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Abstract : In cargo-working, it unavoidably happens that the quay crane slip along the rail and the container move from side to side.
Especially, they involve a lot of risk in bad weather. The rail clamp is a mooring device to prevent that the quay crane slips along the
rail due to bad weather or the wind blast while the quay crane do the cargo-working And it will play a greater role in port container
terminal integration and automation. To design the wedge type rail clamp, it is very important to determine the wedge angle. In this
study, we expect that the design wind speed of the quay crane will change over 16m/s. Assuming that the design wind speed is 40m/s,
we determined the proper wedge angle of the wedge type rail clamp for the 50ton class quay crane.
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1. Introduction

For the container handling in port has increased in
company with the growth of the trade scale, the Ultra
Large Container Ship, such as 12,000 TEU grade, is
constructed and the size of a quay crane increases more
and more,

As the container ship comes alongside the quay, the quay
crane was moved and stopped along the rail to load and
unload
happens that the quay crane slip along the rail and the

containers. In cargo-working, it unavoidably
container move from side to side. Especially, they involve a
lot of risk in bad weather.

The rail clamp is a mooring device to prevent that the
quay crane slips along the rail due to bad weather or the
wind blast while the quay crane do the cargo-working. And
it will play a greater role in port container terminal
integration and automation. Fig. 1 shows the assembly
diagram of the rail clamp. The operating mechanism of
wedge type rail clamp is as follows. First, the jaw pad
clamps a rail as a small clamping force. Second, the roller
rolls on the slope of the wedge as the wind speed increase
and the last, the jaw pad clamps a rail with a large
clamping force. So, to design the wedge type rail clamp, it is
very important to determine the wedge angle. Fig. 2 shows
the operating mechanism of the wedge type rail clamp.

(b} clamping
Fig. 2 Operatiog mechanism of the wedge type rail clamp
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In this study, we expect that the design wind speed of
the quay crane will change over 16m/s in operation mode
due to unusual weather conditions. Assuming that the
design wind speed is 40m/s, we determined the proper
wedge angle of the wedge type rail clamp for the

conventional quay crane.

2. Wind load analysis applied to the rail clamp

Two rail clamps are installed in the 50ton class quay
crane and a rail clamp has two compression surfaces
between the jaw pad and the rail. When the design wind
speed of 40m/s is applied to the quay crane, the wind load,
Fz applied to the rail clamp is equal a quarter to the wind
loads, F, applied to the quay crane. So, the wind load, Fy
applied to the rail clamp is calculated by Eq.(1).

F = F :Qrzﬂoﬁ 8
4 4
‘Where, Cr is the rail direction coefficient of the wind
force, @ is the wind pressure as qoz_%' pV%(—%)OJG, \A is

the wind speed, pis the air density, }is the height above
ground, A is area normal to the wind direction. When the
design wind speed of 40m/s is applied on the quay crane,
the wind loads, F, applied to the quay crane is 1627.2 kN
and the wind load, Fy, applied to the rail clamp is 406.8 kN
by Eaq.(1). So, the wind loads applied to the main part of
the rail clamp are shown in Table 1. Wind loads are
obtained by calculating the equation of Table. 1

Table 1 Wind loads applied to the main part of the rail clamp

Main Part Symbol Wind loads [kN]
Jaw E | E 8136 | 2712

Jaw pad Fp=F,/(4) 813.6
Locker F;=Fu(L,/L) 2712
Roller Fr=(F p+F{)/cs® 11015
Wedge Fy=Fx 11015
Fp=F g g0 1084.8
Wedge Frame F; :FESine 1013
Ext. Bar Fp=Fg/2 5424

3. To determine the proper wedge angle

3.1 To determine the maximum wedge angle
1) Equilibrium condition between the roller and the wedge

[Condition 1] The normal force,
compresses the slope of the wedge is equal to the resultant

Fr that the roller

of the wind load, Fy applied to the rail clamp and the

compression force, Fg generated by the extension bar.

FRXSinezFu (2)
2) Condition to prevent that the jaw slip along fhe rail

[Condition 2] The friction force, WFp between the jaw
pad and the rail that is generated by the rail direction force,
F g, of the roller calculated from the condition 1 must be
equal to or greater than the wind load, Fz applied to the

rail clamp.

WF ,2F, 3)

Eq.(4) that shows the relation between , and F, is
obtained by the Eq.(2), (3).

_ L, Fr 1)
P L, as®

So, from Eq.(2), (3), (4) the wedge angle, 6, to prevent
that the jaw slip along the rail is obtained like the Eq.(5).
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(a) Free body diagram of the jaw (x—direction)

F

Roller

Wedge

F

(b) Free body diagram between the roller and the wedge

Fig. 3 Free body diagram to determine the wedge angle to
prevent that the jaw slip along the rail
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Where, A , is the area of the jaw pad, G p is the

b
moment of area as szf ) f Vzi+yidzdy. Fig 4
- —a

shows the free body diagram of the rail clamp to determine
the wedge angle to prevent that the jaw overturn along the
rail. And the dimensions of the jaw and the jaw pad are
shown in Table 2.

