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Measurement and Increase Factor Analysis of
Environment Impacts under Road Driving Conditions

by On-Board Measurement System

—Study for Engine Enriched Control Conditions Causing Gasoline Emissions Increase—

by
Toshiro YAMAMOTO* Yasuhiro OGAWA*® Susumu SATO*
Junko TSUNEYAMA* Noriko FUKURO*

Abstract
In this study we paid special attention to the engine control of gasoline cars under road driving
conditions and conducted tests and research. As a result, we confirmed through a chassis dynamometer
bench test and road driving test that there exists an air-fuel ratio (hereinafter referred to as “A/F”)
enriched control in which the feedback control stops and the A/F control of the engine shifts to the rich
side in high-load driving area, etc. of the engine. To verify under what road environmental conditions
during driving on the road this A/F enriched control appears and causes an increase of emissions of CO,
HC, etc. in an A/F enriched state, we conducted road driving tests by loading an on-board measurement
system on the test vehicles, and analyzed the correlation between road environmental conditions such as
the slope of the road and the change of speed during driving, etc., as well as the appearance of the A/F
enriched control. As a result, we confirmed that the sudden increase of hill climbing resistance enlarges
the running resistance and that these increases cause changes to the A/F enriched control.
Furthermore, we studied a method for evaluating the state of the appearance of the A/F enriched control
causing an increase of hazardous components in exhaust gas during driving on the road, by means of a

chassis dynamometer bench test.
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Fig. 1 Appearance of on-board emissions analyzer

Table 1 Specifications of test vehicles

Gross | Vehicle | 3¢ Emission

Vehicle Engine | Catalytic Weight of Vehicle weight
. i t road gas
Code | Vehicle Class type  |Converter| Vvehicle weight Ctast: qualification
(kg) (kg) (k) level
A Passenger | Straight four Nevzesrn-?rt_
2.5L car DOHC TWC 1,890 2,055 2,085 AAKA
. . New short—
B |20 | Middle~ |Straightfourl rye | 1770 | 2880 | 2417 torm
. New long—
. Straight four term
C |ossl Light car DOHC TWC 970 1,025 1,070 Jededode
s Straight New long—
Light:
D JosesL three TWC 910 1370 | 1274 term
truck DOHC HKHH
Light— Straight New long—
E 0.66L truck three TWC 940 1,400 1,238 term
uc SOHC KA K
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Fig. 6 A/F control condition of C-vehicle in results of a road test at Metropolitan Expressway

Running resistance

= Rolling resistance + Air resistance + (Flat road)
Acceleration resistance + Hill climbing resistance

Rolling resistance (N)
= Rolling resistance coefficient xVehicle total weight (kg)
xGravity acceleration (m/s?)
Air resistance (N)
= Air resistance coefficient (kg/m3) x All projected area(m?)
x Square speed((km/h)2)
(Flat road) Acceleration resistance (N)
= (Vehicle total mass (kg)+ Equivalent inertia mass of rotation
parts ) XAcceleration (m/s2)
Hill climbing resistance (N)
= Vehicle total weight (kg) xGravity acceleration (m/s?) xsin &
H=road grade

Running resistance (kw) = Running resistance (N) x Speed (km/h) ‘

Fig. 7 Formula of the running resistance calculated

as the sum of a variety of resistances.
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Metropolitan Expressway
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Acceleration condition

Usual acceleration Quick acceleration
A A

~ 100
T ©® @ @ @6 & @ ®
g | 24kmhis27 31 36 44 57 80 133
©
% 40
& 207
0 0 100 200 300 400 500 600 700 800
Time (sec)
Acceleration | Acceleration| Acceleration| Acceleration
condition (km/h/s) (G) state
@ 2.4 0.07
@ 2.7 0.08 Usual
Q 3.1 0.09 | acceleration
3.6 0.11
® 4.4 0.14
® 5.7 0.19 Quick
@ 8.0 0.28 | acceleration
® 13.3 0.57

