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Fig. 1.1: Engine bench system in the 1970s.
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Fig. 1.2: Chassis dynamometer system in the 1970s.
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Fig. 1.3: Break dynamometer system in the 1970s.
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Fig. 1.4: Torque converter test system in the 1970s.
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Fig. 1.5: Engine bench system
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Fig. 1.6: Drivetrain bench ( front-wheel-drive layout )

Fig. 1.7: Drivetrain bench ( rear-wheel-drive w/o differential gear layout )



Fig. 1.8: Drivetrain bench ( rear-wheel-drive w/ differential gear layout )
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Fig. 1.9: Drivetrain bench ( all-wheel-drive layout )
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7RIS, v 7 MEMEEZRIET D - O OEMEMEREZHA D DR E L S, il b
7 I E o b R & R EEIE, Fig23 12 Uiz & 9 22 K& 2 LR R SR BhiF 12 b 22
EZRM RV HIEH O CTh D, £ 2 TAREITIE, 3, =P FORRMEEZ
1| RE DA ZETT L LT 218 RITEBIL, = VA8, A4 A —2EME, 7
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B, 77y TFHIMEREEB L2 & ZIZITHIBENLETHL Z L arT,
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Table 2.1: Parameters of 2-mass system.

Jg | Engine inertia [kg-m?]
Jp | Dynamometer inertia [kg-m?]
K¢ | Clutch stiffness [N-m/rad]
wg | Engine angular velocity [rad/s]

wp | Dynamometer angular velocity | [rad/s]

T | Engine torque [N-m]
T¢ | Clutch tortional torque [N-m]
Tp | Dynamometer torque [N-m]

2IEVEROER) TR E (2.1)~2.3) IR, £z, FiLmDEKZ Table.2.1 (27R7,

wi(s) = i(TE(S)+TC(S)) @.1)
Te(s) = S (n(s) - wp(s) 22)
wn(s) = ﬁ(TD(S)—TC(S)) 23)

BRI Dl L HlElEEZ 2.4) IR, 22T, Told Te DS, K, Kp,Kp,a) 1Z
W7 A Th 5D,

Kps+ Kp

Te(s) (2.4)

KORBLERLTH1201Z, 25 KE 6) X TEFET DUV BMIER jp & HHE
JEE w,[rad/s] ZFHA LT, 2.1D)~2.3)X & 2.4) X, B — T REBEE O M2 IE
X Dys)ZRDDE, QN AXDLH 15D,

- 2.5
JE A (2.5)
Ko+ 42 (2.6)
w, = — 4+ — )
AN " I
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Ds(s) =

1 + g K 1+ 5K
ap 4 3+(11 JeKp , (a1+ JE P)S+1 2.7)

: st 4 — s s*+ :
Je K w,? Je Kiw,? JeK; JeKi

T, AT LA Dy(s) 2 (2.8) THEL, 2.7) K& (2.8) RofEE bk X
DHIES A v RRDD L, 29)~2.12)F L LTRKDBND,

4 3 2
~ S S ) S
Dmﬂ=p4t—)+pst—)+pz(—)+p1(—)+l (2.8)
w, w, w, w,
K = - (2.9)
D3 JE
-p1)+
Kp = _p3(ps zp.l) P4 (2.10)
D3 JE
Kp = 2224 @2.11)
P3 JE Wy
a = 2 (2.12)
D3 Wy

Q2.D)~Q23) RUTTFT2EMERTIE, A TEA—Z FLT (Tp) 12T 527 T vFhlh
V7 (Te) DA, ERABEER LV R TITIE—EDT A TH LA, HRAE
BEE D @R CIEERERE L R ONT A VMR T T 5, WICEx D L, HRE K
£ mEAC AR R R 5 AR, BREREIC LD A MR a2 O 2iT, i
BCRERTATE M IPLELIRS>TL D, 2T, XA FTEA—ZITRERANR %
INTIRNEDIZT B 72IE, HIENGE IR R A B 2T 2 2 LR EE LY,
ZOXSREMNDG, P — TSR B & 70 D K912, TR DRHELIE
K& Q28 XE Lz, LT AT, Fig23lmLizk oz, 77 v FRIEOEEIZ L H
AR AT T D, LR OMETTIE, e bIREITED & = O LRERE % (2.9)~(2.12)
XD w, EFTH52ET, 77y FHIMERESRIENL L THZZECE ~ V7 filil S D rTRedE
VRN SR I N I

