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Fuel saving of light-duty vehicle and application of light weight Tech
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Reducing emissions-the work must be done by automobile enterprises
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1 No mater how much it would be, auto emissions is one source of fog and haze
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The critical way of reducing Save energy, improve environment
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The targets of FC in the world
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iR EES 1TIREERE Fuel energy and driving performance
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PULISZERIEE modern vehicle efficiency

Relative Friction

Idling stand-by accessory
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rolling resistance
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REDUCING EMISSIONS AND IMPROVING FUEL EFFICIENCY (TOTAL VEHICLE IN THE WORLD)

LERERIEIE ( the numbers of passenger car type and model in the world )
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714 367 103
712 372 105
/05 364 99
/37 379 84
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REDUCING EMISSIONS AND IMPROVING FUEL EFFICIENCY
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ENGINE & VEHICLE BODY
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Vehicle type and engine

C CA CC G K L LS

WEBAT — BESR mREaTt —
AN RE + SETEURHEE (THIRIDR (1N oyt LC [ CAJCC| G K L |LSs| P v | EmE | emE
386 1020 195 | 139 | 33 | 389 | 449 | 715 | 737 | 103 | 345 | 2151 | 954 3105
B4 4 7 8 3 7 13 5 18
AEXIE B6 8 11 11 | 7 1| 1 20 20
R2 1 1 1 1 1
R3 18 45 5 4 1|10 4 | 86 1 95 16 111
B R4 182 560 83 | 63 | 21 | 188|337 | 404 | 625 | 43 | 311 | 1298 | 777 2075
R5 9 20 6 7 8 | 16 | 13 | 3 3 2 30 28 58
R6 13 32 16 | 7 6 | 18 | 27 | 39 | 3 2 82 36 118
V6 65 178 [#&&sM] 30 [ 21| 3 | 96 | 36 [ 136 10 | 19 [ 30 302 79 381
v V8 53 114 (80153t 25 [ 19 | 3 | 63 [ 11 [ 76 | 1 | 34 221 11 232
V10 5 8 4 3 1 3 4 14 1 15
V12 11 15 10 | 6 1 14 30 1 31
WEH! W12 1 6 3 2 1 6 12 12
T WA?2 2 2 2 2 2
R4+E 8 12 4 10 | 1 1 16 16
Bamh V6+E 2 4 2 2 4 4
V8+E 4 5 5 4 2 11 11
ait 386 1020 195 [ 139 | 33 | 389 | 449 | 715 [ 737 | 103 | 345 | 2151 | 954 3105
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Reducing emissions and Improving fuel efficiency
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CO2 emissions vs model year in the world
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[0 Co2emissions of passenger car in 2023 much lower than last year
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FCili#E/L/100km

FC STATES & TRENDS IN THE WORLD

G K/L/LS V
HFEEIIEREFIRIE 2010 | 10.6 7.4 7.4
Fuel consumption vs model year in the world 2011 | 9.92 7.17 7.28
2012 | 9.32 6. 92 7.07

14 t oymhpla | 2013 | 9.14 6. 65 1.07
o L 2020F 7.50 5.91 6.66
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O SUVZEBIRYHEE , SFF1ILA0.5 L/100kmEREETE FIE SUV FC 0.5(L/100km)/per year *
O SBEFEBRRASHIE , 8FF19010.25 L/100kmASEETE TBE Sedan FC 0.25(L/100km)/per year

O VANZERRSHEFE | SFF19010.12 L/100kmBgsEETE FE VAN FC 0.12(L/100km)/per year *
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CURB WEIGHT STATES & TRENDS IN THE WORLD G K/L/LS Vv
BEEEFHESERX 2010 1943.5 1409.1 1602 3

