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SUMMARY OF MASTER’S DISSERTATION

Student

Identification 81533453 Name Tatsuya NAGATO
Number

Title
Redesign of A Control System for Engine Test Bench to Improve Efficiency of Engine
Calibration and Verification

Abstract

Problems such as depletion of fossil fuels and air pollution / global warming are taken
up as issues to be solved on a global scale by the spread of automobiles. Meanwhile,
governments are strictly regulating exhaust emissions for automobile engines year by year.
To address these problems, the automobile company has continued its efforts to develop
automobile engines introducing various technologies, conduct calibration and verification
with experiments, and to achieve regulatory target for fuel consumption and exhaust
performance. Nevertheless, even if calibrating fuel consumption and exhaust performance,
the target often fails to not achieve in the verification process, and a major rework of an
experiment again occurs in the calibration process of the pre-process.

In this paper, to reduce reworks from a verification process of the automobile engine
which is a post-process to a calibration process, redesigning the control system which
improves a precision of reproducibility of driving modes on the engine test bench used for
calibration with fuel consumption is aimed. In the feedback control used in the
conventional control system, the tracking performance to the targeted vehicle speed is slow
and much time is spent adjusting the feedback gain to hold the precision of the vehicle
speed deviation. As a countermeasure to this problem, this paper proposes the control
system that switches between feedforward control and feedback control to improve the
precision of the vehicle speed deviation.

Specifically, first the driving force of the automobile is calculated as the feedforward
control input by applying the final-state control on the controlled vehicle model based on
the equivalent inertial mass and running resistance. Next the proposed control system is
implemented on the DSP (Digital Signal Processor) of the engine test bench, and the
reproducibility of the driving mode by experiment is verified. As a result, it is confirmed
that the precision of the vehicle speed deviation improves than the conventional feedback
control by the proposed control system. Also, from the trajectory of the engine speed and
the accelerator operation shown on the contour line of the fuel consumption rate, the
possibility to realize the driving with good fuel consumption rate by the proposed control
system is shown. From the verification results it is seen the torque response lag of the
actual engine can be fitted using the second order lag and the lag time, and the torque
response precision of the simulation model is improved.

Finally, in order to improve the torque response lag caused by the experiment, the
feedforward control input is recalculated after adding the elements of the second order lag
and the lag time to the input of the controlled object model. Based on a simulation model
that takes into consideration the torque response lag of the actual engine, the tracking
performance of the vehicle speed by using the recalculated feedforward control input and
the torque response accuracy. Based on simulations that take into consideration the torque
response lag of the actual engine, the tracking performance of the targeted vehicle speed
and the torque response accuracy are analyzed.

Key Word(5 words)
Engine test bench, Final-state control, Driving mode, Driver model, Robot driving
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Fo, 74—y IR ONEE B E R LT 4 — 7 U — Nl O B D TRE
WHHT0, HlHZEIREZ T LS M ERIERICBGENEL D, ZOBGEZRSTRREL
TIRANZT A= R ZHHNS T — R 74U — R Ol 1 B ST DR R AR FT
$%. Fig.2-151Z, ®RZa . it 38R, Ml BB MART. 0.1s ORICT7 4
— RS 7RO A 100 205 0 %, 74— 757 =Rl o 0% 0 25 100 %I
WA NTBBSELILT, REICIOBRAEZRT.