77 FRIEZEBR O (2.4) 2, (2.9)~(2.12) KOHIHE DR EM ZRITT 5 1201
Fig2.4 OPAN—TET VOREWERTT 5, 22T, Cr(s) L 2.4) XOflEZREZRL,
A VEHIAE T A RO Ke 22D OEEVE KT, AT TIE, Ke 2 bIERIMZR & &0
77y FMIMEE LT, 0<Ag. <o DRFEDLEMREFNTT D, Ag, TL—TZBHIL, u
NGy ~OIRER A RO D &, (2.13) K& D, #5T, 0< Ak, < o0 DFAED Fig2.5
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Fig. 2.4: Closed loop model to consider the stability of the shaft torque controller.

Fig. 2.5: Loop transfer function for root locus analysis.

—IMRIERAR DL EMR T 5 Z L2 X Y, 7Ty FRIERHIE S A BRI D b
i < IR TG G O bV 7 FSR O ZEMEZ TS S Z E KD,

S
() (J) ”’1( )”

u(s) Da(s)

(2.13)

MREURE [77] 12 LS, Ak, — 0o DA, 4 DOFL—THD 5 5, 2 2iF p(s)/u(s) D
SRUCIOR L, 7% 2 DI RIS T 5, MEfRE U T 2 ARBUEE O it o FE 1
180/(4—-2)=90 fE& 72 V), ZOWIHRE & FEfDAZH1T (2.14) & 72 b,

—pP3 Wy —pP1 Wy

D4 D2 1(p1 p3)
P, = - (2L _ B3, 2.14
4-2 2\p2 pa ( )

W-T, QIHAXDOFER, MAETEE, 72, QIHYXBALRDLEIIT pr ~ ps B
RESND L, Ax. = 07 7 v FRIPED F HARRIIE) OGEIZH, Ag, — 0 DEGFHITH,
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24K, 29~2.12)Kiz K28l Mo NI ZE S 70D, ANV—TENZ—T— R
WCECE L7235 AL, pr=p3 =261, py=341,ps=1THDHDT, Pp=-092w, L7325,
72, y($)/u(s) DFERDERIL —p1/2p)w, = -038w, L7205, W-T, Ag. — 00 DI
HIZh, B — T RITL EIZIRT 5,

AHEITIL, AETORFEOT VAN MV 7 IEEZ MRS 28 V7 $ilEEIC S
W, BRI A 2 IBMESRICIEIL, 7 T FRIMED & BARMIE /R 5E &, BERRKMHIMEIC
2o o G & DL TE M 2 AREBINEZ 0 fiftir L7z,

24 I UDUATR LY FIEE

241 #HEET ¥ T MOEEFHEREX

ARETHRIFIRE L TNDHZ UV R_RUT T, fHIIEND MV 7 Xy 7 R A
FA=LBOP LN VT THD, —J7, T <& b7 i3=r P Am bLs ThD
DT, 7T7vFDORLN T THD, ZIZT, 77 vFRUI AT 0[N-m]IZHlE
SR T, = PN VT 254 LT EAMEE T L TW DR E S 2
Do ZDELE, TV ELATEA-ZERE LTINS T Y 7 b [E AR THH
TLHOT, 77 vFRLI LY A OIN-m] ORFIE, Bl hLr A—% THRHEND L
70%, (%7 MEM)X (v 7 MIIEE) &7 b, E- T, 77y TFREINIVT & x
WZHIET B0, i hv s A= TRIESNDE ML & x+ (v 7 MEH) X (% 7 B
FNEE) 12725 & 9 ICHIET 2 LR H 5,

PP IR JE L T ORTIE, (% 7 MAINEE) = (¥ A TF A —Z AIEHE) L&
ZHNDT0, TERIE [74] TIE, @ M 7SI (v 7 MEM) X (XA TFEA =2
IR ZNES 52 & T VAR M7 flElZRZE L Tz, XA FE A —Z AN
WL, #A A=A RO T2 2 & TRII LW 2, STk [74] TIE, £
DORFEBR EEIZ OV TIIRF SN TR o T2,

