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Basic Sudy for a Tactile Sensor to Measure Tire Friction Coefficients

Hiroshi TACHIYA™, Yuki SUGIURA, Hiroki NAGASE,
Taisei ISE, Chiharu FUJITA and Kazunori SAWAFUJI

"'Kanazawa University, College of Science and EngingeSchool of Mechanical Engineering,
Kakuma-machi, Kanazawa city, Ishikawa, Japan

Sensing devices for intelligent tire that can meadrtiction coefficient of a road are researchedsdo improve the
performance of vehicle motion control systems saglABS (anti-lock braking system). However, presiaevices need
complicated systems and do not have enough penficend his study proposes a simple tactile sensbrcdn measure the
friction coefficient between a tire and road suefathe sensor is composed of a cantilever calldtisker” that is fixed to a
base. The base is an elastic plate, and two gjeaiges are attached to its surface. The whiskmassed through the hole
opened to the tread of a tire and the sensoraishetl to its inner surface. The whisker is covesed domed rubber; the tip
surface is used as the contact part. When thslifi® on a road and the contact part comes in cowith the surface, the
vertical load and frictional force are applied te tontact part. Then, whisker is compressed andeoke so that the base is
deformed elastically. The induced strains at theelfeom such deformation are measured by the alew@ned strain
gauges. The study proposes the method determimingalue of the vertical load and frictional fotbat acting on the tire
from the measured strains and fabricates the ppetdactile sensor to confirm its availability.
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Fig. 6 Measured results about the vertical forctheyexperimental apparatus shown in Fig. 5
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Fig. 9 Measured results by the experimental apymsitown in Fig. 3

500 300
400 - — °
2
= 9200
§ 300 B
3 g A
£ 200 - [ =
g 2100 - .
100 . .
0 0
0 0.5 1 1.5 2 0 0.2 0.4 0.6 0.8 1
eatep [x107] ea-es [x107]
(a) Relation between the strains and vertical load (b) Relation between the strains and frictidoate
Fig. 10 Relations between the strains and loadkdogxperimental apparatus shown in Fig. 3
5-3 SKERADRE

X 101RTHER LY, SNERTER L OBE ) 2K 5 ERA PO a2 RiEd 5. 72720, K101 RE%
MOBIMFIZE VRO END, BMPED L EXOOTHIFICRLRD. ZHuL, 2HOOTHT — VORI E
7E, BV oWEREENEREREEZOND. F2T, R@BLUVG)ZRO)FBLO@)D LBV MIETS.
kFBE(=W, F)IE, X 10@ps L OO BEREZ —GERI L7 & S OHEEBLOUIFICHEY T 5. Znbo
XX 10 DFER L 0 /N RIEEZ AN TE VISR T EBVIRE L.

UEXY, 28OOT BT —COMIERERNS X A VI8 EMER L OEE 12RO H7- 0D ERA L
LCRO@)~DNEHREL, Z1DOMEEHNTHHAT D, XA Y LR OBEERENT, %A Yosgm 26 L <
AUy 7L TWBHELTHR@ICL Y EHTS.

W:kv\,(SA+SB)+IW (6)
F=ke(ea-ep) Hr (1)
u=FI/W (8)

Table 1 Values of the constants in Egs. (6) and (7)

Kw I ke I
318.6 | -114.86| 312.7] -10.67




6. &4 VihEOEERBOAE

61 RERE&VRIEEDNESE

3OEELAZ A, TNETERRICK A YEXRE ETARAY v 7&E, UETRZELEZAE ALY, #
A VI DENEME & BEET), 512, XA Y EXBREMOBEBIREZRD S, 2 A Y ORHEGHE X 1.0rpm &
L, SBEHIE, 7+ —ATL— FOTAIBGERBED LR, FARBIHEA AT —T2MF L2y, Es
L2057 8 UTEEBIREA 2L SR 2 | ORT S FEOKYEE [~V ET 5. ok, REI &IVILhE
NEIRD . XA VI Z HEREMEITR 100~500N DR T L S 5. iRt B0 — KLy 7Y
VU HRRIES0MSTH 5. LU F TIHERET DB FOZY ML & HIZ, 5 EICBWCERI I Z 3128 - A(6),
(NBLOF LOEPMOFHFIZ HEH FTRETH D 2 & AR T 5.

