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Abstract : The idle stop-start technology has an excellent fuel economy improvement effect in the certification cycle and can
be recognized for its additional off-cycle credit. Therefore, its installation rate is gradually increasing with its perception as a
useful device for meeting the reinforced fuel economy standard. However, due to the technical characteristics of the
technology, its effect can be expected only in heavy traffic, and its usage rate may be limited in various environments such as
a low outside temperature, a sloped road, and air conditioning operation. Therefore, research is lacking on the effect of
improving fuel economy on real roads. In this study, a five-cycle test was conducted with a sports utility vehicle that had a
2.0-liter turbocharged GDI engine with an idle stop-start function, and big data from real road driving conditions were
collected and analyzed using telematics information. Finally, the effect of the idle stop-start technology on fuel economy
improvement was evaluated and compared with the laboratory results.
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Fig. 1 CAFE & SAFE standards according to model year of
passenger car and LDT

Table 1 Credit available for certain off-cycle technologies

Technologies £ T L LS
(g/mile)  (g/mile)
High efficiency exterior lighting (at 100W) . 1.0 1.0
Waste heat recovery (at 100W: scalable) 07 | 07
Solar roof panels (for 75W, battery charging only) 33 33
Solar roof panels (for 75W, acti_ve cabin ventilation 25 25
+ battery charging)
Active aerodynamic improvements (scalable) 0.6 1.0
Engine idle stop-start with heater circulation system 2.5 4.4
Engine idle stop-start without heater circulation 15 2.9
system
Active transmission warm-up 1.5 3.2
Active engine warm-up 1.5 32
Solar/Thermal control max 3.0 max4.3

E3] L XALo|E 7]E T 33| 2 A%k7 ] % (1dle stop-start
technology)= 1S E = ol Ue} =4 ATl A A
WRH Ebt 34shan AAe A Al S
Al 2L 71EA 8 o] mll-g- Faho] W Apkel] S

)}\T;]--

3 AAG 72 A A A AR 7hs BT o
5 2xw gdetal, F3 Al dE ol ¢ FatkEs A
Z ] 45w e 2 & S ske S Ho] Jltk(Fig. 2).
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Alternator Management Control

Fig. 2 Synergy effect of idle stop-start and alternator
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Fig. 3 Schematic diagram of idle stop-start system
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Table 2 Comparisons of 5-cycle test mode

; Test cycle
Cycle Attributes
FTP-75 HFET USs06 SC03 Cold FTP
Low speeds =~ Free-flow Higher speed| A/C use .
5 City test
. in stop-and-  traffic at & harder | under hot o
Trip type . X . with colder
go urban highway | acceleration | ambient
. outside temp.
traffic speeds & braking | conditions
Top speed 56 mph 60 mph 80 mph 54.8 mph 56 mph

Average speed 212mph 483 mph | 484 mph = 21.2mph = 21.2 mph

Max. acceleration | 3.3 mph/sec 3.2 mph/sec |8.46 mph/sec 5.1 mph/see 3.3 mph/sec

Simulated distance 11 mi. 10.3 mi. 8 mi. 3.6 mi. 11 mi
Time 31.2min. | 12.75 min. 9.9 min. 9.9 min. 31.2 min.
Stops 23 None 4 5 23
Idling time 18% of time None 7% of time  19% of time 18% of time
Engine startup* Cold Warm Warm Warm Cold
Lab temperature 68°F-86°F 95°F 20°F
Air conditioning Ooff Off Off On off

FTP75 velocity profile (km/h) HFET velocity profile (km/h)

US06 velocity profile (km/h)
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Fig. 4 Speed profiles of 5-cycle test mode

5C03 velocity profile (km/h)

Table 3 Specifications of test vehicle

Vehicle LxWxH (mm) 4,770x1,890x1,680
Tire Size 235/55R19
Curb weight (kg) 1,843~1,853
ETW (Ib) 4,500
Battery 80Ah AGM
Drivetrain AWD
Engine Type In-line 2.0L T-GDI, DOHC
Max Power/Torque 175 /353
(kW/kgfm)
Alternator 13.5V, 150A
Emission standard  Tier3 Bin70/LEVIII ULEV70
Transmission Type 8 speed AT
Fuel City/Highway/Comb 19/24 /21
Economy (mpg)
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Fig. 5 Behaviors of idle stop-start and alternator management
control

Photo. 1 Climate chamber with chassis dynamometer

Table 4 Properties of test fuel

Items Tier-2 Tier-2 Cold CO
Specific gravity 0.742 0.736
NHYV (btu) 18468 18719
CWF (Wt%) 0.868 0.866
FHRIE BEITE e olE WAAle] 7% 5
A A, 7SR = dEUlolY FalE A
7131 7 ARA F7olA LE o]y 38 E8l i
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Dynamometer Driving Schedule) 2. =5 &3+ AFXA] S S
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S} THFig. 5).
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Table 5 Amounts of driving data used for analysis by time period

Period Jan. to Apr. | May to Aug. | Sep. to Dec.
Number of trips 520,287 1,020,110 1,019,111
FE Tire-20]™ Cold FTPE Al FAEE A2 TUEA
©] 748} Tier-2 Cold CO AR ©]T}. 7 AR BF o k&
FFe glov] okd) 4 ()3 Lol Tk mr e 2AR
AN AL & 4 g3to] 2} An) g NEshadnt

