (nominal model).

Throttle motor time constant (7, 0.5s Generator damping coefficient ({) 1
Natural frequency of engine (w,) 6.28rad/s | Input gain of § (By) 0
Generator load (L) 1 kW Input gain of § (By2) 50
MM_OBSV control law PID control law
4000 4000
3500 3500
W, [rpm]
3000 3000 . rpm}
2500 2500 ' ‘
0 5 0 15 20 25  30[s] 0 5 0 15 20 25 30[s]
4000 4000
3500 3500 ¢
@ [rpml] [
3000 3000 ¢
2500 {\ 2500 . ‘ .
0 5 10 15 20 25 30[s] 0 5 10 15 20 25 30[s]

Fig. 5.7 Responses to control input (Left shows MM _OBSYV, Right shows PID).

MM_OBSYV control law PID control law
1000 T 1000
/ Load | [W] / Load [W]

500 500 /

0 0

0 5 10 15 20 25 30 [s] 0 5 10 15 20 25 30 [s]
4000 4000 [\
3500 /f\ 3500 [ \
3000 [/ @ [rpm] 3000 ’ \/ @ [rpm)]
2500 ’ 2500 !
2000 2000

0 5 10 15 20 25 30 [s] 0 5 10 15 20 25 30 [s]

Fig. 5.8 Influences by Load varying (Left shows MM _OBSYV, Right shows PID).
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MM_OBSV control law PID control law

1000 // 1000 o
500 { 500
Load [W] Load [W]

0 0

0 5 10 15 20 25  30[s] 0 5 10 15 20 25  30[s]
4000 - 4000 /\

ﬁ\\\ ~

3500 / — : l/ X 3500 //F_
3000 [ @ [rpm] 3000 f & frpm]
2500 l 2500 [
2000 ! 2000

0 5 0 15 20 25  30[s] 0 5 10 15 20 25  30Is]

Black line shows nominal model, Red line shows varying model 422X 1.5, B2 X 0.5 and
Blue line shows varying model A22X 0.5, B2 X 1.5

Fig. 5.9 Influences by modeling error (Left shows MM_OBSYV, Right shows PID).

5.3. MM_OBSV 4 Al  ZFEE B
525 HOY I ab—a UfEREEMEFERGREZME - BT 52 LT, KIERDOBHIE
TFIEORM, BLOF R EHR L.
5.3.1. EBRBE
FEREFEERIL, 510 SR THERR T, LLTFOFIEICE Y i L7z, BiEEBROLMLE 2R
5.4 12”7,
(1) B H N FOFBEANE, Simulink® THI¥ L 72 H1# 0l € 5 % MATLAB®® RTW
(Real-Time Workshop®)IZ L VW C = —F, BLXOE[T 77 A LV &2AEKL, ¥—4 v b=
Y Ea—H D ADT011-EVA IZEE L 7=,
(2) FEAEEBRFFIZIX, AD7011-EVA @ GUI(Graphic User Interface)f8E 2 1H H L, Hl#/XZ
A—Z O, BiEE, REE, BLOKHBEED T 7 4 WVERRE T —ZINEREAT
> 7.
(3) AMEBEROANIL, FEMOACIOOVIE IO AN (RILAW) OLE#HE* 5 %2, K

GO LD Aff b7 HE LT,

P=Tw (5.2)

where, P :power(W), T :torque(Nm), o :engine revolution(rad/s)
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Table 5.4 Experimental conditions

Based engine generator model MHI MGC2200G (Ref.)
Engine fuel Simulated bio-methane gas (CH4 100%)
Generator load 0OW /1,000W
Rated engine revolution 3,400 rpm
Engine controller MBD controller (AD7011-EVA)
MBD Controller Control input Plant
; (Throttl ing)
(AD7011-EVA) il Throttle motor
Q
MM [ Plant Model 8
© | Controlled output
E (Engine revolution) Small Gas
Optimal Observer Engine-Generator

Generator output

v

Electric
Load

Fig. 5.10 Configuration of the experimental equipment

5.3.2. EBFER

MM_OBSV #ilf# > & S 2 h M2 FEGE L 72/ R 2 K511, K512 oM, B XU 5.13,
B 5.14 (ToR"T. 7o, BS5.a1, B 5.2 T, [F UFEREFEBRZM:To PID 4 I o il 18 4 R
AN R,

ZOEFEERERENS D, HIEMEEZY I 2 v — 3 v LRI, MM _OBSV #il# H| 23
BENTHNDZEIFAEATHS. ik, MM_OBSV H#EHAIOSA, ANsMEL (ARASH,
BLOWHETNVDET WALAE) OMEREN ERICB DV THIICHELZDRTH .
Flo, "IA=FFvIab—rvarsHOoEEZOEEEMALTWS. —J7, PID Hl#A]
DOEFE, LELEHIEEEZSD720ICiE, PID 74 v ORITHRMNRFHENLETH Y,
Bl G OET AEELZ +oM ESEEYI 2 b —va B H LRI XA — 2 PR
ETERNWE, ZOEBRIIBTHITHBRR NI A —FRETEILETHDZ L &R
LTW5.
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b X 51z, EIEFEBRICBWTYH, MM _OBSV Fl#I | OBEMMENH D Z & NHEIETE
7=

(1) IS MED FERE

X 511 22545 X912, BEESME (0 )T 2 BEEE (@) 0B HEME2 MM_OBSV il
Hio g Tnsd (RFES : K 2s). PID Hl#IAITIX, N Fr72E 03 ERNP S
A N5 TWAH T8, BIERH(@)DENEDHIV (FFEE - K 4s) Z ERHD. ikt
L,MM OBSVHI#HANICENTIX, ¥ I 21 —var TRELENTA—EZE2ZEDEET,

FENARETHY, 525H1)DY I 2L —3 gy LEBEOKENGSNL.

(2) AMAEBNC T 5w N2 MMEDOESE

512 255 L 912, MM_OBSV il BIlIE PID Ml A b~ [\1#5 5 (@) 0> 28 @i A3
KI5y TH Y, MM_OBSV HlHAIOAREBICHF 20 N2 MEZEIETE 2. T,
525 HQQ)D Y a2 b—v 3 URERE 5.8)TiE, midlEANC B W TAMZ BN KT 2 [E#E
(@) DEBIEIL, MM_OBSV Gl I OEMMEZ R TR TIT RN o7eh, FEIEERTIT,
PID #IHANZ BN TIE, N F 7Bk d 5720, PID A o 2/hS<EI 252520
S 7272, MM_OBSV #lf#Hl X v & BHEE (@) DBRENH < 720, [AHEEE(@) D 2 BhiE A K
EL o TWVAD. ZRZx L, MM_OBSV #ilf#HlICE W T, I alb—v a3 UV TREL
TeRTA—ZOFET, HBENATETH 722D, 525HQ)DO Y o L—1 3 > LFEEFRIC,
[R5 (@) D ZEE 25/ & WS R H 7.

513 12, AMZABICKT 5 MM_OBSV flfHRAlOr N2 MEZ#EFRTE 5, ¥ a2l
—va UREREERERE T, K513 OLKIE, MM_OBSV #l#HH]Om N2 KA IR
FToIalb—valERTHY, ANHELLE LT 0 > 1000W (0 — 2.81Nm FH4) D& fif
(Load)E# ZEINL TW5 25, MM _OBSV ilffl CiX, A 7 — "\nNAmEEh%2 A4
TL(Qu & LT ANANELZHEE(Q,) (EHMM-3Nm) L, T2 L@ TndZ &n
D, £z, B513 O4AKIE, MM_OBSV il Ao N2 MMEAZRTEBREERTHY, ¥

171

2l —varyTHWEY AT ARG A—2 LRI USEMET, 0— 1000W (0 — 2.81Nm FH4)
D E T (Load)EE ZFIINL TW5 A, MM _OBSV #lfl Tix, &4 7V — "N AMmEH %
ANSELQ) E L, AJISNELZHEE(Q,) (EFMEAI-8Nm) L, &I 5L 5T
TENHD.
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(3) ET MEREEICK T D 82 D FEGE
K 514 1L 525 HO)D VI ab—va bR UFHTIToERERTHS.

K 5.14 754 % X 51, MM_OBSV fl#HIE, HIEXI %0 ETFT MALEAENFEEL T, |

L@ OEBHT ) I T AVETNEEEAEZDS TV RWIERHL. 202 LT,

MM_OBSV B D F F AALEEIT R T 5 2 AR MEICSOWT b EIT D2 LN TX T,

2%, PID I TIX, HlEGROET v aH o Tnianicw, 7 /VLRRED EFEFER

3T > TV,
MM_OBSV control law PID control law

(rpm] [rpm]
4000 4000

@

A ~
3500 w 3500

(O W""MV&M o § /IMW‘MW
3000 3000 iy
— /
2500 2500
1 5001 10001 15001 20001  25001[ms] 1 5001 10001 15001 20001 25001[ms]

Fig. 5.11 Responses to control input (Left shows MM_OBSYV, Right shows PID).

[gﬁ] MM_OBSV control law [gﬁ] PID control law
5000 5000 HL
Fluctuation range ; 550rpm ~ Fluctuation range : 1000rp
4000 S <] - —(-{rpm] 4000 + — e = Tl
o e 3400 e " p———— WM[E,]
3000 N i ‘ ! -
2000 i - ‘ i i ‘ 2000 -
1000 i 1000 - ! T 1 -
[ \ Load [W] ( \ Load [W]
0 - — 0 o
1 5001 10001 15001 20001 25001 30001 35001 40001 [ms] 1 5001 10001 15001 20001 25001 30001 85001 40001 [ms]

Fig. 5.12 Influences by Load varying (Left shows MM_OBSYV, Right shows PID).
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Simulation result Experimental result

4000 - 4000 —
Py FARN
/ - 3500 & e e
3000 — 3000 -
/ 700[rpm] @ [rpm] 9500 500[rpm] @ [rpm]
2000, 2000
0 10 20 30 40[s] 1 10001 20001 30001  40001[ms]
4 4
3 —~
2 - 2
2.8[Nm] Load [Nm] 1 | |2.8[Nm] | Load [Nm]
MK U 0 l \
0 10 20 30 40¥§ing of v 1 10001 20001 30001 40001[ms]
10 -40
A 4T ; /N
0t Q. [Nm] I\ 50 N—— »
10 __|3.0Nm] % 60 L_|3.0Nm] \J/
0 10 20 30 40[s] 1 10001 20001 30001  40001[ms]

Fig. 5.13 Disturbance estimation to Load varying of MM_OBSV control law

[rpm]
(W]
5000

4000

2000
1000
0

(Left shows simulation, Right shows experiment)

MM_OBSYV control law

mﬂ? ey
3000 we?

Load [W]

[

1

5001 10001 15001 20001 25001 30001 35001 40001 [ms]

Black line shows nominal model, Red line shows varying model As22X 1.5, B22X 0.5,

and Blue line shows varying model A22 X 0.5, Ba2 X 1.5.

