Transactions of KSAE, Vol. 12, No. 2, pp.168-174 (2004) Copyright © 2004 KSAE
1225-6382/2004/068-22

T8 158 €86t MzR HE duels
a8 5
A R[]

A New Shift Algorithm using a Longitudinal Accelerometer
Jinho Park’

NGVTEK, Room 2308, 136-1dong, San 56-1 Shinlim-dong, Kwanak-gu, Seoul 151-742, Korea
(Received 30 October 2003 / Accepted 25 December 2003)

Abstract : A shift algorithm of an automatic transmission is decided by the compromise between the performance and
the fuel economy of the vehicle. But because in the traditional shift algorithm, throttle opening and vehicle speed are
used to decide the shift points, the actual load of the vehicle is not exactly considered. In this paper, to consider the
actual load, that is, the road grade and the vehicle acceleration, the longitudinal accelerometer is used to decide the shift
points. As the result, the performance and the fuel economy of the vehicle which adapts the new shift algorithm are
shown better than the traditional one.

Key words : Shift algorithm(® 4 <38]5), Acceleration performance(7}14;43%), Fuel economy(@H)),
Longitudinal accelerometer(<=3 B}k 7}4; & A)), Road grade(’= 2 7 A} &), Vehicle acceleration(x} 2 714 &)

Nomenclature LAE

T :torque, Nm AukaQl 2A4F 7] Fat Ao WE danEE
I :inertia, kg m’ o F-deHenes FHAATE VIEoR 7
F :force,N £ AEE AR A, AR AF5dg 2oL &
a  :acceleration, m/s’ A, 43t 59 g 24 5 nEste] $4%h
m :mass, kg olFA tigFd o2 AAE HEMTE Tho]UR A
r :radius of wheel, m A AEE Ezle] ddu|gl vl7]7E29] A% =A
g : gravity, 9.81m/s’ & RSl HA] A3l HEH o2 HEAEE &
6 :road grade, degree AskA ") a8y, ol2¥ oz du|Her no
o : wheel angular velocity, rad/s (Economy mode)9] -5 A2 E-AF4&E Yo
RS et E 4R F 7] iollA oy

Subscripts HHaz e g ASARR 2490 gE

a,r,g :air, rolling, gravity resistance oz Fol AHEHI JY' 22E-AFEE Uy
out, v :output shaft, vehicle Y AT L2 ES IR A A D EHR AR A
BEadE H48 3 F AR AAEHE HE HE
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Fig. 1 Flowchart of constructing H-V shift algorithm



A New Shift Algorithm using a Longitudinal Accelerometer

Fig 2= Fig 18 Whjoz &
olth A g FHE JlEre = Tg:
HAl A7t H &t HES Aol E8&
Ahgke] A4 -2 Fig. 20 B.oiz) B oA &2 0]
Al B 258 7ELE A2 B YEed, B
T £2Ed digte] A g olfr+ B
4 Au RS ER 3L Q7] WlEolth & A
o) Fol 7l HES} ARG WEHUM Fig 20) B
o]zl FH Lol FHoled, 22EL2 FH5H2

2 ARE o3& 225 WO R FYA
9, Fig. 33} o) et 5, 225 0] 10%~
25% Aolefl MEAES HAE HRo] Uge 2
T Ark &, 2REH AlgEE ‘ﬂoi‘—“: b
= 22 AR 93 3
£ Ul + gee 9n
TVaSe R e WhARE A ket v
2 AR Ao gt o)) A7k EA3N e} Bk
Zeh HV 984 gnaE %ﬁﬂﬁlﬁ%ﬁii
o7 4 Slrk @ Fig 4 o
AH S =AEA, e —%3330} Fig.3°ﬂ/ﬂ A
Ay FEoR Uehd XA olFoiRa J&
& 4 Uth oA mAF ] diRiLe] 225
20% A NA o)l FolA =, AHF VSR ER
A8 A i 9 Gl BN B
e AR Wo] FAPE & 5 Q) we,
bAoA & e Kol A
o ez = 397 BAFE Ae)
o B QneEg A S A oleid TAH