Table 2-1 Timing of feedforward controler

No. | Timing of Point 0.5 s forward test 0.5 s backward test
P [s] pattern speed [km/h] pattern speed [km/h]
1 11 0.00 3.75
2 15 11.25 15.00
3 49 0.00 2.67
4 61 29.33 32.00
5 117 0.00 1.92
6 143 48.08 50.00
7 215 0.00 1.71
8 256 68.29 70.00
9 383 50.00 51.54
10 396 68.46 70.00
11 446 70.00 70.86
12 481 99.14 100.00
13 511 100.00 101.00
14 531 119.00 120.00
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Fig. 2-16 The relation of force of effecting
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of Eq.(6) by using 7*; [
| e =% — %y

Calculate feedforward
input 7", by using Eq.(10)

®

Less than
+ 2.0 km/h

Yes

Trajectory feedforward input By using Eq.(11), calculate
uy, from augmented state AV
vector xy, I

STOP V*NL = v*NL + YAV
|

Fig. 2-18 Flow chart of calculations feed forward input

2.7 T —RIIal—Ta
IRal—arET T L ORRERR

2.7.1
Fig.2-19 |23 a2l —3a BT VORI AT . 1.Test pattern model [TEHLE

—R OB S — NI D EIE R E 2553 5E T /L, 2.Driver model [XiBR/<
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2 — 2 O FIEH I L 5 LB IEA T TOMIEHIZRE 7 /L, 3. Engine model [TAMEEE#F &
IZHEDE VUMV E )T AU ET L, 4. Automatic transmission model
=V DOARHIIIGE U TR Y EREITH H B A MEE 7 /L, 5.Vehcile model [T H & 7E
ITRPLOET VERT . Table 2-212, K3 Iab—aE7 VOREERERZ R (KR
Tl 4. Automatic transmission model & 5.Vehicle model (Z- DV CTOFEMITFR RV .

Table 2-2 Layers of driving mode simulation model

Layer 1 Layer 2 Layer 3 Layer 4

1.Test pattern model

2.Driver model 1.Controller 1.Feedfoward controller | 1.Index counter

2.Time counter

3.Gear conversion

2.Feedback controller

3.Sequence time

2.Brake force

calculation

3.ldle judgment

3.Engine model 1.1dle speed controller | 1.Feedback controller

2.A/C adjustment

3.1dle speed study

4.Add calculation

2.Engine torque 1.Pumping loss

calculation 2.Fuel cut delay timer

3.Fuel cut controller

3.4.Acc loss

3.5.Engine revolution

calculation

4.Automatic trans- 1.Change speed

mission model controller

2.Automatic

transmission plant

5.Vehcile model 1.Drive shaft

2.Running resistance
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Reference vehicle speed[km/h]

1.Test pattern

» Reference vehicle speed[km/h]

—» Actual vehicle speed[km/h]

Brake force[N] |

Brake switch[-]

Accelerator[deg]

Idle switch[-]

2.Driver

—

A

>

—>

A 4

Accelerator[deg]

Idle switch[-] Calculated engine revolution[rpm]

Coverter pump output troque[Nm]

Oil pump friction[N]

Lock up switch[:

Engine revolution[rpm]

A

Lyl

—p

r»

-] Engine toruge[Nm]

3.Engine

—

Vehicle speed[rpm]
Lock up switch[-]

Brake switch[-]
Tranmission out put troque[Nm]

Accelerator[deg]

Engine revolution[rpm] Gear raito

Idle switch[-]  Tyanmission Inertia[kgm”2]

Engine torque[Nm]
Coverter pump output troque[Nm]

Output revolution[rpm]

Oil pump friction[Nm]
G

|

4.Automatic transmission

A 4

Brake foce
Acuual vehicle speed[km/h]

» Gear ratio[-]

Output revolution[rpm]

Tranmission inertia[kgm~2]

Tranmission out put troque[Nm]

5.Vehicle

Fig. 2-19 Schematic of simulation mode
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(D)2 —ar DR ERRERR

(D1. Test pattern model

Fig.2-20 |2 pkA 7~ Clock timels]iFiEHEAE—RDIRER/Z — L AW % Zl| 2 THrT
14 A~—, Test pattern map 1L 32— a %17 ERE—R%Z/~7. Clock timels]
DOEFENZATNZH L%, Test pattern map (2 Talkll s 27— 0D FLHE HLH] 3R FE SRR SR S
THAENS. Clock timels]DFHRERIL, =2V T AR F D DSP A FREHE[F
L 0.004 s EL T4, F7=, Test pattern map TH|H 3 23EHiRE — RN DR & 5L 8 Bl 2
FEIX, HER T ABLH OFRER R0 DEE R S5 Table 2-3 Ok /7 — 7 — X NiffiEL