Fig. 5.14

Influences by modeling error of MM_OBSYV control law.
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54. ¥&8®

(1

(2)

3)

4

(%)

(6)

(7

8)

)

EHTFIE MBD IE, MEEETHS Simulink®Ilc k> T, Kl Te v s 2 F0F F3

il

2L, MATLAB®HHE T 5 RTW (Real-Time Workshop®) (C k> Tay hr—J (%
DEFRETED. Lo, BHRO~VA LV R— RIZBHTIIHACKLERTa ST
SUST 2y 7 FARETHY, FIE Y= T RIS LT, SR % B
FTELHZERLIZ.

MM_OBSV il HJi& MBD B3I L <EAS L, PID RO X 57, T X =2 Dk
TeERZ R/NRICT 22 &N TE, HEHNOFEE LTROEMNATEDHZ & xR L.
MBD D KDA Y v s ThDHET NVOEENLITONTIEZ, MM_OBSV il 4# Al 1% 18 5
B, EFTET bR ZE (AWMEBICL2HENR (P y) 0T bR, B
KOS ET VL D2HEHE (YY) OETVLEE) BdH->TH, BFHA
712 MBD Fi#ETH¥E L7z MM_OBSV il Al Z @M+ 2% 2 & THo el %2455
TEBRTE, WET LI, HHERGIEMRET VR AELRY, BEEET I L5
HAIDOBARE TROANMEZ RS Z LR TE .

BRETNVEMMNT 22 LICXD, BHLHESRETVRARAEL DL LD, =
VUUVOEMMEAERT AT =T VT IEAEL ) B TENRBTE S D
xR LT.

AT Lo P T IE, BT VOEREZ KD 7202, 65070 ZI)E
NETNEL, VAT ALNTA—ZOERDH T, REOHIHEHx S (o oy
V) IR TEDZ L ERBETE .

s R 2 BEVE OB RO /NAAL FH AT D U RBERICEET LSS DN
MAHEZ SN T, KBFFEIC L - THER TS 7.

A#FFRICE Y, BRBEHEGREZ AN e A2 NH#HO—~2THD [ET A~y F T
(MM) & il 4 7 — N OFA I XD a8 2 MR 2 BV 7= 80 5 BE % Tk
DEMREIZHOWT S, PID AN L TR DRWI L 2R LT,

Lo i, BUREIEO A Y » b TH D MBD &t FIEOREZDIEFITHY, R
LT 2 LBEEN IR 2 BREEER L, BGENTE 20 ThHD L E R L.
MBD DO ¥, BLOFRE LT, BLTFDOZ & 2%, BLOHRNTE .

(a) &7 /LD EEHEAL,

(b) B FE LR F D E 7 1 D —1k
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(c) BAFE LR o il 48] % A & o0 it — 1k
(d)FI R DR G, X O EL
(e) MM _OBSV (il 41 Bl & A J) 4 ELAifi 18 1 6 o A1 20 1k
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BOoE NAZTAZICHBRTEHINATRAT VU REHSA
EFH N HIEA) o EFED

6.1. ZEDHRH

MM_OBSV IRl ORE TH 2 BIEICH T oM EINE L FEB LN S, KA 7Y
—NORRKDOREETHDLT VU AlE, =P AEE, Aa vy hLBEDH
EE L BT, ADAEICKT 2 m 82 MMEEFRM 2 - HIE R 2 F3E L 7=,

MM_OBSV il HIl ® SE5E A & L RIS /RT .

()G T O YME
Yalb—varyTHWEY AT ANT A—=Z LR UEMET, EIEERZITY, &
T =2 b= a U [ERR O il AE A RE oD B PR

(2) AWM AR T D m AR M

AWM AT 2= RIS OB PID Hil#0 A I v ) X A A
(3) WRBHIR BEZS BN I KF 32 m N R M

100% DA XL TATFa—=r T LIV AT ANTA—EDEET, AZH AR
EaZl Sy a 0, REHREDOEENIIH T 5 m /32 MME

(4) TV DINT A= FEBITHT Ha SR bk

TV VETNAD ) IFIVETMICK LT, Z VDT A — & & KIE(E20%)I2

BESH-BAED, TP T A— 2 BT 5 e R MME

6.2. TV UHIEY AT A

TV UK EICRBNT, BT Ay T UK A T Y — R B ERNCE A L AT
MBI OWTIEUTO X S R FHNH 50, FxDHEDOLIICET NV~ v F 7 LK
F TN B LA TR TR 7R .

(1) PID (Lefil - A5y - #5y) HIENIC K& 280k 2 7 Al

(2) 2 F I LQG (Linear Quadratic Gaussian) fHl#(C X % = ¥ Ll

(3) STR (Self Tuning Regulator) Iz J 2 T 148,

4) FEEHECLD 74— F7 5T —FRicks2my MABE®S.

(5) v v THIBNC K BNHH R D IR ).

(6) LQI (Linear Quadrature Integral) I L 2% 2 1 v kL7 Hi#7,
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Tx O TIE, ET N~y F U TS E KA 7Y —N (LLF, MM_OBSV & IE5)
EHAEZHENICLZVEI LTS, BT, SEMICHmT 5.

62.1. TV VEFTNL

Crossley & Cook(199N) M x> VU EF N DIREG T ATE L = ¥ L RIEGH O IR
RAEBRBEIFRIC L VBB LT, KIERKNRZ DU OfGHREET VEREL TWH
5. ZOMAKERET L, Simulink®? Triggered Subsystem KEREIZ & - T, Bl —=2 0D
AR PN EBVWEEETRAETE 220V VEFAL LTEAMELERTHED. Fx i3
R AT D THIBEROICE T, AR EFRE LR, B - RKENLET IV
WL ERNRz DT VOB RN TE L L BB L.

VIal—ya IlHWERE RENETFTALICL I U BT AORETREA, B
FOH AR EXG6.1) , BIOK(6.2) 12, WELHERKEZK 6.1 2, TOHTHEER
127, ZoxryrEs (K61) ORT A—4% (F£6.1) 1%, 2ED 2.2.3 FTf%
KR P ETARRE LM REEZR— LT, Ex P @EEEIC LY EZRICH
ELTZETHD. ML, R61ICEWNWT, HERK(LEAMB Ko, VEIX, 2ED 2.2.3
B DR ERE RN D (=4.52, w,=2.24rad/sec O _RBIVFFIE L HIWT L, lRMICE= VU iE
R R0 (B2, B X ARSI K T 2 0B X 0 ), =1.0, w,=1.2 rad/sec
ERE L.

TUVUETNE, YIalb—raryTHWLWIHIBENGE L LTOZ Y UET L, BX
O A TP —=NCHWNET 22 VT AELTHOWTW DR, TAENDET VIO
WTyIalb—vay, BIOEEERTOAMOHMAIEIZDNT, K62IZFE LD D

e el | e R N 6.1
y@®)=[1 o] [Zgg] (6.2)
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Load varying

Al

8(t) —— L ew 20, )

|
12

=
[
r

£\ /[

Jaw®

Maodeling error
(Nominal + 20%)

A22

Modeling error
(Nominal + 20%)

Fig. 6.1 The state variable diagram of simulation engine plant model for input disturbance

defined load fluctuation and modeling error.

Table 6.1 Simulation parameters of each engine model

Nomen- ) ] Engine of observer Engine of plant
Description Units
clature model values model values
By Not applicable - 0 0
_ 1.44
B Input gain - 1.44
+20%
A Load Nm 0 0or2.25
Arr 1 - 1 1
A wp? (rad/s)? 1.44 1.44
2.4
A 20wy - 2.4
+20%
1) Throttle opening rad
Engine angular
1) ) rad/s ) ]
velocity State variable State variable
Engine angular
) £ g rad/s’
acceleration




Table 6.2 Engine plant model for simulation and verification to load fluctuation

Case Simulation Verification

Model No load Load No load Load

Engine model for Plant A11=0 A1=2.25 ow 800W

Engine model for
A1,=0 A11=0 A1,=0 A1,=0
Observer

6.2.2. MM_OBSV #i| i &%

ARFREDORETH D, A 7P — "OAROIREELR ZILEL T, ANHELZIRE
BELTENTLZET, ARDIKEBEOHE L & bIZHEMEOHE 2 RIFFIZIT 9 72 /RN R
MR, #ZE - FHSE T, THAEEO EBREORITHEICEM L2 RIEH S
W RANETOA AT VU REMO X YLK OB T 3T~ H L= 1T
AR

() EF v~y F o 7l

BTNy F U 7HIE (LI, MM #I#E) 3R 6.2 1SR T XL 9IS, HIEXSR Ge)TH L
T, HEEFEDE ref, BER w, HIEE )y, REExZHELE L, REZ 10—y 74
F,BLXORT7 44— K74 U= FRAIRICE > Cref—»yDHLEO BEISE 25 5HHATH 5.

AR SE r 13— o ¥ RS, BER u T A ey PVBE, fifEy ido=rvr
EfEs, REE X[ VU AEE o, TP AMEEe, Any MVBE )& ®E L

CWELE L, TV TILOM (-1.240, -1.6450) ANV <, B AEE ~ O UL H AN
Wiz, Y BRI S TE AMELE IS/ D X DS, K 6.3 DOMELEZ MM I 8% T
BRE LTz,

ref. = R - Gi5) >

X

F

Fig. 6.2 Control block of the model matching (MM) controller.
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Table 6.3 Desired response by the MM controller.

Description Values

Desired engine characteristics poles -6 £ /6

2) AN ELET VAR LA 7 —
X 6.3 1 ZR"T Rl A T —_ROBEFLLTFTOLEY THD.
(a) q(HEHETVEREY LIES (v Favr—r) PEANNIL O, T 5.
(b) ASSMEL O, 1%, EOBMERICH L CAREECHMEND VAT 2FITHY,
BEMIZE, A7 F—RET VL EEOET VIRELIBET S,
() ANIANEL Q, ZIRHEE L LT, ARKOREE[w,0,6]IZEBML, JEKAKERE
[w,@,8,Q,] ZTZHKT 5.
(d) ZOABNE Qu (AT H—REF L L RO T T IVIRAE) O Rl E 10, & i
FTHF—=N"THET L.
(&) Z DR EMEQ A RIET 1 — KNy 7 L, ANAE 0, 1c & 0 ZEBT 5 HIfH &
(mr v omEERE) NEERAME r EEL 2D XIS ANANELEME, 721X
SMELIHIS S .

Plant

X =Ax+B(u+Q,)
y =Cx, y,=C, x+w

Vn

Optimal observer

Fig. 6.3 Control block of the optimal observer system configured by MM control.
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6.2.3. ZZxEA T —DORE

X I A TIELE T NV B fA B, SRR 2R L7k EE R X % K (6.3)IT /R .

[0 =16 Gl + 51+ ]

=1 0l[g | +w
=Cx+w=[w 0]"+w

Xe = AgXe + Bou+v

Yn = CheXe + W

where,

v=B,q:system noise, w:observation noise

A, = [’3 lg  Xp = [qu],x =lw o &7

B, = [o] B =[3]. Cre = [0 0]

Cy: observation matrix

6.2.4. BEEA T F—NDBE

- (6.3)

(631D U v h T HER(6.4)ZMRNT, R(6.5)DF T — T A G, 2RO, K(6.6)

R R A T AT 5. 0%, BUIE y, 5, HEERER X, 2R AT —

WX VHEET 5.

