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Reproduction of Engine Torque Fluctuation with Low Inertia and High Stiffness Dynamometer
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ABSTRACT

The dynamometer used in a Virtual and Real
Simulator was enhanced to increase the analysis
efficiency of issues and events arising from engine
torque fluctuation. The contribution of the dynamometer
components was clarified using 1D CAE and structural
changes were made to expand the reproducible
frequency range. As a result, the reproducible torque
fluctuation frequencies were expanded, and analysis
could be performed using a Virtual and Real Simulator
in the operating range where noise and vibration
are issues in 4-cylinder and 6-cylinder engines.
This bench system can be used to test analyses of
mechanisms of drivetrain torsional vibration, such as
rattle noise, arising from engine torque fluctuation,
without recombining parts. This research can enhance
the analysis efficiency of drivetrain torsional vibration
issues arising from engine torque fluctuation and
contribute to early determination of specifications.

1. FADE

SR, CO, HEHRIKIRD 720, AWHO/ ST —F 5 v b
DN A HBE LBE AR L T3,

FIPFIZIENA T )y FAFAREZ LA TED, %
OHTEEITHEREHIZ DOE— R 42MAB Y AT 4
AERELE >TSS, ZOYATFLIZEWT, Ty Y ViR
FIEfTHE -2 BB BN ERET 2@ E LTHY
b, ZAYEYIDEiENBEZ END . ZD720IC, &
ITIRRER F 7 A NDOESRICHIII I N T &k, VPV
DORRO BN ML 2 FAEMER A S Z 2N TE

UK LR S
2 s ST — =y b - T3 — BT

5. — T, VYV ENROEMEEEE Tl S &7
LZEREIL IR PN OEHHPAREXL HRDIREL A, b
FVAIyvaVIEEINS Lo EH G KEL kB,
51, TV Y VIFEGhER LD 220 TEE L A & < BE
TRMEAIZHD, PO EBBENT S EnsnY .
72, BREAEET—ATBEIEIZENG, 7Ty FRIILY
TN A VNS HEBR P AE 2D, TV ED
EAEHOE 2R ST 5, BEEESELS 55 Z L I13E
FIDEWVEHIRTO b5V 23 9 3 YAD ML o EB5E
DM DB 5.

ZD XS BB, P EEISERT 5 X7 OW



KB - BRIMAIFEICLBZI LYY MULIETEIBR

FBIZE-THELE T ML )4 X EENBEE L > T
5. ZORERZOMHTIZITTERIN TR O S &,
i EMAMZ AR A B abETNEE S V2D,
BOBRLTESEL 55, 72T, R EBHTO -1
IN=F ¥ )L TV R-YFIN-vI2L—& (VRS) D%
Maf L7z @,

WD VRS FIEX A4 FETIE, EHIREDHZE DG
MHAL— L, FBHEPNWELE PF Vv baBER
IZXHET 5 &K MENED SN TE 2. LarL, #ihkx8l
BTHDBHMLIEIZONTE, BAETZS MLy R
KO AE X4, BURANA 770 R4 2 Gk
EHN—FTBHIERTERN,

ZF TR T, 44 FEHRNOBEMEE— 2V ME
ke mAE Lok, ¥4 FETCHETES ML ES
DREIRZOREPRAFR AR L2, ZOBRE LT,
2F—FANA TV FYVATLDNLIEFHNZIDAEL S
IRBIBR O 2 N TE 2D TRET 5.

2. VRS Dft#A & 41 FEDHRE

Fig. 11 VRS OMIE AR ¥, ML 72N 74 722y
FH VRS, FHMEiR R THE L7V A3y v a YV RY
Power Control Unit(PCU) IZFEEED/N— F 2L Tw
2. b VAIyvavOATIcZY Y yofbD Lk
ZEE) & A 8, TN L e A AR B I A A
ENRBEENTEY, VY VETI-EHBETILIZE 5
THBEXNDZ PLIBATIEN S,

VRS il L2 FiA T, 24 Y ML 0ZH %
EFITHL, ZOEBMRE R M THET 5 &5 o
TSR EA TS Y. 2Dk 512, VRS WML b
FUAIyYaVITATIENhS Lo EEEELEE, T
ML A ZOBEALERAZ BT, FHROD A 5 = X LFENH
THEL 5. ZDHIZIZT YDV ER%D MLy 5B

Virtual

Dynamic Engine torque simulation

characteristics -
Average Excitation

torque torque
Dynamometer h + /\/\/

— controller -

Vehicle Engine Frequency

model model amplitude

Torque
revolution

Real Power plant Engine torque
fefele ive control command
v PCU |
v
Running
2oy Motor resistance
Transmission

Fig. 1 Overview of VRS

ANTELRLENDH 5.

