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1. [ZL®IC

EE, HEMLDORE=Z—XE LT CoHHIED
BRI A AT VS, S AIvyay (L
T TM) OBAFEE RE 0 LD DITHEKT A T LDFE
i, MURRT S & T, RE_—XICEHBRL TV 5.

—7, BEMTHZHEMA—LH 5 &EHHEAEKRT
BHREHIRD —— XA H B 12D, HEh 5 D= —
REMETIRA B REND .

Sal, ZFoOMEIC L, BREWTE ST SRR E
EFTOY—REALZREMEEZT5HKE UTRE T
W—)VERFT B L & Lic. ZORE, X0 EHR
TRAE A FIC kS BRI R IRz (Fig. 1). &%
Tz, HEEREFEEE RS S T & CTRIRE DY & Sk
Hik7z. ARRITIE, ZORE T — IV OBHIFENRIC
DNTHIITT 5.

@ Expect effectiveness of new FE analysis tool
- Test completed early before certification

. - Can cut development costs
Fuel efficiency

Testi1 by reducing the number of tests(before:3—2) *Ceniﬁcatinn
Test#2 Test#3
Development o= o— *
schedule Background .
of OEM Shorten development period .-+
+Gray- : Before ® Festiz . £
*Green- : Recent ®
Development Analysis of test results o Study of measures#L_ _Study of measures#2_
schedule - - by considering tradeZoffs
of JATCO " -
. Gray- : Before \nalysis of test results Check i Time remaining
v nalysis ol test results Chec 11‘ (improve FE more)
*Green- : Recent cstudy of measures trade-offs A
ST pp——— > R

. 7
Time

Fig. 1 Previous and recent development schedule
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e RKEt7x—X
B A ERGE AR D 72 81T TM BE R T 3R 7% ik at
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HARICE S END 5.
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DFfTeZ il X — 71 L fFTd 0 HOENRNET
»H5.

2) MBS 2 2 L —a VORERHERT ZHED
»H5.
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REFEXGE O ORRE M AR E N TWiRh o 7z

ek, B, D, MR 2 52T L,

KETNTA—=ZANDT — RNy VDB TH S.
1) AT EXRDAN OZEHE AR, MU, FKERA X N
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%<, HEREE,S oL, KD THER

HARRETICEE L.

2) MREIVEREZ D D TM D85 XA — &%, i
ik, HiRMERE, SEMHEE FL—FATIWICES
INTGA=ZNZ L, WMHE/INTA—RZZEHET S
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FRERAREREEZRRT 2 MBIV —ILDOFRERE

WRABETH % (Fig. 2).

Design phase

Testing phase
of
osal

OEM

c
2) Present specifications

considering trade-offs

Components Components

Fig. 2 Issues and V-process

FIENIMGEEE G Y 2 — XA TORHFICHEAZ B E,
FHEED T TR REMT 22 8B L, BABIE
JEDIHr, KO, HWE/IST A —ZXDORBENDEF G
IR IRE AT —)LVCHENEd B T L & LTk,

3. WEDKRA >+

SNEBLMY—ILICRELGHBEDTESR
BB Ry — VO HWELL FDO=/Th 5.

1) SHOENANCK>TEDZ T ENENKSICT
5.

2) IStz HEI TR AL, HlfXA—h&
SRS O HOEZHMD S 2, WIS
ZIRET B.

3) TNEX THENCRERED DD > TV TR Rl &
T5.
FRCOHMZIER S 2 A1 Rl DA TEI L

7z.

1) HUBFBOIEXRL NIV TORBITAZ Tt A7
01— (Fig. 3) THHL, MEIHTY —IVIChEix
PR Z AT 5.

Check time data of FE results

E 2

Select study items

2

Check if designed as intended

¥

Design fuel efficiency
-optimized shift lines

I B

Check expected effects

Analysis contribution
to FE

Check trade-offs

Present TM ROM spec

Fig. 3 Previous process flow

2) TM ORREZEIN T2 %P U (Fig. 4), #HnrZK 1
DEHICODWTERMICON RS XS51CT 5.

Not enough High engine High fuel consumption
fuel efficiency energy loss during idling High idling rpm
Not enough time of coasting| |High vehicle speed
or fuel cut-off at lockup release
Not enough trackability of Not enough
optimum efficiency line shifting performance
Not enough engine
torque
High TM High vehicle speed
energy loss High launching loss at lockup engagement
‘High mechanical loss | |High oil pressure |
‘High inertia loss | |High TM inertia |
High rpm use in
High shifting loss shift schedule
High wheel
axle energy High vehicle inertia
‘High road load |
Not enough trackability of
vehicle speed in FE mode

Fig. 4 Factors influencing fuel efficiency
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3) INXTORERMNS, HHA—HEDT O HDLYE
b, RASEEOESWT S T, £ HEWERHKS
K219 3.