HIEIS A MED EO 7= DI ITH B R ER A B 72 2 ENEE LS, SN
BEZORENMDTZDOIITFAREREZ RS THZENEE LY, LI, HBEELVLO
T, BELYESLELE L, bbb, XAFEA—FEMEREERE Y — RNy 7§
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D20 OEMEREREETH D L EX HILD, KEITIE, ZA TF A —HX ORI
Gy ae WaBE L U2 WVEVERERIBENE IS W TR L, RETRET D= DA Lo il
W2 R T,
if,%%%Wﬂ®iyyyﬁﬁ%wﬁﬂm%%@wﬁi(mmﬁmﬁﬁo::ﬁ
clE7 7 FOREN M IREBETHY, = VU AM NV IR E 72D, Ty X
ML A= RSN MLy, Tyld Ty ORSETH D, £, J i3 v 7 ME
HEOHEEE AR E L, (K, Kp, Kp,as,ar, Tp) XA o Th 5,

Kps+ Kp

K; /-~
To() =~ (Tu) = Tw(®) = 51— Tw(®) (2.15)
() = Te(9)+ g wnls) (2.16)

22T, (2.16) RO 2 HOEMAHER ORI & (2.15) ROE 2T 252 L T,
wp ERR T TITIEMERENFEI SN D, (2.4) Kol hv 7 HlE#E & wp &5y
L72VWMEMEMERIE 20588, Q17 XKoo= VA FLv 7 §iliEE2iRET 5,

KDS+KP

Tri(s) 2.17)

24.2 TR

RETIE, QIR L D VAR MV IEETIE, vy 7 MEMEREEME J, 2%
X7 MEME —BSEH LT, VI yTFREN MY (=Y UM VD) INFTE
DIECHIE SN D Z & 2R, REEOT Y AR V7 HIE T, dil S v s
T2 7y FRIEE BB LR, vy 7 MEMEMEGEL CIZy v 7 MEMOSEZZE L
TWe, - T, TOMEILDT= 01T, AREiTIIH 2 RS Z BB LRWET LG
XG LT 5,

2.18)~221) K27 Z v FHIMEDO A &2 Z[ET 5 3 EHMEROER FRX L RT, £,
Fig2.6 12, TOMAMEZRT, 22T, 3MEERV AT LATHREIMENT 255 % Ta-
ble22 12k &5, MOFEIL, Table2.l T/RLZMY THDH, v 7 MEMENSJ & L
THEEIN, UV VAM MY THDHI Ty T OREN VT Te Ll MV T A—F(Z
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Fig. 2.6: 3-mass system model considering only clutch stiffness.

Table 2.2: Parameters of 3-mass system.

Js | Coupling shaft inertia | [kg-m?]

Ty, | Measured torque [N-m]

KVFHAIEND MV T Ty BXBI SN TN 5,

wrls) = 5 (Te(s) + Te(s) 2.18)
ES
Te(s) = ~C(@pls) - wx(s) (219
1
wp(s) = m(TD(S)_TC(S)) (2.20)
D Js
Tu(s) = 2Tl + 2 To(s) 221)

Q1IN 218)~Q21) AW D, (Tr Te) 16 Te ~DIEERE A 2.22) Xk LTHET L,
EHREEE, 223)K, Q2 KE72D, 5T, Jy=Js ERETEIUE, Te(s)/Tr(s) D
EWTANL0ERY, To(s)/Te(s) DIEFTA L1 &5, Tebb, =V hLs
Ty DEICED BT, 77 v FRUEN MY (P Al MV 7)) S Te \ICHIE T &
Do ERICBWCRIERBREZITR) Z LIk, 138 Js=Js ETHZLFAHETH D,
7235, (2.22) 2D Dy(s), Ni(s), Ne(s) 1 MR UT /2 5 DT, 22Tl = PV AfT bV
7 FIB D TE R RRAT DT 0I2 T80y 72 (2.23) X, 2.24) ROFERHO AT & LT, 72ds, ek
DTV AN RV Bl ((2.15) 3, (2.16) ) (2B T b [FIRED & & AT #5235 5
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o,

