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Evaluation of vibration suppression control for parallel shaft e-Axle using test bench system

Michi Oda Sakahisa Nagai
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Hidemasa Fujita Kota Yamamoto Tohru Urano

Unlike internal-combustion engine vehicles, electrified vehicles can suppress the vibration by the motor which can output positive and negative
torque with high responsiveness. In this paper, we describe the control development using a test bench to suppress the vibration caused by bushes
and drive shafts on a vehicle with an e-Axle. In the test bench, low-inertia dynamometers are used, which can simulate the vehicle behavior with
high reproducibility and accurately measure the frequency responses that cannot be obtained in an actual driving test. In addition, the controller

designs can be developed efficiently.

KEY WORDS: Vibration, noise, and ride comfort, Power train, Control technology, e-Axle, Test bench (B3)

. £ 270 % eI, HWET /DN Z A ¥ OEB) 2 KIEMEE—#

TR B BBIIEREEE 72 T flEEICB VW THLENTE
D, TUUVEE AT ML ISEF 2HEL O, TR0 T
R EELTEDED, FADMIIZEOT VT 47
IRV Z I C& 5. $£7, BTy Uy LT
EThy, =4, A 3—4, ¥T7E&—IMLLTZ e-Axle
VEBRE) S AT LD/ N R R a A MEEFEHLT 5. e-Axle
DIFZEBIFEOWIL, BRE B S KO AR > T D. Ll
e-Axle ¥AHHETITE— % OBRE) /) % Hlg Bk 3 572D O
WS % A, B SR DIRB AT 5. FRIC KT 4 7oy
7 FORCHRAWERS~ 7 > b7y Y o OB KA IRENS R
LA ELSE S, ZHET, BERABEORE D LHtGED
720Iz, B IEVEE TV & EBRE & S 7 FFEIR
DHFENTNDERO0 | HJIT— 212D < iR & TR
LAl o TR 720

BEMURAF ORI D IREINHIRIAE & LT, 7oA LE
LI & A ZE A LRI B 2D, 7 A 22 LHIEN e Al
WEHEND RS % ) v T 7 4 VZ THHIT 0
7273, SAELE R OIREN T D HIfIh AR S . ARz E
HENE T A 2 MR ECHIRRRBON A E R EL S S
ERZEATHHOT, SELEROEREEEIC BT H1RE
FAEPETE 5. i, HRAEEE G TR DHIFHGFEE®
& 72 % 0.5~10 Hz O Bk COMIRBIIER TX 50,

INFE TV UEDMAME « 05 - B - IREh &2 REMT 2

1) BAUKE2 (277-8561 TZEIRHAITAADIE 5-1-5)

2) (BR) /NEFHIRE (226-8507 #2431 AR TR A (L 1-16-1)
3) =25 B T3 (BK) (444-8501 74V WINAF TG I BT =2 by
) 1 FHh

THERT 2B ERBREEEME A S 50000 REMEE—
ZIIRVENHL, mERBEXEHECHLFEMNERTLZ
ENTEDD, EKHEBEORIIMFNZ IV TE FEBREE
G U= SIS 0 7 m v AT E RS STV,

AT, B ABEEORY LDHISGEL BNE LT, B 1
FRBRELE 2 TE M U 7 RBVMNSIRIE o 2 7 L OFREHEAT, &
b3 JOVER CTIREMIFIIR 20T 5. SR HEIL e-Axle
2= %## L7z Plug-in Hybrid Electric Vehicle (PHEV)
L35, ZZTiE, RearMotor Control Unit (RMCU)IZ il
IREHEEE L, B OBMERGLOEF 2 LCHR Y LHd#EE H
FE9. HIAEET, Bl IEE & BREh ) A — N A S e
JIHIE S A7 2DEEHT 5. BRENSIES AT JEA Y >
THROBACINZERET, BB AT 22 EH L2 T 7
3 VHIBORFZEN S < 4T T 503909, SRR AT,
B LB AR L2 27 AREEROZHT —# 12k
DN ARERMEEZ RIS 5. HlEESOIREMNSIRT, 77V >
TEREEAY v TR T TAT v VIS L VaHiEid 5. =
Ty TIVEFRRT, B FRBREE & FHKTEHII L, IREMIHIZ
REMERTD.