Table 2 Measurement error about the frictionalfadefts [ % ]

Surface ! ] .H. . I .IV. . v L
[Alumi] [Alumi. with oil] [Paper tape] [Alumi. with oil] [Paper tape with oil]
Friction coefficient 0.85 0.65 0.53 0.44 0.15
500 8.1 6.7 5.0 133 54.6
400 15.6 4.1 33 12.6 75.0
W [N] 300 18.6 2.2 3.4 18.4 109.5
200 17.9 33 34 7.9 167.2
100 15.6 6.9 5.6 155 771.7

FRAFEROFI L LT, ZA VIZEREMER 450N Z AR L, Kifi [ EE2TX5E7ZIGEORRICONTRT.
FEHIFTNVIAEHTHDL 7+ — AT L —FDORRZEDOHLDOTH Y, PIEMEIZLITR LTIZ3EOXATHS.
7B, X4 OFRES-FRTIE, ERBE 5K 0.3 5K 2.3 701 O CHEkEN I R i Bk 5 .

X A@N T RER S, B S RSB L O D OB EER O O 7 g4 & g5 2 (B)~ (BN L CTEE
PR R, RIRZNZ 7 4 — A7 L— N CHIE L7oBEER S & bIcK 113, K11 kY, 74—RA7 b
— IO LNDEEREITIBIE L E—ETHLDITK LT, MRt 00562 BEEREIT S A ¥ DlEliR
L EBIT, EFMICR LT LT D Z &b,

4 100
® Force plate o 90 o°
3L ° Sensor 80
g S
L 5 70 © °
= L 2 L o
o 2 5 c 60
3 © o° g 50 - °© © o
s 000° < o
= 1 roogoooooooooooogag59000990000000000000" f_—d 40
= o© 00009 O 30 |
w o o [e]
0 : 20 r, ° °
° 10 °
1 © 0 ‘OoooooooOQooooooOOoC‘)
0.3 0.8 1.3 1.8 2.3 0.3 0.8 1.3 1.8 2.3
Time [s] Time [s]
Fig.11 Change of the friction coefficient with time Fig.12 Change rate of the friction @og&fnt with time

5 O IEERR Cldt v o8l 23 B 12K & 22 2L OREM A V=, UL, ZA v FEEICE
R LTI R RN OHEM L TWAIGAEIC, T X RBRMEARET 2 Z LIFAS TRV, £ T, AiasC Tl
FRRFEDTEME AN LI 22 E L T D #GH CTHEM 2N FIF A/ T % & LT, R oMEEEFHT5.

Bl 1R THERDN S, il o0 D15 b D BEEIRE O LR 2 K TROK 121277, FKEY, #
FIhBHAGRE & R TR W CEE BRI T RIS LT 523, 9 0.8 B8 L8O KL 5 12, BRIk DA LN
10%L T &, EDEALDHERIZEE T D HIBIAFAET 5.



LIb EERRIC LT o B0 D15 DL D EBR DA LR % 6+ 1 TRARZARFITBNTRDIZL 25, #
PR 3 ek SR & B2k L T D BN 2 NSRS 10004 F & ZET D HHA W hoRF Tl s, £ 2
T, AFSCTIE, BHRMITRWTEAR S MG & Btk L T DEEN ST, ATt o K015 505 BEEIR I
DEALERDS 1092 T & 70 2 R RN T ORI D PIE 2 ik & S ORGEM & L TR 5.

6-2 REXER

P EDFHEE, SEETHMRE ' T X0 BEEREEZ RO D, Ak DI1E, RS T CEkBIORHEE1T
IRXTHDHN, HAEHBERELLT W, Kokt L TEEME W% 100N 22 (b S8, ZENOmE
TT1ETOMEEIT- 7. B, WEOFBMEICO W TI%RT S, 7+r—A7 L— ML DllIEEE, kil
DX AR GH CHHEMELZ 5@V (LS EEONTRREOFEE L 95, £ 2R TEEBREIL 7 +— A
TL— MIEBREMBTHY, ZNODEEEE LT, il o L A RIEEOEAEE R LEFIOR L.
K210, FHCL o TRREORE ST 50, x4 [ ~IVOHFH CIIRRZED R KIEDN K 20 % FEHfED
10962 CREEBUSILOBIEN ATRETH 5. 7od, R VIS LTI, BEEISEIMELS, (EH S -NEME T
LT BN U, AT TR o Tl B ORIENREE CH - 72

PIZNE OFFHNEZ MR T D726, [FHAEE 1.0rpm SAEATEK 500N & LT, PAEEF U 5 FEORHEDE
AR A S EITOMEE LR 2K 1317, K131, MEt VP BLO7 4+ —A7 L — b THIE L7-&% 5
I OB, 5 RIOWEMOF-LIE & 95%DEFEX %R LT\ 5.