AP+ PAL +V — PCEW™1CyP =0

where,

V: covariance of system noise,

G, = PCL, W™

x’.\e = AeXe + Bou + Ge(Yp, — CheXe)

(6.4)

W: covariance of observation noise
(6.5)
= (Ae - Geche)jc\e + Bzu + Geyh (6.6)

where,

s A “ X
u=Fx—Qu:Fexe, xe:=[ ],
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6.3. MM_OBSV #H|fAID Y I =2 L —v g VR

TV UET N (BB RENET V) ICANNELE LTAMER), BIOET Y 7
MMEZHIIM LI SO, =0V AR OIRE 2 B% L, MM_OBSV Hilf#l [l O f HJnE &
NEIFI DR E T 572018, Yalb—var&iTolk. YIalb—y g icflunik
Simulink €7 V%[ 6.4, 35X UK 6.4 |12~ F

fExst oz a7 AR6.)D 4,1, UV CAMICHY TS 7 4 — KXy 77
A THY, AnEZEHSEDHZ LT, AMICHY T 2ERE (EEAFRDH 0,221l
SHLHZETAMEBAZEE L. HEXIROET Y v 7#MEL LT, KiEd 7P — 1
NT DT P ETINDNRT A= DN, By, BIO 4y OEZE20%EE) S, il
HEDODETF Y U VEEE L. ZOLENL, A7 F—A"RNEOZ D ETFT LD ZRIEN
JE B OB A IRBS, BLOER A v EEBHEEL L0 THD. 20L&, %

BOTL Y UEFTIVIE, By=144, 4»,=24 1 CHEETH D

Engine model

MM controller Throttle valve motor model

Fig. 6.4 Simulink® model for simulation.
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Table 6.4 Nomenclature in Fig. 6.4.

Reference MM
@ | Observation w | R | feedforward Ge | Observer gain
command .
gain
. @ . . MM state | €2 | Observation
Control input Estimation Fe feedback gain data gain
e
Throttle N i
13 w | Estimation 4 Ts Throttle time
. constant
opening
Engine Bll1, B22, AIll - A22 :
® | rotation § | Estimation § B2 | Input gain
acceleration Refer to Table 6.1.
Englr'le ~ Estimated input Observer system
® | rotation Q. . Ae .
disturbance matrix
speed

6.3.1. AMEBOY I 2L —va VER

AINELE LCHIEI RO = VT VCAMEBZHIM L & &0, fHl#EdSHET
NT = DINE %, K 6.5 12, MM_OBSV Hlf#l Al D A4 7 — "OHEET — & OB %,
X 6.6 \Z/~"7.

ASIHMELE LT 0 — 800W— 0 (3,400rpm FF, 0 — 2.25Nm— 0 FH 24D & faf 28 2 FI 0 L

6.6 \Z R sl A 7 —NIC L2 Yo AHEHEM 0 (K 6.6(b), =M
AN EEHEEE & (K 6.6 (¢), BLONAE v FMBEHEM § (B 6. 6 ()%, =(6.3)D
WA T —A"LFRRCEVRDOND. K6.6 DY AMEHTEM @ (X 6.6 (b)), B
Tz Yo mmEEREE o (K 6.6 )X, Res5n= Y AHEE & (K 6.5 (b)),
Bz oD roAREE o (B 6.5 ()DIREREEZ L<HEL THY, FHEMICE DR
74— Ry 7, BLOANSEAEENE Q (K 6.6 () DIMHEIZRICZLY, B 6.5 D
g0z o AEE & (K6.5 (b)), BExT v 2 M 356 rad/s (B [0 #5454 3,400
pm) IZHIBI S TWDH Z &R 5.

LLAaNnD, 2oy MVBEREEM § (K 6.6 (d)ix, 2 v hABE § (X 6.5(d)
DODREEZDHED IKHETET TRV L HHD.
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MM_OBSYV control law
( Plant states )

3

2 o~

1 ﬁlz.zs[Nm]’/ Load [Nm] (a)

0 \

0 5 10 15 20 25 30 35 40]s]
600
500 A
200 — A (b)
388 \ ® [rad/s]

0 5 10 15 20 25 30 35 40]s]
400
200

0 —— Aor—©
-200 o [rad/s?]
-400

0 5 10 15 20 25 30 35 40]s]
20

10 - —

0 ff 5 (d)
-IOW d [rad]
-20

0 5 10 15 20 25 30 35 40Is]

(a) is the input disturbance (load fluctuation), (b) is the engine rotation speed, (c) is the
engine rotation acceleration and (d) is the throttle opening.

Fig. 6.5 States varying by the load fluctuation.
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MM_OBSYV control law
(Estimate states )

3
£ I A PR (a)
0 Z ZOTINDT] Load||[IN1TIT] \\
0 5 10 15 20 25 30 35 40I[s]
450
/\
350 Vo @ [rad/s] - (®)
250
0 5 10 15 20 25 30 35 40[s]
300
/\ o
0 — (c)
300 w [rad/s?] \/
0 5 10 15 20 25 30 35 40Is]
5
f — \ d
_2 u 0 [rad] v @)
0 5 10 15 20 25 30 35 40[s]
508 ~
1300 \ Qu / ©)
“1500 > :

0 5 10 15 20 25 30 35 40[s]

(a) is the input disturbance (load fluctuation), (b) is the estimated engine rotation speed,
(c) is the estimated engine rotation acceleration, (d) is the estimated throttle opening and
(e) is the estimated input disturbance.

Fig. 6.6 Estimate states by the load fluctuation.
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632. RTIRA—HFEEFHDI Izl —Ta R

X 671XA TV —ROZ L PV ETIANDNRTA—=HDI L, By, BILW A4, DEEZ£L20%

EEIHZHLDOTHD. ZOHEYL, ET VUV ITEELRDIATF—RO VTV

DIRT A= OEEE, NNHELHEEREQ, (K 6.7 (b)) DMz RIcky, =Y M

E @ (K6.7 (c) 28, HExZ Y AHKE 356 rad/s (H I E#E5L 3,400 rpm) (ZHIH ST

WBHZ LS.

MM_OBSV control law

3

2 i

[LRastNm]e (a)

! HsOOU L_L‘lll k
0
0 5 10 15 20 25 30 35 40[s]

1000

0 =

(b)

-1000
-2000

600
500 — A
400 £« o [rad/s] / 3; (©)
300 f:_,:"“-' \;f 7
200

0O 5 10 15 20 25 30 35 40][s]

0O 5 10 15 20 25 30 35 40[s]

(a) is the load fluctuation, (b) is the estimated input disturbance and (c¢) is the engine

rotation speed. And input disturbance is modeling error.

Line indicates nominal model, dashed line indicates fluctuation model 4,,%x1.2, B,,x0.8 and

dash-dotted line indicates fluctuation model 4,,%0.8, B,,x1.2.

Fig. 6.7 States varying by modeling error of the MM_OBSYV controller.
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6.4. MM_OBSYV ) Q] ? 3 FE £ B s £

63FDY I — 3 THRIFLTZ, MM _OBSV #IfHIO A DAEL (AmZAH), B X
ONT A =ZEE) (T oA ML, BEOT AT D EE R THRIET 272012,
MM_OBSV il ]l Z & 1 # S FIHIA A TEIEER 21T - 7=,

RN ZK 6.8, BLUEK 6577 . EERANOEREECU L 21 v ML LT H
T—XEUVEEL (X 6.8 M), HLLVWHAL—T 7 4 — PRy ZHIfHIS 2T A EREES
L2, Aay hASNLT, BIOTF a—27 VT HE—X ZH#TX 548 ECU %
R ZONBECU DY 7Y v 7 JRERI, = P2 AT X7 A ORIE DK 1,000

%D 1kHz & L 7T-.

!_ _______________________________ : Engll’le generator : _____________________________ |

: Choke valve Throttle valve n :

i i

[ . |

. —1 Air ! —

A .

ir |:>I filter _L Silencer :» Exél;;lst

Lo ___._ % , i

I «8 @ i A/F sensor :

U i i

i i : L Ignition coil :

i i : Gene- Tver- ]!

Fuel »— Regulator =1 i g O: rator |1 t\ér +— Load
: ] 1 . i L I (AC100V)
b1 Zero o oil i Ti Internal |
I I governor X i ECU |
N R da_ T == i

i ! I 1 Rotation

i ' Pl_ospeed_ ¢mTTTTTTTTTTT

i i ! ___A/Fratio_| '

! 6. tTmmEEEeEss 1 External I
ECU : Engine Control Unit ! L e 4 ECU i
A/F ratio : Air by Fuel rato  _______ d I

The dashed line shows additional equipment for the experiment.

Fig. 6.8 experimental configuration diagram.
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Table 6.5 Specification of base engine generator in Fig. 6.8.

Engine type

Air cooling 4-stroke OHV gas engine

Engine displacement

0.181 L

Bore-Stroke

68 mmx50mm

Rated power

3.4 kW (4.7PS) / 2800 rpm

Max. power

4.6 kW (6.3PS) / 4000 rpm

Engine

Max. torque

11.6Nm/2800rpm

Normal use fuel

LPG (Propane Gas)

Ignition type

Fly wheel magnet

Starting type

Recoil starter

Throttle control method

Electronic governor

Generator type

AC inverter generator

Voltage adjustment type

Inverter type

Rated frequency

Generator

50/60 Hz switchable

Rated output

2.2 kVA (AC100 Vx22 A)

63 HDL Il —2artRUELEHT, FAT U U REMOARMEBICYT ST

PUMREREROEBOREICL Y, moNX M EOFAM & FEHE L7z,

MM _OBSV il Bl D b LU 1%, = o X v g LR flE Rl oK TdH 5 PID Hl#HI %
WA L7, el U7z PID fl#IAI o6 7 v v 7 X &K 6.9, 51O 6.6 1Z/~7.
Sy DEEMEr & =BT DX, BEM r—fl#HEy AIREGFE T dEZAETE L,

PID 128 T A 1w hVBHEE 6 Z 148 L 7.

106




[-Gain

D—-Gain Filter Gain

1l
S

Fig. 6.9 Control block diagram of the PID controller.