THATS.
1-D T(w)
Reference vehicle
Clock time[s] ﬁ[-\ /1\ speed[km/h]
Test pattern map
Fig. 2-20 Component of test pattern model
Table 2-3 Driving mode data of test pattern map
No. ) Vehicle No | Vehicle
Timels] Timels]
speed[km/h] speed[km/h]

1 0 0| 18 188 0

2 11 19 195 0

3 15 15| 20 215 0

4 23 15| 21 256 70

5 25 10| 22 306 70

6 28 0| 23 314 50

7 49 0| 24 383 50

8 61 32| 25 396 70

9 85 32| 26 446 70
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10 93 10| 27 481 100
11 96 0| 28 511 100
12 117 0] 29 531 120
13 143 50| 30 541 120
14 155 50| 31 557 80
15 163 35| 32 565 50
16 176 35| 33 575 0
17 185 10| 34 595 0

@2. Driver model

Fig.2-21 {Z Driver model #%% 7~ 9". AJ)EL T Reference vehicle speed[km/h]iZ
JEVMEF W, Actual vehicle speed[km/h]iFH# E %<3, fA%kEL T 1.Controller
IIARWFZE CHE R T DUV 2 #il4H, 2.Brake force calculation (s /E &, 3.1dle
judgment (X7 AR/VIKEEHEA /R, H 1L LT Brake force[N|iZ7'L—=7j, Brake
switch[-[IZ 7L —FREX A F, Idle switch[-[IZ=2 T DT ARNVIREEAA VT,
Accelerator[deg||ZNdH R EEZRT .

Transform gain:KF |% 1.Controller 76 H ) SAVABREN /)4 I FE B E I 2 # 5
FALTHD. ZHIZE-T, Force[N]7 Accelerator[degllZZ#axiLn. AHFFEDIEHLE
—RI 2l —2ar T KF #1712 LTS, Brake switch constant:0.1 (71—
F AL NVNEEEN TNDZEEHET DO DERTHS. Brake force[NI2 0.1 [N]LY K
ZU b, Brake switch[-]17% On 720, BEIEO T L —F _Z L REEEILTODIRRES 72
5.

2.1. Controller

Fig.2-22 |Z Controller DA 3. AJ1ELC, ClocklsliZz7 +—K7 U — il fHi%
1TOAT > 7K, Error 1355k, 42— 0D K e H il o B & H i i e DR FE R 7227~
kLT 1. Feedforward controller (£74—R74U—KHilfHIAIOH T, 2.Feedback
controller [ ZHERK DT +—R 37 1il4Hl, 3.Sequence time 137 4—R 74U —Kiilf#lo> On-
Off v —/ 2% 7. /1L L T Force[NIIZBEE) /)47~ 3. Clock[sliZ Ahead time
constant[s]{ZT 0.5 s fif (u+0.5), Later time constant[s]iZT 0.5 s % (u-0.5) DFFfH 7L
729, 38.Sequence time T74—R7+U—RHIEIANZITOR P O 1.0 s ELTHWS
n5.
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A 4

@

Reference vehicle]
speed[km/h]

Actual vehicle
speed[km/h]

FFsw[-]

Error

Force[N]

1.Controller

Transform \KF

gain

A 4

A

A

Reference vehicle speed[km/h]
FFsw[-] Brake force[N]

Force[N]

Brake force[N]

2.Brake force calculation

Brake swit
constant

Accelerator[deg]

Idle switch

Reference vehicle speed[km/h]

Brake switch[-]

ch

——®

Idle switch[-]

