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MATHEMATICAL MODEL OF THE ENGINE/ PARAMETER ESTIMATION/

ADAPTIVE OBSERVER — COMPENSATOR

Dynamometer is power measure device of engine prime mover which is an
important part for engine developing in several directions. Especially, the research of
performance modification in the internal combustion engine for being used the several
of alternative fuel. The principal of the dynamometer loading applied with the engine
is used the energy absorption from the engine. In addition, the torque and rotational
speed of the engine are measured. The general of dynamometer are classify by
several type as follow the energy absorption method such as, the hydraulic type,
hydrostatic type, and electric eddy current type. The merit and demerit of individual
dynamometer type are several different. In usually, the large size of import
dynamometer is so expensive. In addition, the general dynamometers are not flexible
for internal combustion engine research tuning. So that, it effect to the engine
modifier cannot fulfill. This paper is present the estimate the engine load torque using
the adaptive observer-compensator that can estimate engine state variables and
calculate engine load torque simultaneously. Therefore, the method has ability

to apply and implement as dynamometer.
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Disturbance Torque
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function f = IDEN EULER ENGINE (x)

clc
a = 7.82e-3; %constant from speed model
b = 7.35e9; %constant from pressure model

sum_errorl=0;

load data new %load data into this program
h=0.1;

We (1)=157; %$initial speed

Pm(1)=53500; %initial pressure

%******************************>l<*****model********************************

*

for 1=1:1:3001
y = x(2)*(30/pi)*We (i) + x(9);

%************************************Speed*******************************

We (1+1) =We (1 (((a*x(l)*y*Pm(i)*x(S))/(x(3) )) = (x(4) /x(3)) -
(x(5) *We (1) /x(3))) *h;

%**************************>l<*********pressure*****************************

Pm(i+1)=Pm(1i)+ ((b* ((pi/4)* ((22e-3)"2)* (1-
(cos ((pi/180)*data new(i,2))/cos(2.5%pi/180))))*x(6)) -
(x(7)*We (1) *Pm (1)) ) *h;

%************************************Sum—error*************************

sum_errorl=sum errorl+ (abs(((data new(i,3)))-
We (1) *(30/pi) )/ (data new(i,3)))*100;

end

%************************************ End model************************

sum= (sum_errorl);

f = (sum/3001)

return
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1. WUNAIHF “gatool” aalun 11819 “command line” v 11/514n54 MATLAB 9%

Usngnihia1awes GATOOL asaaalugld a.1

File Help
Problem Setup and Results Options

- | E Population
Solver: | ga - Genetic Algorithm

Population type: [ Double Vector
Problem
(F s st @IDEN_EULER Population size: () Use default: 20
MNumber of variables: |9

@ Specify: 200

: Creation function: | Use constraint dependent default -
Constraints:
Linear inequalities: A b
Linear equalities: Aeq: beg: [ Initial population: @ Use default: []
Bounds: Lower: |[0.36 0.00001 0.00110.01 0.1 0 Upper. [0.80.00010132701070109 @ Specify:
Monlinear censtraint function: Initial scores: @ Use default: []
Run solver and view results @ Spedify:
[] Use random states frem previous run Initial range: @ Use default: [0:1]
Start Pause Stop © Specify:
Current iteration: Clear Results [ = Fitness scaling
71 || scaling function: | Rank -
.
PN

= Y1
3191 A.1 A4 gatool

[ d v o ) 4 d v 1 o a P
2. lamlendulaeldsnys @ imih¥eveslandu waz lasiuiumnsiiwmesh
Aoamsmaaaslugii a2

File Help

Problem Setup and Results

Solver: | ga - Genetic Algorithm

Problem

Fitness function: DIDEN_EULER

Mumber of variables: |9

A 0w J ° @
:J;TJV] f.2 ﬂ’]ﬁﬂ\‘]ﬂ'nﬁi!ﬂigﬁ\iﬂllﬁg%’]u’)u%')!lﬂﬁ
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3. MmuanveuAvedLllsndge uazgagavesdindls Awanadlugii a3

Constraints:

Linear inequalities: FiH bz

Linear equalities: Aeq: beq:

EBounds: 6 0.00001 0001100101 .8 0.00010137010701089

Menlinear constraint function:

A o 1 @ Ay Y
JUN 7.3 MIMuUAMYEUIUAYDIA I TNABINTAUN
4. m3lasmIudszans (Population Size) Tae'li# Option => Population T1)511n31
o & 0 . Y 1o Y v R T A . .
muuamiugIuIIUmM g 1dming 20 Sdesn1sl5uviila laeiden Population Size

. 9} o -
=> Specify L2721 T1UIU Llﬁﬂ\?ﬂﬂgﬂ f.4

Options

[=] Population

Population type: | Double Vector

Population size: () Use default: 20

@ Specify: 200

Creation function: | Use constraint dependent default - |

3UN .4 umuAIMLEAINT 1A Population Size

o an [ A g J . d‘ . . =
5. MTNIUUAITNITAALADNTAIYIWUS (Selectlon)IﬂEJ"l‘ﬂ‘ﬂ Option => Selection U
as A ~ Aas 1 Aas o [ o aa d
'J‘ﬁﬂT'iLaf’Jﬂ‘]JSSGH]ﬂiQﬂWa]uuﬁa"lﬂ’J‘ﬁl%u 150159A0UA Y (Rank) 'JTJL‘]JL!
. ax o 1w ax Y <3 ax '
gﬂLL‘]JTJ (Uniform) 2599015UU9UU (Tournament) 15UDINADFLAN (Roulette) LALITNITFY

iHunseUINTA (Stochastic universal) 1AAgAIgUN A5



[l Selection

Selection function: | Stochastic uniform

Remainder

Uniform
| Roulette

# Reproduction | Tournament
Custorn

JU7 A.5 WU INLAAINIIIABN Selection
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6. ﬂ’lfl'ﬂ'lﬁu@]fl]'lu'ﬁuiﬁl‘ﬂ"]]@\iﬂ’liﬂuﬁ’luﬁgﬂ'I‘W‘L!ﬂﬂ’lﬂ')’lﬂﬂﬁ'lﬂlﬂaﬁluﬂ'lulﬂiﬂﬂhlﬂ

1 Option => Stopping criteria => Generations NBMHUATIUIUTOY MHUARIIA IUMTTU

. . . . . . . o o 4 o 3 a 9
Tag Option => Stopping criteria => Time limit ﬂTI'Tuﬂﬁﬂu’)ui@uﬁﬁﬂW]’O’UL‘VHL@JJLL@’JWQ@

marulae Option => Stopping criteria => Stall Generations MHUAAIAIINADIAAAOUVD

Mnoulay Option => Stopping criteria = Function tolerance L& @N@Tﬂg 19 a.6

3

1

A
N

[ El Stopping criteria

Generations:

© Specify: |30000|

Time limit: @ Use default: Inf
) Specify:
Fitness limit: @ Use default: -Inf

© Specify:

Stall generations:
@ Specify: |inf

Stall time limit: @ Use default: Inf

) Specify:

@ Use default: 1e-6

Function tolerance:

UIUTOU

o 42 9
NUIUTDUNGULAIN YA

AnaIAnaDY
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7. msuaaini lae Option => Plot Function =>  Best fitness 1181& Bestindividual

eraIAagili a7

[ =l Plot functions

Plot interval: 1

[ Distance
["] Expectation [] Genealogy [] Range
[ Score diversity [ Scores [] Selection
[C] Stopping [ Max constraint

[7] Custom function:

A A
gﬂ‘l/'l f.7 LLN'L!ﬂ'lW!Lﬁﬂ\?ﬂ'lﬂﬁ@ﬂLlﬁﬂQﬂi'W\l
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S1U0LIDYAVDABUIBD S IANTIDA (Torque Transducer)

Specifications

Type T5
Accuracy class 0,1
Nominal torque Nm 10 20 50 100 200
Nominal sensitivity (nominal output signal at nominal torque) mV/V 2
Sensitivity tolerance % <=0.2
Temperature effect per 10 K in the nominal temperature
range % <=0.1