: e : 2011 1883.3 1415.1 1604.2
average curb weight with time in order 012 18459 14246 1626 8

m 2013 1836.5 1434.5 1611.5
2000 -
e Y = -35.84x + 1966. 9

1900 f
1800
1700 f
1600 f
100 v = 8. 57k 4 13
1300 f
1200 |
1100 ¢
1000

= 0.02x + [I59B. 7

Curb weight
BB R/ kg

2010 2011 2012 2013 FAUYEAR)
EA [EERIH: 43K4 4 3£2010-2013 BAR%E ]

O SUVEREEER , SEFHIA6kgMIEETEFIE SUV CW 36kg/per year W

O VAN(MPV)EBPEERE | SFEFIILISkgREETELF VAN CW 5 kg/per year *

O FEFRNESRE , SEFIILUS SkgliEEE L SEDAN CW 8.5kg/per year 4
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CURB WEIGHT WITH TIME IN ORDER IN THE WORLD
BEBRES5FMHAKI Sedan curb weight with the volume

min small medium large executive luxury
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ENGINE TECH STATES & TRENDS IN THE WORLD
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Engine tech application with time FRFRBH DR G g | p || g || gy | HF
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FAR

0 F#BZ[ARSSHENEREISERD 10978
Vehicles with MPI 109 decrease/per year

O FEHESHNANEWRESFIEN1100EE, BRIl ERIEEN S

Vehicles with GDI 110 decrease/per year
O FBEHEENERTEIISFIRM241M 8%

Vehicles with Turbocharged diesel engine 24 decrease/per year
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IHSRAESEE100kg T5iH0.55L/100km [ A& pickupZ]

Fuel consumption will be reduced by 0.55L/100km with every 100kg mass drop in gasoline vehicles
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ISHZERKHEIE S ERE FC of gasoline vehicles versus Curb weight

min small medium large executive luxury
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Controlling the SUV & Racing car is also good way for reducing fuel consumption
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S BRI G BF{K100kg 15;#0.36L/100km
Fuel consumption will be reduced 0.36L/100km per 100kg mass lighter in diesel vehicles
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Fuel consumption versus Curb weight [different engine/fuel/mix]
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FC from high to low is GMPI GTDI HYB & Turbocharged diesel
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FC of SUVs versus Curb weight [different engine/fuel/mix]
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FC of vehicles versus Curb weight [different engine/fuel/mix]

WRYE 3R E 201 B R E s, Geih FIE M S Ahsh B9 2l #6 2 (L/200km) I T 3%
The table is estimated by 2011 models, the average FC in difference vehicles

FC(L/100km) FC(L/100km)
&=l
BREEKg ) EM  |ED+TA/MA]  HYB DD+TA EM _ |ED+TA/MA]  HYB
1000 5.704 42297 [ 3.6998 | 3.3003 51295 | 4.4986 | 3.7078
1100 6.374 48797 | 4.0398 | 3.7403 5.8895 5.0986 | 4.1378
1200 7.044 55297 | 43798 | 4.1803 | 6.6495 5.6986 | 4.5678
1300 7.714 6.1797 | 47198 | 46203 | 74095 | 6.2986 | 4.9978
1375 82165 | 6.6672 | 49748 | 49503 | 79795 | 67486 | 5.3203
1400 8.384 68297 | 50598 | 50603 | 81695 | 6.8986 | 5.4278
Curb 1500 9.054 74797 | 53998 | 55003 | 89295 | 7.4986 | 5.8578
weight 1600 9.724 81297 | 57398 | 59403 | 96895 | 8.0986 | 6.2878
1700 10394 | 87797 | 6.0798 | 6.3803 | 104495 | 86986 | 6.7178
1800 11.064 | 94297 | 64198 | 6.8203 [ 112095 | 9.2986 | 7.1478
1900 11734 | 100797 | 67598 | 7.2603 [ 119695 | 9.8986 | 7.5778
2000 12404 | 107297 | 7.0998 | 77003 [ 127295 | 104986 | 8.0078
2100 13.074 | 113797 | 74398 | 81403 [ 13.4895 | 11.0986 | 8.4378
2200 13744 | 120297 | 77798 | 85803 [ 142495 | 11.6986 | 8.8678
2300 14414 | 126797 | 81198 | 9.0203 [ 15.0095 | 12.2986 | 9.2978
2400 15084 | 133297 | 84598 | 94603 [ 157695 | 12.8986 | 9.7278
2500 15754 | 13.9797 | 87998 | 9.9003 | 165295 | 13.4986 | 10.1578
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POWER RATIO VERSUS MAX SPEED OF VEHICLE