Ni(s) Ne(s)

_ CW) &
Tc(s) = Di(s) Te(s) + Di(s) Tc(s) (2.22)
Ne(O) _ I Js
D3(O) B JE + JS — jS (223)
N e (2.24)

D5(0) Jg +Js = Js

243 TERH

AREITIE, FEAAYOFFEENERELBEL T, 1ERE(215) K, 2.16)R) LR
(217 ) ORZEMMN 21T 5, Fig2 T \ZLEMMTT 57O DN — 7T VI ZRT,
BWET VX, v 7 b EFATEA-ZOFMEGHINE (Ky) bEEL, H2HRAHED3
BHRET VL L, B2 MREDOZENVA—MHI OO b7 B OISE Gr(s),
AR =ZPHIET D5 A TEA=F VT IRE G(s), XA T FA—Z B O HE
I G,(s) DENEIUCFERRL ORMEEZBE LT, Cu(s) 1L, (2.17) R V&7 b
NI HIEERTH D,

BEWGE T FRRO X Y ICRE LT, = VBN, 2L 7 A0 P U2 HE L
TJg = 02[kgm?], =27V 7 a>& LT Cr = 0.1[N-m-s/rad], ¥+ 7 MEM
X Js = 0.04[kg-m?], v 7 F& XA FEA—=FDOFEEMIPEIT Ky, = 540000[N-m/rad],
A FEA—2IEMIE, Fig2l OO Vo _XUOFTHEHEIND 7 7 ADHLDE L
TJp = 0.7[kgm?] & L7z, 77 v FMIMEDL, Fig22 R LzstEs LT Ke = 100 ~
2500[N-m/rad] OFIFAZ RIS D, 7 T FREEHDUL Co = 3[N'm-s/rad] & L7z, 245
FEILIE, Z A TFTE A= MV TEES (Gi(s) ~D AT kT Dl v s i S v Y (Gr(s)
DOHT) OFEMEE, Fig23 DX H 12725,

(2.17) KOFEZ A 1 (2.9)~2.12) XN THEH L7z, 2.9)~(2.12) KD%/8F A —Z T F
ROLIICHRE LTz, AL—TRZHERINY — U =2 ESBET L ELT, p =
p3 =261, py=341,ps=1& L7z, HIERROE | TRAEE 0, 1X, KbERNZ T vF
i+ 100[N-m/rad] RO & LT, Fig2.6 #2M L, w, = V100 (1/0.2 + 1/(0.04 + 0.7)) =

24[rad/s] & L7z, =2 O AMMBMERER jp 1T, RO X IICHEZ, jp = (0.2+0.04)/(0.2+0.04+
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Fig. 2.7: Closed loop model to consider the stability of the engine load torque controller.

0.7) =026 & L7z, 218)~Q2)XH#EHEND, A FTEA—H M7 Tpllhd %
HHEER~D 7 4 — RN 7 bV 7 Ty OARZEREEIL, EF T A 2D (Jp+ )/ (Je +Js + Jp)
LD, —H, 29)~Q.12) Kol 7 4 L EHKEOIRET L Th 5 (2.1)~(2.3) XTI
EAFEA=LZ MVT TplZktT Dz ~D 7 1 — Ry 7 "V o Te OInZREEIT
WA Ip/(Jp+Jdp) = jr £T0D, FATEA—H MLIIZRT DHlEHEGR~D 7 4 — R
Ry 7 "V BT A CBHREORGET NV EFEICR D LI, HERET L3
BHERETNVOEEIZE, jr=Ue+Js)/(Je+Js +Jp) & Lz,

LLEDIRTG A—=ZFEDE &C, 77 v FHMEE Ko = 100 ~ 2500 &2 LS, #2520k
ENERIEDAN—T DI & @b LTz, Fig.2.8 & Fig.2.9 ITHREIE & W RIE D MRITHE
o d, PAV—7RITZIOREL EH D0, 77 v FMIEOEIZEFNRESZLL, ZE
PZ B L TV A RO HR LT,

