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1.2 Traction forces and resistances as vehicle driving
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Traction force and resistances as vehicle driving
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Tt IREHAE4E  TEHEFE 77 AN FE 7

” & BN EEFE Traction force
traction effort
I, = th L, 107 7 driving force
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F ~ — — U, Speed

Gravity

'’ Radius FP
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£1-2 BREIRFT

MV Traction Force

FZ Normal reaction
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%%  full throttle/accelerator

1000x 60
27T

9549 =

r/min (rpm):

n, rl min

revolution per minute
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Braking Power ,kW

eMmMax

fq max /

T~

N

Braking Torque, N.m
Revolution, rpm
i n, n, N oy
E1-3 S IMFE

Characteristic of engine speed at full throttle

>
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Characteristic of the engine speed in transient condition

EETLR, NEFFEFEL)TFESN~6%.

In transient condition, power and torque all descend about 5%-6%.

I =T -AT

[ 1qs

dw
dt
v =0.0007~0.0008
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Full-load characteristic diagram method
&% (hmBh#R{E)
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Interpolation with table

curves
HF =B Modeling
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b,=[-11]1=y,T,
n=[-11]=x,
y = fx,x,)

Modeling for Full- & part-load characteristic

. 111 =x
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Braking Torgue, N.m

Characteristic of engine speed at full and part load
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& BHLE TLARED : & s R & LI SIS ARANE 1T
SHMES . BHEELTRTH:

7;—7;
(nm_np
n,BRAEERET, RISEIR; n,mATNERT HIAEE; n JRIFEEET AIEEIR.
G, =n,(a+bT)V,
GEZMNERHEFERMPIHE, o/min; V,E2FHENHEZ, L.
Sy AR BE BHEE SR b BN BAIHEE B RS R
== SR, g/(rL) HESESREK/(NmrL)

Lk 0.0065~0.0080 0.00035~0.00045
SE N 0.0025~0.0040 0.00030~0.00032
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Transmission' s efficiency

. ERERDERE |

Mecha. L. Sﬁ s hinse | Liquid L.

Power loss
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£ RHMIE 1, Transmission's efficiency

IR FEEZZRME: Parts causing to lose

7|'|'\" nnﬂ:”:‘: mi—nn (/_.’\%i—nn

kL FERT: Forms causing to lose

& T ¥ R FORL AR EE 3R 45 5

Mechanical loss & liquid loss

MK, ﬁﬂ{bb;j]f[ﬁfi 58 Hme0EeE. RE.
R, HESEFE X

P —-P P
P P

e
== J[#]id[<l[a]>](>1]




A~6FH 1R ES 4-6 speed gearbox 0.96

6~8?é|'§]$nn 6-8 speed gearbox 0.95

%030 drive shaft 0.98

BE7% Clutch 0.98

FRUESS differential 0.92~0.96

22 semi—shaft 0.99

SRENMEIIZE MV mechanical efficiency
o ¥YZE Passenger car 17,;~0.90~0.92

e A ZE Commercial Veh. 1,~0.82~0.85
o thE¥Z= (SUV) 4W drive Veh. 7,=0.80~0.85

f%
;
R
:
i

Typical drive system efficiency
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Mechanical efficiency of MV gearbox

= f (T, g1 1 TE’ig) :f1(th)+f2(”)+f3(T )+f4(ig)
6 —0.443

_ +0.938ex
T = 500 P

Iq

0.076exp(-0.03257,) - £, (i)

0.00098:” —0.0058i, +0.0236,, #1
0,i, =1

f4(ig) —
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212 Tire radius

Unloaded radius

Static radius with load

r=r.=r=s/2 7n,)
S—{TUFEEES trip, n — 3 NEEL revolutions
BRiMEE AR S RE RS (ETRTO)HET
r.=Fdl(2T) Circumference length
F=3.05 radial F=2.99 Dbias
IR T A th S HERE C',=C(1+ A1 /1000),mm

o JEl4<
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Ze e 312 (mm)