3.1dle judgment

@D
Accelerator[deg]
Fig. 2-21 Component of driver model
Ahead time Ahead time[s]
constant[s] FF on v
Later time[s] FFsw[-]
Later time ;
@__ constant[s] 3.Sequence time
Clock[s] |—>FF on Rate v
Force[N] limiter Ea [
» Clk »-
1.Feedforward controller N
X
.—> Err » FF
Error o
» Rst Force[N]
x0 NI i
x +
r2.F eedback controller » |FB Force[N]

Fig. 2-22 Component of controller
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Fig.2-23 | Rate limiter OEI{EAZ /77", Fig.2-23(a)iX FF on 155, OII74+—R7 47
—RHIFI AT O34, (X7 4—R Sy ZHIEH O34, (X7 +—RF7+7 — Rl A
NOHT), @F7 14—y ZHIEHOH ), OIFSHETT7 =R 74U —Rl#EL 7 —R
N7 A RS- E /%279, Rate limiter X7 4—R 747 —RHIEAJ1D
On-Off %, 0.1 s THRA IZE(LEE5. 3.8equence time @ FF on 15 52 On (27258, 7
AR T HIIET =R 7 T =R A O35, 0.1 s ST, 74 —R Sy 7 1#
D53 0—100 %, 74— 3o ZHIFE D554 100—0 %IZ AL —RIZETE 5.

— 1-
< (a)
o
n 0.1s
0
§ 5, 100-
SES (b)
288
LL © 0
x = __ 100
0
S . . 500 —
ST Z (d)
SET
555 VA
L ° 0
500
$53 ©
S S o
L O % 0
500 0
22~ N~
28 ,
8 £ 225.95 226 226.05 226.1 226.15

Time [s]

Fig. 2-23 Timing chart of Rate limiter
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2.1.1 Feed forward controller

Fig.2-24 |2, Feedforward controller D% ~3. AJjELTFF on |7 4—R7+U
—RHl#Hl> On-Off IRHE, Clk 1T7 4 —R7 4V —RHilifiZ1To 27> 7, Gear_ratiol-]
T4 — T I T Ay ar OFX bz R 3. HiakE LT 1.Index counter (% 2.5 i
Table 2-1 (ZRL727 4 —R 74U —RHIEIATNAEEE DD K, 2.Time counter (71—
N7 4T =R A2 ATy TRRICH EDERF 2 Q) 2 T 227 v 7 BIED D ),
3.Gear conversion |FBXE) ) OF ¥ AR, Transform gain[-lI3FH% %4, Final gear
ratio[-11Z7 7 A F /¥, Tire radius[m]iZ &1 ¥ %<3, 1)L T Force[N]IE¥
YT RSN DU 7T T O BREN )% R T

Fig.2-25 |Z7~9 Feedforward data table %, 1.Index counter >0 7 4 —R 74U —RK
A DNEFE TS EDET =R 7+ U — Rl A T 212K, 2.Time counter 7>HMD X
2L =LAl ATy T RIS T 74— R 74V — Rl Az 4%,

2-D T[k]
FF on Index »
FF on _E{> =
1.Index counter
FF on Feedfoward data
Time counter table
@ —Ckk
Clk -
2.Time counter

ffoety

Gear ratio[-]

=
Transform gain[-]

KtvoCrankend force[N]

ForeelN)
m—l Final[-]

Final gear ratio[-]

Tire radius =

Tire radius[m]

A 4

A 4

Tire radius[m]

A 4

3.Gear conversion

Fig. 2-24 Component of feedforward controller
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100
80
60

Force [kN]
i

oV M1 M YT /40
N 20 number -]
14 12 10 8 6 4 2 0

Index number [-]

Fig. 2-25 Search of feedforward data table

2.1.2 Feedback controller
2.4 fiD Fig.2-10 (2380 THD. Table 2-4 ([ZEKT4—R w77 A %R, fEk
DT =R T HIEHTIZZNED T 4 — RN I 7 A e R— A ZFHEEZATH A, D gain DK
DTANTIEEDHEL AR R A DO A — /N — T a— MR TN ZEnbiiE s sl
70,