Fig2 2 ICR L2 T v FRAETIX, 7 7 » FRIFEE 100[N-m/rad] 2> 2500[N-m/rad]
ELOLNDOHRTHDHN, TNENOHIENETEDRREE TD Y 7 v FHIPEZELIZR L T
ENVEZHMERF TE DML T, 7 T v FHIME 2 #fip 2 b S 56 2 iRt LTz,
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Fig. 2.8: Stability analysis of proposed engine load torque control method.
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Fig. 2.9: Stability analysis of conventional engine load torque control method.
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RNLZEIZ 2> T D, Ke =100 DAY, FEGHEIZENET 2 % TITK 0.8 REE D T
B, EEOHFPEEMEOIGEELR ELTWS 2 Enbhd, E7-, Fig2.12 &k
He, Js=0, LEBAICITEERENE S TRY, Jg=Jg &35 2 & TR I3
NEMNTND = ENHERRTE 5,
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Fig. 2.10: Step response of T¢(s)/ Tc(s) using proposed engine load torque controller (Js = J).
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Fig. 2.11: Step response of T¢(s)/Tc(s) using conventional engine load torque controller (Js =

Js).
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Fig. 2.12: Step response of T¢(s)/Tc(s) using proposed engine load torque controller (Js = 0).
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Fig. 2.14: Step response of T¢(s)/Tx(s) using conventional engine load torque controller (Js =

Js).
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Fig. 2.15: Step response of T¢(s)/Tx(s) using proposed engine load torque controller (Js = 0).

s T, mUy Py R_RUTFTEMINDEFERBROF T, XA FEA—FHIENT & > TILE
LWL R BRBRTH D, T VUFAENALZIE, Xk [78] 2B EIC LT, EEoOx
YUUDBRAET HRELREE MV ST,

Fig.2.16 IZHERIED = ¥ AL MV 7§k E AW =354, Fig 17 IZiEkiEo
DA PV 7§l O TEEBE, Fig2 A8 ICREEO T P A v filiEE CIE
PERIE R (J) Z 0 LA Dy I ab—ra VigRe R, &L, H1ERITZA
2y MUVBHE [%], 2RI P OBBEE V2 [N-m](= Tg), #H3ERBIZZ= LV
[[#i54% [min~'|(= wg/m-30), FH4EAITT= VAR RLVY [Nom](= Te) THhDH, T2
VAR MV S EOWERO DI, =V RERICIE, Y VA TRERE AT v
NVBHEE % A1 U256 OIRE & RS TR LTz, ZORESHES, v Ialb—ray
AR L= v ¥ A IR O BARRE D IG AL Th D, = DU AR bV Y RS
iz Te=0& LT, B 10[s] THAE 0[%] DT A R/AAKEED 5B 100[%)] D4Rk AEIC
BATL, F08MMIEITEBIREEEZHEEL, = Yotk s BiFs, 0k, BlE 0[%]
WCRL, =Y raElings Fifd, B Vo _XUF TR Y AR bV Te & it
T 5 ENHKRNED, TV VHRERCTFERETNDO L - IR U
FIREERDEIZ L, =2 AR bV 7§l O 4P 2l LT 5,

30



Fig.2.16 DIERIETIE, BEELFFIZ= Y AN bV OIREINEAEL T DR,
WEFEIPOR L, X OIN-m] ICHIfl s T\ D, £z, =YV UEEEES, BERE TH
DLy BURRE OSBRI BITBNARAE L T DA, 1RIEF ClemBlisiiEzT 5
ZEMHKTWD, —J7, Fig2.17 ORERIETIE, BIEN 100[%] \Z/R o I EHE N DT

@

UM MV BN IEEN L, REICHIBEITE TRy, F72, Fig2.18 TiE, ZE!
HlE TV DD, @ PR 1000[min | FRER T L TRY, = vy 2 maniimg
ICHIETE TWARNWZ ERbd, ZhbDyIal—ya Rk, BREoT Y
A MV A TR, 7 Ty FRIMEDZLDRE N DR TFIZB N T AL EID
VAN MV ZHIITE D Lo T,

