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A development supporting system of automatic
transmissions has been created aiming to improve
their control performance of shift qualities
accurately and quickly by using the simulation
technologies.

Functions and features of the system are

(1) Estimation of shift qualities of the automatic

transmissions based on the integrated
simulation models, including a powertrain
model, an automatic transmission hydraulic
control model and an elastic vehicle model.
On the hydraulic control model, the effect
of the air trapped inside the circuit is taken
into consideration for improved accuracy.

(2) Automatic management of the procedures

for the measurement, the shift quality
evaluation and analyses by using a
single personal computer. Combination
of estimating functions and managing
functions have made it possible to design
high performance automatic transmissions
in a short time period.

Utilization of this system has achieved efficiency
in the development of automatic transmissions.
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Nomenclature
I : Moment of inertia
Iyz  : Equivalent moment of inertia
measured at trans axle
i : Gear ratio
T  :Torque
Ty : Running resistance torque
k  : Torque ratio of a torque converter
T : Pump capacity coefficient of a
Torque converter
w : Angular velocity
Subscripts
co : Counter shaft
DS  : Drive shaft
: Engine

: Final gear

: Low gear

E

F

H : High gear
L

m : Main shaft
P

: Pump of a torque converter

Fig. 2 Power Train Model

Table 1 Torque Transfer Equations while
Shifting
Phase Main shaft GCounter shaft
Low Gear [Ty =T, 8) | Teo =T -iL, @]
Drive
Toque  [To=Ty+T, (10 To=Tn'l (1)
Phase =Ty (i, =)
Inertia Tn= (12)] Top =Ty iy (13)
Phase TH -]m'b.)m
High Gear Ty, =Ty (14 Too =T in (15)
Drive

where definitions of the symbols are as follows.
T * Torque capacity of high gear clutch
v * Torque capacity of low gear clutch
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Nomenclature
b : Check valve plate thickness
Fy  : Centrifugal force of check

valve plate

F,o : Pushing force of check valve
Fw : Centrifugal force of weight
h : Check valve plate width

: Check valve plate length
r, :Radius of check port
Ty - Position of the port center
S :Clearance

6 :Check valve angle
Fig. 5 Clutch Check Valve
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Nomenclature
C : Viscous damping coefficient
I : Moment of inertia (or equivalent

moment of inertia measured
at trans axle)

K : Torsional stiffness

Subscripts

bd : Vehicle body

DS : Drive shaft

mt-F : Front mount

mt-SL : Left side mount

mt-SR : Right side mount

mt-R : Rearmount

PW : Engine & automatic
transmission

rd : Radius rod

ST : Tire & shaft

tr : Tire

Fig. 6 Elastic Vehicle Model
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Co : Equivalent viscous damping coefficient
of engine & automatic transmission
I :  Equivalent moment of inertia
measured at trans axle
To :  Virtual input torque generated Tbs

Fig. 8 Virtual Model 1

LT 5 2 & T BUIRAERD 5 A F 3 7 2058 %
ML EHEY 29 7 2 FUTHIENTEDL L) k-
720 FEFIC, SEREOEHY 5 v 73 2L —2 3 VORI
BRI 2R 5 S L SITREE 22 o 72,

3. XBRT — ZERE

FEERPEE CFIRALI | B L o — Ry a vtk o
T S DOFERT— 5 OFHI» Ol £ T % SRR I
BT 24808 % b o 7340l BT — ¥ TG =
B%E U720 Fig. 10 ICZDOMEEMZIRT o F 70 T 20 ALFE
BELNIIRT .

(1)FEBE T — % % a4 % .

@FHIIE SN T—F 00, ZHE—- FEHEL.

LT — FEICT =5 29 ) L5,
@UhmMeNzT =K LT, FIA4 T v 7 bbb
I &R D LIS Y 3 v 2 HIEERE R B S
CORRE LIRIEIZ S & DWW, FHliT %,

(4)Z ORGSR E . HIPNERI LTI 74 v v 3
R %o

Z DGR MO & % 2 HEFT O HIE AR
ROMER: & n BREEZAT ) S EDWREE 072,

oIz, 2BOLEHYa vy Ialb—Ta v ET)
EWS &, &y bT—=2I12X > TG L7z Fig. 11 122D
AT MEENE RS =N b EWS Tld, 74 ~\—
AN B FEPR S N HBEER OBGHIT T — 5 2 b &1,
HByZ A OZEH S 3 v 7 fEPERE T & BE AT b
5o EHI, FEERT— S IEITEE I L o GRHIlS N T — %
MEWS NEERE SN, DT — 5 120Hd 5 HENZ BRI
ARFEDFA 2 AT, 2 ORI B 2 ME R O
B X O RMGERRS HEINICRESND D AT A E L
720 F 7oL WRHNMITFET B & OV ERT & b BHIRIC & o
TREEN, EWS REDTED S TH . FKBRT — ¥ sk

7 Tg

Ist  :  Equivalent moment of inertia
measured at tire and drive axle

Csr @ Equivalent viscous damping coefficient
of tire and drive axle

Ksr @ Equivalent torsional stiffness
of tire and drive axle

Fig. 9 Virtual Model 2

,447



HONDA R & D Technical Review Vol.7 (1995)

12K o TR E 727 — 7 1263 A AR ORI & fEtfT2sTT
BV AT Lk Lo BB BB EY I 2 b —
TarvVAT AL T, EREAREE Y 3 v 7 T
ML L IR CTEHIAT) LWL 2, HE)
O ERORIETHE ST 5 Z L2 REE
ol

DIFIS, COEBEBTHH SN TWBEHED 3 v 7l
PERE DML 2 DWW TR B,

BRI & R A 2s & HISBR SRS T v FI2 & - THl
WMEND 7T yF Ny o Ty FEAGIEIIZBWTIE, 7l
BERES Zy FHEREOHBATI MV 2 FHL E, T
VYU VIEEDIRE ERDVDPAEL, 7T v FARIREL TL
9. T 20D Ty FEBROADP AT bV 71K
LCRELSEMZ & EHY gy 7P RKELR->TLE
Jo Z Ty TV Y VAEONRE LAY HFhIE L. Y7
Ly a v 2 AT 572002, LT IR Rk

%

BAREL

(D Continuous Measurement
by Personal Computer

;<o)

3.1. atEiR. BIEE

KR av 7 OREEEFMT 572012 a B, B
R & s L 7o

Ty TTT MECBITL NI T v T b bV
13, Fig. 12 1R ¥ &) el x & %0 afffEEIZ VY
MBS PV O%ELALR T, & ZHEHOHEEK
BVl

Tm=Tr’,_]]‘.‘" (28)
I~y

WX 2 A L o TEHIiT 248 TH 1 L X (29) D &

IICFEN L, T TR (28) I2BITF S i, iy 1d KE

BIBFY L oA &R
T,
=L

o (29)

FAWZER S 2 v ZHlE, PV ZHEICBITS vy
DYEHIABDS ZRBELOHEEXE PV 7 BT ThH S
I, a R 1N ET B, 720 BRI L ITEE O
WMV 2B TOIRT 5. 4 F =Y v HIZBIF 2=~
MV 7 TIOEFEE Lz,

Actual Data Stored in Computef7 ==

(2) Shift Points are Automatically Detected

Actual Test

@) Evaluation Ind{x Maps are Automatically Drawn
iy

@Shifhhmk is Automatically Analyzed
Shift Mode

Drive Shaft Torque W"L_
. & Index
Engine Speed R T B Index

Hydraulic Clutch Flare Margin
Pressure elc.

Host Computers
e

Data Base Section

EWS

Design Section
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