Table 2-4 Adjustment of feedback gain

P gain I gain D gain
0.4 0.8 0.0

2.1.3 Sequence time
Fig.2-26 |2 Sequence time OEIEZ R, Fig.2-26(a) X554 — 1 0D FLHEHL ] 3
(b)iZ 0.5 s FEDAMHE, ()i 0.5 s BONAHSE, (AIFEIVEZMIEFF AT, (@T7—F7+
U —RHAEA S O T) On-Off 2757, 3B Z —U NEDLT = — X[ P LA, HAEHL
HEEDNEFE L 0 L722573, (D)1 0.5 s FEDNEEE, (0) 13 0.5 s DI D=, (b)(c)
5 OILEEEAS 0 12725120F, 1.0 s #E T 5. 20D 1.0 s KEZEIEZ A TOZL23 T
ELFFFEL, T4 —R T+ U —RHIEA T2 3 5.
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Fig. 2-26 Timing chart of Sequence time
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2.1.2 Brake force calculation

Fig.2-27 12, Brake force calculation Ok 7~7. AJJEL T Reference vehicle
speed[km/h] (X5 B 7 — > O FEAEH T HE, FFswl-1137 4 —RK 747 —RHI##A T30
On- Off, Force[NlIZJ8# /)% 7~7". #kE L C Min vehicle speed constant[km/h]i%H
W D45 1k, Stop force constant[N] X B 35 IEL CWAEED T L —F 77,
Transform gain:KB (XBH 127 L —F NITHRE T ES (2R 7. 1L T
Brake Force[N]iZ7'L—= /1%~ 9. Reference vehicle speed[km/h]7% 0.001 km/h LA
T FFswl-123 Off &%, Switch (% 3000[N]O~7' L —=% 1% H 7175 %. Reference
vehicle speed[km/h]7% 0.001 km/h % i35 &&, Switch Id Transform gain (& CHHL
N7 —x a5,

@— .|

Reference vehicle
speed[km/h] Relational 3000
Operator Stop force
0.001

constant[N]

Mini vehcile
speed constant[km/h]

_»
@D——{NoT—» AND ’4_\

X ——P
FFsw[-] Logical — Brake force[N]

Logical Operator Switch
Operator1

Force[N] II

Transform gain

Fig. 2-27 Component of Brake force calculation

2.1.3 Idle judgment
Fig.2-28 (2, Idle judgment OfERZRT. AJIEL T Accelerator[deg] i3 & e
&, Reference vehicle speed[km/h] {33 #iidi i 47~ 3. #pkE LT Min vehicle
speed constant[km/h]iZ=> > DT ARNVHEZITH HilEE 4 R~7. HHELT Idle
switch[-]iZ = Y DT AR WVIRBEA A~ F %7~ T, Accelerator[deg]7® 0 deg, F7=i,
Reference vehicle speed[km/h]7? 0.1 km/h £725 L Idle switch[-]i% On &720, =2
ANXTARIIRRBIZZ2S.
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Accelerator[deg]

@—

Reference vehicle
speed[km/h]

A 4

OR
Idle switch[-]

vy

[01)

Min vehicle speed
constant[km/h]