5174 x 10*- CWF - SG
(CWF - HC +0.429 - CO + 0.273 - C0,) X (0.6 - SG - NHV + 5471)

mpg =

M
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Fig. 7 Fuel economy results for various test modes
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Fig. 8 Fuel economy increase rate by idle stop-start technology
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Fig. 9 Heating value of fuel by various refiners in US,
2019 ~2020 (Survey results by SGS)

Volumetric Cluster Trip
Testmode Flow meter trip computer computer
mpg mpg error
40kph 40.30 41.5 3.1%
60kph 42.28 43.4 2.7%
Constant o
Speed 80kph 40.47 41.5 2.5%
100kph 33.25 339 2.1%
120kph 26.89 275 2.3%

Fig. 10 Comparison between cluster displayed fuel economy
and actual fuel economy measured by volumetric
flow meter
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A 87 AfrAtell sl 2241k A3k(Fig. 9) sH 7] S+t
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A5 U] 2F 2.0 % =k 18] i 2 A Ab
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Runtime distribution
km/h
100% o 15 25 35 45 55 65 75 85 95
untime
80% 900 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
60% 450 0% 1% 1% 2% 2% 2% 1% 1% 1% 0%
40% 9304 23 27 0% 0% 1% 1% 1% 1% 1% 0% 0% 0%
20% ' ' 16% 11/o 2% s W 0 oo 225 0% 1% 1% 2% 1% 1% 1% 0% 0% 0%
0% P o - - = 2 175 0% 1% 2% 3% 2% 1% 1% 0% 0% 0%
B e T 125 1% 2% 4% 5% 3% 2% 1% 0% 0% 0%
AR @”'\@:‘V qum'& m;*b Q/\’@ﬁ& v 75 1% 4% (7% (7% 3% 1% 0% 0% 0% 0%
Y 25 [BRN6% 5% 2% 1% 0% 0% 0% 0% 0%
Fig. 11 Runtime distribution in real road driving condition Fig. 13 Vehicle speed and runtime distribution considered
(n=2,629,576) together in real road driving condition (n=2,541,034)
Vehicle speed distribution AJcon usage rate
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n real road driving condition Fig. 14 Usage rate of A/con in real road driving condition
(n=2,081,566)

Fig. 12 Vehicle speed distribution i

(n=2,629,128)
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Idle stop-start usage rate
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Fig. 15 Usage rate of idle stop-start technology in real road
driving condition (n=1,067,020)
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325 | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
275 0% 0% 0% 1% 3% 3% 2% 2% 1% 1%
225 0% 0% 3% 8% 7% 4% 2% 1% 1% 0%
175 | 0% 2% 9% 3% 1% 0% 0% 0% 0%
125 | 1% 8% 7% 2% 0% 0% 0% 0% 0% 0%
75 4% 4% 1% 0%| 0% 0% 0% 0% 0% 0%
25 6% 0%| 0% 0% 0% 0% 0% 0% 0% 0%
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Fig. 16 Fuel economy distribution displayed on cluster in
real road driving condition (n=2,559,508)

HiElE] S, 2537, 2ER 74, A ~H %)
T 5ol osiA] Ak A
ARl tisl A= oA eEsket

Fig. 162 A =2 Fax7io] Hqt 244 4 S8 2~FH
o] TAE = Ane] EEE YERAATE AR Aol u}
g A FapEe] FHAE BAIAE] 931 2~3 %E B A
Ae)et Ay} H#EE 25 km/hol A AA8]17.5 mpg €1 &
ANEL] RIE7} 7P A ekt ald 2kge] 15

kel A g F 7o) dAn)=
1Zthn] ko, E3] QISR = % Cold FTP, SC037}
Pk Anjef & A x|ghe &

3.3 3AAEHHR|e o =2 ¢H|Eu U 2ITA}
0|2 T« o2

Hlsr SR S H(EPA)O WEW I3 HAIG =0l
SHAlE 2FFe] 2 cycleA] oFol& HIE2 oF 10 %] i, A
TR2Z70 A ololE H|Eol tg MOVIES #4172
13.76 %% o, S35 H 9ol A 2] ZH5H]E 68.75 %,
Aol Aol A HAGHE 19 %2 R 87.75 %=
HAgsto] HF12.07 %9 ofols HE&& €U 2H, EPA

Table 6 Vehicle simulation results for idle stop-start in CO,

Items Small-size | Mid-size | Large-size | LDT
Combined CO, 208.1 276.2 3534 5354
(a) Reduced CO, 8.9 15.8 17.0 21.4
(b) On road 10.7 19.1 20.5 25.8
(b)-(a) 1.8 33 35 44
Off-cycle credit 2.5 4.4

Alcon activation
(yes or no)

: Hiet Average FE
. . Fuel saving

Idle stop-start by Idle stop-start

EEEE——

usage Calculation

S 2 "

- Average runtime
—_—

Idle fuel consumption

Fig. 17 Procedure for calculating fuel savings by idle stop-

start technology
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