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Structural Safety Analysis for the Safety Lock Valve of
the Excavator Under Boom-up Condition Using FEA
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Abstract: The safety lock valve is the equipment for anti drop of the boom cylinder due to the damage
of the hose when the excavator is operated. Nonlinear static analysis based on the finite element method
is performed to confirm the safety of the safety lock valve under boom-up conditions. The purpose of
the research is to comprehend the structural weakness of the original safety lock valve under the
maximum working pressure and to propose modification of the design. The finite element analysis is
carried out to confirm the improvement of the structural performance of the suggested safety lock valve
under the same working conditions. From the results, the structural safety of the suggested safety lock
valve is verified. Additional nonlinear static analysis is performed under the worst working condition that

is pressure-resistant performance test condition.
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(a) Without the safety lock valve

]
(b) Installation of the safety lock valve

Fig. 1 Schematic view of the safety lock valve



o|&o} -

B9l Zolth Fig. 194 BFe] ebd g wnst
A e A, B DA AP e
FYR7E AR fEH] GOl FAHA Bo
g ekl g wnst gREs Aol we g
A AW el e fAT 5 gom
= dddel 4% Jats PG F e @
& ol
3. PEsHN

3.1 ol CHAMS

Fig. 2& £ 79 4 tidEQ <kd g 2
He] 3p R FA7] AUY s
Hs 2 Aotk bd = HEY HAePA F

2he ARl FrfAl2~Ele] D]z 8 B (Pressure
relief valve)?} x99} w2t FARSHY sH743A
42 de|x WMo v 2 JEhdth Fig 29
A Bl ¢ g MB e Ay 3R A

Eh= I A R J&L% Hlo]3f 2~ X (Bypass
poppet) B Z2 EI(Logic poppet)Zt 1719 =&
(Spool)Z A H T}

2E(Stopper)9} BE|Z WH(Relief valve)7}
sl dlon ddy de FAA s dRTt
Holaf 22 R L AR g&S H4skeh 3t
A A= atdE(Pilot) Yol sl 23
xgo] olARHA AUY AU HF] A5
E " HEE WHMain control valve, MCV)Z
o= FH7t=E Frh

o] el He Hzx A o2 A
g wlpo Ay ZE9} v LE Alo]o] AT

O

Logic poppet

Bypass poppet

Body

Relief valve

Spool cap

(a) Isometric view

Xl&#

Logic poppet lug

Bypass poppet
Body

Relief valve

_ Spool cap
Cylinder
port

Plug

Stopper

Retainer

(c) Distance between in & out ports

(d) Finite element model
Fig. 2 3D model of the safety lock valve
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Table 1 Material properties

Materials FCD500 SM45C SCM415
Body, Stopper, Bypass
Parts Spool ca Retainer, poppet,
p P Plug Logic poppet]
Young’s
modulus 179.2 205 205
[GPa]
Density
[kg/m’] 7196 7850 7850
Poisson’s 031 0.29 0.29
ratio
Yield
strength 380 343 550
[MPa]
Ultimate
tensile
strength 553 569 834
[MPa]
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Fig. 3 Stress-strain curve of FCD500
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Fig. 5 Boundary conditions of the safety lock valve
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Fig. 6 The stress contour of the body of the safety

lock valve

Table 2 The safety factors of the safety lock valve

Materials FCD500 SM45C SCM415
Body, Stopper, Bypass
Parts Spool Retainer, poppet,
pool cap Plug Logic poppet
oy [MPa] - 343 550
or [MPa] 553 - -
o, [MPa] | 51921 - -
o, [MPa] - 43.03 191.46
SF 1.07 7.97 2.87
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Fig. 7 Changing the design of the safety lock valve
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(b) Section view

Fig. 8 The stress contour of the new safety lock

valve
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Table 3 The safety factors of the new safety lock

valve
Materials FCD500 SM45C SCM415
e | 00| R |
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Fig. 9 The new safety lock valve on pressure-

resistant performance

Table 4 The safety factors of the new safety lock

valve under 500 bar

Materials FCD500 SM45C SCM415
ug Logic poppet|

oy [MPa] - 343 550

o [MPa] 553 - -

o, [MPa] 216.94 - -

o, [MPa] - 38.25 262.71
SF 2.55 8.97 2.09
5.8 B
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