Table 6.6 Nomenclature in Fig. 6.9.

d Deviation o Control variable
PG Proportional gain DG Differential gain
1G Integral gain DF Differential filter gain

6.4.1. ARTEBIIH T 5w /N R btk FEARKS R

6.10, B LUK 6.11 X, 631 FHDOY I 2L —3 gy A UEMETD, ARMERI
THZ UV UEEEOEBEIC LD, X MEOFHMERTHD. AMEBHEZHINL
LEO, HIEXGRT -2 DOINEER 6.10 12, ATV —NOHEET — ¥ OILERE %,
6.11 (2" %. ANHELE LT 0 — 800W— 0 (3,400 rpm HF, 0 — 2.25Nm— 0 fH24)D A A
iz, K61l o=y AlEHTEM & (K 6.11 (b)), =1 1 ff I B HEE i
@ (K 6.11 (c)), Auv v hABEHEM & (K 6.11 ()DOFHEMIC L DIRET 4 — K3y
7, BLOATSELHEEE @y (K 6.11 ()DHMHIBEICL Y, K610 D P T &
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(K 6.10 (b))72%, HAEE= > v M 356 rad/s (B FE[RI#5%L 3,400 rpm) ([ZHIEI ST\ 5 2

LB
LU s, 2y MVBEHTEM 6§ (K 6.11 (d)ix, Am v hABEE § (K 6.10 (¢))
DOHVE G OIS E &, ANSSELHEEME @, (K 6.11 (e))iX 28 Load (K 6.10 (a)) D%

HErbED LSHETET WAV EHHS

MM OBSV #ilf#Hl To x> v o EliEs @ Z#23% 50 rad/s (480 rpm) (ZxF L, 6.12

&

(29 PID il H TiX, #9 80 rad/s (760 rpm) (ZTH Y, MM _OBSV Hil#H AL, AME
2%t L, PID HIBIRILL EOfIEMEEEZ A5 2 L5, K 6.11 O ASAELHEEE Q, (X
6.11 (e))id, = VU AHE & (K 6.10 b)NEET Y VU AHEIZEBHT S X 21T A4

EAMMEI L TWD Z LM 5

MM_OBSYV control law
( Plant states )

3
25
2 ~
1-? 2 25[Nm]]] | (a)
0.5 | Load|Nm] \
0
1 10001 20001 30001 40001 [ms]
400
375 =t
Wy
350 / (b)
2 _
gO(S) 50[rad/s] ® [rad/s]
1 10001 20001 30001 40001[ms]
0.9
0.8
0.7 M ()
i
y AN “wa 5 Thad] Yoy
1 10001 20001 30001 40001[ms]

(a) is the input disturbance (load fluctuation), (b) is the engine rotation speed and (c) is the
throttle opening.

Fig. 6.10 States varying by the load fluctuation.
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MM_OBSY control law
(Estimate states )

3
2.5
2 r
R e l (a)
0.8 s LoadINm} \\
1 10001 20001 30001 40001[ms]
370
360 : I
150 \\AA f‘\/\/\\_‘ ,W\f\«/‘f‘“f‘”’ Y \\\:\v\ (b)
340 WAl e [rad/s]
1 10001 20001 30001 40001[ms]
50
25 ,JP/\‘\
0 Af\/\_'n . \f\/v\v i\\_/-f\v.w ANt (C)
s N vV . \ \\\ ]""
50 w [rad/s?] W/
1 10001 20001 30001 40001 [ms]
2
1-5 0 A i~
1 WW"‘"“WW’\MW\M (d)
0.5 8 [rad] '
1 10001 20001 30001 40001[ms]
-2500
i Tk
23000 N\ _ -
-3500 \\ u /// ©
-4000
1 10001 20001 30001 40001 [ms]

(a) is the input disturbance (load fluctuation), (b) is the estimated engine rotation speed, (c)
is the estimated engine rotation acceleration, (d) is the estimated throttle opening and (e) is
the estimated input disturbance.

Fig. 6.11 Estimate states by the load fluctuation.
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PID control law

3
2.5
2 r
12 [[2.250m] FoadfNm] \ (a)
0‘8 \ 4
0 10000 20000 30000 40000 [ms]
400 - fh
375 Sofeeda \a
350 !‘fvﬂha\ s (b))
3(2)(5) . @ [rads]
0 10000 20000 30000 40000 [ms]

(a) is the input disturbance (load fluctuation) and (b) is the engine rotation speed.

Fig. 6.12 States varying by the load fluctuation.
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6.4.2. NI XA —ZEENIHR T D a N R O FEAmKE R

B 6.13 1%, 532EHD Y Ialb—varlRLEEMHETD, EFTY UV I7RBRECHT LT
UBREEEOEBEICE D, m AR MEOFER R TH L. AT =D VT
WCET VU 7RAEZRE LTRET, ANHELL LT 0 — 800W — 0 (3,400 rpm ¢, 0 —
2.25Nm — 0 f4)OAMES 2 L7, ® 6.13 ® A HSELHEEM §, (K 6.13 (b))iT,
FTF—RETFNVCET VU ITEENFELTH, TP UAEE @ (X 6.13 (¢)2 HIZ
TUVUABELE LD KT ATSNEL AR LT\ Z LS. Axds, PID HilfE
HNEA 7 — gz AL TEBLT, A7 —R"ETFT Y UV IEAEORIEITEMANTH 5.

MM_OBSV control law

3
2.5
2 =
13 [1225[Nm] / — (a)
O 5 Lodd [ INTIT]
2 C
0 10000 20000 30000 40000[ms]
-1500 ]
) T =@ HNm]
R
‘3000 ‘\\".\ BRI R E— }'.‘,‘/’_________ (b)
-3500 NG ——
-4000 —
0 10000 20000 30000 40000 [ms]
400
375
350 o
325 r
300 Lt 700rad/s] @ [rad/s]
0 10000 20000 30000 40000 [ms]

(a) is the load fluctuation, (b) is the estimated input disturbance and (c) is the engine
rotation speed. And input disturbance is modeling error.

Line indicates nominal model, dashed line indicates fluctuation model 4,,x1.2, B,,x0.8 and
dash-dotted line indicates fluctuation model 4,,x0.8, B,,x1.2.

Fig. 6.13 States varying by the modeling error of the MM_OBSV controller.
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6.5. AJSEET VDS E

631 HOAMEATO Y I 2 b —va VR, BIXO 641 HOAMEB I T 5 a3
NMEDFEMFE RICB W T, AT =021y MVBEEHEN 8, B X A SIS ELHEE
Qu LHIRROEE(AR Yy MVEHE §, BLOARWES Load )& TIRERICERDOS D
R ThoTm. ABIRZUNEL, AR MEEM EIE L0, =Y UHIERIO AT
NELET NV EZLE LR E L TICRT.

6.5.1. =TT UHIEY ZT A

TV ETIVIE, 621D UET LR TH DN, ANAELET LVOKERE
el 270, Any MAASLT 25T, 2P0 T VOREBFENX, BLO
HAOFERKAEZX (6.7), BLOKX (6.8) 1T, 72, 20O VT ILOREE KR
MaZK 6.14 |2, TOHITIEAEZR 6.7 12777 .

Vlal—vay, BIXOEHERICB T DU N"TFA—=FIZONT, R 6.2 LA
CLThb.

Engine model

i( Load varying
i 4
Throttle valve motor model :
|
[
1 6(t) b Ww(t) ()

Al12
N

A

<&

V
g
~
-~
—

Fig. 6.14 The state variable diagram of simulation engine plant model.
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Table 6.7 Simulation parameters of each engine model.

Engine of Eng%ne
Nomen- _ . observer o
Description Unit plant
clature model
model
values
values
e Throttle motor s 0.6 0.6
Time constant
B, Not applicable - 0 0
B Input gain - 1.44 1.44
A Load Nm 0 0or2.25
A1s 1.0 - 1.0 1.0
Ay W, (rad/s)’ 1.44 1.44
Az 2wy, - 2.4 2.4
Oc Desired throttle opening rad
0 Throttle opening rad State State
W Engine angular velocity rad/s variable variable
o Engine angular rad/s?
acceleration
A, A, =B
0 11 12 Tls 11] () 0
b)) =|=Az1 —Az T Ba|la®)|+]0[6.(t)
' ’ S(t
sol |, , _allsol bk
TS
w(t)
y@® =[1 0 o0l|a®)
1)
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6.5.2. MM_OBSV HIf Al D AN HNELET NV DORE

6.2.2 ITHO MM_OBSV IR 3 L, AJSELE T VAt L7z MM_OBSV il f#1 Hi] D4 i
ZH6.15, BLUK6.8(Z, ATHELQZIREERITEM LTz, JLIGRRETRA, B LUH
N HEKXERX (6.9, BELOX (6.10) [T 7T.

MM_OBSV HlIfHA| DK ER TH HET L~ v F o 7 (MMFIEZE, 88X OKEA 7 —
DIL, APMLET VEUE LTEEA 7 — 2O T FICHBT 5.

B A 7Y — NI T O L oIz, KR, BLXOAJSNLAHET 2HEEXHT 5.
() (AR ERY LIZES (T arr—2) DaEANNILQET 5.
Q) ANAAFEQUE, =V U RBHOAMICH L TARMBEEICHMENS VAT 2SI THY, KF%E

CRWTIE, EEOATSELICHSE T 5.
(3) AJISLELQ & RIER L LT, RKDOIRER x=[w e8] [TBML, JERRIRER

X =[x, Q)& T 5.
(4) ANJHELHEE M Q, & il A 7 — N THEE T 5.
(5) ZDANAEHEEIEQ T, HEE (=P ) OflEEy, & KA 7 — K5
WRRETVOHERHEE 0%, T2obb, HEMRE ([ /X—varin)) 02
EHMEN BN (Beil) 1C72 5 X OISkl A 7 — "B AN ELE R, £ mET 5.

Observation

System noise:g || noise:w

v v

Plant Observer :
= A,x,+ Byu+ Bg —bfce =A%, +Byu+G,(yy, —CpX,)
y=Cx, y,=Cpx,+w| |= (4, —G,Cpp)%, + Byu+G,yy,

MM controller |#

r —i-> Fe=[F -1]

Fig. 6.15 Algorithm of control block of the MM_OBSV

114



Table 6.8 Nomenclature in Fig.2

where, w(t) : Observation noise

115

r Reference command Vh Observation data
u Control input X State variables
w | Observation noise x Estimation state variables
q White noise Q, | Estimated input disturbance
O, | Input disturbance F MM state feedback gain
y Controlled output R MM feedforward gain
A, B., C. | Extended matrix of 4,8,C
Xe(1) Ao Xe(t) B
i 1
- ~A A By A

(1) W s a(t) "| 0

I 1 2 .

o) | -Ay —Ay By ) |0

. = Ty o || 4O+ Ge(yp (1) = Chefe (1)) - (6.9)

5(0) O

2 0 0o -— A 0

0,0 o [L%O
0 0 0
(1)
(t) [1 0 0 0] () (?) (6.10)
= +w .
O, (1)



6.53. AMEBHDOY I a2 —va VR (ANNEEFT VO RER)

AFHMELE TV 2 UE L7 MM_OBSV il K v, 6.3.1 TH & [A Uk TRM LB O
Yialb—varEiiolk. AMALET VR ELOHIEMRET VT — X DINE %K
6.16 \Z, MM _OBSV il Al D A4 7 — SOHET — % OIE %K 6.17 (277 .

AFTHELE LT OW — 800W— OW (3400rpm B, ONm — 2.25Nm— ONm A 24 ) D £ fif 25
ZEIM L7, ADANELET VERTORK 6.6, 3L UOANNILET LVkEEZOR 6.17 Dhik
WA T =N D UAEERTEHAL, = Y U AEESDIRERZ I L HEE
LTWDH, AMAELETAVLERTOR 6.6 DA 1 v b VBEEHEE ST, AREIINE O
ER, B65sDAry MBHESORERICHLARLTWS (6.3.1HSR). LirL, A
N ET VEFEROR 617 O A1 v hVBEHEEMESIT, 6.16 ® A 11 hVBHESD
WHEEAZ ISHEEL TEB Y, #HEMILBEBINLTWD. ANHELET VBER OFIE AT
X, SHEMEICLDIRET 4 — RNy 7, B I OATIIELHEE EQ, o il 2h F 1
6.16 Ot GO o MEERN, BEET YU MHE 356 rad/s (HIEREEREL 3,400
pm) [ZHIBI S TWD Z LD
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MM _OBSYV control law

( Plant states )

2 A /‘
1r 2.,25[Nm]( Load [Nm] | (@
0 A 4
0 5 10 15 20 25 30 35 40[s]
500 A\
300 — (b)
200 _/ @ [rad/s] .
0 5 10 15 20 25 30 35 40[s]
200
\k M \ —
0 [TEwes VT ©
200 w [rad/s-]
0 5 10 15 20 25 30 35 40[s]
71(5) NV~ \
5 ’ § \ (d)
2.5 \a | d [rad] \
0 5 10 15 20 25 30 35 40ls]

(a) is the input disturbance (load fluctuation), (b) is the estimated engine angular velocity, (c)

is the estimated engine angular acceleration, (d) is the estimated throttle opening and (e) is

the estimated input disturbance.

