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Exciting Moment Analysis of V-Type Engine
(1st Report, Exciting Moments of V6 Engines)

Norio ITO, Yukitaka TAKAHASHI, Takafumi TOMINARI,
Koji ANDO and Koichi TAKAHASHI

Recently a new compact VR6 engine was developed by the Volkswagen Company in Germany.
The bank angle is 10" to 20° . Thus narrow angles have changed the concept of the bank angle. Hence
this paper presents a new analytical method of exciting moments of a V~type engine. The traditional
method enabled estimation of the exciting moments after the bank angle was decided, but our new
method enables determination of the number of cylinders and all the combinations of cylinder
arrangement. Then the most suitable bank angles are determined for balance of the engine under
these conditions, or the exciting moments are estimated by making the bank angle a parameter. First,
we describe the precession dynamics which are unavoidable in a V-type engine, and we give concrete
examples of V6 and VR6 engines. The reduction of exciting moments is investigated to the 1st and
2nd orders. As a result, we may find previously unknown bank angles. Furthermore, the exciting
moment of a V-type engine can be discussed systematically.
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FUVAY Y7 VBB LE LR D,

M8, Case IVORHEOETI 2 =Y. M8 (a)id
75 v 7oK, B8 (b)) k2 7 v 7 DMBEER
3. ®9ix, Case Il L[EHEIZ, Case IV D#EIREE — £
> b My*, M OIRESY — 2 ERT,

5.6 CaseV

5+6+1 1ROEEIEE—A> b Case V & Case
IV 2 ZIZERROERNE S I, ROEDOHES 1 DO
&5,

(@, @, a)=(—30°, 30°, 60°) «reeereeeerene (50)
IheDfEEAVT, 1IROEIRE—X> M %2R0
£, RA%B5,

(My*)="5 cos (6-30")

(M:*)= —% sin (4—30")

IhED, 1ROBEIRE— AV FREINTUVABH DI
Yo CHBEATEEE B,

5:6:2 2RDEFEE— A > b IhETOBE
YERAHEETD &, 2RIZDOVLTIE, KRAES
ns,

(My*)z=g—/1 cos (260+30°)

<M1*>2=%,1 sin (26+30°)

2IREHBSED DI, MEERO/NS YAV ¥
T EEsLEE S, Case VORIEE—X 2D
RE) Sy — i3, CaselV EERRDEF L 25,
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57 CaseVl
RAEB3,
M*=(Fi— F3)( cos &, —cos @)
M:*=—(F\— F5)(sin & —sin az)}
F+FTha»o, M*¥=0, M*=0 L2 57:-012i%
a=aThhidLn, ZOLE a=0L%2D, EY6
J[ERE L 25, BT — X2 FRIFBEL RV,
PDEo#ERELD, V 6BETIR, R10MHER S
W, Case I & VIOKERAF & B 2L &,
NIVABHDICE ST, LIROBIRE— A > b
BTEDZNI7HIZ60L1200ATHE LD
MHof:, LU, 2ROBIRE— AV M EHEEE LS
1O RBHERD NS Ay + 7 M ELEL L, BE
BITiERw, 20709, V 6 BETIRIBE KR —
AV MIEHETEZVLDER S,

R (24) * Case VIIZHAT 3 &,

6. VRIEcHERWME/ >/

VR EBE8IE V IEHBE D 1 FETH 248, # DFEMI
DWTEBHSMZENTHLEREY, ZTIT, VREE6
TR (LI, VR 6 BB L FER) 23, B, B b %
CERENTWS 600V 6 #ERICHE L ¢, REI¥EHN
KHEBENTVLEHDTHLZDE I PIZDWTHRE
mnz 5,

VRIEBBEO VE:2ZT 25 0OEFIHEEO Y X b
EEATENE, VSRR, X1 0oEFIEEO
TERR AL T, N 7 AD 1/2 120 EAENFRMCE
FonTwnd, Lizn-T, A (23) T, a=—a/2, a
=w/2 EBWTHEBRZL L, kKA x2B 3,

My=Mye cos ( - %) + Moz cos (%)

