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A Study on the Optimal Design According to the Piston Shape
of the 3/8” Hydraulic Quick Coupler
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ABSTRACT

A hydraulic quick coupler is a component used to easily connect or disconnect pipes or hoses that transfer
high pressure fluid without leakage in various mechanical devices. In this study, to obtain an optimal design
of a 3/8" hydraulic quick coupler, the effect of different shapes of the internal piston on the internal flow
characteristics of the coupler was analyzed and evaluated through numerical analysis based on computational
fluid dynamics. Subsequently, the optimal shape design of the internal piston was obtained by comparing the
flow characteristics results such as velocity distribution, temperature distribution, and the pressure drop of the
hydraulic quick coupler.

Key Words : Flow Simulation(7& AlZ2I0|M), Coupler(?41Z2), Quick Coupler(Z FHZE2), Velocity
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(a) Poppet product

(b) Schematic diagram of poppet product

Fig. 1 Conventional hydraulic quick coupler
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Table 1 Information of 2 kinds of piston design

Piston Modeling
case 1 case 2
"
Staps —
Weight(g) 14.11 11.83
Area(mm?) 1040.72 1012.31

Fig. 2 Meshing for Solidworks simulations

A
Fig. 3 Meshing for Solidworks flow simulation



Off

¢

F= 7| A 7S 3 A A204E, A2E

32 72 3 HED mAETEMY

Table 2= ZE|Ql#E 2~ 316L &A1 EAgolth
TZINGA AMEE EAX= dubdoz AMgE=
ZHRIE 2 3160 &A1E H g3l 7 FHEE &=
o]&A glo] AT Ho=Z YTt Solidworks T-F
Aol AL AAIZHOZ 28 MPao WS
pistonol] 7}3te] 3} f-9 2 AFZH s ARE-E
T BAANESE S FE 9 AL Table 32
2o dEAsE Fol7] Hste 2714 A4S =Y
#, 7+ 28 MPa2] Ug Fa 323 Axfol},

Table 2 Stainless 316L properties
Properties Metric
modulus of elasticity 192999.997 N/m2
Poisson’s ratio 0.3

8000.000 kg/m?
550.000 N/mm?
137.895 N/mm?

Density

Tensile strength
Yield strength

Table 3 Maximum stress for 2 types of piston

Case 1 Case 2
Features General model Fluid flow area at
(piston) constant

1.85 mm 2.6 mm

Flow Distance :
Between piston and plug

83.3 MPa 114.0 MPa

Max. Stress
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Fig. 4 Stress distribution at flow pressure of 35 MPa
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Table 3 Results at pressure difference of 3MPa

Case 1 ‘ Case 2
Inlet velocity 0.015 m/s
Outlet velocity 0.88 m/s 0.04 m/s
Inlet temperature 20.05 °C
Outlet temperature 22.08 °C ‘ 21.5 °C

Table 4 Boundary conditions for flow simulations
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Fig. 6 Results of static pressure contour
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Fig. 7 Results of temperature contour
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Fig. 8 Results of velocity contour

— 70 —



7| A71E8r 382 A204, A2E

4. 4 B
B AFGME fA0lE 2 (JPe BHoF A}
43k 387 73t B ASYolA YukHoz e
AHEE AR e FHE Heste BEAde H2E
stk 2Eln 4 F AZHe FxRAH 2L H
Fa4e B R A2EFY] w2 FE54
& Asted HAMA LS =23
1 2 AZol tiste] $U ko] Bojg
o w3z kel id ¢¥ BE 2 HusHA
< slstoh
2. 7 2o Bi@ HygHe sty F2o)
e ol 2 BAE Hlste] HAHLA EER
WS Aokt
3. xR A9 dTst 2FA EApt 2
RS YR f&e Zrlslgo 53, &7

&

o A mhA g wfe] A HdFIEAA fEo] e
HA gtEo] Yol o]e}t B E {FEES Y
o7} HoAFLE Y f&2 SE0SS &
g i
g A Ad5s & F AT
4. frAawxe 7 A
Y press drop, S=EX, &

o Sl gle] =
GG 7144 Ao

=22 4 Collabo R&D 7171 AFA (A
1 §2848080) Aol 23] A=A o] A
[BR=3

[[ye:
o ol iz

REFERENCES

1. Qin, Z., Wu, Y. T., Kim, D. S., Kim, S. B., Lyu,
S. K. "Study on Stiffness of High Pressure
Hydraulic Cylinder for Special Construction

Equipment", KSME 2019 Spring Conference, p.

230, 2019.

2. Qin, Z., Wu, Y.-T., Kim, D.-S., Kim, S.-B., Lyu,

- 71 —

S.-K., "Study on Design of Hydraulic Pump with
High Temperature and High Pressure Resistance
for Cable-Stayed Bridge", Master’s thesis in
Korea, Department of Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
18, No. 11, 109-114, 2019.

. Choi, Y. H.,, Lee, S. H.,, “Temperature Variation

Characteristics of Oil Flow Field in Hydraulic
System”, Jou. of Korean Soc. of Mechanical
Technology, Vol. 15, No. 2, pp. 255-261, 2013.
Park, T. J., Cho, Y. M., *“Development of
Hydraulic and Air Conditioning Couplers”, KSTLE
1999 Conference, Vol. 29, pp. 354-358, 1999.

. Heo, J. H,, Kim, S. S., Kim, K. S., Kee, C. D.,

“A Study on Position Control of Pinch Roll
Hydraulic System using MATLAB/SIMULINK”
KSAE 2009 Fall Conference, pp. 21-24, 2009.
Park, J.-H., Jung, L-S., Jo, H.-D., Park, T.-J.,
Chung, H. T., “Computational Analysis of Seal
Problems in Hydraulic Coupler for Aircrafts”,
KSME 2009 Spring Conference, pp. 365-370,
2009.

. Ahn, H. H,, Yi, C. S., “Numerical Analysis of the

Internal Flow of Small Quick Coupler at
3,000psi”,
Manufacturing Process Engineers, Vol. 15, No. 2,
pp. 16~21, 2016.

Journal of Korean Society of

. Kim, K. W., Jung, I. S, Chung, H. T., Park, T.

J.,, Cho, Y. M., “Flow Analysis of Industrial
Hydraulic Coupler Using CFD Methods”, KSME
2009 Spring Conference, pp. 383-387, 2009.