Fig.14 20-->60 km/h constant acceleration mode
test

3. 7 ZERT Y FHIE O FEBLIRE O FEAT

B EETROA/Fx ) v FHIEORIIREZ,

Ty AT A—F G ERBRIC X T S R
ICOoOWTHELZ. M1 2 TRrLEZESIC, ASFE
TV FHENL, AEHRHTE INEEREIA L,
TORERE U TETERIMESE R TS Z LITL D3
YD, (6o TC, WEHPT & MNBEHCHT 2 5 LEFTHE
WCHEAETHEIICHEREL TREREZITVY, ZTDOLED
A/ F ) oy FHIEORBURRE 2 i Xk -
ELTRHCHBLT D= v U FHIE OFEA 23 7T EE & 72
5.

13Xy, BMEHHRKERICBNT2%E2BX
5B R B D XS 1 0 % RREF(ET D 2 &M
binot=. LT, ZOAEKMEZ2%EHKb /NS
RAL -7 BT, Z02%XEIZHE W TN EfS
EATol= L & DA FHIENREEZ 4 L7, BRI,
VXY UHEAFEA—Z B EICRBEG ZIERE v b
L, AR ZEN 0 ERPUNICNE LT, K1 4
(R EMBE— R ZERERG L CEE L. [
BUZ R IERE L, W EEE2AF3T510-15
EF—F, 11E—FER]CO8E—FIZBWTH
BRI 2 MEEL HZIS, O~@Qx@E oMEE, £
O~ ANMEE L L THRE L. RBRERO—
Bl LT, HEERMCEDHEREEZX 15KV 6
R, INHDOREY, ARE2%TIE, 0%DE
TTIFBR SN2 D> T O~DDFE WML C
Uy FHIBENRBHEL WD ERbND. 2k
D COKUHCOHEHMNEEE L7220, INEEE O
WP THERE DN 5728, SIEHEMETIX
M OHEHE (g s) DAL TWD. 72k,
INHOEMEE— FRBRICBIT 5=V v Tl
%, CHUZBW TAELRT% O T AREN 7 0 0°CLL
TThodrZ b, oS LICERT S b
DTHRWZ Enbns., LX), "U—T A |
VUARREVEBEABETIE, =P /\U— (IR
MBI LK & 7o T, 18 BEHEWT A AL 0 B2
ERELZT, =) v FHIBEORBIZEN > T
LAREMEDN B B .

PLEDOFER L BE0G, RN ART —%, &



gg | Speed 80 — gg Speed < 80 —_
= =
Ao Al ~— Pl —~ o 4 60 > e — — — — — — 4 60 >
w fg d e e e |le |6 lla fel E. fg g ilg ||g |l& [6 e || |6 £
Z1p | ¥ 140 2 246 [ LI VST s
14 i e | . ° - o
™ kRN i s e e A EDY
I AFF ‘ ‘ ‘ 0 12 VY A M W AP
0 100 200 200 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Elapsed time (sec) Elapsed time (sec)
24 Temp. belfore TWC | Tﬁmp. after TWC 300 24 Te\:np. il;)efore TWC | TemrT\ \after TWCI 800
22 | ~ 22 1 ~
u_20 L Lr./ J ij- J-— U}\. _I\.- 71 600 8 LLZO L /\f ’_['_' ~,_I__' _,Jv v_fu _)Ju _,.P" /_!\"' \* 600 OQ
I o o o I
il yry y p A | S L e
s T T Y A Be~ DA Rad s Bk el AN R N
AR I \ N I I 12 7 AlF
10 0 10 I I I I I I 0
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Elapsed time (sec)

20
o
Q15

Acceleration condition number

Fig.15 Results of 20--->60km/h constant

acceleration mode test (C-vehicle, slope: 0%)
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acceleration mode test (C-vehicle, slope: 2%)
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