2.6 #£E

AETIE, 77 v TFHIEOZELICK L Tr/NA NI 58 ML 7 HlfEE L, XA T F
A —H AR Oy & LB & Loy 7 MEMRMEEZ R, Zhba2iAaab
Brlom D UAR My ENE R U, 1RE L7zl hv s iAW T, BT S
7 7 FRIPED e HARWEIEIZ RIS 2 K9 ISHIE T A 2R E LG E, B EER O
W2 ABPESR T, SO 7 T FRIVEDS mEIMERIZZE (L LTS a I E A — Ty 22 €
BIZIRT D 2 & &R Uiz, 7o, FEBAYOKFEENER L vy 7 MEMZBE LT
3MEMESRITRE LT, AREBMENT & 2T TRERRNT 21T, $RRIETIIERIE LY b RE
720 7 FHMIMEEEN S L CEEICTZ P Am L7 fIEN RS Z & 2R Lz, %
o, L=y o7y I ab—a itk v, 77 v FRIEN 100~2500[N-m/rad] TZA1t
T LIMICMEDIRNT P R F T, ERIEE TR A RNLEIT R DY, REETIE
TR L= TN ERTEDL 2 L E2R LT,

AENE, K& R IRER LB ~DO LD T2 OIZHIE 7 A 2585 Tl b AR ILR
JEeE A Bl L, il b s RGO ER E RIERR G CIX, I Saett %, =hn e
U2 BRSO 2 R A AL U 72 3AEMER A~ L7, A1, JHRE BEEEI RN
L 7= ilAENE, 3 EMERISRIG L=fili 7 o o BHE, 58 2 LR o RN 4 5 & L 7= )
HEEOHGZ T, = VAR MV R OE R D BN E b AN D 8T, XA
T A= Z NS K D EHEEE ORMHEBMEZ HIZmD THE 2,

31



100 C 1 T T T T T 7]

Throttle[%]
(V)]
()

0 1 1 1 1 1 1
— 600
g
£z 400
= I
<2 = 200
I
O H
-200
T 6000 Bench
A= — = = Engine Only
g 4000

Engine
Speed|
[\

S
S

g -100 | |
g 200 |
= 300 -

9.5 10 105 11 11.5 12 125 13 135
Time[s]

Engine Load

Fig. 2.16: Racing test simulation using proposed engine load torque controller (Js = Js).
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Fig. 2.17: Racing test simulation using conventional engine load torque controller (Jg = J).
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Fig. 2.18: Racing test simulation using proposed engine load torque controller (Js = 0).
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Fig. 3.1: Shaft torque control system of drive-train bench.
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Fig. 3.2: Bode plot of drive-train bench.
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Fig. 3.3: Stiffness of torque converter.
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Fig. 3.4: Three inertia model of drive-train bench.
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Fig. 3.5: Transfer function model of drive-train bench.
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Table 3.1: Parameters of three inertia model.

J1 Inertia of drive motor 0.2[kg.m?]
J2 Inertia of coupling shaft 0.2[kg.m?]
J3 Inertia of absorb motor 4.0[kg.m?]
K1 Stiffness of coupling shaft 500000[N.m/rad]
K2, Axr Stiffness of work 500~5000[N.m/rad] (Fig.3.3)
C2 Loss of work 10[N.m.s/rad]
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Fig. 3.6: Generalized plant for resonance suppression control.
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Fig. 3.7: Resonance suppression controller.
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Fig. 3.8: Bode plot of resonance suppression controller.
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Table 3.2: Parameters of generalized plant.

