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Abstract: A coal handling machine is a type of equipment used for loading coal, the main material in a steam power
plant, along a conveyer belt from a ship, and is placed after the driving chain bucket. However, studies on the boom
hoisting cylinder, which is a hydraulic system used to control the angle of the boom based on loading location, indicate
that domestic models are insufficient, and are thereby often substituted with a foreign product. In this study, a technique
for analyzing the contact pressure in a thick-walled cylinder was established by comparing the contact pressure, which
is calculated theoretically based on the results obtained from FEM simulation, and by checking whether the working oil
is leaking from the boom hoisting cylinder using a v-seal. In addition, the driving motion was simulated according to
the strokes of the cylinder, and the structural stability was verified under the maximum output conditions.
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Fig. 4 Direction of pressure when concentric cylinder
assembled with interference fit
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Table 1 Dimensions and material properties of the
concentric cylinder and seal

Symbol Value

a Omm

b 180mm

c 200mm

) 1.64mm

E, 0.003GPa

v, 0.48

E, 205GPa

v, 0.29
Scope [ Frictionless - seal To cylinder
Scoping Method Geometry Selection Seal
Contact 1 Edge (Contact body)
Target 1Edge
Contact Bodies _
Taget Sodies oder

Cylinder
(Target body)

Shell Thickness Effect No
Definition

Type Frictionless
Scope Mode Manual
Behavior Asymmetric

Fig. 6 Boundary condition between seal and cylinder
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Type: Pressure
Unit: MPa
Time: 1
0.0029794 Max

l 0.0029794 Min

Fig. 7 Contact pressure of the seal with concentric
cylinder, obtained from FEM simulation

Central Axis

Fig. 8 2D models of the boom hoisting cylinder for
structural analysis
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Table 2 Material properties of the boom hoisting

cylinder
Young’s Poisson’s Yield | Tensile
Materials | modulus ratio strength | strength
(GPa) (MPa) | (MPa)
SM45C
(Retainer) 205 0.29 343 569
SM45C-QT
(Rod) 205 0.29 490 686
SESA0A 1 906 03 | 275 | 540
(Cover)
BC3
(Bush) 103.4 0.34 172 303
NBR
(V-seal) 0.003 0.48 - 24.1

o
Central Axis

Fig. 9 Boundary and load conditions

200:00 (mm)

Fixed support

10000

Compression of
v-seal

fi
Fig. 10 Operating mechanism of the v-seal under operating

conditions (interference: 1.64mm and inner
pressure: 40MPa)
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o] Wiet A&t 4.394MPa o] 35
# ©]E Fig. 11(a)~(b)ell “FEFH AT
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0.54118 Max
048105
042002
036079
030068
024033
018039
012026
0060132

0 Min

(a) Interference(1.64mm)

4.3942 Max
4.0132
3.6322
3.2512
2.8702
24892
21081
1.7271
1.3461
0.96511 Min

(b) Interference(1.64mm) and inner pressure(40MPa)

Fig. 11 Contact pressure of the v-seal under operating
conditions (interference: 1.64mm and inner
pressure: 40MPa)
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Fig. 12 Shapes of the v-seal according to the angles and
radii

Fixed radius(2.72mm)

—o—Only interference —o—Interference and inner pressure

——

45 ————

/
0.5 /
80° 85° 90° 95°
[Angle]

(a) Contact pressure according to the angles of the v-seals
Fixed angle(90°)

—o—Only interference —o—Interference and inner pressure

2.6mm 2.72mm 2.8mm
[Radius]

(b) Contact pressure according to the radii of the v-seals

Fig. 13 Tendency of contact pressure according to the
angles and radii of the v-seals
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Table 3 Maximum contact pressures according to the
radii and angles of the v-seal under operating
conditions (interference: 1.64mm and inner
pressure: 40MPa)

Angles Radii Maximum
C) (mm) contact pressure
(MPa)
26 4.243
80 2.72 4.183
28 4.096
26 4.547
85 2.72 4.271
28 4.136
2.6 4.438
90 2.72 4.394
28 4.273
2.6 4.788
95 2.72 4.619
28 4.476
0.7227 Max
066627
0.59983 i
05334 |
046607
0.40054 i
0.33411
0.26768 i
0.20125 -
0.12482 Min i

(a) Interference

4.788 Max
43896
3.9912
3.5028
3.1944
2.796
2.3978
1.9001
1.6007
12023 Min

Y A

T

(b) Interference and inner pressure (40MPa)

Fig. 14 Contact pressure of the v-seal under operating
conditions (interference: 1.64mm and inner
pressure: 40MPa)
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Fig. 16 3D models of the coal handling machine
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Fig. 17 Constraint conditions of the body and the boom
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Table 4 Material properties of the boom hoisting cylinder

Young’s Poisson’s Yield | Tensile
Materials | modulus Ratio strength | strength
(GPa) (MPa) | (MPa)
SM45C-QT
(Tube) 205 0.29 490 686
SM45C-N
(Clevis) 205 0.29 343 569
SM490A
(Piston) 206 0.3 393 543
SF540A
(Rod end) 206 0.3 275 540
Initial boom Boom angle

when loading coal

angle

/
/

/ .18 »

Fig. 19 Simulations according to the strokes of the cylinder

Pressure e
Time 1.5 7o
B Force 1600

[ Fressure 40 P

[€] standard Earth Gravity: 9805 6 mm/s'

36°

4 s Max. Load
(L00KN)

Earth . —> Fixed support

Gravity
© Inner Pressure

I

Fig. 20 Boundary conditions for structural analysis of the
cylinder
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WS 40MPa & H-o1 ko] Fig. 20 ] YERH AT

2) PEoiA Az ¥ nF

Hol Z2(100kN) AdHjolA HAY 7h FEe
TERIANE s Ay, HY fFEasHEHe 2=
=0l A 205.78MPa, Z =04 240.95MPa, -] ¢l
Al 72.03MPa, @ H o]l 37.60MPa, 7 H ol A
32.34MPa, Y A~EO|A  180.32MPa E  FHO|A
255.81MPa ©] UE}om, o]& Table 5 o YEM
Atk S Fig. 21 7} o] AT HA EE A
7 2 HAd FE2-22(301.08MPa)o] LEFG FE
2 T8 9IS Y gol v gy oy,
ol ZHEWY(32MPa) Kt} 7}E3F 27 (40MPa)
Aol $8 Axfoln, AA AAUY FF A =

Table 5 The results of structural safety in the each part of
the boom hoisting cylinder

Yield Maximum
equivalent | Structural
Parts Strength f
(MPa) stress safety
(MPa)

Rod end 275 205.78 Safe
Rod 490 240.95 Safe
Bush 172 72.03 Safe

Retainer 343 37.60 Safe

Cover 275 32.34 Safe
Piston 393 180.32 Safe
Tube 490 255.81 Safe
Clevis 343 301.08 Safe

Fig. 21 Stress distribution of the clevis with maximum
equivalent stress in the boom hoisting cylinder
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