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Analysis of Performance Tests and Friction Characteristics of a Friction
Type Isolator Considering Train Load Conditions
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Abstract In the case of an elevated railway station, structure borne noise and vibration due to structural limitations
allow the load and vibration from railway vehicles to be directly transmitted to the station structure, resulting in an
increase in the number of civil complaints from customers and staff of the station. The floating slab track system,
which is well known as one of the solutions for reducing the noise and vibration from elevated railway stations,
usually contains rubber mounts or rubber pads under the railway slab which act as a damper. These types of device
have the disadvantage that is difficult to predetermine the exact stiffness and damping ratio under the nonlinear loads
resulting from train services.

In this study, an isolator with a friction type of wedge is introduced, which can be applied to floating slab track
systems and to be designed with precisely the required stiffness. Furthermore, a comparative analysis of the stiffness
between the designed and experimental values is carried out, while the damping ratio, which is closely related to the
friction wedge blocks, is deduced according to the train load condition. The performance tests of the isolator were
conducted in accordance with the DIN 45673-7 standard which includes both static and dynamic load tests. The load
conditions for the performance tests are designed to conform to the DIN standard related to the weight of the train
and rail track, in order to perform vertical and horizontal load tests, so as to ensure the secure structural safety of
the railway. Also, by checking the change aspect of the friction coefficients of the friction elements according to the
loading rate, the vibration reduction performance of the friction type isolator with variable loading rate conditions is examined.
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(b) Components of isolator

Fig. 3. Test product of friction type isolator
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: vertical load
:stiffnessof vertical springs
: stif fnessof horizontal springs

: slope of friction surface
: frictioncoefficientof frictionmaterial
: displacement of upperplate

Load-displacement hysteresis curve

Load(kN)
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Displacement(mm)
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Fig. 4. Hysteresis curve of friction type isolator (design)
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Table 2. Load conditions per one isolator

A-TE7ZZE Axe] ggAd gk A
AAskAT) A% Al 2E

Categories Symbol Load
Weight of rail system F, 13kN
Live load from train service F 102kN
Max. service load F| 13kN
Vertical load |y p o casurement load F, | 146kN
conditions
Max. measurement load Fy 212kN
Horizontal Vertical pre-load F,, 13kN
load Service load Flon 27kN
conditions Max. measurement load Floo 41kN
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Fig. 5. Vertical static load test

DIN 45673-7 7+ 40l e} stz
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Fig. 6. Load conditions of vertical At-rest load test

At-rest 3% A3} A& A3} Table. 49} 7o] A5A]
3 =AFA 7k AA A el 927} 3749 A
A B 10% oJUE EEES Flsiainh

o] %7 A 3 AA A g (22.37kN/mm)9] o3} Table 4. Vertical At-rest load test results
7]’ 37H/] H]'X X]'x]—‘ol E5 10% ]1H0ﬂ Eoi = Z"\]T% Test Vertical At-rest load test
-Q’ ?l’éb,\‘jr(Table. 3). Device no. no. 1 no. 2 no. 3
K tat, o1 (5N mm) 21.688 22.161 21.391
Table 3. Vertical static load test results Difference w/ designed | ;0. 0.97% 441%
value(%) ’ o e
Test Vertical static load test
Device no. no. 1 no. 2 no. 3
k"stat.,vl(kN/mm) 21.759 22.219 21.539 223 ’é"’y- #Jg 6"% IHGI‘ AIE
Dy | 27 | om% | B 47 5 85 RS AR skl WA 2
Egtat.v2(efmm) 22,491 22.797 2302 Mo el 7k E8& AXste] g] 27027 33
Differerzelu\ezi/o/ﬂ)lesigned 0.50% L87% 034% ZFol tiste] A AsS T F JEE WX F,
0
2% 7_21\_131—2 Q8o H]—/K;_E_ 3 E'_ﬂ]E o) &}
Kgtat 036N/ mm) 22053 23.808 22.598 44 h&te A8 as o B 4 o &
Difference w/ designed 1.45% 6.39% 0.98% S e H9) BAS BREA AA Akl AXFHE
value(%) ' ‘ | 22 weste] WS, A WA AR 3
Sooionfn) || 2061 | 289 | 2900 e AR A2 3 e wAR A B 42
Difference w/ designed 1.26% 5.75% 2.88% L B ~ o
value(%) o S oo o] A4 sHsts Ast AFS JPsA
2.2.3 2| At-rest 55 M3t A
Sl WA AH sk Alsk Aol S $ol
A ae AR JER sE Fek WSk oo
452 AR AR Avrest B FARBHE £EF
o} WA 2kN/s9] £E2 13kN7HA] 86 1037 A5}
3ta ojmje] WS =AH3) o]o] 2kN/sY £
146kN7HA] A 8-8kg& 719 1023t Aststal ofue]
WS ZAU 4 Atrest 35 A3k @] Akl
B B . Fig. 7. Horizontal static load test (Transverse)
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A FHsls At AL F48S 13kNS Asker
el A FREES 7Ht FHske 2202 A 270
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Table 5. Horizontal static load test results(Transverse)