On output signal (related to actual value) % <+0.1

On zero signal (related to nominal sensitivity)
Linearity deviation, including hysteresis, % <=0.1

related to nominal sensitivity
Relative standard deviation of reproducibility according to % < =0.05
DIN 1319 (related to variation of output signal)
Input resi at ref p e Q 350=1.8
Output resistance at the reference temperature Q 350=1.5

per 1 voltage \' 20
Nominal range of the excitation voltage \4 0.5...12
Reference temperature ‘CrA +23 [+73.4]
Nominal temperature range ‘CrA +10...+60 [+50...+140]
Service temperature range ‘CrA -10...+60 [+14...+140]
Storage temperature range ‘crA -50...+70 [-13...+158]
, [
Static limit load % 150
Static breaking load % 300
Bending limit moment!) N:m 12 2.3 6 1 23
Axial limit force?) kN 0.6 1.9 35 5.5 8.8
Lateral limit force?) N 9 26 50 80 125
Torsion angle at nominal torque, approx. degrees 0.85
Moment of inertia kg-m2x102 0.041 | 0.047
Maximum permissible speed pm 4000
Service life of the slipring system, approx. revol. 3x108
Vibration amplitude to ISO/R 373 (related to the nominal
torque My)2 % 70 (Peak-to-peak)
I ~ TS,

Mechanical impact test, degree of precision to
|IEC 68-2-27-1987

Number n 1000

Duration ms 3

Acceleration m/s? 500
Vibration stress test, degree of precision to
|IEC 68-2-6-1982

Frequency range Hz 5...65

Duration h 15

Acceleration m/s2 50
Protection class according to EN60529 IP50
Weight, approx. kg 0.5 0.6

d o a
J.1 i]ﬂﬁzt%ﬂﬂﬂ]@ﬂl%’m%@i’JﬂLLSQUﬂ (Torque Transducer)
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Load Torque Estimation of Sl Engine using Adaptive Observer-Compensator

ENENS AY*, $9n Aadte, Fsewa ASiassua way 9051 tunaaus
T U - Ll

uinendevaluladannd 111 auuimingrds dvagsund Sunedlas Swiauassmdni 3000
*fngie: yuthgykumchoo@hotmail.com, 085-4940819

unAnea
a < , fo o w < v v & w da o & 1 sy W
Towlufimad(Dynamometer) Wugunsalinmdweunaiasinsduideifinnuddgysonsideiaun
' Oy sw @ < ) o o e )
lusiusneg lnsamzedsddunsideinuniaeuidumiumealufeUiulpaussourvsaaisausiauas
v v & a - ' v v a £ o o 3 ' ) '
Wannsaldiemdsmadentszinneneqld nslinszassuraddaunlufimesiuiniaseudsewinanisuiuusa
) 1Y) ) < o ) a
adendnn1IveINSRANTUNGsY (Energy Absorption) 3niATaseud luvzideniuiinisiausslna (Torque)
= . = Y o ' = o
wazainda (Rotational Speed) vauATasausitue laealuannsauteanlivasy damuifns
gandundeny ldud  ansldsvuuramans (Hydraulic), szuuawnading (Hydrostatic) waz szuulvil
. = ] Ay o v o | w ' < a s o v i &
(Electric) Fwsazszuuiidafuaztadounnmaiuosniy sgslsinulauvilufiwesmindranaisussmaiu
< cda | = o g vy o oA ' ) o -y
Jugunselnfivwnalugiuaziisnaiuwng il uiuwiaeiaseudliamnsadamunidliaealy Tuunanuild
o aa P Vad o o YRR 4 .
duaueidnisuszuunssdanisznssy Inald3Snsdunnfvaweuuuusudald(Adaptive  observer-
& ado ' o v v o a v
compensator) Fi3AsnanansmhluiannuazUszgndldifaunilaunlufinasld
o a ° Y o e o ) Y
AWEn: WUUINasIAdinmansuaaAsaaus, MsuszanaAswUs, MsdanafivaisawuuUsus e

Abstract

Dynamometer is power measure device of engine prime mover which is an important part for
engine developing in several directions. Especially, the research of performance modification in the
internal combustion engine for be used the several of alternative fuel. The principal of the
dynamometer loading applied with the engine is used the energy absorption from the engine. In
addition, the torque and rotational speed of the engine are measured. The general of dynamometer
are classify by several type as follow the energy absorption method such as, the hydraulic type,
hydrostatic type, and electric eddy current type. The merit and demerit of individual dynamometer
type are several different. In usually, the large size of import dynamometer is so expensive. In addition,
the general dynamometers are not flexible for internal combustion engine research tuning. So that, it
effect to the engine modifier cannot fulfill. This paper are presents the estimate the engine load
torque using the adaptive observer-compensator that can estimate engine state variables and
calculate engine load torque simultaneously. Therefore, the method has ability to apply and
implement as dynamometer.