350
e — oo
300 F O __ 0 o
o 0
25 250 f ¢
o =
o
= I 200 RS
o
— \ﬁ s
-] 3
g%ﬁ 150
2 17/ 3600
L& 100 | : A
= Lﬂy‘
i 3600g dt ) |
50 o b C,-ATV »
" 21.15%3600
0 1 ] 1 1
100 150 200 250 300 350

Max speed &/ ZE# /kn/h

CECE R 2FRA 42520118 R i ]



SHINESEERE

Ele) [ME—Z My

CHINA FAW R&D CENTER

ENGINE POWER VERSUS CURB WEIGHT
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POWER PERFORMANCE VERSUS CURB WEIGHT

min small medium large executive luxury
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O 2h#{E100kg INiEEEE ( 0-100km/h)INiEAIENRL>0.865

0 The acceleration time (0-100km/h) be reduced 0.86s per 100kg mass lighter
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BISZRE 5L THE CURB WEIGHTS VS LENGTH OF VEHICLES

SUVE A5 5 & RE comparing the weights of SUV & Sedan
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O FEHEFERIFESVY, SUV LFFESRS
0 The mass of Sedan is lighter than SUV in same lengths
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THE CURB WEIGHTS VS PAN AREA
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FUEL CONSUMPTION VERSUS VEHICLE WEIGHT

PA2011-2013 A5 #HIA S A AR, SR MERER. EES
The average curb weight/FC/Displacement be calculated from 2011- 2013

[

@ hE R E MR AR M

’I'S‘ the website of Automobile Fuel Consumption of China
i H 2011 2012 2013
HEE: (L) Displacement (average) 1. 866 1.792]  2.053
# % i (kg) Curb weight 1433. 02| 1401.65| 1519. 38
IJJK (kW) power 100. 32|  99.84| 122.87
ZEE THAENEDC (L/100km) FC 8.16|  7.777 8. 06
ZETVHL ()75 ) Quantity of registration 1924 2917 3016




R B E SRR G- EE B8 rUEL CONSUMPTION VERSUS VEHICLE WEIGHT ME—ZEMml

CHINA FAW R&D CENTER

PAHREIESBEBRE[2E] Fuel consumption versus the curb weight
PA2011-2013 T # B A A A £, STHRREEEESERNXR

The statistical relationship between fuel consumption and curb weight
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O BS: M6, RAINED ES: K& 5%
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

curb weight (201172013AR A BARSFh/ke

0 EEEFHRSTHI100kg SE5iHFE(NEDC)RL0.39L/100km
0 NEDC Fuel consumption will be reduced 0.39L/100km per 100kg mass lighter

=
Rl
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HilEESEERE[BIRSIIA]

Fuel consumption versus curb weight (targets and present)

PL2011-13 T My A& Ae 0 A, 520164 e RE & W M B & &

Comparing with the issued fuel consumption and limited value would be in 2016,

20
254 L0 (L/100km) A
18 poo mEonR - 2011-2013 A& F A PH 4 GB 19578—XXXX (AERAH)
§ oo e Average liné KAEMBHAEERE
16 1 0 Sois cumin Fuel consumption limits for
= 2019 CHEFRIED
E 14 LM (ABE SR ) passenger €arg
= — b BRAL GHERD )
(@] 2 —_— i (25 T8 (L/100km) )
'35 12 | —— 4kt (2016 (D)
—_— Pt (2017 CTEPRAED )

g ﬁ\ﬁ —— M (2018 CHERRAD ) 2016 [132%]
0= 10 F —p 2019 R ) 2017 [124%]
c = 2018 [116%])
S <z 2019 [108%)
oW 8 2020 [100%]
0=
S G SN —
L= 6r FAMBHEEEER

