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Abstract

This paper compares the two kinds of friction model. The first model is classical stick/slip model. In the
stick/slip model, the system is treated to have two different states, namely, stick state or slip state. The second
one is continuous model developed by Dahl et. al, namely, Extended Dahl’s model. Each model has unique
properties, and can be best useful when it is applied on the appropriate system. In this paper, each model is
applied on the simple two-block system and the complex automatic transmission system. And the simulation

result including simulation accuracy and time required are compared.
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F External Force (Torque)
Ff  Frictional Force(Torque)
Velocity difference between friction faces
Rotational Velocity difference
Normal Force

Maximum static friction coefficient
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M, Kinetic friction coefficient

2@ d# S§EHA AFE gE o
A7 Hopuch oW AALE a9l nid @
shdagel ti A AL B4 FHol Be AT
o tRol AAY 250 Y dFE T A
e @387 A9 whE Aael o mdRe
AA A2 AFS dBstds A FHRFol

oal aEo] g,

T Mg fatd
" Mg iata

" Mgt

AEAQ wid NS 29 A€/ YH(Stick/Slip:
sy ) 29w gov, Aot 2%
o FEriEde dojzA Aduo] HUT olf g
AEHL 28/&Y BE2 npAHg FAAE 7
A9 £EA7F 4 AHAA BAHHo] EA
st o] ok olelgk Fg njAdE e FA
£ #1287 938l Dahl[1]2 st vlEwH 4
FeE vpEE g 29 ot ¥ vk Ak
QA v 5EAE FAlsHA Rsta 4 24E W
ot oAl AbEa Foglvte 93 E JHRA
Atk o] slox whgo] wAHQ] FXEREE W
sl FAHAEE ZAE] f9 HAAERY 3 E
59 933 2ARAHE ~229 2942 A9 7-
Az 2l Fol npaEAdo Rlge] AMEEI Q)
=3

@ o A mel AW 4L Tz oo
Feo] il hetd qr Alxde] taA &
Aol gt B wrodE AEH 28/EY
w3 el Wl FRste] S Dahl o)

1g
g dEd B2 A29% BFF 4TS

-672 -



MARO R g3t} FAHMNE FHFeRy 7
Rdel s FHsdn. 53 upEd o
A7b SAl 3 el P g WA 1 Al ARl
AFETE AL WEke Aswsgriel FAsfAg
Fofl 2 Danl 232 HE A 55 =9 a3
ohoolE sistel B =RdMe 71Ed v =Y
of FALHAR xgd mde Adst] FA3

Aol Abgstaloh

ohE A< 99 zEgW a3
Pre-sliding, 3] 2~HgAlA A4 52 A2 4
B W5 Smabet Agste £ o 2

o
2
AEEE dubhe wRude 4 1% o
49 ez BdE

F =F(v,N, parameters) O

o] ALgSE stebiEE AHgRdl ot
upie 285y 2ol F9 A @ Fold v
o ol Ao} A ShEAF R £F vhRAS A}
g9

F =N -sign(v)- (¢, — 4, )exp(—(%li)z) + )

&

#)]

A 2/ 2GS 21439 Al~"ES
AT Ao o vlEEe 4 g9 £2AE
A G St 8 A Hd HA npEEsl
Ko AgHEL vlmate] F AjAEY AF o]
A2 FEHAA(EH), vlzddAn Qe FHER)

AAg Atk shul 1 deel wet WAl A
seel 2EWHLel gl Bk YuHoz
ASHY vhE wdolet & 2WEY WU
wEse i e YnHEe Egsidol o
.

2g > 29 29

F\',max S El‘allﬂlll
™ > 28 21
V= 0 N F\',max - tranmit
olgigh Adl/ede ddste LanFE A~

go slgmde AEHQ shEmdel Futx
oz vld%4golr] Wil Bx e T2
skl el wpu AR vhaHel W o
=3 Zojth. B4 Danl o BUE M & el
W 2 B EQstel Ui Axwe] 25w Al
@ ehEEe 4 ool sha A el v
gee walelr) 9w o g(v) & EdeT

B2 K,=K_ =0
gvy=N-pu 9 558 3495 B 5 ok 34
ghoolE{gt BdE gt el Wit
827t sk AHERE z SRS 7
ocunz A 3) F T AR EEYE B

7ol Abg-araith

2 = vl —sign(v)z/ g(v)]
F=N(Kz+K,z+Kv)

gv)= KL_(#K -m)eXp(—%(v—)

& [

)+
(3)

21 (3) o Foj7 wts Dahl o) 2o Ag®
A 7z = A 7hel upiE ulEgA$ o ojug 7t
v gk YAatEel =9Ed e B vhEdE
AEAQ Wye] vl 2o g ZA d
% lim,,, z() =g 9& 44 ¢ 5 Aok
2o A ARG Ks 2k Kd &

5, AAAFE oujgd. o] gEL o= F
ol Al A 9 @iz ol uE Al

7_]L7_,L o ﬂ":i.‘l 70¥

>

i

<
.
B
&
3=
F E& vpEEe g4 Wt FHE dehdc Al
FEA 2 ghol ARLR 7[Ee] dEAHA viER
Dot o] Feldeld s B3 =i At
EF Ky & 2EY asE BAE7) fi' Ay
2 odwRom 00 o ghe vk "Wk # =
Fol AAIE #4E Dahl o 2dE AHEEH7] 9
A AFHA AF olslo vhEHe F 54
Tgsty) A 5 el A7 ¥ daste ol
¢ AFEe 2498 B9 7 ¢ Ao

974§ Dahl 222 1 FAEQ] kg o] 9l
= FH 54& z¥sta o A3 ds<
EdAAY ge) wsts ZUEE st A4 74