N 1)z 2

I} I} I}
FH A = 5 /] R
RIEZM2000 |195/60R14 |295+3 |268+5 |286
4THECA7228 |185/70HRI4 |312+3 |285+5 |301
BLi# 100 195/65RI15 |317+3 |291+5 |308
EXIFENJIO6L | 7.00-20 452+4 |430+6 |448
FEMICAL091 |9.00-20 509+5 |485+6 |492
Z=ZXEQI092 |9.(4)R20 509+5 |476+6 |493
EAINIGL  [11.00-20  |542+6 |517+7 |525
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5/—=L$-[-_';X ij] j] MV traction force diagram

Definition:

Use the F-u, curves to
describe completely the
MV traction force. If one
has already known the
full load characteristic
curve, transmission
system efficiency and
rolling radius, one can
calculates the traction
forces.
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Hl/1E Drawing diagram of traction
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Traction Nﬁj

IRz 77
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MV traction diagram

21/58 gmﬂﬁ || ]| >




% TH

MV driving resistance

rFr=F +F +F+F,
2. F=F

w l ]

RABANF, (gtrRgmEmnm i)
e NEBEEE 4 BYIR sk . XFIR F iR
R AEFERIEZENAIE 1B,

Rolling resistance F: Hysteresis loss caused by
the tire inner part rub, this kind of lose performance

shows the resistance moment of the wheel motion.
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Damping loss

SRRy TR SRR R TR bR ReeS
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Tire radius deforming curve
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tangential force

ZT 0 T.—7F.=0 F.. | circumferential force
f x1 /1 .
i tangential effort
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rolling resistance coefficient

#BR NEREEE A R R K, HRIM A PARS Fi iz zaIFE
8. The damping loses caused by tire inner inter-
rubs are shown as the resistance moment against
wheel motion
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REIPE 1 R 2L
fap R TR R AL, 50
W,z tb, BNBR{IE RIS

Rolling resistance coefficient: wheel under the
certain condition rolls over with the ratio of
push force Fp, to weight #;, namely push force
(thrust ) for the unit gravity .

[r

f:F;gl/W{ r, =1

J2 /1
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HY 72

REPH 1 R &

PR HE 2R RS

RIFRYH S SR &+ 0.010~0.018
—R%EYIH B Bk T 0.018~0.020
A 0.020~0.025
RIFRIEEA 0.025~0.030
TLERIR A 0.035~0.050
J£ 3K 5% Tk 0.025~0.035
i i 0.050~0.150

Jeir L% (RZESURARED 0.100~0.250
T 0.100~0.300
SR 0.060~0.150
Z5 0k 0.015~0.030
JE3XE 0.030~0.050

L5 CERIEIE




PR 73 1% —fig F iR zh BE 71 4k

roll resistance moment is depicted by rolling resistance.

TERIRITERN A A ZER M, mARsEDER
While computing physically need not consider the
resistance pair, but use to roll resistance.

F}lzﬁ;pl:fVVl Ly =rFy

,ﬁzﬂﬁﬂﬁ%%?"xﬁ% FELH. ER—THIE £
A ERBEYIERA.

Roll resistance can't be drawn in being subjected to
the reaction diagram, It is only one value. There is a
longitudinal reaction in the force diagram.
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1. 1BE u, X fEIEZ0
Effect of velocity u, on resistance coefficient f.

u_ <100km/h = f = const.

u >200km/h = £ 17

FEIFEIR, Sm. ETIRE.
creating a phenomenon of standing wave,
heat, shed off, and burst.
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Standing waves
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2. R, #El. W& f HERRK. F94%
weha S, R £ AR, WMLRE/ K.

The tire structure, material, the influence of the lines
upon the f is also very big. The meridian tire f is small,
the crude rubber f i1s low.

3. FRAEZEMREFME N ZIBRX
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JEZL TN fit for f

5Z: f = fy(1+u’119440)

Passenger car

@A ZE: f=0.0076 +0.000056u,

Commercial veh. (Truck , Bus)

HES cu, BAZES <u,

Passenger car Commercial veh.