! GB 27999

TR ERBEE TN FERER
2 F Fuel consumption evaluation methods
. . . . . . . . and targets for passenger cars

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
Curb weight (2011-2013 A 45 22580 R B & i &/ kg

O F2016FRIBR{EET2013%FE! : FEERIAIFEIL 1% , AEFERIAIRZES3.4%
According to the stricter regulation will be issued in 2016, only 41.1 % of the passenger
vehicles on sale are met, only 53.4% of the new issued vehicles in 2013, are met.
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PRBEIE S B ERE[TEEL] Fuel consumption versus the curb weight (CAE)

Fuel consumption

NEDCyH#E/L/100km
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Ju—
o

00

00

.00

.00

.00

.00

.00

.00

3L KA, 1800kgHEE, 14598 E ) TR IR R2 A
ICE based, the fuelﬁonsumption with lightweight

HEL L, EEA 100, JHFEA 0.49, 4.6%;
WA, #EEA 100, JHEEA 0.22, 2.1%

1.6LHL, 1265 kg, 15 IRE
ICE based, the fuel ¢

Ak, BEEA 100, JHFEFEA 0.35,

O HIAE [ 52

onsumption with lightweight

.0%

PO

JH A, HEA 100, JHFEA 0.20,

.9%
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WAEFE SR EEE[TEERL] Fuel consumption and the curb weight (CAE)

ZEim sl BA/RRC =C/BRE
BarHEREKkg ) 1265 1800

BEEAZE RECERE [IREEAZE EREGTAER
G—25 0.04| ~0.087| 0.055| ~0.12
G-50 0.08| ~0.174 0.11| ~0.24
G-75 0.12| ~0.261| 0.165| ~0.36
G—-100 0.16| ~0.348 0.22| ~0.48
G-125 0.2| ~0435| 0275 ~06
G-150 0.24| ~0.522 0.33| ~0.72
G-175 0.28| ~0.609| 0.385| ~0.84
G—200 0.32| ~0.696 0.44| ~0.96
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Axle load distribution

One important customer 50% Front .
demand is improved driving /’__\504 Rear

dynamics. The ideal balance Beltline —

for driving dynamics is a
minimal vehicle mass, a f \ f
—\__/

—-

center of gravity below the
axle line located perfectly

Vehicle
Height

between the two axles in Acceptable Cost per Mass Reduction =——
the center of the vehicle,
and a structure with high
static stiffness.

—

=
o
i

Vehicle Length =——

Acceptable Cost per
Mass Reduction

v

Figure 3: Value proposition for the implementation of
lightweight solutions



BESRSSEBELL € =k
RERERS | G | 54 G |FE
‘ &5 22.686 [body structure
+H4]1+2% | 27. 19—
AT i ik 4.504 |closures
A 20.43] N1 20. 434 [body non-structure
ANl 2. 17| fRESAL 2.168 |bumpers
. . /15| 18.515 |drivetrain
L= 22. 52
A1) iiges 4.003 |fuel, battery, exhaust
Hij = 22 4.921 |front suspension
J5 A e 4.420 |rear suspension
J A 20. 43|  #n] 1.418 |steering
Eip 6. 505 |wheels tires
iilEs) 3. 169 |brakes
i 2.67| =W 2.669 |air conditioning
H5, 4.59 HH 4.587 lelectrical
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Decreasing weight
pEE

Lighter body
TEUNES

Lighter chassis

FEURRE

Smaller engine

INELERI AR T

Reduced fuel
Additional body tank capacity,
weight reduction fewer batteries
RNERESTS
DB E
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BERSSEWIHE curb weight & vehicle feature

min small medium large executive luxury

b2 1) BRI 531EEURO A B C D E F
Segment AAZIAVW  A00 A0 A B C
i % CHINA (B INEY % %i :Pi chACH
ZEBIEhE 6D D T 0 uied
Type >
@ @ CC