(Improved Model)
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Fig. 6.16 Estimate states by the load fluctuation



MM_OBSYV control law

(Estimate states )

2 2
Load [Nm
22 [N \_ (2)
0
10 15 20 25 30 35 40[s]
400 ‘\
300
V" & [rad/s] (b)
200 H
0 5 10 15 20 25 30 35 40[s]
200 I\ f
0 - —~ (©
. 2
2001 w [rad/s?] \/ |
0 5 10 15 20 25 30 35 40[s]
5 AN

55 M S [rad] \L/ (@)

0 5 10 15 20 25 30 35 40[s]

O o
\ [
-500 5
1000 \\ Qu // ©)
-1500
0 5 10 15 20 25 30 35 40I[s]

(a) is the input disturbance (load fluctuation), (b) is the estimated engine angular velocity, (c)
is the estimated engine angular acceleration, (d) is the estimated throttle opening and (e) is the
estimated input disturbance.

Fig. 6.17 Estimate states by the load fluctuation

(Improved Model)
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6.5.4. ATMEBIIHT DX MEDEEERER (ANHNELET NV OBER)

ANHELE T VA EGE L7 MM_OBSV Flf#ANC £ 0, 6.4.1 TH & [F UM CAMEBI X
T NA MMEOFEIEFEREZIT o 7o AJIFNELE T NV UER OFIE L OIS % % K 6.18 12,
MM_OBSV B D A 7 — SOHeET — Z DISEZ K 6.19 IT-7 .

AFTHELE LT OW — 800W— OW (3400rpm B, ONm — 2.25Nm— ONm A 24 ) D £ fif 25
EEUML7Z. ANNELET VL ERTOR 6.10 O AMHIIN « BRERFO = 2 ¥ o G 4
BE 2% 50rad/s (Zxt L, ANWHNEET VS EROR 618 DT P Al @D 2R B 1
3Brad/s IZHZ BN TWD. £/, ANHEET VUERTOR 6.11 O A v v /LB B HEE
81%, BFEIINE: O BAEE BN &2, B 6.10 D A 1 v RAVBHESORBERICH LARAE L TW5.
LovL, AMSELEFT A EROR 6.19 D A1 v hVBEHEMSIT, K618 D A1 v k
NWBESORERZ L<HELTHD. ZADHLDI Enb, ANAELET VY ER O
HNE, ceEaio I ANc e~ v X2 MMER\ EL7EZ &30 5.
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MM_OBSY control law

( Plant states )
3
2 4 =
1 2 25[Nm] Load [N (a)
oda
) L
0 10000 20000 30000 40000[ms]
400 ¢
375
350 (b)
3[rads] \/ @ [rad/s]
325 —+%
05 0 10000 20000 30000 40000 [ms]
0'4 MM’“HNAH‘
03 AA_AA'MMJ P~ A 4 M /"‘ﬂg o (C)
O A L 0 [rad] A
0.2
0 10000 20000 30000 40000[ms]

(a) is the input disturbance (load fluctuation), (b) is the engine angular velocity and (c) is the
throttle opening.
Fig. 6.18 States varying by the load fluctuation

(Improved Model)
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MM_OBSY control law
(Estimate states )

3
2 g
) 2.25[Nm] N | (a)
. ! oad [Nm] k
0 10000 20000 30000 40000 [ms]
370
360 /f\\/‘/\
10 V' 5 fradss]
0 10000 20000 30000 40000 [ms]
50
25 '\
0 ma—= TN (©
-25 w rad/s?] v
-50
0 10000 20000 30000 40000[ms]
2.5
) [ ST R
AN Nonn, Srl_ 17 \\ I\ (d)
1.5 O [Taq] g
1
0 10000 20000 30000 40000 [ms]
2.5
) /\/\._:_.—N\
1.5 -ane _AM_/ Qu \\v/-’\ (e)
1
0 10000 20000 30000 40000[ms]

(a) is the input disturbance (load fluctuation), (b) is the estimated engine angular velocity,
(c) is the estimated engine angular acceleration, (d) is the estimated throttle opening and (e)

is the estimated input disturbance.
Fig. 6.19 Estimate states by the load fluctuation

(Improved Model)
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6.6. L

N T A D R B ORI OB ICHW e Y TV (BB ZIRERET V)
DML, BEICKTHAMBISELZRB LN L, KKOREEZOHE L L HIT, AT
SAELIZ xS 5 m N A M & SR 272 MM_OBSV HilfEBI OB 0 &, 8 il 480 3l 2 F15A A
EFHNTOFEMEEZRTZENTE .

UTICHREE LD D.

() ATV —REFNVICHW YTV (B RERET V) 2L, =
L=y a U CHWEY AT AT A= LRI UEMHET, EiEFERZITY, I
—Ya v lAFEORBEMEELZBRLIZENTERL., ZoZnb, £ 7HF— NTH
TV UETIVIIEREL L E L TRYTHD I R LT

(2) MM_OBSV il HlIX, AME#SRFEOEEE & OL® A, PID AN ~hE <,
AMEEBICH L Tr AR MEZET D EDNHRTE .

B) YIalb—var, BIXOEEHERICLY, MM _OBSV #l#ANIE, 47— DE
TVUITRENFEL TS, BB @ OF#HT /) I FTALETLELEIFEAEED-T
WRYW., 2O Z END, MM_OBSV #l#ANL, A7V —"OETFT Y v 7RREICKT
LuNANMEERT LI ENHERTE.

(4) ASELET VS EHR O A m y MVBREREEMSIT, Ay hABESORERE X
KHEEL TR, AREIN - BREMO T 2 o il B o0 28 B IE 23 8 a1 b~ 2
Bavie. AJSNELE T L SES ORIERNE, ERTO RN, 282 MER
mEL7EZ &5,
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6.7. 5B OHBE
% OWFZEIZ BT, MM_OBSV il f# HIl 2 #H 20A A 72 Hl il 28 2 DL T o X 9 i tEsgm k%

dJ

oTW H#HTHD.

() Ay ANV T LI TF a— I NV T Efllxtg e L, =y rEis, X
OZERIEZfl & e T2, 2 AHAOHIEEIRO 7RI 21T 5 .

(2) BEAHUI T GET Y AT LM bARMR LI ANA A A X 2t LTHE L, /NS A
A A A5 R O PEREREAm &2 1T O .

(3) MM_OBSV il Bl & B H AN FIC#H L7ca—Y = XV AT L& GETV AT AL &b
HIZ, EEOEMNRE CHLREREZRFFETEMNL, 74—/ FIZBIT 2%
ERGEL TWS H#Th 5.
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FBTE GET VAT AEERBNCEDZ/NRAT AT VU REHE,
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7.1. AED B
GET ¥ 25 L VD KW TDNSA F A H 2 HAEPE - [ 2T LISV TR
L, W KFPHEAIFBESGS CTAEE - B LN, A A X TR EREHZ AW T, MM_OBSV
HIE R 2 A A ANTICHIAAUTE NI 22 o D U REK, BLXOa—YV X AT LD7
4 —JV R COEMIZH T 2 EHEEMERE & MRFE L 72,
AR SLOMFFERE B A& EIET 57291247 > 72 MM_OBSV M1 Al 2 #A A 728+ 3 F D
EEAPERERRGEI H 2 LA R IR,
(1) B 60%FRREDENA T AL T ALERELE LT, WAL FRAB TR T
REMK, BIOa—V XV AT LAOEBRBNARETHD Z L.
Q) BARAAFTAZ T AZRBE LTc/NINRA F R T AT D5 EHK, BLO=
— VxRV AT ADIEBEEE T ORGLE.
(3) GET VAT A THEETDHAZ VT A%, WA VU EK, BLOa—Tx
VAT LORREEE T D TR OF) A O MREE.
(@) AX A A, EOn 1 (CHY) 2D, BMNEEEH -V O COyHEH &R,
il D F I RREHC L RD 72, AR EOR IR E AT L A EHH LW Y —
VIRBETH D .
(b) A7 2 AMinEm<, /xR L.

7.2. GET ¥ AT A

AARIZE T 2 BT, BERBICRETIMOOL R EOHEMMEREEY DL, B
FORHMHEBRERRELR>TWD. b bOLNEOEMPEH &EITK 900 5 R THD
@ ZOBEFABICHE VT, BEELEE T TR R ENRAE L, M TR TR
IR E D L E L, WRNIRICE DA X T ARREAT D, AF U H AL, HEK
BEALOERIFEK E SN TVWIROEERIBEGRIAO—DTHY, HEHROFBE
%o M ERIERE (L 4% %k (GWP : Global Warming Potential) 1%, “{LRFED25HFTHD &

WEINTNDHD,
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IKFRILHERS ISR AT 2D 51X, BAEICBO TEEMICHBE S DA A~ 2 ZRT
boHN, TOKTS%BIRMAOE EAKRBICH EAEN T, KRGILHE% O KB HHEOBRSE %
WENCHROAEY E L TORHEZR-ZL TS, —F, KHICEHEAENRTZRDOLIE, K
HIZBITDAZ U TAORAFRIZIR > TWDH. TOH, KBICBT2MbLHED XX
VYRR A 2 H B R AR ¢ AR PR BI CEL D ML FE N TV D03, R LR hiE e
BARVEELE-> THHWO),

TOXD R RICH LT, BALEEL, KBRS HHERIE ., RBIWIK B HE 2 5
AU - HWT Lo 2 REICERAL, #AKT D2 &ICh Y P TA X U REE &R
ICHEAT S, AL A Y CHMER GECEINT 2V AT A2 MET 5 2 LN TENIE,
JEF IR AR T D REM R NAA A~ AGR Th DHhb b & 15 H U 7 HUEE I o 1 4 7T HE
TARNVKX—EFENR, AT T VATERINDZ L ERD, I HITKERESHM B ICHT
DAL BEEAT 22 ENTEDLLEVIBZBIND, HIMKFRFEH T GET v AT A
DRFSE - BAFE M MT bl T X .

7.2.1. AZ UERHE

GET ¥ 27 2WiE, X Z U Z2ETe A FHAG)H KD T XX —(E)E HAIED 55
L(GET)T 2HMTH Y, Rl Eekifa L2 & LR WEE AT e 2 EIRAE BRI O N A F
AL UIHAERBTHD. GET VAT DDA F ALK I AERBOW EEE %K 7.1 12
RN F AL T AEREE, BHAFICI]EED, 22 ~ErLeMb b 23 A%,
AR — N THY, KL BERTA X URELERICEITSE, BELILAX
Y EMEE e FIETHEIN T AR CHiEETH D (K 7.2).

