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A Experimental Analysis on the Relationship between the Angle
of a Locker and the Clamping Force of Wedge Type Rail Clamp
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ABSTRACT : The wedge type rail clamp has the operating mechanismv First, the jaw pad clamps a rail with small clamping force. Next
as the wind speed increases, the clamping force of the jaw pad is increased by the wedge. In order to design the wedge type rail clamp,
we need to determine the proper wedge angle to minimize the sliding distance of a roller and the proper clamping angle of a locker to
generate the initial clamping force of a jaw pad The researches for the proper wedge angle have conducted, and in this study we conducted
the investigation to determine the proper clamping angle of a locker in the rail clamp with wedge angle of 10° Because the initial clamping
force of the jaw pad was determined by the clamping angle of the locker, in order to carry out the clamping force of a jaw pad, we
measured the locking force applied to a locker with respect to the clamping angle of a locker, such as 3°, 4°, 55 6° using a pressure gauge,
and compared the results with the FEA results.

KEY WORDS : ral clamp, wedge, container crane, clamping angle. clamping force
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Fig.1 Main part of the wedge type rail clamp for S0tons
class container crane

(b) Wedge action phase
Fig.2 Operating mechanism of the wedge type rail clamp

Tablel Mechanical properties of material used to each part

Part name Material | Elastic modulus| Yield strength
Jaw SCM445 210GPa 823MPa
Jaw pad SCM435 210GPa 744.8MPa
Locker SS540 210GPa 400MPa
Roller SCM435 210GPa 744.83MPa
Wedge SCM432 210GPa 705.6MPa
Wedge frame 58540 210GPa 400MPa
Extension bar| SCM440 210GPa 784MPa
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Fig.3 Schematic diagram of forces applied to a locker and
a jaw pad in wedge type rail clamp
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Table 2 Z-directional wind force and internal forces applied
to each part with respect to the wind speed [kN]

3.1 E50f w2 Lockere
Lockerd] Zol(Ly)7}F 11751mmY ®), F<:o u}E Table 34

g7z

Vo 2nv's 4my/s 6m/s 8m/s 10m/s eI Jaw DR R 2 HYGE A3l dYsty

F, 4066 | 16266 | 36597 | 65.062 | 101.659 Lockere] EHZH(@)T EFHW)E &3l Table 49 et

Fr 2.033 8133 18299 | 32531 | 50.830 W upe} ok

FL 0.754 3.015 6.783 12058 | 18341

Frx 2787 11.147 | 25082 | 44589 | 69.671 Table 4 Angle and locking force of a locker with respect to

Fre 0.491 1.966 4423 7.862 12.285 the wind speed

Fr 2.830 11319 | 25468 | 45277 | 70.746 Vo 2m/s 4my/s 6m/s 8mv/s 10m/s

Fs 1.393 5574 12541 | 22295 | 34836 [?] 080 159 939 319 308

w
3. osteidMAT o DX [kN] 0.021 0.163 0.566 1.342 2623
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Jaw9] s A3 E Fig. 49 el
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Table 3 X-directional displacements for each part and total
displacement with respect to the wind speed [mm]

Vo 2my/s 4m/s 6m/s 8m/s 10m/s
S 0.0027 0.0109 0.0246 0.0437 0.0682
5. 0.0000 | 0.0001 0.0003 | 0.0006 | 0.0007
Sr 00006 | 00025 | 00056 | 00100 | 00156
5 0.0015 0.0061 0.0137 | 0.0244 0.0381
o1 0.0114 0.0454 0.1022 0.1817 0.2838

Fig. 3 X—directional displacement distribution of a jaw part
in the rail clamp

9)5td Fig. 49} 2o) 28l =& 121 linear fitting3+ch.