L, K Length

ﬁ CA V£ # Volume

= S; #ifiSurface

JhiEwheelbase

=0 p % K:-Length SETEwidth
el e B - ot - R B &1
FWD - | ¥
D H EEB HUQIX i E]glz }-E‘glz 7 mgg
A E‘%D FWD ‘T4WD HRWD H AWD
. awo (@ B &8 B> & }*ﬂik»{
1% H transversal é}Aﬁlongltudmal

Trv to find: the curb weight Versus vehlcle sizes and driveline
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RIS EE Vehicle type & Shape factor
w(T,D)=F(v,.S/.L)

AR £ ES o o |
shape simplify | vehicle type S X :

B 75 ﬁiﬁﬂ O

Notch/Hatch

= 55 © | ©
KJjtkewod | 55| o o | o O O
¥ % fknotch/hatch : S AR =[Fh e X 2 v+ (B K- Tl ) X 42 =1/ 2] X 45

Sedans volume=[wheelbase*height+ (length-wheelbase)*height*.5]*width
2MF/SUV [ ]=[lEEX 4 v+ (Al BE ) X 4 v X2/ 3]) X 2 5
SUVs & Hatchbacks volume =[wheelbase*Height+ (Length-wheelbase)*height*2/3]*width

K Jifkcuboid:  [fAFA]=KXFEXE Volume=Length* width*Height

[Z2 T A/2]=K X B8 + K X B + 55 X 5

Surface/2=Length* Width+ Length *Height+ Width*Height

LA R R?
RU{K5>Z Shape Type L LS G K V

FKElength|Zi<length 0.809 0.785 0.63 0.635 0.85

FBLPK {Kf2Volume 0.818 0.806 0.792 0.475

notch/hatch |ZEmEFfRSurface 0.831 0.831 0.786 0.624

KK A#Volume 0.798 0.813 0.786 0.503 0.899

cuboid ZFEASurface 0.816 0.828 0.783 0.613 0.912

I URLENME R T-0.750), YA =G IR R 1 28 HEAH OGO R

Two variables have strong linear connection while R?is more than 0.75
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Vehicle curb weight versus Segment feature

[N R A3 Eh 7 ] [wio Distinguished vehicle type and drive mode]

3500

3000
B e kg Curb weight
9500 F — &Mt (B&FE ke)

(]

S

(e

[e)
T

[a—

o1

()

O
T

y = 140.2x - 253.15
R® = 0.8188

Vehicle curb weight
LR/ ke

5 7 9 11 13 15 17 19 21 23
Volume {1 [ K- G54k ] [L+LS+K+G+V] /m’

AR ARk 420115 AR 4R ]
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Lightweight Assessment —Notchback- benchmark line HE BE

Eﬁ$ﬂ (ﬁgﬁﬁbﬂﬁ) Notchback( DiStinguiShed driving mode) lH?EEz gg B3R | g

3500
= %42 J53X RWD
3000 | o Z¥1 HIIK FWD B -
o Zy3 %l AWD yé_%—m\?vgl. T4x - 387.43 .
£ % 2500 — At (R512) T oo . o
S o — st (R 8 a
= 2 Lt (R513)
S & 2000 | y = 206.55x — 414. 43
S & IEE
s & 1500 y = 235.97x — 860. 4
() RS
> A X F
1000 |
500 ' '
6 7 8 9 10 11 12 13 14 15 16 17

Volume 484 IR R) /m’

AR ARk 420115 AR 4R ]