;9]
3
4n
R
fl
o
ol
5

©oo:l gear
o 12 gear

Throttle[%]

3 gear
. 04 gear

1500

(L]

Acceleration+grade[m/s?] Vehicle speedlrpm]

Fig. 2 3D plot of H-V shift algorithm

YSE, Hohebu g7} sjojof Au, 2252
uA] % Wge] Bho|nE 1FA gholw k.
BRSO PRl 22E
A A£3) Akl )

Fig 20 ﬁoqzl A" o
oé' 2= o\

® o1 gear
Che 5
=P 04 ogear
2
S :3 gear
30
o:4 gear

510 1000
Vehicle speedlrpm]

Fig. 3 Projection of shift algorithm to throttle-vehicle speed
plane

Throttie [%]

“y00 b
Bo\(p
2 ’ yenict®
£
“ oy

Fig. 4 H-parameter-vehicle speed trajectory of NAMBU
mode

H-parameter[mAs"2}

3-4 shift

0 300 600 900 1200 1500
Vehicle speed[rpm)

Fig. 5 H-parameter-vehicle speed shift algorithm

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 2, 2004 171



=z

2

3. ¢id| Al=Z3jo|lM Az

3.1 gid| AlZaljolM
71& xE AV E
o T-VHASHAESH-V
WA AREHRl FRRE =
Exgk glont, FauFdd e
ot & =8 AALEsF X9
Aol AH&-SHA T
71E ARE =EolA ofn] Aat Y Aaet Al
Beo|de] A v w/grkete GA13he gelst
Form, & Hoxe AlEe ol &g At
v sty 2 grt” A4 H-stebeE st 249
SNU ZE(AM & sta 32 3 ¥ =)0 NAM
BU E=(@A-AMRY =2 8 =), 085 3
A& 71E 02 § FTP-75 5, JAPAN 10-15 2.5,
NEDC =0 tfate] Al Eejo]4e a3t
7Hers }71] A e, SNU
BEE= AR w3, w3 7FS 20} ol H-v)et
e ol 493 =& Wolil, NAMBU
SNURE Huhe GARE o & A o3} Al
Aol A AAEL Qo] & Holl 3k F =2 A
AbEe] o7t o] H7HE 7] Wi thE BE
3 4 x4 &SR v TR B,

tlo

e
He+

H-s}ebiEl = & Ho|t}. wha FTP-75 R=8 ¥
F eix] REo] FeE g F74A] REn
w& Holt)

7} 2YPnco] et An) AEHoA ARS
Table 1o JERNATE Aol & 5 ghKo] A
E Ha o 1%9] A48 B gttt FTP-752. =, NEDC
o H]3e} SNU 2=, NAMBU .=, JAPAN
10-15 2= 5o durh o FAEASE & 5 2

—_

Table 1 Comparison of

12.8575 12.9141
7.4594 7.6352
9.6448 9.7409 1.00
10.8355 10.9618 1.17
12.4072 12.4295 0.18

172 SFRANSAZ oS =2 HM12 A H235, 2004

.
o 53, SNU R=} go] Aejzlo] e R
5ol u] Ggol  FEAW L & 5 ek

3.2 AlEd|o|M Ail EA
Au) el o2 B A E 2 g
355 ulawstedof Bk,

Auje] 714 AR FFS A A4 &
A AEaH & WSy WE, 1en 228 )
=9 Wghst A7 S50 WS A £E9) H-5}

e, 221 F&§ =2 FAHE9} §7 Fig. 69
el 21t Fig. 604 & 4= gl %] H-2}tvE] 7}
T2 GoolM = ¥e dFE FY S 3, H-gte}
B 7 R °G‘°C‘°ﬂ*1 é%% %¢§ sHe e

o] H&
o 4oz P& s AL
a9 225 e 0%E fﬂoix
WMEYS & g ok a2y, ©
W o} S5E AEE FAEAL A, om%
1/‘14 o Eolup A BE Q18] FA| 2EE
£ Ut o] of 7]Ee] MEA
Pl 4oz {FA A Ha,
Ast] 2258 U2 3
4835} A == Ao}t oA
2 o] L2174l AFs] &
F=lofof gt HA] 2H ol 7E o
Abgshe] o] BEQF WSS v
£ ATelA 21]*153 W42