Liner sheet Rice straw

Fig. 7.1 Cross section of bio-methane production field.
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Gas storage bags and liner sheets are connected by tubes.
Gas storage bags Liner sheets

Ridges plowing rice straw

Fig. 7.2 Bio-methane production field of GET system.

72.2.GET Y AT AIZ LD RXVEX—FRY AT A
KRR, BROE IR T, KH, KBRE, F73BHERIE 2 KK O FEE
B ENLEDST, GET VAT LATHEELIEANATAZ I AR, TOEE, AT Y
VHEEROBELE LTHY, ERT AL X— LT R LF — I LT, REZEICBIT
HIMEOZEF (=7 a ek bmFE, BLOZ UV VBT X 2ERE) ICHIH§ % HipE
HHOTR VX IR AT LOMIENED LN TS, GET VAT AL DT R /L¥—
Ry AT L& 7.3 10K T.

GET Y A7 LIZR DRV F—FFEERY A 7 VIEFTRO)~O)ZMHVIKL, N4~ R
BHRThOMbOZIEMN LI MEREOFAEFRBT R LF —AEY A 7 Ve FERTHDT
»H 5.
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(1) KHETRIEZITZ2Y, KZINETS.

(2) WHEHE DFBD D A2 KM, KBFH E 2 IHHEREIC T EIAR, "M AR Z A%
AEPE - BT D

(3) EPE - BN SNTeNA A AZ T A KEREORLHEZETIT, TOEIRELE L
THAZ U D URERK, L3 a—Y VAT LG T 5.

4) HATUVUREH, R a—Yox AT A0EEICEY, BR, HE, BX
W CO, (VR AT R) %, lREZICBITHREOMRE, BHE, BLD CO,
MBI X D 1E OB RAREICRIT T 5.

B) WA UV UREH, FHLEFa—V =XV AT LAOHBICE il Lm0 —i
X, ORI ONRAF AL T AEFBOKIREEZ LA IEL7OICHHEL, A% B
Mt sE 5.

(6) A X UBEREN D oo T, AHIERE L CTREKH~EICT 5.

GasEngine l CO?2 fertilize Cﬂ_)_E

3
H
£
=
-
A A 4 4

Ai:condition
LT
| Heat supply Heater Greenhouse culture
Exhaust heat
circulation
-,

Bio-methane production field Rice field

Fig. 7.3 Energy circulation by GET system.
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7.3. RAFRAE U H 2D

LR FELHTIE, BAHBGOEYHOKIBHICE T, REBEYMO 3 » AR T,
BALEMOLIZEENDIRED I B 24% 52 AKX U ~EHL, HALTZRDS 1kg
DTV KIZ00L DA A AL (A Z PRI FH60%) R 52 LTl L2
LnHmEINTND.
F7, A ORPEHIAKEIC
X4 5 b OO HE s

BWTHRBED A Z ARG Z E L, EH X0 iEIzE
5°C%# NS &9 7esgEi
FAZERINTDHIENTETEY, ZOLEXOMDLHBFKRFED AKX ZEH - AL
NRIFTA 12% TholoZ ERHESNTND.

HMOHRH WS (FmEEE T \EETEKE 1267 & 1) TOEIEEERIC
AT L THEELIEANAFTAZ T AOME =& L TR TIIZTRT. K 60%8 A HZ L,

IZBWTH A X REDNRRK 70% DA

B 5 GET v~

BN, FEZMERBEDVBROERLMETHD.

Table 7.1 Composition of bio-methane gas produced by GET system.

( Measured in 6/11/2017)

Component Concentration (%)
Methane 60.6
Hydrogen 0
Oxygen 1.7
Carbon dioxide 33.4
Nitrogen 4.3

AR N ADRBEIC LD REEEIT 13,300kcal/kg TRAILKFZHF TIIHRRKTHY, AR
5,000~7,000kcal/kg =2/ 1M D 9,250kcal/kg £V & KX W7=© HML A mRE MW T-3ES
ALV, A EERDETLHTAZHNEREFRXOFRENRTHL EHRA NS,
Fiz, 222 (¥ CHy) X, HC lLDB/NS VWO THAEYTZD O CO, Hii &N 72
<, W/ v 7 HEFFEEBELZRVTERICKFERBIOP CTRbE . AF U HTRAFTIOL S 7
BRm S vy 7 E AL, ®EMECEmEAIENTRETH D72, KR KRB L
EETH B EE DT,
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7.4, ERWEL L EREM

741, WRHTAT L VU REBHO ERER & EREMH

(1) FEBRAE AL

GET Y A7 LA CHRE-RIR LTZ/NA A AR T AZREE LT/ A ¥ 5 T
DEBHEKRXEZR T4 IR T. XAFTAZ U TAERBETEE LT AX T AEZ—H, K
EEBIEIC LY TARVZHTD, BHEIC LY S A A A X T AEHK 2.5kPa ITHIJE L C,
INRLT A D s BRI L. BREEOATITART 7 (ACI00V, 100W /) %

TciFEx e —&% & L.

Bio-methane production field

Generator load (Electric lamp)

Gas tube Electrical wire

Gas tube

~

Small gas engine generator
Gas holder (gas tank) gas engline g

Fig. 7.4 Experimental configuration of small gas engine generator.

(2) FEBRRAM:

INITT A2 VR EOERSFM 2R 7.2 1R T,

Table 7.2 Experimental condition of small gas engine generator.

Supply gas pressure 2.5kPa
Main jet diameter 3.2¢
Electronic governor control MM _OBSYV control
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742, A=V 2RV AT LADERBR & EBREMH

(1) FEBRAE K

GET VAT ATHAFE BN LT NA A AZ T AZRELE LTca— V2 Rx VAT LADHE
B 2R 75 IRT. NAFAX T AERBTEE LT AX W A%E—H, KE#&E
PUEIZ KO T ARNZIZHFD, EIEIZE D AN FRAZ L HA%EHK 2.5kPa IZMMEL T, =
— VIR VAT LD ATV UREBBRICMB LT, 2V =RV AT LOERIE, EA
EIR (AR 3 8K ACI00V) Zt#a L, BEHEOARITAZT 7 (ACI00V, 100W /) %

TTidERE—% & L.

Bio-methane production field

Commercial power

supply
(1e3W,AC100V)

Generator load (Electric lamp)

Electrical wire

Gas tube

Gas tube

Gas holder (gas tank) Cogeneration system (ECOWIL)

Fig. 7.5 Experimental configuration of cogeneration system (ECOWIL).

(2) FEBRARAM:

A=V 2RV AT LADH AT D UREROEREIER 1.3 IR T.

Table 7.3 Experimental condition of cogeneration system (ECOWIL).

Supply gas pressure 2.5kPa
Main jet control Bang bang control
Electronic governor control MM _OBSYV control
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7.5. S FPERREERS R
751 NBIT ATV U REHOERERIERE R

X 7.6, BLOK 7.7 1%, 22 8O/ G AT U REMOEF T /NFIZ, MM_OBSV
H AR 2 ARA S, R 7.3 O FEBREMFTAMEBHI G T 2R MEEZ, =0 Y EEEE O
EEEICL VM LR TH L. BB LTHBR LIS A A X HRAOMARIL, & 7.4
WRTEIIT, AZVIRES52%THY, HELTNDIAZ VIRE LD b S%EREHVIRE
Thd.

Table 7.3 Experimental condition of small gas engine generator (MEGASEG).

Fuel Bio-methane gas
Desired engine rotation speed 3,200 rpm
Electronic governor control MM_OBSYV control

Table 7.4 Composition of bio-methane gas for engine fuel
produced in Knowledge Hub Aichi.

( Measured in 27/10/2017 )

Component Concentration (%)
Methane 55.2
Hydrogen 0
Oxygen 2.3
Carbon dioxide 35.4
Nitrogen 7.1

AmEBZHM LI &0, fIHGET -2 OINEZK 7.6 12, 7 —OHET —
2 DINEW T Z, B 77127 . AHELE LT 0— 800W— 0 (3,200 rpm FF, 0 — 2.39Nm—
O YDAMETBZHIM L. RT7T 0y Y AEEHEN @ (B 7.70), =Y
IHEHEEM & (B 7.7 (¢), A7y hABEHEM § (K 7.7 (d)0&HEEMHEIC L DIRE
74— Ay s, BROATSVEAEER @ (B 7.7 ()M RICLY, K76 DT
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CHARE @ (7.6 (b)), HIFET Y AMEE 335 rad/s (HEEBEIHEREL 3,200 rpm) 1TUCH L
TV Z EnHH 5.

Ty UEEEE @ OZEBNE, #9130 rad/s (1,240 rpm) &, AR ZS B 0@ PR 72 A i
REWHLOO, HET Y A3l E 335 rad/s (HEEEIER%L 3,200 rpm) (IR L TR L, A
WAL, e NAMEEET LI ENND. B 7.7 OASSNELHEEME @, (K 7.7 (o)
X, TV UAEE & (7.6 D) HED Y U AEEICBIET D X OIS AAEL A I
THHMITHEL TWDZ ENHD.

LU, 2oy VB § (K 7.4 ()X, EMHXEEMTCTHEL TR, BET
BICIERB RN &S,

MM_OBSYV control law
( Plant states )

3
2.3 — 7
L2 [T 239Nm] @)
0.5 Lnn/] I'N\a1 \
0 v OUU INIII] \
0 10000 20000 30000 40000 [ms]
400 /.-"'w'q
350
P St L \-/"
300 N 130 rad/s] o 7 (b)
v IJ Trady D_I \//5 [Iad/s]
250
0 10000 20000 30000 40000 [ms]
1
L s ——y
0.8 - o
0 10000 20000 30000 40000 [ms]

(a) is the input disturbance (load fluctuation), (b) is the engine rotation speed and (c) is the

throttle opening.
Fig. 7.6 States varying by the load fluctuation.
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MM_OBSY control law
(Estimate states )

3
2.5
2 f
12 [ 239Nm] @)
0.5 Load!INm] \
-0 L 1 \
0 10000 20000 30000 40000 [ms]
400
350 s
300 N — — ()
@ [rad/s]
250
0 10000 20000 30000 40000 [ms]
g
40 / -
i s ©
80 & [rad/s?] \\.W’
-120
0 10000 20000 30000 40000 [ms]
2.5
2 ~
1.5 /I~
0.5 S rda1 \'\v A M
O O T1Taty MAWAY
0 10000 20000 30000 40000 [ms]
-1000 —— /
-2000 3 /
-3000 u ~ (e)
-4000 1
-5000
0 10000 20000 30000 40000 [ms]

(a) is the input disturbance (load fluctuation), (b) is the estimated engine rotation speed, (¢)
is the estimated engine rotation acceleration, (d) is the estimated throttle opening and (e) is
the estimated input disturbance.

Fig. 7.7 Estimate states by the load fluctuation.
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7.5.2. I—V =2 XY AT HODEFMRRGERE R

X 7.8, BLOKR 79X, 23O a—V =Rk AT LH/NUT AT P DEFTNT
\Z, MM_OBSV il A Z fHiAZ~, R 7.5 DFEBRFMATAMEBNIIH T L2 3 MEEZ, =
VOV OEEBRIC I VM LR TH L. B L TIB LA A A F TR
DAL, R 7.6 IZRT LI, AXVRE 552%THY, MELTWDLAZ VRELY
HSUREHEVEETH D.

