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Characteristics of Newly Developed Slipless Steel Rail Plates for Monorail Guideways
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Synopsis :

Rails of monorail and guideway systems using rubber tires must maintain frictional
resistance in wet conditions for safe driving. Especially this fact is particularly
important when the rail has steel plates on its running surface and its longitudinal
gradient is more than 3%. Therefore, a slipless-type steel plate rail for above-mentioned
systems has been newly developed. This plate has hot rolled semicircular grooves which
are placed in the transverse and longitudinal directions, and can have the effective
frictional function when the rubber tires come into contact with these lattice-shaped
shallow grooves and deform elastically in their running. This paper describes
experimental studies on the relationships between the groove shape, the coefficient of
friction and fatigue strength in using this plate to the main member of the guideway

girder.
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Characteristics of Newly Developed Slipless Steel Rail Plates for

Monorail Guideways
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Synopsis:

Rails of monorail and guideway systems using rubber tires must
maintain frictional resistance in wet conditions for safe driving.
Especially this fact is particularly important when the rail has steel
plates on its running surface and its longitudinal gradient is more
than 3%. Therefore, a slipless-type steel plate rail for above-
mentioned systems has been newly developed. This plate has hot
rolled semicircular grooves which are placed in the transverse and
tongitudinal directions, and can have the effective frictional func-
tion when the rubber tires come into contact with these lattice-
shaped shallow grooves and deform elastically in their running.
This paper describes experimental studies on the relationships be-
tween the groove shape, the coefficient of friction and fatigue
strength in using this plate to the main member of the guideway
girder.
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Fig.1 Shapes and dimensions of developed slipless plates
Table 2 Chemical composition of test materials {wt %)
N Materials C Si Mn P__ I ‘S Nb Al
A 0.15 0.20 0.9 0.014 G005 . 0.029
B 0.16 0.34 1.30 L 0.015 ‘} .07 | 0.032 0.030
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Photo.1 Produced slipless plate with rolled

lattice-shape grooves
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{a) Smooth (b) Straight rib {e) Zigzag rib (d) Normal type

Photo.2 Tire tread palterns used in laboratory test

{a} 31 (e} 1-3 {d) 5-2

Photo. 3 External appearances of typical specimen shown in Table 4

Table 4 Types of specimens and experimental conditions

Experiment No.| Varieties

Remarks

Machined groove

Groove ]
iteh —— Groove radius | 3mm
pite
Groove depth © 2 5mm
G Machined groove
roove

Groove depth | 2, 5mm

width
Groove width:8.7mm {R5mm},10.7mm (R7mm)

Pl Rolled groove
U late

Groove piteh © 45mm

surface Shot blasted Painted Painted N .

Rz 55m {Primer) (Epoxy) Graove radius © 3mm, Groove depth 2 2 5mm
5!‘;’[2 4-1 As rolled plate (554])
Groove 59 Machined groove

pattern Groove radius | 3mm

(Ske_wed) Groove depth © 2 5mm
lattice 20 Intersect angle between grooves [ 36
{a} Simooth [b) Straight rib {c] Zigzag rib {d) Normal type

0.5

0.3 e

0.2 2 ;1 ‘1

0.1 .

41
AR
0 Hp— —— +
20 40 60 80 20 40 [ 80
Velacity (km/h) Veloeity {km/h)

Fig. 3 Coefficients of friction, z, between rubber tires and
stecl plates with semicircular grooves in wet condition
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Fig.7 Coefficients of friction between steel plate surface
and rubber tires by changing both conditions
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Fig. 6 Friction coefficients, g, corresponding to lhe variation of groove shapes and

plate surface condition when smooth rubber tire used
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C T I — 23
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M
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{b) T-type specimen with rib welded
Photo. 4 Trailer and specimen tire used in field test Fig.9 Speeimens of fatigue test
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H& 4 5 0748 O 536 £ 40 U7, B 310Hz & L, &
R AL iR o0 b o & L 7n, (HAARDEEMINMME B L o
artd Table 5 (25533 2 80 TH 5, (LKL Fig. 9iom+ &
THCEBREB I T 7, PR3 mm TSk & LA, s
£ SORAT S ARFONE D 3T 14 - HEE B LB, RER
FRCEBC N 28I 3RS 4 -/, HBERERY
W Fig Wk ENTHL, 21, FHMe S-N i Eeig g
Kb 2 TiEedEm LT, A HBo0D,