Aawli, LTOBETHERIND. £7, HF2 mTTEHL

ch ERBREEEOFEMAA L, 3 B CHIEIXSREN O

AT MAEFBRORRZ Y. F 4 ETIIHIER O
MAETDAT . 5 5 BTAT v FINEERIC X HIREMNHIZ
ROFHIZATV, 5 6 B Chma il <2,

2. B LR B EE
ARFFECIE, HIEERORRG L Rl 7= DI & _LikrikE 1o



AL, A ERBRERICHERT 241 8 A —ZI3HKIE
HDOBOTHY, MZISENED. ZE TH FRBREEIT
TV DA - $EST - - IRE) - MERERRE IS ST
1N, ZRLOFLEIE M2 ISEOERWVER EBIHICH A
ek D, B EREEEIIER COFERE RV, TEOKE
PEEARPUE AR E T 5 2 ENTE, FERERIIRECR TR
MOFBELEZ T2, £, ROETHENRE 2 Z L HRE
RRRTH Y, WIC 72 EOFEAT/ E — v AT 53R
BEI TR ERHSICTE D,

Fig. 1 12H FiRBEEE 2 H U7 BRI, Fig 2 126 R
B E ORI 2. 2 of ERBREEENE, BT U
DNVTHA FTEA=ZPOETEIL bV 2 AL, TED
ETEREE Y I 2 b—yar T 5. £, ZTOXAFTEA—H
ITHE D RT A4 77 s, NI4T v 7 Eg
HAEND PV Y HWRINT 5. IREWL Fig. 3 [ZRT 4
A YT FEEETDH LT, NI4T vy 7 FaEiE:
BAFTEA—L~PEHRT D, ZOXA YR T 13851 —v
Boy LHhAE) D S QDD TT, A — VB UL b
THREICEET 5 Z LT, ElEEE LI-EE, fiohs &1
FHA =~ UCERE S5, il v R RERE R
HEBRIIA A TEA—Z L FTA T 7 FORICERE SN,
VR ab— g ERFRC bV & R 2 RS,

3. il A xk %
3. 1. llEe G & BRfh = h OREAEK
TR B4 Fig. 1 CR LIZHC, SETH e-Axle 2458 L
7= PHEV B CH 5. ATl e-Axle (31 2 /3—%, BREIE—
A, BEXT, T LV AXT G, BEi=y O
X% Fig 4 IRT. e-Axle 2=y I3 HODT v 2T
BED I B AA L A—ZHESNTEY, 777 Ly iy b
XT D 2 DOMIENFAAD RTA4 7% 7 MRZEREND
BRSTND., RTA T Vv 7 FEHE L WD HEFOSHA,
KT 4 7% 7 O CHEWE X 2 HIRIZ Lo TIREDR
95, ARETE, TORITA T Vv 7 ML DIE#E ¥ —
7y b & UTTIRBMIHIOHIBIRR A 555 L, RMCU 12524595,
Z T TIIHEERIR OB S 3255 L7,
3.2. VAT ARIEFRICESET I T

ABFFETIE, HHEERE O DIC B FaBREE A LT
AT LRIEFREITV, X Hm ORERM A IS 5. &8
4 WK T HHHEERORFHI LR REREL, £ —# bV
7 MHOF—F AR, QHlRAEE, @R UL LY ETOD
3ODEERMETH 5.

Fig. 5 |2 EBRMSER ORI A /R d. IR, & iR
ORI AT MTHE, T — 2 UUFHERRIEE TRT. eAxle
DEF—H~MLTEHMT D &, XA TERZA YOEE
HWET /VIESWTHEHRTS. VAT AREERTIE, A
HEE L LCEB~ =y FDORMCU NHE—F MLI IS %

Fig. 1 Experimental Environment Using Test Bench
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Table 1 Parameter Value

Parameter Value
p 0.3 rad/s
P, 36 deg
fc. 40 Hz
Tpro 0.008 s
T4 0.05 s
T, 0.05 s
K; 0.001 s
Table 2 Experimental Conditions
Friction coefficient Initial Reference
/ Road condition speed driving torque
Test 1/ Grip 20 km/h 326.12 Nm
bench 0.1/ Slip 0 km/h 326.12 Nm
Test 0.8~0.9 / Dry road 20 km/h 326.12 Nm
course | =(.1 / Low friction road | 10 km/h 1467.5 Nm
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T e vt
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