Table 7.5 Experimental condition of cogeneration system (ECOWIL).

Fuel Bio-methane gas

Desired engine rotation speed 1,980 rpm

Electronic governor control MM_OBSYV control

Table 7.6 Composition of bio-methane gas for engine fuel
produced in Knowledge Hub Aichi.

( Measured in 27/10/2017 )

Component Concentration (%)
Methane 55.2
Hydrogen 0
Oxygen 2.3
Carbon dioxide 35.4
Nitrogen 7.1

BAMABAZRMLIZL &0, HEHRET -2 0% %K 7.8 12,

T T S OHE T —

2 DISEWIE %, 7.9 1Zx9 . ASHELE LT 700 — 900W— 700 (2,000 rpm B, 3.35 —
43I1Nm— 335 ) O AR A ZHML7Z. K790 ¥ AEEHEM o (K7.9 (b)),

TV UANMEEREM & (K79 (¢), Anr v hUBREHEM § (K 7.9 (d)0 % HE il
ICEDRET 4 — RNy 7, BEOATSELHEEM 0, (K 7.9 ()OMHIZIRICLY, K
18 DY AHE @ (K 7.8 (b)7y, BIEZ Y AHE 209 rad/s (HAEEREIEEEL 2,000

rpm) ([ZHIE S TWD Z &N D,
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TV AR @ OZBNE, K 10rad/s (96 pm) TH Y, AMEEIIK L, o8 Mk
AETHIENHL. B T.9 OANNEHEEM Q (B 7.9 (e)iF, TUYUMEE & (K
7.8 OB AT VU AREITERLT DX OICANHAELEMEIT D L O ITHEL TWD
TENHD.

L LD, Ay MVBE § (K 7.8 )ik, FIEEKRBEICR-TRY, REHGE

S A AN | P

MM_OBSY control law
( Plant states )

5
s L/ N @
5 Load [Nm]
0 10000 20000 30000 40000  50000[ms]
220
20 — T 1 ] |
510 M (b)
205
%8(5) I1 [rad/s] W [rad/ S][
0 10000 20000 30000 40000 50000 Ms]
25
2
1.5 — (c)
1 ;\; +adl [ ———r—
O llaUJ
0.5
0 10000 20000 30000 40000 50000 M)

(a) is the input disturbance (load fluctuation), (b) is the engine rotation speed and (c) is the
throttle opening.

Fig. 7.8 States varying by the load fluctuation.
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(NSRS 4]

220
215
210
205
200
195

-200
-400
-600

(a) is the input disturbance (load fluctuation), (b) is the estimated engine rotation speed, (c) is

MM_OBSY control law
(Estimate states )

/VVWMM.
m’M/ tm
Load [Nm]
0 10000 20000 30000 40000 50000 [ms]
~— [
~__ /
S [+ad /.—:l--’
|_1 dll/ DJ
0 10000 20000 30000 40000 50000 [ms]
M
e / N
S e A/e21 \ [ ad
wradrs ] "
0 10000 20000 30000 40000 50000 [ms]
_—._—’
5 [rad] T
0 10000 20000 30000 40000 50000[ms]
\‘-_ /
A~ i
Qu
0 10000 20000 30000 40000 50000 [l’l’lS]

the estimated throttle opening and (d) is the estimated input disturbance.

Fig. 7.9 Estimate states by the load fluctuation.
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7.6 £

MM_OBSV il f# ]Il & & F H N FIZHIAA TN AT oV U EK, BLa—Y =X
VAT LN AT D R ERE OB A IEE T S HNT, 74—/ R TOHEGEE
BRAZFEMLEZ. FAT Y OBREHT, GET ¥ A7 A OK MBS TAERE - [ L 7= EAA
FAZ T AT DEFEHWE,

AR ORI L LT, MM_OBSV il #1 Il & fHiA A 728 - 7 /3 00 SR RE 0D ik 52 Bk
Rz LU TIZRT.

(1) A, HRAZU DU OBELE LTI LIEENAL T A X T AD A X VREL, 18
ELTWEI = ARE 60%8 0 bAHERK) 55% Tho7ehy, WMUASLT AL T
ATV URER, BIORI VR VAT LAOEBBRARETHoT. ZDOZ LT
=V AERE 60% CHIFRAIZEREF LI ELL TEEARE TH Y . AFIHEEID
NAMMEZFEFET DD THD.

Q) INBINRA FRAB ATV U REHTIE, EHRHEITIO 36%IC/HYS T 25 800W DOFE
N&EFRETHIENTE., 2, a—YxX VAT AT, EHHIIO 2%
B9 % 900W D¥EE, BILOHBIC I 2T NATRETH -T2,

LU s, EREREZHT Z LR RRho7cd, Bl v XA MR Lo
DIZ, AELETAVOREL, BXOHEMSEZETVORELPNSHZORETH 5.
(3) £72, GET VAT ATHEETDIAX VA AL, WA DU REK, BLO=
— VxR VAT LAORELE T DRSOV THRAEL, LTFTDOZ Loz
(a) A XU HAX, TOh 1 (CHy) 25, HALRAEDHZV O CO, HEH &Y, i
DA MRBREHNZEERD 2, ZARAFEDORFRWEZ T E A EPH LW U — 7
Bt TH D Z L2l TE .

(b) KFEFEBRT, /v X7 —ELRELTBLT, AX P RAFA 7 X MMNE
<, /xR 7B LEENZ AR TE.
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BYE

S

ARWFEIL, EEONERL CE, ET AV~ FU T LRBEATF—"OMEEIZLD
N MR Z, DT AT D UREE, BT A YV ra—Yaxlb—vay
2=y FPOBFAANATICEMATLOMAELET LD LD THD.

RHFTE O T 2RMIE %2 RFET 5 72012, NA F A X 202G OREN 72 JeATHFIE % R
BLIERR, " AT AZRBEBICLIVAEDIRAT2HEZ, "M AT AORE T X FRE
BaANEBETLE, KEBERBEET 7 bED L, AA A~ ADORAET LHNLE TA
AFTAZEPEL, TOHTHEBLIEEX, BIXOERLZRHMT 5, Wb L HipE i H
D/ FEE AT AN L TWDZ ERHERTE.

i, WA PRI ORERNIRFEATHREZFTE LIZER, TTRO= VYU RIKIZTF
MAT, RAFTHADRAZ REEHOREENOAMEB L Vo AFIZY T2 A
LUK TELHI FIET N ETITRLS, RFRICHAMER RS2 2 L 2R TE 2.

RIFFEORAEBIEIL, BEMA T e Y7 N ThDIRARRA / X— a YRRl
VH—IZBWT, BEFENED SN TS GET VAT ATHEE LI AL A AZ T A
W b S iz, TAREEZ P Ou N2 MEBIOBR S & Hl# S 27 La e L,
PEHIHR O = RV ¥ —ERIGEA VAT A AMET L L THD.

GET vV AT LDA 7 TV RAEWN) RROKEZENT IO, WNUT A2 V38
B, Bl Araz o vra—voaxlb—yvara=y hOERIZBWNT, BETH DA
FAZHADORELEE), BLOREEOAMEIMNEL TH, /NI A2 D FEEK,
BIOAAZyYrya—VYzxrb—Vvara=y NORELFRELRN AIRERE 4

ANTFOrNA R 2 B % - FERE L 2.

SATAT L VU RBHOMBEMINE X O PID HIHIC & 5310 F 2 & VREHER IS
NAFAZ T ADPREEENZY) TAZA LIRS LT T ATV o FEROBRFE I
SH, BELEBL-LEEZOT ATV URBHEORBENHER T -,

ZITO, RIGFREMEERTIE, 2 XA N U COBENLBEENT AT Y U RIED
g (Efith, "7 24 I 7%) BTREET, Xy 7 v —FOMEBEOMM - SUEIZ
FoT, "AFAZ T AZBEE LT, HETEDLIBER, = P FHREL T
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v

VARMRBICHET AN AT D U REMOEE T — 2 2RE L, BENUT A Y

> O xEIE AT RENE 2 REAm L 7=
AR ORI & LT, A F A X %S ATREPEIS %9 2 Rl AE SR I DWW T, LR ICRT.

(1

(2)

(3)

)

(%)

(6)

(7

MHFBRETN ATV ODFEETE, RELBT LA FAZ U HAIHHIETE RN
ZlafERTEL.

MEFEEEN ATV ORIKOME (B, ST 24 7%) 282w T,

HHEETOHIXT XY T LA —, BIOV =X 7 OMIICE > TARAL T AR T A
~OXISIE, BESNTFETIETH LD, MISARETHL Z L E2HERTE .

BEX Yy 7L —ORKFZO Z#EHL (WD Y A F ¥ 7 ¥ —1k) OAHTIE

BRELO RN EOM FIXR ST, A X RE 60~70%D R EREHZ B 1T 5 AffiE
HLIXARFAIRETH D Z EDBMRTE T,

BEX v 7 L —DOWRRIC, WRY—T % 7 24 NT 5 DR TIE, BEHEREZ
DM EER LT, A X RE 60~70%D FHEEENT 31T 5 Afi s 13 A ol fig
DT LENMERTE.

(3), WDOHRELT, UTOMBEAZES L THMT L2 L2k, fiEHmE oK

NN T 52 2R TE.

@ VAy - Fx 7 L¥—, BIORKRY—YF 70 Fa4MT5Z 21280,
IREHARE R O L2 5 2 ENTE, AX RE 60~T70%DHREREHCI T 5
AMIEEN A RESH H 2 & NHEHRTE .

(b) EREQ)DO%H TN, EEX Y T L X —DA A Vv ME (39) & HEYIEK
ft (3.2¢) T2Z&T, BMBHABEDEDOM EEZXDLZ ENTE, AXRE 60~
T0%DELEEREHNC I 1T 2 AREIN A REH 5 Z L BB T /-,

QEDOY Ay s XY T L H—, WK Y —T % 7 ORI, A4V b

BILKAbICH LT, BMEEETN AT Y UHIE RO E E TIHEELELRN T

EhWicw, PIDHIANZ L5 7 0 — KXy il AT L& 7o B Lz

PID #IANCE D7 4 — KXy 7 HII AT 2%, WNUHTRAZ P OEA AT
ICHATe Z ST XD, A X VRE 60~T70%DBHEREHZ BN T, KV LELLER
MTEDLZELE, VIalb—Vvay, BLOEEERICL VR TE 2.
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8.2. MM_OBSYV #HlIf A D v /S 2~ Bt 4H ~ D RAT

NI AT D BB EF T AT ORIEACET v~y F o7 LREA T —D

AT X DBl (L, MM_OBSV #il#H]) ZEMH 3 202 s, Zofl#Eilicks

T LHERSEONAMEEZHRT D720, FIEHFRE L TCHEHBmOBEKR~EHH 2R A, B

Wi (HEE) OBIEANICK L THEBOFAINEZ EH L, ATANE~D 7 NZ | % [H

FRICRBCE 2T A~y F U7 EREA TV — NOMAERIC LD 82 b ERAE S A

(LLF, =82 MREERIEAD % BRIl AN D G20, BIOWAEEZUTO LD

WCRTZENTE ., ZTHICEY, HESRENUT AT DV NCES BT HEICY,

MM_OBSV il 481 5l o I P 23 78 C &= 7.