Fig. 212, {2k VRS TR L T35 &4 FE1 R4
T&E 5 ML EERIEE R ORI E RN, TPV
ML 2 BN & o CRAET BIE SNSRI % #R4E b
Lo EE e, FEEOMEMEN & > THETZHEME LY
LB H 5 Y. Lo EEERE D 2 Fe TR 5
728, L4 VY VT3 4000 rpm PL o mlEs G CEME
NNFEBERE R, BEHIBESTIEH W, £72, 4000 rpm
PUMIZB W T BRMBEA AN &2 6 L2 E#p K&
<, MHATRE A IR REN TH 5.

V6 v ¥ ViRNE 3 WK DEBATKTTH D, L
IUVVERRT IV EHOERNEL kDI Len
5, 45T EORL D IIRAEE 4 0 ik b Lo & 0EY)
CRAETERVEEYE S S, £72, FAESKZVWI &h
5 MLo RS RE L, S Lo BEOREIE TS
TEZR,

Z DIEDMIIZIE, £ A4 FEOEMET - 4 v MK E
WivEfE LS SBETH 5. ORI 72 > TR %
HWmO1ID EFTLEFHL, SHMOBEEE— 2V b, &
C O WIMEOwEY) e % 35 Tk - 7=

Average torque [Nm]
Average torque [Nm]

1000 2000 3000 4000 5000 6000 7000 1000 2000 3000 4000 5000 6000 7000
Rotational speed [rpm]

(b) 6 cylinders

Rotational speed [rpm]

(a) 4 cylinders

Fig. 2 Conventional specification of bench system

3. MVIEEBERD =0 DEIEX -SRIt
145 E

Fig. 3 IcAT1 &4 F =D/ &R

Ty Y v MU EENTRIT ST 5 E ke L OFREIR
100 Hz UTFTRAET 2 Z 8% 0% 100 Hz LT D
IR b L7 IZBIL TiE, T -2 Y N OBERKREL,
Zh EOREEGE TIREEE — 2 v bt DT
F 3 HIREWB A HETS. T VOV ML EFNIE 5T
AU NV IR TRE LT WZ 26, BT -
AV OMET & FEhitR, HAREREEOMET & 2 L 7.

3.1.BHEE— X2 FOBESXRTE
IR b L7 LHIRBEEBOMET 2 5 2k 5 7128, NV F
DRCDIRBETIL B HNIZFig. 4DEHIELS. &



Honda R&D Technical Review

Vol.33 No.2 (October 2021)

A FEDMEPEE— 2 v b & I, [kgm?], Akt o il

% k [Nm/rad], fiMktRE % ¢ [Nms/rad], fEEAAEM:

E—AV ME L [kgm’l & F 5.
ZZT, p=\JkiJy, B =313, {=c/2\[Lk L L=k &,

HA4 FEDOMEN 0, &R IRDOAEN 6, 1344 FED

R ML s Ty INm], IR o [rad/s] 2T (1) D
HZEKINS.

0 (w)] _
6, (@)
T,/ [p —w?+2ilpw (1)
o (@ =p?) = fp’e’ =2ipo (1 + By * L p* +2ilpe

ZOREREFICANTEINE VLI EB T, % 0., 0, % H
WTETER(2) DLk 3.

T.=160,-0,|J K+ c*o? (2)

IIRFEREH 0 2342 C 0 WM k (25 LT &0 ERGE
2L (2)FKX(3)DLHIERTES.

T = J2 T
C_.]l+.]2 d

(3)

FMRICZ Yy YD YV OB E T, 777+ 7 ME
ME—A V&I ETILZOROHERAAAT VL sZE
BT 13X (3) DX 1Tk 3.

Tlf Jz T ( )/
L‘_JI!_;’_Jz e 3

A4 FECIY DV EABED bV o 284 FB4 5121
T T BHELLL AT &L, BREhBEEE— AV b
3R (4) R AEEE kB,

T
J1=Fd(J1’+J2)_Jz (4)

L
nput dynamometer p‘l ;
Output dynamometer

Fig. 3 Appearance of input dynamometer

0.

Fig. 4 Torsional vibration model of bench system

Table 1 Calculation condition for requested value of
inertia
Excitation torque upper limit of 1200
dynamometer [Nm]
Inertia of crankshaft [kgm?] 0.04
Inertia of test piece [kgm?] 0.12
Max torque fluctuation of engine [Nm] 600
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Fig. 7 Contribution of components

Table 2 Comparison of apparatus specifications

Conventional Proposed

specification specification
Inertia [kgm?] 0.15 0.2
Stiffness [kNm/rad] 270 485
Max torque [Nm] 500 1600
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Table 3 Correlation coefficient to acceleration

Overdrive gear thrust displacement 0.8994
Input shaft rotation -0.1645
Input shaft thrust displacement -0.1303
Input shaft radial angle 0.2105
Overdrive gear radial angle 0.0864
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