Gr =90 200N; 70285 (Kkgf /CIME) - errme e (1
MO WEHEHR L, KB 0 45,
G =86 900NP -0.2856 (kgf/cmz) ................................ (2)

o T e FTRNE

Ny T BEEZTONERLE
A2 LY, 200 B IeBESTEE # K L &, #41 380kef /cm® 4118
HEN L, HARBMBERSOES SEHHEHGHY MM L 7200
B TEFEHTE L WD ERIE #ko s, #1219
kgt/em* L HH I N 2728, YEMAEMOBESEEBHEL
Tl200kef/en® 243 TE A, K, U7 +HESTFCEL T
IDADERMATEH LY, MEVHMTZ L3, EH-
WEREDEFBERA LT3, LAd->TaEnY 714 5F#% T
DFFEL/HENTE, AR FO200EEHFTFERHOH L L L
T, B 060kgf/cm? R ET A 5,
PlLofard o b8 L5 inFER LERIC T 2224
T, ARSI FEMICERTRETH S,

Table 3 Chemical composition and mechanical
properties of fatigue test specimen

B Elements C Si Mn P I S
_ Weight (%) 0,15 ~D.1s 0.65 0.619 | 0.01C
Plat Y.5. T.5. El vEs
o ,

? {kef/mm2) | (kgf/mm?) %) {kef-m}
With rolled grooves 35.6 49.6 21A 15.6,13.0,15.2

Rib K 47.0 26A -
3000 o ! Base metal

o Rib T welded
e §L 02010 K N 480
2000k 95% ;=869 107 X v 0250
1500 [
121%
ax = 160> 104 X Ng08 o
1 L
o0e ox - Allowable siress proposed by JSSC
Ne¢ D Number of cracking initiation
L 1 L I R 2 L 1
0.3 0.4 0.5 038 1 2 3 4
Number of cycies (% 10%)
Fig. 10 Fatigue test rosults
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L, Ey F R MG E {2 6 0 BEBHE R T ok = &
s LRET 5.
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HHTELSETEHT ) BRI A, Eigizd~n
FEIC B IZEES L,

(3) 300 BRI ISEO RO SRR OB S 7 A
ECMEY R, LT, BENET~0 L08R E LT
MT L& Gz FMEEE R 12155 X ) %80 Yo B7E L2 8EL
EABMRT LELEND B,

) FIREGIEZFBT BT 28O 8/CH oH, #%
BF2I ) AL LS L bR A, o—NIFEHTL 2 2

b ¥ O b 5TRIFRET 2 Ak 5,

(5) DHIEELY & EH S £ 7k~ 0 EEER O HEE0. 2512
BHRL A X T - L2 d 0, FTEETA2I LT B,
i, AT Ly FABERLZES TL60km/h EFTIC HL
TO.2000% ~ ) EEE R & ERT L XA TE S,

(6) FA%, BAITMNTHSERLHETL00km/M s TR
IR0 IZFRFE D MERRBUIRRIR T &, EI T £iTh % T8l &
D0 1R,

(7) RSO LI L 2ESEENE M) 7 ek Fo
FHEREAE VI LA 2000 BT 25N E LT
1200kgf/cm?HRAFS 4L 5,

(8) BIERICRRBSED | 7HEHT 02007 M H A )i
1L 060kgl/cm* Th 3, i, BERMOFRERTFEE LM
ETHY, FRSIBEOTHME L THETIETH S,

LIAMESM M TILIVNETT €/ V- N EBEITE TS S0E
SELEHTO 5 HHET AR 3 %L Loz #1200 F 3 A
72, #EZ Photo. 5 ISR T 50 Th 5, MEMSIILLEE
el ) R R AT A LD E SITRBT AL L A
DH0, MERTHEERICE S EITABEREOLYT, &
NEMId D LA 2 LR sER, FRE7ov =7 Ficd
FARAZ A & R Lo,

BRI AR RBRITII S 22 0 AL M TR AT 7 & TR dE LS g
FRHOMMEE S A WITD b, B LU TSERE, 7)) F
P g 4@ i R R EEL, EROS#HEY
"t %,

Photo. 5  Monorail runway girder using the slipless

plate with rolled lattice-shape grooves
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