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Design of surface friction tester measuring system and experiment analysis
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Abstract ; Aiming at the problems that the backwardness of the airport surface friction tester’ s measurement and control system, the
cumbersome operation of the upper computer, and the unstable data transmission, Siemens 1200 PLC is used as the lower computer
control system and the Winform upper computer visual interface developed based on C#. Through TCP/IP protocol as a bridge between
the two data transmission. Multi-threaded design is used to improve the efficiency and stability of data transmission, and Butterworth low-
pass filter is used to filter out interference signals in the original data. The measurement system is easy to use. After the setting is
completed , multiple friction coefficient measurement experiments are performed on the same road surface. The measurement results have
good repeatability and the standard deviation of the average friction coefficient value is within +0.02, which meets the relevant
requirements of civil aviation special equipment.
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Fig. 1 Schematic diagram of rear axle system of

friction coefficient tester
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Fig.2 Measurement system composition diagram
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Fig.3 Calculation schematic diagram of friction coefficient
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Table 1 Upper computer software function sheet
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Fig.4 Visual interface of upper computer
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Fig.5 Sensor calibration flow chart
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Fig. 6  Multi-threading design
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Fig.7 Experimental measurement data

R

TEUEWTT V5 s Bk, i HLEFE 10 > —
AT BV 32 98 B, 75 20 31 2 g i i 2k, an sl 7
B,

AW e i v T B A% R oh R BE AR R R R M
AN e A RAR KA g A e I T KPP T,
HRPRARBEAE 5 o AKCF IR IG5 75 5 3 B L5
TET OB PR 52 W), 7 o S 0 e B T R MILBRA% 3 45 4 1) e
WIR BN 25 7K AR AR i R B A5 5, s BEHEAT IEBR
Xof e I R H At it 2 | TR TR 307 M1 8 S5 0 i £ A 3
S BN IS 9 2, T LU TR IR 0T M I8 i AL
Hbf

F T AL O ol P PR ) 0 0 T 2, AR IR
FUUAR O BEOR , i 200 PO PR 58 R M AT o0 BEA A, A A

FEMEMARA K, 5 BUA BE RO R 45 R T,
TSP B R BB AR MEZE 12 £0. 02, FEE M RLAF 4T
o RS A SCEK

4 &

ARSCUET T B R BN B R GE T AL ) R 58
AR, d T B AL T AL AL A A A 52
B AR AR, PR Tl UK R {7 2R A TCP/IP
IS, 22 2 e REAE S8 T AR nT e il AR it
R R T AN YL A AR, Bt TR BT IR B A
Xof SRR AR HEA T IS IR B, 45 2 AT S A I e B 22
USRI AR ST A A R, Bk T R R SR AR
EPERIATFEME
S 3k
(1] PR ML v B 5 N RO 2 2t 5 5 70 [ D]

KA AL Tl K2, 2011,

CHENG J M. Research and analysis on coefficient test
vehicle for airport runway[ D]. Tianjin; Hebei University
of Technology,2011.

[ 2] IWANOWSKI P, BLACHA K, MARIUSZ W. Review of
modern methods for continuous friction measurement on
airfield pavements[ C]. I0P Conference Series Materials
Science and Engineering, 2018, 356.

[ 3] SAHAR S, SOMAYEH N, ALIREZA B, et al. Lateral
coefficient of friction for characterizing winter road

conditions[ J ]. Canadian Journal of Civil Engineering,



=210 - GRS SRR 35 %
2015,43(1) .73-83. system of airport runway friction coefficient test

[ 4] ASTM E2100-04 ( 2015 ). Standard Practice for vehicle[ J]. Dual Use Technologies & Products,
Calculating the International Runway Friction Index 2018(22) :213.

( Withdrawn 2019) [ S]. ASTM International, West [14] BT BEEERBNERE ML ST [ D], K0
Conshohocken, PA, 2015. JbTolk K% 2011,

[5] SHIXD, SHI SH W, LI J L, et al. The detection of SHAN J. Research on the -calibration method and
pavement friction coefficient and the research of its experimental study of friction coefficient tester [ D ].
evaluation methods[ D]. Chongqing: Chongqing Jiaotong Tianjin: Hebei University of Technology,2011.

University ,2015. [15] Az EH. WL B A 18 2 0 1 242 S MR iR 3l 5 ey PR 3%

[6] VIR, BZH, EMEE. FT/NEITHTY L HT- 5 3 WFFEL D], K. i RAT R, 2013.

ST [ T]. B 5 88 9]k, 2020, 34 (1) : YANG CH Y. Research on external vibration influencing
17-24. factors of airport runway frictional coefficient measure
JIANG D, ZHAO Y CH, WANG D Y. Research on vehicle[ D]. Tianjin; Civil Aviation University of China,
highway flatness measurement based on wavelet 2013.

analysis[ J]. Journal of Electronic Measurement and [16] =HEMW A7, 22F AMESIM 10117 1 16 FBE 3 2 5K
Instrument,,2020,34( 1) ;17-24. WA A iR S WF 5 [0 ] AL S BpE, 2013,

[ 7] KOGBARA R B, MASAD E, ANUPAM K, et al. Grip 30(11) :266-269.