. —_i Jju
ﬁmEFzﬁ éﬁwﬂqﬁ Lightweight Assessment % 21% FA(Nzg?Di!:iE[Nq!E

A E (BIEBIIE~ &R ) -1FMi#R~R Hatchback Vehicle (FF)- benchmark line

2400

2200

BRELFNIRR- N
| RN E AR o

1800

1600

400 1 1 1 1 1 1 1 1 1
6 1 8 9 10 11 12 13 14 15 16

[2010-2013] KI5 AFUER [FF LSHY] /m?
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ﬁﬁﬂEF.ﬁEﬁ%ﬂ:ﬁFm Lightweight Assessment
=FEHE ( BIERINEFES ) -IFMMER Notchback Vehicle (FF)- benchmark line

2500

2300 %ﬁ@hﬂzﬁfﬁ?ﬁ- /'\rL
N T A AT IR (FF) R 2 9\/ /,'\:”

2100 r

1900
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1500
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1300
1100

900 |

700
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[2010-2013) K 54K (FF L&) /m3
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SUV ( BIE2IF4WD=m ) -IFMMRR SUV (4WD)- benchmark line

3200

BRI A

7

3000 I SUVH] BA4WDH %Y v Q}ygb‘
2800 / el B\

2600

2400 t
22200 t
~

il
\E 2000

X
2 1800 F
1600 |
1400 |
1200 |

1000 <o

800
8 9 10 11 12 13 14 15 16 17 18 19 20 21

[2010-2013] K I AR [4WD SUV ] m®
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SUV ( BIERIRFR™am ) -ITFMRER SUV (FR)- benchmark line

K/ kg
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BREAAVENIRR-
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SUV ( BIERIIRFFan ) -IIFMRR  SUV (FF)- benchmark line

2600 f /’/\,x

BRI oA P
2400 1 SUVHIEFFEAY b;-c.)c.)

2200 r

2000 r

1800 F

T kg

oo 1
oo |
1200 J - ,,vw/”,.,,,,,

1000 F

800 —
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R EEREEEITFMN lightweight and loading index

R RS R | % |RARY REER SOR R | GEE BERE RRl

moomn o |Bifkke| @fke ko) Chy REL | Bl AREVE  RE
4965 1795 1477| 1772 2157 385 1772.48  1.000 | 13.163 1676.639  1.057
4899 1860 1464 | 1760 2295 535 1709.26  1.030 | 13. 340 1713. 7 1. 027
4865 1854 1465| 1825 2350 525 1676.7 1.088 | 13.214 1687.239  1.082
5035 1855 1485 1780 2225 445 1839.527 0.968 | 13.870 1824.659  0.976
5015 1874 1455| 1740 2270 530 1820.37 0.956 | 13.674 1783.692 0.976
5015 1874 1455| 1800 2310 510 1820.37 0.989 | 13.674 1783.692 1.009
5015 1874 1455 1820 2320 500 1820.37 1.000 | 13.674 1783.692 1.020
5095 1875 1485| 1800 2200 400 1896.99  0.949 | 14.186 1890.991  0.952
5095 1875 1485] 1805 2255 450 1896.99° 0.952 | 14.186 1890.991  0.955

BANITE HESHE FRRY BUR BUER REE REE
EinfEkg kg q 1 #2 kg Vkg

2240.173 468173 = 0.822 0963 -0.216 0477 -9536 -83.17 -17853
2226.854 466.854 = 1146 1.031 0.1274 -50.74 -46.3 68.15 21.85
2298998 473998 @ 1108 1.022 0.0971 -1483 -1378 5100 -86.76
2249.052  469.052 = 0949 0.989 -0.054 59.523 44.659 -24.05 20.61
2204656 464.656 =~ 1141 1.030 0.1233 80.367 43.692 6534 109.04
2271250 471250 1082 1.017 0.076 20.367 -1631 38.75 22.44
2293448 473448 @ 1056 1.012 0.0531 0.367 -3631 26.55 -9.76
2271250 471250 = 0966 0.993 -0.036 96.991 90.991 -16.25 74.74
2276.800 471.800 = 0.954 0.990 -0.048 91.991 85.991 -21.80 64.19

BHE %5
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