Fig. 2-28 Component of Idle judgment

(®Engine model

Fig.2-29 |2 Engine model O#fA 3. AS1EL T Accelerator[deglid s f #afF
&, Idle switch[-IZ= > D7 AR /VIREEAA YT, Lock up switch[-liZA—h~F > 7k
FUAIyvarday Ty T IREAAL T, Engine revolution[rpml]iZ= 2 [AlERL,
Oil pump friction[N]iZ4 —h~F VI T AIvvar OFANKR T TV I ay,
Converter pump output torque[NmliZ4—hr~F v 7 FFo 23 v arpar—%
R 7WN bvs 2t =7 A0 E LT 1.1dle speed controller (X774 R /L [a]#is %]
f#, 2.Engine torque calculation |ZT2 Y ML7EHH, 3.fuel cut controller AL~k
Hill4E, 4.Acc. Loss IZMHEFEDOE H L7, 5. Engine revolution calculation iZ=2 2 [A]
MG R A RT. /1L T Engine torque[Nm]iZ=> > ML 7, Calculated engine
revolution[rpm|IZA MR EL T VL DA F —2 Y =Bt A SNV alln g &R
7. Engine torque[Nm|IZIEMO =P ML7THY, 2.Engine torque calculation @
TV MVI NS 4.Ace Loss OFFEFADIE I I ML 7 2 RN TSRO BILS.
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@a——

Accelerator[deg]

e
Lt

A 4

Idle switch[-]

—>

Accelerator[deg]

Engine revolution[rpm]
Throttle[deg]

Idle switch[-]

A/C switch[-]

A\ 4

Engine revolution[rpm]

\ 4

A 4

1.Idle speed controller

Throttle[deg]

Acc Loss[Nm]
Engine revolution[rpm]
A/C switch

2.Engine torque calculation

Fuel cut switch Engine troque[Nm] +

1

4. Acc. Loss

—» Net engine toruque[Nm]

\ 4

Oil pump friction[Nm] Engine revolution[rpm]

& —

Lock up switch[-]

A 4

@ —

Flag Lock up switch
Idle switch Fuel cut switch[-]

Engine revolution [rpm]

Engine
revolution[rpm]

3.Fuel cut controller

~ Coverter pump output troque[Nm]

5.Engine revolution calculation

g &)

Engine toruge[Nm]

@ =

D
Calculated engine
revolution[rpm]

Oil pump friction[N]  Coverter pump output troque[Nm]

Fig. 2-29 Component of engine model
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3.1 Idle speed controller
Fig.2-30 (Z Idle speed controller DA%~ . AJ1&L T Accelerator[degl i3 s &
BefER, Idle switch[-liZ—=> 2o D7 ARV IRHEAA T, Engine revolution[rpm]if=2
Yy EIEEE, A/IC switch[-[IZT=7 2 Frvat —REANy T ERZT. k&L T
1.Feedback controller |3 D7 AR /VIalEREHI4E, 2.A/C adjustment [F=7 =
T4 at —ABMICELRIT U DT AR /VEEREAHE, 3.1dle speed study (Z=2
DT AR/VIEEEE Y, 4.Add calculation |7 A R/ [AIREE S (2 LD N8 BE EaAE B DAl
EZRT. KLU T Throttle[degliz =2 o> D Amy MUVBHEEFE S 2R~ T.
1.Feedback controller [T [Rlis#E HEET A R/VIEHRE L DR 22N 72 5 15T
T4 —R w7 Hli#lE1T9. 2.A/C adjustment 1, =7 2 EEIZL DA MO KA LD
1.Feedback controller _%ﬂ/ BT ARVEEES O FHA22 R 5. 3.1dle speed study
1%, TARNVIEHEEEL D3 24T O i 72 7 A R VRIS A B35, 4.Add calculation |3
I E#ERICRL, 3.1dle speed study (ZTHEELIZARY MUBAE &4 IIZ THiES
5.

Accelerator{deg]

Idle switch[-]
Y
g Accelerator{deg]
Idle speed controller »
—» P Idle speed throttle[deg] Throttle[deg] —@
- d — Throttle[deg]
Engine revolution[rpm] Switch p{ Study throttie[deg)
1.Feedback controller
4_Add calculation
A/C switch[-] Reference engine revolution[rpm] J i Befor study[deg] After study[deg] J

AJC switch[-]