Nzl AFEE WsAD "ot doke A
A frelstch E9 R BRE ~Zy @,
o8 AREE A44d 72 & wdE #
i z7)xe) Wael wet dageAag v
% # Qe FHol ek
Extended Dahls Friction Mode!
3
2
As time march, the friction force
approached to the classicat model.
2’ l o
|
i S
- 2.0sec
2 . s
- B0sec
3 e ———— e
-2 -1.5 -1 05 0 05 1 15 2
Velocity Difference (m/s)
Fig. 1 Extended Dahl’s Friction Model
Fig. 1 & Alzte] ¥slo] wrel &3 Dahl 2o
%4 &=ato] @ vhEE FHolth Alzho)
242 AEAHQ nlREdY 2L 2dE 2A
2 $49% 2 + Ak
3. Z2tetsh AlARIOf Mgek ofE 2
3.1 Simple two block system
¢4 F ool 2o fAME HAF 9
o] Fig. 3 ol EA ¥ 9g EF Al2dE £
Aoz sfiMstgo
K
k1/—{ x1(x2)
k/2 — x3(x4) — F
Fig. 2 (a) Simpie Block System (Upper) (b) Simple
Two Block System (Lower)
Fig. 2 9| (a) © ntetd} BE7H] np2@ ol
d BEe] fFol AFHE Al2gola ()=

5 2
o

ohgol FAjol Ak ¢
3 ge F oA ek A

EHFZI A O e
O T —=

[o]
Lo o

X, =
QQ&e¥d A¢
X, =X,

%, = (cke— F, + F)

m,

Dahl &} 22
X, =x,
o

L(—]OC—F, +F)

m,

X,

z =v[1-sign(v)z/ g(v)]
F,=mg(Kz+K,2+K,v)

| =

312 %
AEIEE Y
(T wol £% 29
% =0

22 Alag

o)

ol 73 $-(MODE=b00)
%, =0
X, =0
%,=0
@ E5
(MODE=b01)
X =X,

Apolz} zel wheto)

o

rO

1
——— (kX = kyx, -F,
m +m,

+F)

Xy

D (kx —kyxs = Fpy + F)

m +m,
() BEAolx

(MODE=b10)

2=
=5

- 674 -

HE 2 @-(5)9

Ho



=X,
=—(-kx, Fﬂ)
1
X, =
X, =
@) THHol 2% £%9 7 $(MODE=bl1)
x, =x2
1
X, =—(-kx, ‘Fn)
]
X, =X,
1
(—kyx; — kx, +F "FIZ +F)

2

Dahl &) 29

X, =x,

1
2 =—(—kx; = F)

I

X, =X,

) 1
X, =———(—k2x3+F“—F,2+F)

2

_.N N
I

x, ~x)[l - sign(x,

1 .
Z,= —K—x4 [1-sign(x)z,/ g(x,)]

F=mg(Kz +K,z +K,(x,-x,))
Fo=(m +my)g(K .z, +K,z, + K x,)

gy WHos ntAEe 29y ¢ A%
&% A 2% vhEEe 4ol Fold ush g
AN FolZl FEWANF FANE FnelF
oJS|% @ HelA AP wksh gol 7t mjw
oA Agest Ao A chEee A wlmshol
el Aet 28 FUAA £9 AUAAE B
Ystoiol Pk AF A PYOR vlRYL 2
Y@ e 2 Axue gl vz )
Fol AFHoz vdAshe Agol AVlE HRol

otk oA ®HE upel o] wpEwol g s
N % FhRe WA Meo] Was T A9
npztdo] ZE A ¥ s1AR e WA A 2]
 gstet.

572E Dahl o PO E FolA A|AHSL T
g A9E= 1 2 oulE Ao npFde S

o wesa FeA Gk galy mage) W

—x,)z,/g(x, - x,

Mi M2 K1 K2

1.0 1.0 1.0 100.0

Ks Kd Kv Vs

led/1e6  1e2/le3 0.0 0.1
Fig. 3 ~Fig. 5§ + T BF A|xdn o|F EF
)1”“01 1Hz o] Ads 710 g@ge o &5
1235 23 o)t} Ad nhE zdd @A §lo)
AlaEe] 88 o Asrl ZAG A ¢
£ ok slA 9 2% Danl o 22E Ajge A
S Alzglo] FFAo] Frhste] HAF AU wphel 4]
8 1.5 vl A 2w Aol A4 Algho] A g

Mol e 49 Danl o Bl $5arin @
vk aEt 99 NAg FAHoR HEs)
31]_730“/\1 ziiz—lol L\;’l/i:al 1 \:ﬂ_a_ %_7“:'[7.‘5}_
4 7bs A BHEFE FaelEo) Aol s ol
Hi dbd #3E panl o] 2L AlAE 7k o)

L

=S EAE E 5 A 559 dugEutel A
| 7bsslth o= Dahl 2 §4 Rl Algs
AT Ks o} gho} thit AjAdle) w3 52 F
Aol7] wizolth. = mhaAAle] g4 Wske o
& ANzdle wstuo Agon was Joji}
7} wgolth

32 FAsiA Az

Jra
-

Table | ole] AlzRlE FA A &ty AP

o
TAAQ] 2AY geloElE Aeld Aol

it

Table 1 Modeling parameter

Single Block System

0.15 -
£ Classical Model
= 01 New Model
€ o
g
£ 005
8
& 0 AN
=}
0.05 . -
0.5 1 1.5 2 25 3
0.4 -
- 02
E
- t
3
£ 02
04 - -
0.5 1 1.5 2 25 3

Time (sec)
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