Tester measurements and texture-friction GAO J SH, YANG CH Y. On vibration of airport runway
relationship[ C]. Advances in Materials and Pavement friction coefficient test vehicle based on AMESIM. Computer
Performance Prediction: Proceedings of the International Applications and Software ,2013,30( 11) ;266—269.

AM3P Conference, 2018. [17] Z& 99 59, % 1A B8 38 & B0 A9/ 0 5 0 4 5 % B9 oF

[8] PUZY,LIUCL, SHIX M, et al. Road surface friction (D). HEPK. HPKASE K ,2015.
prediction using long short-term memory neural network QIN L CH. The detection of pavement friction coefficient
based on historical data [ J]. Journal of Intelligent and the research of its evaluation methods [ D ].
Transportation Systems, 2020( 1) ; 1-12. Chongging : Chongqing Jiaotong University,2015.

[ 9] ZUNIGA-GARCIA N, PROZZI J A. High-definition field — [18] X255, 2K IR IFG 42 22 BUK I S5 1M 7 LA 5T [ 7).
texture measurements for predicting pavement friction[ J]. 2@ A, 2019(23) . 56-58.

Transportation ~ Research ~ Record ~ Journal — of  the ZHAO X T. Research on the method of testing and
Transportation Research Board, 2019, 2673( 1) ; 246-260. evaluating the friction  coefficient of  highway

[10] KHALEGHIAN S, EMAMI A, TAHERI S. A technical pavement[ J |. TranspoWorld ,2019(23) ;56-58.
survey on tire-road friction estimation [ J ]. Friction, [19] JEE,kEBEE SREE, 2. CHL M8 B 38 R 50 4=
2017, 5(2) :123-146. BB )], AR ,2010,29(4) 1 78-81.

[11] A9 (AT, SR AV 7 1 T AR 4 R A B K & ZHOU W, ZHANG S X, GUO J Z, et al. Design of
FERASE R T ], E R R4, 2015,33(2) . software for airport friction coefficient measuring
47-52. vehicle[ J]. Measurement & Control Technology, 2010,
ZHAO HD, WU M ZH, WU SH T. Variation of asphalt 29( 4 ) .78-81.
pavement friction coefficient with change of water film [20] NIU Y D, ZHANG S X, TIAN G J, et al. Estimation for
thickness [ J ]. Journal of Civil Aviation University of runway {friction coefficient based on multi-sensor
China,2015,33(2) :47-52. information fusion and model correlation [ J ]. Sensors,

[12]  RAR W, 5K SCAN. T8 R 45 A 00 0k 42 B0 A IE Ji 2020, 20( 14) :3886.

P[], Bfiiedi,2020,4(6) . 14-17. {EEEN

ZHU Q M, ZHANG W G. Calibration principle of 3 BB, 4 57E 2004 45,2007 4FF1 2010

runway friction tester [ J]. Journal of Civil Aviation, AE T AL Tl KA 2 e o 22 A0f

2020,4(6) ; 14-47. A, O AL Tolk R Rl a2, &=
[13] UKL, BASRAN. L7 il B 45 R B 4 A slibn € & BRSNS A

GHTTE[ )], ERMHEAR ™ 0 ,2018 (22) :213.
ZHAO ZH, HU X J. Research on automatic calibration

E-mail: zhouweil9800323@ 163. com



5 8 3]

VS R B i R G S SR - 211 -

Zhou Wei received his B. Sc. , M. Sc. and Ph. D. all from
Hebei University of Technology in 2004, 2007 and 2010,
respectively. Now he is an associate professor at Hebei University
of Technology. His main research interests include testing and
measuring technology and instruments.

B2, 2018 4F T Jb Tl K #4045

2, A AL TR AL AR £

Lty BERFFETT 1] A HIL 7 T T R A5 DR EAG

E-mail; tgj1711058027@ 163. com

Tian Guangjun received his B. Sc.

degree from Hebei University of Technology in

2018. Now he is a M. Sc. candidate at Hebei University of

Technology. His main research interest includes the detection of

friction factors on airport pavement.

XIMEE GEfF1EH) 73 HILE 1995 4F i
1998 A FHALIE Tl 2 FRAT 2 2 i RS
52007, 2006 AT R HR AR 15440
BUOATAL Ty R B Hcd , T2 577 10
PP 2 A OGBS BT R B 5 4
ARG,

E-mail: Iwl@ hebut. edu. cn

Liu Weiling ( Corresponding author) , received B. Sc.
and M. Sc. from Hebei University of Technology in 1995 and
1998, Ph. D. from Tianjin University in 2006, respectively.
She is now an associate professor at Hebei University of
Technology. Her main research interests include lithium-ion
equipment and key technology research, new perception and

control system.