Table 2 Dimensions of the jaw and the jaw pad

(a) Free body diagram of the jaw (z-direction)
dF,
< y A
r

Zﬁ o=t z

|, 2a >|'

k—

Jaw pad y

(b) Free body diagram of the jaw pad

Fig. 4 Free body diagram to determine the wedge angle to
prevent that the jaw overtum along the rail

We could know the wedge angle, ©. is related to the
friction coefficient, n between the jaw pad and the rail, the
upper length, L, and the lower length, T, of the jaw. Fig.
3 shows the free body diagram of the rail clamp to
determine the wedge angle to prevent that the jaw slip
along the rail

3) Condition to prevent that the jaw overturn along the rail

[Condition 3] The resistance moment, M, of the jaw pad
must be equal to or greater than the overturning moment,
M, of the jaw generated by the rail direction force, Fp,

of the roller.
Mp=M;, (6)

The resistance moment, Mp of the jaw is

MP:“—C}ﬁF—E @

The overturning moment, M 7 of the jaw is
.I‘_‘Z_
M;=FgxL,=7" (L, +LyF ,tan® ®)
1

So, from Eq.(6), (7), (8) the wedge angle, 6 to prevent
that the jaw overturn along the rail is obtained like the Eq.(9).

Ap

Gp

L,

L,

7000 1ryn?

36690 g3

315 mm

106 yum

3.2 To determine the minimum wedge angle

As shown in Fig. 2 (b), the minimum wedge angle is
determined by the relation between the horizontal clamping
distance, LB( v and the total displacements, 5T( y of the
main part. The total displacements, 8 of the main part of
the rail clamp are

ST:L11:+-L2(6J+8P)—i——L_{IiZL—z8L (10)
+(6 g+8 PcosO+b 46

Where, § ] is the displacement of the jaw, § , is the
displacement of the jaw pad, & ; is the displacement of the
locker, &  is the displacement of the roller, § y is the
displacement of the wedge, & ; is the displacement of the
wedge frame, & ; is the displacement of the extension bar.
So, from the Eq.(10) the minimum wedge angle, © . of
the rail clamp is

8
GCL:tan AI(TT—) (11)
B

But substituting the displacement of the main part
obtained by carrying out the Finite Element Analysis with

ANSYS 8.1 to Eq.(10) we calculated the total displacements,
& 1 of the main part of the rail clamp.

1) Analysis model of the rail clamp

The rail clamp consists of 7 parts such as jaw, jaw pad,
locker, roller, wedge, wedge frame, extension bar. The jaw
is the part supported by the locker and plays a role of the
lever. The jaw pad is the part that compresses the rail and
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adheres to the jaw. The locker is the part that generates
the initial clamping force and connected with the jaw. The
roller, wedge is the important part of the wedge type rail
clamp that rolls on the slope of the wedge and increases
the clamping force as the wind speed increases. The wedge
frame is the part that supports the wedge. The extension
bar is the part that generates the clamping force according
to the total displacements. Table 3 shows the dimensions of
the jaw, roller and wedge of the 50ton class quay crane and
Fig. 5 shows the shape of the main part of the rail clamp.

Table 3 Dimensions of the jaw, roller and wedge

B, H; L;
Jaw
200 ven | 150 en | 495 o
Roller B r D g D ri
B 80 1 130
Wedge B w By L w
150 e % 162

2) Finite Element Analysis

Element used in this analysis is 3-D 10-Node
Tetrahedral Structural Solid element which have 3-DOF
( Ux, Uy, Uz) at each node. Carrying out the Finite
Element Analysis with ANSYS 81, we obtained the
meshed shape and the stress distribution of the main part
of the rail clamp as shown in Fig. 6 and 7.

(a) Dimensions of the jaw
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(b) Dimensions of the roller
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{(c) Dimensions of the wedge

Fig. 5 Shape of main part of the rail clamp

ox

(a) meshed shape of the jaw

(b) meshed shape of the roller

(c) meshed shape of the wedge
Fig. 6 Meshed shape of the main part of the rail clamp

The boundary conditions of the main part of the rail
clamp are as follows. First, the boundary conditions of the
jaw is applied ux, uy at the pin linking the jaw to the
locker in the -X direction. And applied ux, uz at the pin
linking the roller in the +X direction. Second, the boundary
conditions of the roller is applied ux, uy at the pin linking
the roller in the +Y direction. The last, the boundary
conditions of the wedge is applied ux, uy at the area of
contact with the wedge frame in the +X direction and uy at
the area of contact with the wedge frame in the +Y
direction.