2 AJC adjustment 3.|dle speed study

Fig. 2-30 Component of Idle speed controller

3.2 Engine torque calculation
Fig.2-31 |Z Engine torque calculation O#k % ~x3 . AJj&L T Engine
revolution[rpm]iZ= T [ml#z$k, Throttleldegliz =2 > DAy MLVERE, Fuel
cut switch ITREIO A1 MRIEAA v F 27~ 7. #ERE L T 1.Pumping loss |ET2
DR T AtV 7, Engine torque map[NmlidiE & 58RI L0 FHIIL 7= Z6k—
VUMV, 2.Fuel cut delay timer (38K O IEIEALER, F/CIn Delay timels]
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R OB AERE A2, 1L T Engine torque[NmliZ—=> v Mo %R
9°. Engine revolution[rpm]& Throttle[deglizt, 5% Engine torque map[Nml»»
LTV MLZIERD B, Fuel cut switch 73 On &725 L% 2. Fuel cut delay timer
I, Fuel cut in delay timer([s]: TF OIZFERFE] %, Switch 75 1.Pumping loss O
YT ANV BRSNS,

Engine revolution[rpm] Friction[Nm]

A 4

1.Pumping loss

Engine revolution[rpm] /\
Throttle[deg] @

- Engine troque map[Nm]

Fuel cut switch

—C1D

Engine troque[Nm]

YVYY

—

Switch

y

4
I

TF P F/C delay[ms] Fuel cut switch[-]

F/Cin Delay timels] 2.Fuel cut delay timer

Fig. 2-31 Component of engine torque calculation model
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2.8 TV T AR T EER

281 TUVUTAMNUTFORERL

R PR RERR A TO = VU T AN T DH HE Fig.2-32, S E Fig.2-33
T, Fig.2-32 (IR TIOINCZU P U T AU F T, 7TV 7N TP
ARIEMES AT EITHAL, v 3al—YaEBF V2 EE L~ DSP 7 Oo#lEE B ick-o
T, I B E R OB EEITH L CHEIETE —RORER ¥ —2 % E1T77 5. Fig.2-33 |TR
FTINCZ L DU T AU F IR T B A TH WAL v — 2 A FELFRIL LI, HEX
T AL BER T AN ESN TS, 2K =V OEERE D BHER T A
Yo TNTF 2—T TR ALY TV T LT EATHIZE T, B - PER M RE & TR
FTHILNTED. EFEBELMOFEMEL T, Table 2-5 ([{KIEMES (), Table 2-6 |
X2 AFEHIHEERE, Table 2-7 [ZHEAT A0 ##s, Table 2-8 IZHERAT AUNELE E O AEE
ZNER

W Propeller shaft ZASENELY, )

=" =0 | ii ' .
W | SRS Engine
A a \

7

Fig. 2-32 Photograph of engine test bench

50



Engine  Propeller shaft Low inertia dynamo

[ | / 1) |
C I IVIC D] ] Exhaust gas collection device

Exhaust gas sample tube
7 Exhaust gas analysis meter

L —

Fig. 2-33 Schematic diagram of engine test bench

Table 2-5 Specification of low inertial dynamo

KAE M 1)
ENEN AVL #% (ELIN GBD)
EASH ) BE) 220 kW, WL 200 kW
S INNI 500 Nm
S FNEIL 154 10000 rpm
R B 0.44 kgm?

Table 2-6 Specification dynamo controller

B AT A2

ZNN AVL #:# PUMA OPEN, ISAC400 > A7 A
DSP A CPU Xeon(R) 3.2GHz, 3=l —arJEi# 250Hz
AD R—F AVL #:# FEM 2V —X

(32ch, 100 Hz, £11.0 V)
DA R—FR AVL #8 FEM 3V —X

(16ch, 1 kHz, £11.0V)
CAN R—F AVL 480 A2CAN 2V —X

(cycle rate 1000 Hz)
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Table 2-7 Specification of exhaust gas analysis meter