13XV, £2OFFEFERIC, ®50H [ ~IVICX LT, it oo X 2W|EMIX, 74 —A 7 L— FOH|
EEEBRELE KL, Eo 02D FEELREL, WEIZRFIITA TS, Thbb, #7584
DOFLM L, R Z R ERIEN 2 FEBRANE 2 (R T MORMETHEATRRETH D 2 & RS-,

¥, I, HAYEFNTET AT 70 N E ORI 0.8 FE TR 0.4 KK TR 0.2LL T & &
TWB®, R At o I 1BITR TR RN D, AFRSC TR L Lz R OB E FIcks 0T
JEEAREN 0.2705 0.9 DFIPAIZE W T 0.LFRE D SFFRE CHIEIMTA T D, FEBICAE Y 2B 55
A, B oME, HEREOBFHILETH D), SHICKERMEAR—AMEAL, L RK&AROTH
NELGS. LoT, BETHME L ICLY, SBITHWOMEETRIEZITV, U ED X ) 2IKHEIREEE %
T D7D DEBEFE DGR AT HND L HIFFTE 5.

1
= Force plate
a B Tactile sensorr

0.8 %

0.7

09

0.6
05
0.4

g

0.2 T

01+ I

0

Friction coefficien

Surfacel Surfacdl Surfacdll SurfacdV SurfaceV

Fig.13 Measured results with vertical load 500N

7. %

(1) AFWX T, BRROBMEESZ AFFHITY & UTOERICERD A1, SRS @Semic B3 2 8iEd JUUKFE
TGO EZ, FARICETL20FTHNLRET S, MIESEM TR BONES 2T 2R L.

Tuj



() ETLE Y2 HA VIR AT, ETHRHSMER T DEERERS LOBEENOME~NSHTD 2 LT, #
HE DBEEERERIH D T2 D DIFRP TN DA TV V= FEAA T OB YL LTHND Z & 2 RE L.
(3) L FOHI L ZA VI DENEREI JOEEE L OBREZH LM Lz, S5I2, ZORREF
MUT, MY o v0 D EEEGRE A KR 5 A ATz

(4) RIELTEME Y EHNT, X DORE T TAAYDRY v 725l LT ER ATV, Bt OFEEARE
ZME LT, ZORR, BAEE CREEMBONEMTZ, RET DMLY Y O D HRE S .
AL, ULEORRICHSE, EEITMOBEENNAE rTRERME Y V2R ET 5 & L bIZ, &ifE FTE
TRz 2 A VIR S8 b FBRAGE 2 TR U CRRRICEEMRERONE 2 Ei§ 5. £z, FEBRZH
A Y ~DEEEREL, HODERL, BEEAEZNET D2 A I 7 ORESIER EEHBETL T,

X 3

(1) hnskiafe, —REF], “ABS OZRICBET 2%, HALZ @RI A#SEE, Vol 1, No. 1(2001), pp. 78-81.
(2) SAARZFERER, IR, AR, TS, “EEREICE > THBEIT 22U HERREI AT LY, a7 47 & - 2
B e =7 ARSI 2008, 2P1-A22(1)-(4) .
(3) O. Yilmazougly M. Brandt J. Sigmund E. Genc, H.L. Hartnagel“Integrated InAs/GaSb 3D magnetic field sensorgtier
intelligent tire”, Sensorsand ActuatorsA,  Vol. 94 (2001), pp. 1269-1276.
(4) RalgEEar, R, “BRAEBRZIRE & W2 A Y ORGP, A2 20074F B R K2l
#£, 2007(6), pp. 229-230.
(5) “FIER, RIFET, #E, 7 OXVEBMAEREE AW X A Y ONEOT A - mAMVEARIREHAP, B A S
AW CEE AW, Vol 74, No. 746(2008), pp. 1351-1357.
(6) K. Kim, K. R. Lee, W. H. Kim, K. Park, T. Kim, J.ilq, J. J. Pak, “Polymer-based flexible tactile sengp to 32x32 arrays
integrated with interconnection terminalS&nsors and Actuators A, Vol.156 (2009), pp.284—291.
(7) KEAEE, AIHREL, SEAE, =Rk, “FERADEPA =il o OBIR”, B AR = CE C W, Vol. 74,
No. 742 (2008), pp. 1477-1484.
(8) HAM .z, HAEIEM, KARlE, HHENE, “BXERRET LA ¥ 7 Z e HOVTERAATEE Y7, B A S
SC£E C i, Vol. 76, No. 766 (2010), pp. 1476-1482.
9) WITFNEL, SERZ, BAR, “U 4 A BT o2 W22 0 EIWEIC X 28R 0 2R, B A 25
4 CHW, Vol. 73, No. 730 (2007), pp. 1786-1793.
(10) SER7E, &HHTE, “EHOU 4 A D EZH/T LA o ORBEOIZE, B A2 SCE CHR, Vol. 66, No. 650
(2000), pp. 3336-3343.
(11) KILgE, PR O SBERNE, PR (1993), pp. 359-361 H F TAEHHItE.
(12) # A Y7251 EHEME, http:/iww.ohnotire.com/tishikiftishiki-01-21.html(2011.12.19).