The load condition of the jaw is applied FP=813.6 kN. And
the load condition of the roller is applied FW=1101.5 kN. The
load condition of the wedge is applied FR=1101.5 kN.
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(a) stress distribution of the jaw

132.584

264,782
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(b) stress distribution of the roller

2.718 523.613
458.166 589.06

(c) stress distribution of the wedge
Fig. 7 Stress distribution of the main part of the rail clamp

4. Results and Discussions

4.1 the maximum wedge angle of the rail clamp

Substituting yis 0.5, L | is 315mm and L , is 105mm
to Eq.(5), we knew the wedge angle, Oy tO prevent that

the jaw slip along the rail is equal to or less than
20.6°.

And substituting A p is 7000mm’, G p is 361690 mm? to
Eq.(9), we knew the wedge angle, © o to prevent that the

jaw overturn along the rail is equal to 105°.

Geun-Jo Han - Young-Hwan Jeon

Therefore, Considering the wedge angle, Ocr O prevent
that the jaw slip along the rail and the wedge angle, Ok to

prevent that the jaw overturn along the rail, we determined

- the maximum wedge angle of the rail clamp for the 50ton

class quay crane is 10.5°.

4.2 the minimum wedge angle of the rail clamp

Carrying out the Finite Element Analysis with ANSYS
8.1, we obtained the strength and displacements analysis
results of the main part of the rail clamp as shown in
Table 4, 5. Substituting the displacement of the main part
to Eq.(10), we knew the total displacements, 6 . of the
main part of the rail clamp is 1.879mm. And we determined
the minimum wedge angle, © . of the rail clamp for the
S50ton class quay crane is 4.3°. Where, the horizontal
clamping distance, L g is 25mm.

As the total displacements is 1.879mm, the minimum
wedge, O of the rail clamp for the 50ton class quay
crane with respect to the clamping distance, L ; are shown
in Table 6. As shown in Table 6, we knew the minimum

wedge angle, © -, of the rail clamp for the 50ton class

quay crane decreases with the clamping distance, L 4.

Table 4 Strength results of the main part of the rail clamp

Main Stress(MPal Safety Material
Part Yield |Maximum | Factor
Jaw 323 50490 |1.63(=150)| SCM445
Jaw pad 744.8 52850 11.41(>1.15)| SCM435
Locker 400 19460 |2.06(=1.15)| SS540
Roller 744.8 59528 |1.25(=1.15)] SCM435
Wedge 705.6 589.06 [1.20(=1.15) SCM432
gzdj: 400 | 20025 [166(=150)] SSB40
Ext. Bar 784 39964 1.96(=>1.50)} SCM440

Table 5 Displacement of the main part of the rail clamp

Main Part Symbol Displacement
Jaw 6J 0.200 mm
Jaw pad 6p 0.048 mm
Locker 8L 0.037 mm
Roller &g 0.090 mm
Wedge Sy 0.067 mm
Wedge Frame &g 0.197 mm
Ext. Bar &g 1.332 mm
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Table 6 Minimum wedge angle with respect to the clamping

distance
Ly 15mm | 20mm | 25mm | 30mm | 35mm
Sy 7.1° 54° 4.3° 3.6° 3.1°

4.3 the proper wedge angle of the rail clamp

The maximum wedge angle of the rail cIamp for the
50ton class quay crane is 10.5°. and the minimum wedge
angle is 4.3°. So, we should determine the proper wedge
angle of the rail clamp for the 50ton class within the limit
of the wedge angle. Therefore, considering the maximum
and minimum wedge angle, we determined the proper
wedge angle is 10°. Since the wedge angle is larger, the
clamping efficiency of the rail clamp is higher.

5. Conclusions

In this study, the design wind speed of the quay crane is
expect to change over 16m/s in operation mode due to
unusual weather conditions. Assuming that the design wind
speed is 40m/s, we determined the proper wedge angle of
the wedge type rail clamp for the 50ton class quay crane.
and the results are as follows.

The proper wedge angle of the rail clamp for the 50ton
class quay crane is determined with the limit of the
maximum and minimum wedge angle. The maximum
wedge angle is obtained by the condition to prevent that
the jaw slip along the rail and overturn along the rail. The
wedge angle, Ocr to prevent that the jaw slip along the rail
is equal to or less than 20.6°. And the wedge angle, Ok to
prevent that the jaw overturn along the rail is equal to or
less than 10.5°. The minimum wedge angle of the rail
clamp for the 50ton class quay crane is 4.3°. We determined
the proper wedge angle of the rail clamp is 10°. Since the
wedge angle is larger, the clamping efficiency of the rail
clamp is higher.
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