BEX A A 53 M4
VNN PR R ERT L MEXA-7000 >V —X, 8 At
PR CO, COs, 02, NOX, CH4, THC

Table 2-8 Specification of exhaust gas collection device

PR A 4
NN SRR SUERT L CVS-7200 2V —X
B Bt Eei PR 7 0.05m3/min—~0.15m%/s

2.8.2 IR ZHIEIT AT LD SELE:

Fig.2-34 (ZDSP RIZHEILEL LIV Z HIHS AT DO R A RS, HRE IR &
B, OIREZAZLDHIEH ) DB %2 72< 7§72, Rate Limiter ZH\\T74—R 37
HET =7 +T —=RHIEHED 2R 2 ([CEESE TS, ZIT, ups lE#& itk g i
WEORDT=T7 4 —R 75T —RHIEIA S THD. 74—R 7 H#HIET 4 —R7 3T — Rl
EDUIREZIE, O — T AREIZEES< ON-OFF DALy F o 7 #AEIC L TS,

DSP RICIRETDUVEZ M AT 2525324595 T, Fig.2-35 (TR T Iab—i3
T /LD 1.Test pattern model, 2.Driver model, 4. Automatic transmission model
ZR AL, Fig.2-34 O Z HilfH 27 L0 Sequence time, Feedforward control,
Feedback controller /% 2.Driver model Z%|HL, Reference vehicle speed (%1.Test
pattern model ZF]H L, Vehicle model I3 4.Automatic transmission model 2%/ L
TIILAAT T
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\ 4
[ |+

oF Rate

Limiter

Sequence
time

[

control input Operator

[\./\. 30— PID *
“A

Feedback
Reference controller

Vehicle speed

\ehicle

Vehicle| Model
speed

E Feedforward Switching

Reference Dynamo torque

Dynamo torque
|Dynamo revolution ‘
l . _

® | ow inertia
§ Dynamo

i, - yr
-l - h_ _-!:.‘,_.‘-'_‘-_'r.

Fig. 2-34 Schematic diagram of changing control system
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1. Test pattern model

1.Test pattern

Use with engine test bench

Referen

Actual vehicle speed[km/h]

2. Driver model

Lp

>

e

A 4

Accelerator[deg]

Idle switch[-1 Calculated engine revolution[rpm]

3. Engine model

Coverter pump output troque| Nm |
Oil pump friction[N]
Lock up switch[-]

Engine revolution[rpm]

Engine toruqe[Nm]

Vehicle speed[rpm]
Lock up switch[-]

Brake switch[-]

. 1
A 4, Automatic trans-
mission model

Idle switch[-]  Tranmission Inertia[kgm*2]

Engine torque[Nm]
Coverter pump output troque[Nm]

3.Engine

Output revolution[rpm]

Oil pump friction[Nm]

G

»{Brake foce
Acuual vehicle speed[km/h]

4. \ehicle model
¢ *Running resist-
ance model

»| Tranmission inertia[kgm”2]

4.Automatic transmission

»| Tranmission out put troque[Nm]

5.Vehicle

Fig. 2-35 Simulation models to use with engine test bench
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HFHIE YIREAHIES AT LORRELE

3.1 JEEAE— RN D FEBRF R

Fig.3-1 |, = r R ECHEMUZERE — RO ERFE 4R T. Fig.3-1(a)i3n
HERAER, DT P VY, (I E R RO 7 4 — RSy 7l i,
FRUTRE LU Z H#H THD.

Yl Z I OB EZ A5, T—RNEROFBIFI 2, K T1 IZ8E 58, G0
B HESB MRS, B T1-T2 KT, 91021255 Fig.3-1(a) OIEERIEE
DEFEA72<37-®, Rate Limiter (ZLY, 7 —R w7 OGN /1&7 4—R 75T —
RHIEI O HIE H J1 D53 AL DR 2 1IZB(E L T, R[] T2 Tl 77— RS 7 Hil i )
HIF<7R0 7 =R 74U —RHIET7Z T OfIE 1 &70%. IEH T3 1278258, HOHIE
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