Mz=— Myn sin <—ﬂ> =~ Myoz sin <~a-°>

RGYHDEYFUTE—XT b My ld, ROEH%
Wiz L&, Z20ERFEL RS,

MyOl _+_My02:0 .................................... (55)
Myoi, Myo2ld, Z 720V %2723 25 DOEFIHEID
EvFr7E—XbThod5, R (55) 2HE &
¥ 370X, 2 DOEFIEMESE VW ICHES O MBF
hbhidkwv, —F, I—A v 7E—X ¥ b M Z, N
VIR B KRELRDE, FOE—ALFHAEL
25, LI®oT, 3I—AV7E—AYMZBR->TE
2, AN E LT skwn, Lel,
VERBEOBE L ZoECEBENSDY, KOV
6 B EY 6 [EMEIC B L ¢, TFicxsiw
LN I AERETILEND S,

3
Bank angle 50°
I 10

2F

60 V6
with balance weight

10 VRé6#gBo v orAra—A4v7x—22 )
M.*

VR 6 #8813, 2 D0EY) 3 AEREEERIZL %
535 b, B 6 SEMEBIGEWERDO LD TH B, 2
DOEY 3 REOREEIIEML % (F, F, F3), (F,
F, F) L LTERTS, ok, K (24) kv, VR
BBBIL, kA8 5.

M*=0

M*=2(Fi— F) sin <%) ..................... (56)

BJ10 1%, X (56) #FHWT, VR 6 D /N> 7 A%
1°~50° g TELEs R LBEDI—A VT E—X Vb
M* ORE Y — v &2 RT, KPR, B0 HE
60V 6 BN 1IRDI—A V7 E—R > b BIHE
SR EZDOREH Y —UNFELTHS, VR 6K
T /N 7 AR DL w3 L, 600V 6 BEEE X
DRKELREI Y -V ERTZENbo 5, VR 68
BT, 1ROI—A > TE— AV N2 HBEEE:0
DNT 4 —EEITERIC I TTEETH 5 48, IHER
TV DT, TITREZR N,

AEw kv, VR 6 B4BE X, 600V 6 #BAICLEE L
T EYFUITE— AV I RRBIIHEBTE S HIXT
SH-bDEEZ 52, B 6 K& RiEk
WZ EBbhb,

7. #& ]

BRI, BFECAVWSNA TV S VEEEOR
WE— A MZEL, 2OV 7 A2ERET 2EE
BRI vy — Z LT VEBBECEEDT D
ZEREHCOWTHETEIT o7, VE#BEOF T,
BRLECEREINTWS V 6 BECRIAHRE s
VR 6 BBIIC DL T HRET R INZ, ROFEwRER.

(1) VE#BcBLwIEEET— x> FOERERE
253 CEXREROHEBAEEHES ML

(2) V 6KEET, 1ROERE— AV MENT Y
ABLDIZL>THEBTESZ N7 AR, 60° & 120°
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D2ETHS. WTNOFEE S 2 IRESTEL T, - -
WERART VAV » 7 MC > THET X 508, #iE
FoORE» SERKTIER Y, L3> T, V 658 (1) 7z k2, BAKEY SR, BET2ER, (1979),14-31,

oy N HABRES.

TRBEFO 2 KB LTRS. (2) FEFf- 120 3%, EBHERN, 39-12(1985), 1348.

(3) VR 68B8i, v F /-2 b R&EL (3) iR - XM, B3k, 50-449, C(1984), 234.

< . . o N (4) £H-1Z» 34, BHERWNSHOCE, 23(198D), 42.
# - - z )
s, 3-dyrE- sy bERLTE, }\/7‘@0) (5) &7« iE5 2%, B, 41-348(1975), 2333.
W1 THhHZLm»5, 600V 6 #BE X IZIZRUCKE (6) AT« 125 24, EEVERA, 30-9(1976), 711.
X THBLEEZ3. (7) Kruger H., Motortech. Z., 51-10(1990), 410.
. (8) =#% - 1Z» 44, #5R, 55-512, C(1989), 925.

(4) APHFEREE, VIRBBEORLHETDH (9) 7k 21f, EBEHRLE, BRIETEER (1987),4-1-

b E%RRLT, 40.
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