8
m§ “‘
2,

H
&
32
cllo
1

s

rE
iy
ijo
4 o

o

N

}_

% g
>

B B
mlo rulo
rlo

fo f 2 @
ﬁ Moo Mz ffLo 2> 0l oW

u E
o

o g

9o jo ook to | oap p
[o

L o

o] Hol AP ow ‘%‘7‘] &t Utk Fig. 6041
Yet}Ro] 2258 W ol AFEHET ga
sk JAI 7Y, H-3h2} e B ] TR =R
ol5ted o) o] A} 7hAEkA] ¢k, U}E}H 22ES S
AZZE FFEAT L SR A
°}“‘4 hefel] =2 FA=rt Al 1 ek, A2

& WS GuYFEE 4 #5E FYFE Aotk
ﬂ]i“ﬂ HES F5HA] v AR FPskE A
ko] An] zpol7t A9 A vty BE e s

2o wxs Qee o 2 gok 3hA, 36529
370% 18] il 380% o] &= J|E Sof 1

=

AsE

l

HENE
=7 -



[degree}

Road grade

Vehicle speed
{rpm)

§ - é§\\ I o] 22 EANA T 7S o] FEE tidlel b
L+ , 7} Zate & 5 Yk HV REARE g PEE
M A% SRS} SRR st HH o] dule
P e T 2 ke 0] wRdl 2REEe vuse
TR : B AL o7} gk F, 22 A7} qhol) Aupur e
[ gggggm el EgE B FYA F2F A Sl v
2 i ByHV WE P, H-V RS B35 40% A2 5ol 40%%t
. e 0110036 km 2 5 QAR TV M4 H T 70% 2
£% 00@“\% I A ZE0) 4027} Aok 1.0834kmol] = = Q=
350 390 100 Zo|t) o] ue] ¢In|E v BH H-VHESHE
s _ § 1 2 40% FHAE 63012 kn/IQ1 &) H]&) T-V @&
£ g%w\w/% EE2 70% A 5.1841kmhE 10%0]4 2ol 7}
T s A & 5 Ak 27 HE AR S WA
Fig. 6 Precise comparison between T-V and H-V 7171 $teiM e 2 ST A A A1E H-VAS AT}
T-VREHAEET dv)7) 453 Sve AL ¢
3 e 53 & g =), o) 2l H-3e} 4 ok
el 7} 4RE B2 FRoRA sid Wdo] Wi o) 4T e Azt MEA AAE H-V
Al Bed R aHE Est] & ik BF duFEL 7HE A 53 Ao 7]EQ T-V H
o] Z 15} T g2 oA o] 5
NIRELER A7} =W, webA] SA A8 A Table 2 Comparison of fuel economy and acceleration
T go I At} 7] EL) WA 5w v performance
g Mo b= AR =AX R 2 28 hro T-V shifimap H-V shifimap FE AP
Aq el Ae BYQF WEWE Bob  |de D " BE Dis | FE Impr. Impr
A= Aol WhEA W sk RRoA WS [[%] km] ”Ef;d k1] (k] “f;d k] (%] (%]
T A3 A 2] & Aol A AlAstaL 9L S 029 0027 1071 030 0027 1082 099 0.65
EHEAE 22 a s HEe A A 10 047 0050 932 048 0050 947 157 097
o, 7V S 4] QMR FPs} 15 053 0063 839 055 0064 863 281 257
=ues 20 059 0080 7.36 064 0082 7.83 634 647
25 069 0094 734 075 0097 7.66 432 6.63
4. Ik 30 075 0109 691 085 0.119 7.15 350 10.12
40 087 0.129 678 100 0159 630 -7.03 1658
T-V W& w9t H-V ol tjste] ko] 50 096 0.53 629 116 0222 522 -1695 29.57
7HEd e S BlaLskth 7HAd e AlE ol d2 A 60 097 0150 613 121 0264 457 -2540 35.14
Holl o3l HEH =21 AHE-srg o, o 70 108 0209 508 125 0303 4.11 -20.66 24.37
A} zF2EQ 73 A @ ;}&4%-‘% J%f;} FehE 7 80 1.18 0252 469 126 0311 4.06 -13.28 12.37
WS Ealo] A Bo] e Foich® 90 126 0306 4.15 127 0313 406 -1.98 112