(1) MM #I# TIEHEmIGE, BIOEF T A 2 mLERFEICRETELDHTHY, v A
A2 MEFBREZTTE 2V, MMEENZREAS 7P —"elEadbEd Z Li2d - T,
LRI FEEE B N2 MEZRIFFICEBTE L 2 & 2R TE .
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BB AR ICE A EREEH T 5 0 N2 MR S T 2R EKEE E X, v
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REBREFENI AN TEBY, ARMMEAELS 2251E20 TR, RFFHED A
BETHD I EoMRTE.
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ZUPEL, MM_OBSV Hl#IHIORE TH 2 BIEICH T 2MBINEZEBLL RN, KA
THF—=NOERKOKEETHLZ VP UARE, =V MIEE, 2v v MUBHEOHE
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APPENDIX

Al. BTN~ F U T BEA T —"OHEESRIT LA e "X NEIHBRORE FiE
KO ETHAF—OFHHBNCHER L CWAET L~y F o 7 L EEA 7T — O
ARICL D2 N MHIEZEOR HFIEOMEZ R,

A.LL. TAMNELEE, moNZ MEOFEMEANL—T)

AL IZRT XD ITHNEL g 1TxF L TR DO T u £ TO AN — 7R3 B & B B4
S, HEL q ot LCRIMI O S u £ TOML— PR EBEB A MERERK T & vy, S, T
2L o THiAELEE, T722bbr A2 MEOFEMZ1T 5 .

L(s) = C(s)G(s):
BHV-7" — =2 B

q — ulSUREEREC 1 S(s) = (1+ L(s))  (akED)

q — VIUSTERESL T (s) = L(s)(1+ L(s)) " Rk )
S(jo)+T(jo)=1

L) > 1=|S(o)|~0 @ ARERHR

1> |L(jo)|=|T(jw)|~0 : &EEE

Fig. A.1.1 Input ,Output definition @ Closed loop transfer function.
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A.1.2. TSELHE, R B HEOFEHE BV — )

AL — T RERBARICE T, 74— Z7HIHTEL20E0ZHETT 272D DHEET
bLTAURA, MHRKRAZHERT 5.

B HTIE TR A2 IR T A %2 MRIK, E723A— FRETY A /A, MHERA
R T 5.

gL —O—1G( ja)):l—vﬁ%lﬁﬁ@ ‘LW)‘ R— R
LcGo)

BN —7"—f=iEEE % L(s) = C(s)G(s) 0odb R
FA %2 MR
ZL(jw)
0° >

-180°

Fig. A.1.2 Gain margin, Phase margin @ Open loop transfer function.

A.1.3. KRR D ERAL
(1) filfExt gkl ceXtd 5.
T, BIELELT, L 2PV OREIEAAEZHNDS.

T = 0.4 (sec)
w : [AIHERNNE B (1/s2)
e com ? AR v MVBIEHA (rad)
T A0y ML ORER (sec)
w : [EIERIRE (1/s)

§: Ay FVBEE (rad)
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:ml*
Cies

R

HEE: y=w

X = [a) w 6]T, BEE cu= 67com’

x = Ax + Bu, y=Cx

A=1-0.9447 —-3.97 4.253|,

—4926 304 90.04
B =
0 0 -2.5

0
0
1

C =[0.1568 —11.25 12.06] &3 5.

Q) RKOTREF XL OEEREE S &, W, BAEZRDS.

12.06s52% + 73.51s + 1380
s34+ 11.4s%2 4+ 70.52s + 120.7

Guy (s) =

_12.06(s? + 6.097s + 114.4)
"~ (s +2.5)(s% + 8.896s + 48.28)

RKOTARERBOMEFERELRDD.
pole = —4.448 £ 5.339j, —2.5

zero = —3.0487 + 1.0254j

A.l14. BEREDES
X A.1.3 OREAKRFEE (FF v~ v F o rHEEE) 2k LT, BEES r 5 H#E &
VETOMLRZEBEB CTCHESEZFEHT 5.

F : State feedback gain, R : feed forward gain

Fig. A.1.3 MM controller.
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W, (r—y M EBEB)EETREZ 4 — NN 2 5 AV FET7 4 —R747T—F
FA L RDOAEERD D

_0.50749(s* + 6.097s + 114.4)
@7 (s+6)(s?+4.45+9.679)

o« FEAR &5 O FEE
x=Ax+Bu, u=Rr+Fx
%= Asx+BRr, Ap=A+BF

Af =1-09447 —-3.97 4.253

—4926 304  90.04
, B=
0.217 1421 -1.504

0

0
0.04209
C=[0.1568 —11.25 12.06]
y = Cx
F =1[0.2170 1.4207 0.9960]

R = —(CA7'B)™" = 0.04209

o JLOAHI B B A BAARAYIZ Simulink THEHBT 5 LXK A14 1272 5.

state

Actuator Gain

G command  FF Gain state 3

A0 (el Actuator Gaind Latersll G
A
Actugtor cut off
¥ L
b + =
state 2
B -
ﬁQ?I#

]

FE Gain act

FY¥Y

[

Fig. A.1.4 Simulink of MM controller.
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ZZC,MMcontroller D7 4 — KXy 7 L7 40— KXo 7 OHFHAZHEMT S LXK ALS,

X A.1.6 12725,
u 1
F# R G Y — LG p(s) >
& Gr(5) i
= X Feed forward
(Inverse system) 7 s
feedback
HE OB P . flHE y 2 BEME 1287
1. 74— KXy 7 1
(DA ELH
(2) 0 RF 52 0D 5 1 25 8 0 R Gots) |,
CRLZEY AT LDREA G 1+ G.(s)F

2. 74— RFN74U—F

AT & B S : :
SRS Steady state gain = 1 (Desired response)

Fig. A.1.5 Purpose of Feedback and feedforward

rep| R u oo > A"=Afx+BRr,)i=Cx IZBWNWT
y=r&RARETEND
F(d X=A;,x+BRriZr=y==0C%RA
X = Afx + BRCx
FEA A 25 D R EFRETHAND x = const (—5E)
. 0=4,x+ BRCx
x = Ax + Bu, u=Rr+Fx
0=4,+BRC
x:AfX+BRT, Af=A+BF BRC Z_Af
y = Cx, [R =—(CA,:13)‘1]_ U /A R i T NG
-1 -1
g KT F T — R (BRC YA, ' =-A,4, =-1I
(s 25 1) R(CA ,7'B) = -1
WIZHEND  (CA, ' BY " RPITA L
R(CA ,/'BYCA ,"B) "' =-1(CA,"B)"
RI =-1(C4,”B)"
R=(C4A, B)"

Fig. A.1.6 Purpose of Feedback and feedforward.
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ALS. ANNEET NV EMZ AT F — O E
Xe = AeXe + Byu+v
v =Byq
Yn = CheXe +W
cBIEy, S REREZ A T — IRV HEET S.
E[v(O)v" ()] = Ex[B1q(t)q" () B] = B1E,[q(t)q" (1)1B]
=B,QBI§(t—1) =V8(t —1) =V = B,QBT
Elq(®)q"(D)] = Q(t — 1)
Exlw@®w’ (®)] = Wé(t — 1)

EJJ 1: $IfsEA2FT.  6@): T ¥ B

Xe = AeXo + Bou + v(=B1q), yn = CpeXxe +w
AP +PAT +V — PCL,W™CyeP =0, G, =PCLW™!

55:& =A%, + Bu+ Ge()’h - Chefe) = (Ae - GeChe)jc\e + Bou + Goyp

u=Fx—-0Q, = Fx,, J?e:=[
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Al1.6. BRI AT L (MM EREA T —"DOMEER) OFAM
AZOHAM (MM & EA 7 — RO EER) X A1T D

RRECER T 5.

Observation noise: w

System noise:q

¥

¥

).Ce :Aexe+B2u+qu
y=Cx, yy,

ﬁ

= Chexe +w

Observer.
)%e - ‘/48'}%6 + B2M + Ge(yh - Che)ee)
= (Ae - GeChe)xA-e + B2u + Geyh

Fe=[F -1]

(J Estinate : X

Fig. A.1.7 Overall system configuration

Z, ATV =S THE LK

THE & 2 THIE R 2 MRk

[ ==

Re 5

- FEARHIE g O MR B &
5L r(ecom) y(w) O ZEBEEIL B AESGMEIC —F L TWns.
(" %, =A.x,+ B,u+ Byq Fe=X,—X, 2> X,—e=2%,
Yn = CpeXe +W e =X, — Ee = (Ae - GeChe)e + B1q — Gew
Xe = A&y + Byt + Go (¥, — CheXp) Xo = ApX, + BF,(x, — e) + B,Rr + Byq
_ u=FJX,+Rr L X, = (A + B,F,)x, — ByF,e + B,Rr + B1q
x,1 _ [Ae + BoF, ] B,R [ 0 ] q
[é]_[ 0 GChe[] [ [r+ —G, M
X
o =1[Cre 01| +10 1[7]
q=0, w=0=>¢é=A,—G,Cre)e=>e—0
, (KA B 22 0 e 2 ] 1)
Xe = (Ae + BzFe)xe + Ber
= = | % =(A+BF)x+BRr
Yn = CheXe
Yr = Cpx
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Al JREA T — DR
BT =NOT AR, VA TFHRERERNTHRELOND. 2T, KA
TH— M REAEEEE L TRRL T, ToREEEERTS.
CET, R4 T ANMEOIEIIRO LB THD.

v,w : FEE TR O B BEAE B A B A
Ew®OW (] =Wét—1),  Efv)v" (@] =Vs(t-1)

f11 flTL
ElfOff@l=] : §(t—1)

o3 AT S
fnl fnn Ex[ ] : %1#1@

EiOff @] =fj6t-0, fO=LO . (O]

5(t)z{°(;’ tt:g f_md(t)dt=1 (7 v 2 B

- PR BIEL : Exle(®eT ()] ZH/MTT DfEIE, kAo
Riccati Eq : AP + PAT — PCTW™1CP+V =0+ + « - - 3)
VW TFHBERXEMNTREA T =TS 20T, kADOF T — N2 LY,
WHE x DHEEMAE KD D Z L THLND.

Xx=AX+Bu+G(y—Cx) -+ + + + (5
R, )b EHES.

A%+ Bu+ G(y — CX) = AX + Bu + GC,

[9?
e=x—%=Ae, Ag=A—-GC- - + + - (6)

e=Ale=A"T-C"GNe+ + - + - (7)
- RN ERATRET 5.
[ e=(AT-CTGTNe=ATe+ CTu,

T

u, =-G'e
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- @)X, HEERZE e ITHT LIV X2 —2MEEEZLND.

o re=ATe+CTu,;, u,=-GTe
X =A%+ Bu+ G(y — CX)
1 [ee)
E [e(t)eT (v)] - /ML J= Ef (eTVe + ulWu,)dt
0
AP + PAT -
AP + PAT
—PCTW=LCP +V =0
—PCTW=1CP+V =0
L G=pPCTW?
L 6T =w-icp
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