[EEHTITHRT £ T 50 ~ 100%,

While turning normal

B ANEEET S
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draqg or air resistance
9 FE XTI

21 15
=18 B I MEAN R 2 ST 2 AR K !
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AETSHENRE

& % P RE R A %ﬁﬂ%ﬁﬁﬁ cD;a
D m
BRI 1.7~2.1 0.30~0.41
RE ~ 0.6~1.0
®E 4~7 0.5~0.8
3uA130
=E 4 0.941 3.764
B RAEN R 4.65 0.816 3.794
FEEERAER 5.8 0.564 3.271
i E 4 0.716 2.864
Fiat Uno 70i.c. 1.81 0.30 0.546
BMW 753 i 2.11 0.33 0.69%
Audi 100 2.05 0.30 0.615
Honda Accord Ex2.0i-16 1.70 0.33 0.561
Lexus LS 400 2.06 0.32 - 0.659
Mercedes 300SE/S00SE 2.10 0.34 0.714
Santana X15 1.89 0.803

0.425
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wF FZ&: C 2fld. ARTRETEBHATHARK,
C, LK. 1950~197040.4~0.6, 19904 0.25~0.40,

A ZEZ0.2, LAETPassat 0.28,
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Audi 80 Passat
® O Polo

Passat Variant

0.45
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0.40-

0.35
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®
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»
Audi 100 Avant
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.. Polo ) .
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™~ Jetta ___‘._____0 Q
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cooter
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S
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Basic thought for decreasing aerodynamic drag MV
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hﬁﬁﬁﬂj} vehicle

grade resistance F =Wsina

F,=Wsing  F-=cose

- " d I
E _mgs|na O/ Grade angle

aWdl=sina~a~i=tana

i=hls=tana,
iEE%F{E_j] ;?—x%[ Road resistance coefficient

aW=py=i+ f
AL ERREEE
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F2IC MV motion formula

F=F+F +F+F,

quZgUT

4

C,Au’
2115

. du
+mgSINa+mo —

d¢

=mgf COSu -
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Correlation between drive force and driving resistance

cosa =1 <a+= i<5%

l

Fmgi+mo —
21.15 of;
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circumferential force
tangential reaction
Longitudinal force

AN
Mz hE
Fy,

driven tire

X

f1

Normal force
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MENEESE 1571

reaction analysis of the moved tire

w. d
W12F21 Lz

g l

d w

J =F r-T,, = nd
vy x1 f1

dw
Tf1:fmlg’” W—
, d u
) ]wl — xll”-fmlgl” Vertical force

rdi

Normal reaction

wes || &]l]|<||n] ]
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analysis of forces on the moved tire
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23

Forces reacting on drive tire

% ZHE

Insulation method:
force diagram with
two dimensions
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WAHRFH T £ O+ 20 g

Forces acting on the drive tire 7 dw
L7y =W, ’ A di
du du 2
Mg e e gy p
dw
!, ’m =T'—F ,r— l,, Fir
[
FRFIARUAERFIZ
[ . du
F,=F- Wgz _Ff2
ro dt

swss || & ]1<||<]|[n]]p>] >l




EHEE NG Fu=n+ 25 fmg

Forces on the drive tire
[, du

F=F_ +F. -
t x2 12 r2 ds

I . du
+ F 4w
12 42 dt

I .. du
F..o+(m, +—22
f2 (2 VZ)df
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Diagram of force on the body while acceleration
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[, du , 1, du
:(ml+r21)dt+fmlg szze_rz2 dt_Ff‘Zr

Z{kZ h4#h forces on the body

kAR IR RE
Flywheel inertial
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ERZHhaH (80

forces on the body
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EZRZhatHh (&)
forces on the body

Fop+(my+

re 7 dt

m=m +m,+my > I =I,+I,

Y |
b = zwdu :md—u+Ff+Fw
ro dt of;

th ]f du >] du du
— — I\l )il = — +m—+F,+F
r o r® dt Og)OgUT r¢ dt d¢e 7/ "
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ERF N (D)
forces pressed on the body
!, du >I du du
tq f . - W
1.1 )il = rm—+F, + F

>I . du
™.

. 7 A
F;—Ff+FW+(m+r—zzozg77T |

2
r

=F, +F, +(

/
5 =1- ml’jz i5i’n,
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dl/l l ,2,2 du
E:mdt > > 1, +1,i lgnT)dt -F, +F,
du
/!

d¢

FE+F,
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mr
§ =1+68, +8,i 0, ~0.03
5, = 0.03

§ =1.03 +0.03i;
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