Test Horizontal static load test

Device no. Use Device no. 1 & no. 2
Max. displacement (mm) 1.025mm
kstat,hl(kN/mm) 82.860
kstat,hl(kJV/mm) 80.436

Table 6. Horizontal static load test results(Longitudinal)

Test Horizontal static load test
Device no. Use Device no. 1 & no. 2
Max. displacement (mm) 1.310mm
kstat,hl (kN/mm,) 64.475
kstat,h 1(kN/mm) 60.442
3 W £Y S A A9 FERe o
S0KN/mm= =EH 3 on I3 &3 W Sk &
H sl Ak Aloll= oF 60kN/mme] =74 o] W=
Ak HojAlslsls 81IkNE As} st93S w, o) We
7% e 9 U 2 1SmnE WA slo} ulg 2e
9 WSk A AL A F, 1 ATl
A PP DRre] FsFel s FaerdA
S FuY W FRG SR M3 Uk
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Fig. 9. Vertical dynamic load tests(65kN~95kN)
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Fig. 10. Vertical dynamic load tests(131kN~161kN)

W g wEshe B4 B 2ris)
Fmax B Fmin
k:Eff N dmax - dmin (2)
kg - effective stiffness
F . s maximum load
F . minimum load
dyox - Maximum displacement
din : minimum displacement
1 A ED
B= MX 100(%) (3)
2m Xk, yd?)
B dampingratio
d; :range of compressive displacement
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% gl F7bsH %S ngon ol vhake]  dAut gaHst 24 £29S FAsh ool n
HAASTE SEAEAES 2] WEelt, F vhad e ukdA) phAAGE SwelEge] QA Selss A
2 2838 MC-NYLON(3%)= nhz 7} £571 271 Fo| Fasir}
5% AT ANE APE wolnz A w9
TAEF FFol g wAML A He @Y 2.3.2 AROEN AIY £
o thEhdth ThEAlY] SESEHL AT ABE  wlaale) EeEde SRa] S8 shaa) Aue
Fol Mz S Yoot dokn paEch B, S0l Asel A4 SEd w5 E S4E AR 7
AN 4= AR RS G e ole I 4 2 7 5 202 Table. 99 Ak on Ag
ek gA e Al F GG wom S 2 A © ANE Fig 113} Atk AY FEE A4
A Agstel dEwol AL A AF B olF  alF T2 AFF W 4H20Hzo thF $0EA
=49 EDC W40l ¢ =A LdH7] wjie]tt. GE5EE 2 npEd o]FEEE AASte] 30mm/sec~
150mm/sec® AAEALE FH85S A 1gss 2
Table 7. Dynamic load test results (65kN~95kN) G} st aefste] AFAIE WA gk 8t
Frme oo e | o T FOIRh AARE S Ak 4k &
Hz stiffness 'design (KN-mm) ratio(%) T A Ao|AE 3HA vk X Fste] it ulEAS
(KN/mm) stiffness(%) = cza)
4 26.743 6 5.526 10.389 = ’J‘EQ——D}‘
5 26.184 4 5.781 10.615
6 26.863 7 5.883 11.275
8 26.084 4 4.842 8.739
10 24910 -1 6.459 11.186
12 25.302 1 7.252 12.741
14 25.130 0 8.717 14.220
16 23.268 -8 11.974 19.272
18 23.534 -6 16.611 28.530
20 23.326 -7 18.393 26.364
Design (b) Test specimen
stiffness 25.16 kN/mm . . (MC-Nylon)
(a) Friction test view
Fig. 11. Friction test view and specimen
Table 8. Dynamic load test results (131kN~161kN)
Effective Difference ] Table 9. Test conditions for friction test
. . EDC area Damping
Hz stiffness w/ design KN-mm) ratio(%)
(KN/mm) stiffness(%) ( ° Categories Value
4 34.001 e 6.377 16.583 Friction material MC-Nylon
5 34.115 -5 6.894 16.136 Speci i 0
6 34.027 s 7.198 17.765 pecimen diameter (mm)
8 33.500 -6 7.415 16.959 Specimen height (mm) 5
10 33.541 -6 8.338 17.340 Vertical load (Mpa) 2.57
12 34.001 -5 9.748 20.661 Loading rate (mmsec) 30, 60, 90, 120, 150
14 32.876 -8 9.127 19.384
16 35916 0 13.803 20.773
18 38.071 6 16.597 27.160 A OlEAM =1 744
20 34328 4 20913 32.164 233 SEEY A 21t
lt);:ign 35.80 KN/mm 7HA &of whel & R o] upEA|4=E Table.
stiriess
1091 Aelstglon 7Hd &= 4 vk 4 3L Fig.
1299141 21k = 9l

2.3 OHEA £=2iFY Al

231 £E2FY AE 72

700



Table 10, Friction test results

Loading rate
(mm/sec)
Friction
coefficient

4
3
2
1
0
30 150

Loading rate(mm/sec)

30 60 90 120 150

3.702 4.137 4.157 4.805 5.037

Friction coefficient(%)

Fig. 12. Friction coefficient according to the loading rate
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