Gm(s) Transfer function of shaft torque detection delay

Weighting function to decrease inverter torque

Wu(s)
in high frequency range
Weighting function to decrease feedback gain
We(s)
of resonance suppression controller in low frequency range
A7 Static error of inverter torque
Output of resonance suppression controller
u

( inverter torque reference )

r,d, | Input of resonance suppression controller ( torque reference )

y Input of resonance suppression controller ( shaft torque )
d, Disturbance

d; Error of shaft torque detection

e Shaft torque detection

e Evaluation of inverter torque reference

Evaluation of resonance suppression controller gain
€3

in low frequency range
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Fig. 3.9: Closed loop characteristic of resonance suppression control.(In case of resonance

frequency variation in low frequency range)
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Fig. 3.10: Closed loop characteristic of resonance suppression control.(In case of resonance

frequency variation in high frequency range)
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Fig. 3.11: Closed loop model of static shaft torque controller.
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Fig. 3.12: Configuration of resonance suppression controller and static shaft torque controller.
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Fig. 3.13: Step response of static torque ref.(7p).
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Fig. 3.15: Bode plot of transfer function from static shaft torque ref. (7'p) to shaft torque (7).
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Fig. 3.16: Bode plot of transfer function from vibration torque ref. (74) to shaft torque (7).
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Fig. 3.19: Simulation result without automatic tuner of amplitude reference.
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Fig. 3.20: Simulation result with proposed vibration control.
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Fig. 4.2: Block diagram of the conventional inertia emulation control.
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Fig. 4.5: Simulation result by the proposed inertia emulation control in case of J,, =

49.5[kg-m?]

Fig. 4.6: Simulation result by the proposed inertia emulation control in case of J,,, = 0.3[kg-m?]
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Fig. 4.7: Simulation result by the conventional inertia emulation control in case of J,, =
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Table 4.1: Parameters of drivetrain bench model.

JE Inertia of engine 0.13[kg-m?]

JW1 , JW2 Inertia of work 0.1 [kg . mz]

Jpi,Jp> | Inertia of dynamometer 3.0[kg-m?]

K Stiffness of drive shaft 1 | S000[N-m/rad]

K> Stiffness of drive shaft 2 | 4000[N-m/rad]

Cs Loss of drive shaft 1 10[N-m-s/rad]
Csr Loss of drive shaft 2 8[N-m-s/rad]
g Total gear ratio (1st gear) 14

HUEMET I 2 b—y g VHENED R EMRT 21T o 72, £z, BHEHENSA =2 D
M7 RN S EEL & LT\ e, AEIOEKEY X 2 L —3 a9 T, ATaE7RR Y S2EEH
MO I a2l —varEZITH720IC, FigdllRLTE RTA4 T bbA o _UTFHERE, 2
BEMERITELETIZ, 220X A4 FTEA—F ZFFOWBIERE L TET ME LT, £z,
BHENA =2 O bV HIHENFIZOWT S, ERAHEY ORMELZZ[E LT,
Figd. 12123 3 ab—ya THHT2 R4 7 oA U R_RUFET N EZRT, Jelkg-m?]
T= DB TH D, [Torque Converter| £ /L1%, SCHR[82] TRESN WAL ET
Jb b, STHR [80] RLak DRHEBIZFIH LTz, T I, BEXT LT HhaeabETg
& Llc, ZEFT1E, M7 ERSy, AJIEERE = RIEESECEE [80] & LTET
METE D, HERERENEE XA A =% VAlE 2B L, EIER Ty, Jpa[kg-m?]
TET MU LTz, RERICKTT DEMET I 2 b— 3 VR OREIC R 2 MR T 5720
2, Ks[N-m/rad] CRZ7 A 7 %7 bR UIME, Cs[N-m-s/radl TRT7A 7> v 7
ORI Z T T U LTz, Jplkg m?1ZX A FTEA—XIEWTH D, FEBOBRTES
W2k, FATFTEA=Z 1A, 2llZFRT, Z6OEETIE, Tabled.l DL D ITEEE
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FoA Y RUCTFHEAFTEA—HE LT [ ITRSANVTWAIED 2~ 3{ERREDHE &
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Fig. 4.12: Block diagram of the drivetrain bench model.
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Table 4.2: Parameters of emulated vehicle.

Jr | Inertia of tire | 0.3[kg-m?]

Rr | Radius of tire 0.3[m]

My | Mass of vehicle | 1100[kg]
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Fig. 4.13: The conventional inertia emulation control (u = 0).
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Fig. 4.15: In the case where the dynamometer inertia is equal to the tire inertia (u = 0).
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Fig. 4.16: In the case of slow brake operation (u = 0).
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Fig. 4.22: Accel. on and tire slip (u = 0.4).
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