4

| Data
Linear fitting

@ldeg]

T T * T
6 8 10

V, [mis]

~n <
e

Fig. 4 Angle of a locker and curve fitting with respect to
the wind speed
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Fig. 5 Locking force and curve fitting with respect to the
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Fig. 6 Rail clamp and hydraulic driving system to measure
locking force of a locker
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Table 5 Pressures to lock two lockers with respect to the
angle of a locker

¢ pulkgycm’]

[ 1 2 3 4 5 Ave.
3 95 100 9.0 95 95 95

4 215 200 205 200 195 203
5 410 | 405 | 410 | 405 | 415 | 409
6 675 63.0 635 675 685 63.0

Locker A& 9 f2dr WAEL ¢50mmels, 48
He] FFL 42BmmolEZ Lockerd] EYZe] =& E¥H
(W)& Table 59 JeH frAAT 9] 313 Al 4] B33
o e fE 9HAE Tk 4 5+ U Lockers] &
Pz wE S AP T A2 ARG H®F o%
ste] A2d &4 AHE |3t Table 60 WEhAUTE

Table 6 Comparison of the locking force of experiment and
FEA with respect to the angle of a locker

¢ W {kN] Difference
[ Exp. data FEA data [%4]
3 1.256 1.118 +123
4 2634 2664 08
5 5408 5225 +35
6 8.901 9.068 -0.7

—251—



Table 6& A BW, Lockere] E3Ze] 329 o, A4 3Fto)
Faa sy gET 123% A o ZA YeEgoy Julx
Aol 35%0l3t2 Uehsth Agdast feeas2dH
o BBES A7) J3d Fig. 73 2ol FEaxsddn
g +9% AY2%E $9%02 o1 29T 283 linear
fitting 3} ot

° ¥ L) T T
o 2 4 [ 8 10

W, [N]

Fig. 7 Correlation between experiment and the FEA for the
locking force

Fig. 7°14 Lockerd] £33 did 433 f3ataiy
Aztel ARBAAE AW, FAS, P 099926024 H
T4 9@ Age] Ui dolE 9 AAo] Ere AL
duigtt. weld B QFE B39 fa84HML B &
¥ F5o wWE Lockerd E8Z F4(A(7)3 Lockers]
Y7 @& E9Y TARIEQ)E HYFYZE HA)
AT 718AQA Z2AXME Fhsted 48 5 S Ao
7ld g}

54 £

S0tons ZHelY AHAUE #4713 ddISH=e Z2 ¢4
goz fdde dFae 2714ADAL FEol Syl w
g #7128l o o] Frlsle H7|FHEGARZ A
Uz F e, & dFAME o] F 27ILAGANA Jaw
pad®] FAHE THA77] AT Lockerd] EYZHE HAF
7] 9ste] ZAERIE B FANES U s B
Moo, Jaw pad®] 423 Lockers] &Yzt Atole] 4
HBAE AU £F oo dF AHFE Eoly] A3
of 248& F3 Locker? &3zt pEeAlole] ABAAE
BAslo OS5 22 228 Atk

L 3848443} 5o S/ Wet Lockerd) £9

Zte H¥Hoz Zls: Ao Uehton Lockers 29
de gzl U@ 3349 Fe 2/ & 5 A

2. Lockerd] 29zo) g 2Y8L A¥L 53 249
43} Locker®] E@zto] 3°9 o), Aol faar34 2
Huct 123% AE © A Jegou yex Lo
35%°l3t2 Lpehstct.

3. Y3 fReaM Ao AREE 099926024 u)
¢ Ee AVVAS RAT oS ulo vhFy $3%e) 7
Hol g HUSIUL) AAE AT /LAY ze A
Mg Sysied 248 5 e Ao sluRT

7|

o

B A7E 2AAARY A9YA AGPAAIe] A7
2 9532,

2]
k
Ao
e

[1] Han, G., Lee, H, Shim, J., Han, D,, Ahn, C, and Jeon,
H.(2004), Study on the Wedge Angle of Wedge Type
Rail Clamp for Container Crane, J. of KSPE, Vol. 21,
No. 9, pp. 119-126.

[2] AYTAHE(2000), FLHAAZHAAZZE, [EE 4]

[3] BS2573, British Standards UK.

(4] Hanjin Heavy Industries & Construction Co., Ltd. Plant
Engineering Department(2000), Structural & Mechanical
Calculation for 50Ton Container Crane for Busan Port.

(5] Oh, G.(2000), Effective Clamping Force Measuring
System for Spring Clamps, J. of KSPE, Vol. 17, No. 10,
pp. 95-101.

—252—