WAL RERE 72 B5R (Requirement)- #6E (Function)- T

E% (Logic) (LU N RFL) THRFET 52 & T, SMIBFET S

BREE Ay — )V DRERK, WG TER Sk 7z (Table 1).

Table 1 Requirements and functional methods

Requirement Function! Function2

No change in analysis quality Compare design intent Check the intention of shift schedule

among employees and test results Check the intention of lockup engagement
Check the intention of sub-gear schedule
Energy analysis in test results Analysis of engine energy loss
Analysis of transmission energy loss
Analysis of transmission output energy
Compare with F.E optimized shift schedule
Decide the specifications Analysis of contribution to FE Check the frequency of time use in test
for early contermeasures Check the frequency of energy use in test
Shorten the time of studying Arr of study specifi Select specifications of vehicle and TM
test results Import control constant from ROM file
Arrangement of test results Automatically convert to proper format
Match the time of test results
Match the name of label
Accumulate analysis results Save analysis results
for experience

3.2 MESWY—ILOERK

BRELPZTE T S B LR IR R E TDO Y — R & A
LML, LD SRR E TO TR
WAz < mattisks X 5ic Ui, B, SERkaE
TE—D0DY—)VcE Lo (Fig. 5).

e VJ— R& A LK

1) WIEZ A1 27200 TRREHIEN R E 5 B fiz
HENICERE % K 51 L7z (Fig. 6).

2) T—RY—/ NG 2B T & T TM D ROM {Lkk
Ze B S IR S S48 72 T 32 9 2 IRF R 72 Hil 9k L

an g Resut  Graph
(] 4 < @ - — /\'9
r - —
= ] - Q/
InputFlle  Specification  DataEdit  Runsetting Select Data | SynchData = Run Analysis

Time - Vehicle 5| Graph Select Data
D

—Test2_loss xlex
— ReeVsp ULTC

Vihicle Speed (Km/h)

Move Input Time(s) o |

Start Time  End Time.

B 00 w0 800 1000 1200 1400 Te00 1800
Time ()

— Apply
0.0 |l18000 |

Fig. 6 Function to match the time of test results

Fuel efficiency analysis tool

Data server Input

Arrange test results

Output

ROM data

=

Analysis

k=

Past experience
results b

Fig. 5 Flowchart of inputs & outputs
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o HETHIIMTOEMNEKR EFAELL FIC/R 5

1) =Y A2 —T 2 —AZ/ERL, #ETEHBELR
BAETZ T TRRE DM TN S Y — )USFAFEHI K
7z.
—ODDIA—A R —T 1 — X TrEITD AT &

IR BEIZ U TRRE T DM TN % Y — LSBT

K7z (Fig. 7).

)

_gm
7793

Time Interval

Selacted File (&Time)

File Type

Fig. 7 Main interface display of new fuel efficiency
analysis tool

3.3 M DREZERF O BB DR

T™ OB BN 20T 5 &, KEL
(1) XA =7 X
(2) 2 X
(3) FEHET A
@A Fr—vya X
THsd. BMEENDS il 4 DOREIKN 172 E &N
ICRIEL L, REFEHmE & O bblg, HE b2 Ikt o
2 A, MEHECRZEICEHF G LTV A KRFZ2RE ik
5XICTBRENDD. Fiz, KEICE->TWVS
KFHUMEIC 7R > TWiEWEEEE, 2O Z R
EHRE X SICT20END 5.

ZFDIY, FiddD 1) ~4) ZHindT 5 & THE
SIMTREREZ IERE L 7z,

1) REWTEZ AT BT ET (1) ~ @) ORE
K AWEHEHRS XS5 Uik.

2) ROM M 5 FHAIAATEZE IR R Oy 7 77w T
FEOMEZ HEIETE L, SEHIE & REHE K OME 7z L
THIR 2 BEREZ 9225 U Tz,

3) WEFRMBOMEE T — XY — I\ EFHHAAT,
BRE BTN 5 (1) ~ (4) DB ZEN 1 A DFH
B KD X S Uik,

4) FO AWEEEEIHEE E TN TV B IEEIX, 2
D E N 73 M1 hY H Sk % S HE 72 9228 L 7z (Table 2).
W) Z55RR, Ty 27 77 THERE O ki e

Table 2 Results of energy loss analysis

Test result Ideal result

Fuel efficiency [L/100km] 7.2 6.5
Engine loss [kJ] 16257 15405
Idle speed OK OK
Fuel cut-off duration time [sec] 0 128.3
Engine efficiency [%] 26 30
Engine loss improvement opportunity [%] 3.1 -
CVT loss [kJ]| 4038.3 3819.3
[CVT efficiency [%] 80 82
Launch loss [kJ] 115 115
Lockup timing OK OK
Launch loss improvement opportunity [%] 0 0
Mech loss [kJ]| 38593 3657
Inertia loss [kJ] 9.3 15.3
Shifting loss [kJ] 54.7 32
|Shifting loss OK OK
CVT output energy [kJ] 4828 4598
Vehicle speed traceability OK OK
Improvement opportunity [%] 10 -

TM D BRE B K 172 MR N IC H B Toodr ik %
Kol W-oT, EceikFmniz<, Ko
R TR HERIEICEH 5 LTV 3 K RHE T HE
Lix-ore.