Keywords: Mathematical model of the engine, Parameter estimation, Adaptive observer-compensator
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2. nssUUIaaseadinaaniveaTaseud
LT (S| Engine)

wuushasmeadadaniftuildnisane
wuuSransszuuranAIaeus ordevdnnisiugiu
Meguvnamans namansnisivanaznamans
ssude Tnew 3 nénmstesfiaunisiliiugadu
aun1siiedounazAinisifiineduesszuud
Wasuuwlasluaiuial wuudiasslaeialy
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2.1 uwuudnaeudunianisivavasainie (Air Path

Model)

aun1sensInsivauiavasennidluariuiy
- - A’ . v J
Uniide () loiall

; T P 2k
i, = b /—(l—cosgﬁ)PRI (1)
47 JRT, Vk-1
PRI = dlaiduiinaseanusiulunslinaves
1 at‘ e g
omeeuaulniide
Pr=Py2
[=(E—=C >
— 1=, ) P>P. 2
1 P2,
e p =Pmn yas p Aesnsiauduings

Pamp
anansaauyAlvliditiu 0.5283

¢, = §ulszdnsamsinisiva

v 1 L3 ] : - Q’
D = Wurhugudnansvewsudulniide [m)

G 4 2
P = AmAuluanmedls (Wm')
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T, =gumaiiluanneds K]
' P @ a
R = ANASAYBILNAGALIAR
s 1 v ) cp
k = DRTIEIUVDIANUTOUINNE [k =L ]
CV
& oy ool
6 = YuanuEuaUUNELEe [rad]
o ] 2.
Poan = APWSUlUYIOTI [N/ ]
T.. =aungiiluviadi (K]

o < 0 g o a & 2 o ]
fonanviasanledfiansuludiuinsudania
(rigid volume) (V) fiudnsimsluavasuiaaima

& A & o) .
wwdutnddainluluviesuled (s, ) azleiauns

- < RTman ) — V:im P
man ~ v at azV 1L man 3
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1Y) " 2.
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' < o a
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v, = Uunesvemiesauled
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@, = AMUTISEUTDLATELUR
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2.2 UvyT1ae9n13q519U590n (Torque
Production model)

o ' 9
Wieldgesanuimuuiurasdnsinisivages
wamemasandnviesiuled( i, ) axldauns (7)

V.nP 7
5 Vo, n (7

man

“ " 120RT.

man
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AuFuTuSAudnsINsivazesunaeimAaanann
(o] a . & & a & a
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= v P
Aunsadeuanmsiasaaunisa (8)
. m,, (8)
m]— =
AL,

m,, = dasmsivavasiaeinAeaninviesauled

o ' & a 4
A = aan@uPawaImeaInd (4 =1)
L, = theoretical air/fuel mass ratio = 14.7
o w1 = o w
way AideUsd (Indicated power) (P) Fafiurhas
v v v < o Y
Aldnnwardamies 1nn1sasugUnSsnun
v & a vy |
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Pi=H nm, 9)
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n, = UseBvimwdeemudou
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9 P

nmswnlud (7, ,) feaunisa (10)
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o
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T - HYVn1, SKa)P,,, —T,(12)
47RAL,T,

man
' = 4 a a
T, = Ausedanfiusedndua
2.3 yuudnassmauvadiaun lufives
(Rotation Dynamic model)
' s < v v
Awarmaninmsvuaiaseudlaanngded 2
Va3 Newton
Lo=T ~T,~ba (13)

1, = the engine rotational inertia
T, = Load Torque
b

= viscous damping constant of the
crankshaft bearing

= angular speed of the engine

8= 8

= angular acceleration of the engine
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