T8 IS AE €88 M=

0
I

etaa|

H
oin

& )@, Ak dulr) dend

390 400

01];]_

Table 20)) Z} 22 5 2 FPA] A9} A B A4H]

ANEd ol

2AL 02T Tl 22ER FAT o) 43

otk ATE T, 22E %A= 7H5A% 2

AH|7F Bol FdE S & 5 Ak e 40%0] %

Transactions of the Korean Society of Automotive Engineers, Vol.

12, No. 2, 2004 173




Jinho Park

s 7S
AMER WE duelEs Arstden, 458 o
Bl A& 20 7tEAdT oS Z2E A

hu

I
b
ull
#
ot
i
M

KU odn to
T4 ol
o
o
T
k=)

q "y
S

f
ot
lo Zﬂ e

e &

o
(%

o MDD <

o=

& o

o &
ol g
ofX
it

it
L

g b
Tf‘-
¥

= o

H’ mg
Pl

e
oot B
X
o
_0\_‘.'.
xR

il

N g e
v

filo

oft
&2 2 oo

e

B

2)

2

b e
[( fU
Ho

R o

i
B
=

]

0l
<
2
g

E
i
e
I,goﬁ.
i =
o 3
o =
. Rl
25
)
2
o,

)
N
2

0
o’
R i rir

o

2
ES
L
I oz
S

> mgom, WA 715 TR
| BgE AR O R Hee L

¥ 2 2

rir

i
S

3)

tlo
o Tfﬂ:

32 off

Mnlo_iiigizmlméiiibtﬂ
oo -‘ﬂ

o B f

o
o
2 o
=
t
X
o
i)
&
¥
jo
o
e
9
N
7
a

References

1) T. Kondo, K. Iwatsuki, Y. Taga, T. Tanguchi,

174 simxIsALZsts]| =27 ®12A4 X235, 2004

2)

3)

4)

5)

6)

7)

8)

T. Taniguchi, “Toyata ECT-i a New Automatic
Transmission with Intelligent Electronic Con-
trol System,” SAE 900550, 1990.

H. Taniguchi, Y. Ando, “Analysis of a New
Automatic Transmission Control System for
LEXUS LS400,” SAE 910639, 1991.

Y. Hojo, K. Iwatsuki, H. Oba, K. Ishikawa,
“Toyota Five-Speed Automatic Transimission
with Application of Modern Control Theory,”
SAE 920610, 1992.

B. Martin, C. J. Redinger, “42LE Electronic
Four-Speed Automatic Transaxle,” SAE 930671,
1993.

J. Petersmann, W. Seidel, W. Mollers, “Porsche
Carrera 2 Tiptronic Transmission,” SAE 901760,
1990.

J. H. Park, J. H. Kong, H. S. Jo, Y. 1. Park, J.
M. Lee, “Measurement of Road Gradients for
the Development of Driving Modes Including
Road Gradients,” Proceedings of Institution of
Mechanical Engineers Part D: Journal of
Automobile Engineering, Vol.215, No.9, 2001.
J. H. Park, Y. 1. Park, J. M. Lee, “Estimation of
Real Driving Fuel Consumption Rate of a
Vehicle When Driving on Road Including
Grade", Transactions of KSAE, Vol.8, No.3,
pp.65-76, 2000.

H. S. Jo,J. M. Lee, Y. 1. Park, W. S. Lim, “A
Performance Simulation of Vehicle Powertrain
for Fuel Economy and Driveability Analysis,”
Transcations of KSAE, Vol.7, No.2, 1999.