3.4 FREENEVNI S 7DEHRA S

AT U Te ks SR 72 FIS o bk 72 NI 2 9 5 728
W&, HEARZEICHS b L— FA T 285 Lk
PENRE LIRS, T D%y, BARERE, KUHM A —
AEDTHHDLEDRETHS. HEEEETT = —X
TEEBED@mVIST A= R ZEINICT O HHht
I BrDHEZ BEHREZ L L Tz,
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o ZSHEG 2) ZALTF v — TR HOEL & I ORE 2 Hia

1) ZiR bICREE— FETIR, MEnHgEtEza Y HEZL, RetFHEeINTOBEFRZENATA RT3
2Ty kS K5I LTz (Fig. 8). WreZ9E3E LTz (Fig. 9).

3) MRE & U CHIEMN R Algg & =l L 7z Rlis 2 2 1 L

wesbazen wesbasa Fr— b THERQEESL, HAEE ITNTVSEHZ

1454+, D, HHHISEDIFATETENSHL

200 DOREUCEEDN HEIAD 2 Oz HEIEHE S % Bre 2 923
L7z (Fig. 10).
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Fig. 8 Contours of proportion of FE driving mode and
fuel use in shift schedule

1 —— Testwvsp
1 @ Not following Eco shift map
E‘ -
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Time [sec]
| = Test turbine speed
T Shiftschedule turbine speed ‘l
g e VL’H
=
il | a i
c
5
2
0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Time [sec]

Fig. 9 Function to check the intention of shift schedule
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——— Fuel flow of FE optimized shift schedule -~~~

——— FE optimized shift shift schedule Turb

= Cumulative fuel consumption of FE optimized shift schedule
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Fig. 10 Function to compare test results and FE optimized shift schedule
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. Ty 2Ty T

1) A LF¥—bF LT, FFrEKEE OOy 77 v 7
firgmEE - ERQEHE L, BEXED TRVLEIENDH 5 HE
fiieNA Z A + 3 BiRez 235 LTz (Fig. 11).

Engine/Turbinespeed [rpm] Vsp [km/h]

Lockupflag [-]

EHSEO SN S 7 Z HEicngifkd s 2 &
T, BB NDORBREN KX VREIE & B D & O E
AHRTE S KD ICH Kz, £z, BXKEO Tk
WEEMNDH B EEIC DV T, SR AT DS s i
R D IAR, FHRICHETSRS X S LTz,

—— Test Vsp

e Not following lockup schedule map
Time[sec]

—— Engine speed[rpm]

—— Turbine speed[rpm]

==

Time[sec]

] 1M T 1 TN 1B ] [ === Design intended lockup flag

—— Test lockup flag
200 400 600 800 1000 1200

Time[sec]

Fig. 11 Function to check the intention of lockup engagement
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4. FED

BrFE U TR oAy — )V 25 T & TR TR D
U— R XA LD 60% R TE, WIEITHr &% %
Kt B e 2z Hl U 7z (Fig. 12). X7z, AV —)b
25 LT, MR THERE ZZENT 5 LD

Previous

Check time data of FE results

E 2

Select study items

L 2

Check if designed as intended

2 4

Design fuel efficiency
optimized shift lines

¥ <

Check expected effects

Analysis of
contribution
to FE

Check trade-offs

Present TM ROM spec

ik 7z, ERERRELE AR & T D FZBR I 4507 {1 ek HH Kk
Tz & T, BREGEREE TOR O R Za8ciEH L,
HIRBHMEBNRET AT L 2RI 52 & &AlhHE
oz, IS, BRPICRE LI N L— A TRRHCE,
RBEANOZEA NS SRR 2 78, RELEER
WA S RO FIEEN R L— R ids K 5 Iz > 7z,

Current

New fuel efficiency analysis tool

Check if designed as intended

Design fuel efficiency
optimized shift lines

Check expected effects

Analysis of contributionto FE

L 2

Check analysis results

¥
Check trade-offs

¥
Present TM ROM spec

Fig. 12 Previous and current process flow
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