27| A3 A, A6, A3E, pp.9~15(2017.06) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol.16, No.3, pp.9~15(2017.06) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2017.16.3.009

SRS 28t UHH USHI Mol T AT
A

o= = = s =h=1 = = ol ,
HYT ST E AE RS 5T

A Study of the Reverse Engineering of a Two-Stage
Impeller-Submerged Pump for Cryogenic Fluids

Byung Soo Kweon*, Chung-Seob Yi**, Chi-Woo Lee
*Graduate School, Gyeognam National University of Science and Technology
**Gyeognam National University of Science and Technology, Industry-Academic corporation foundation
***Gyeongnam National University of Science and Technology, Automotive Engineering

(Received 18 February 2017; received in revised form 4 March 2017; accepted 22 March 2017)

ABSTRACT

This study represents basic research for the development of submerged pump technology applicable to
transfer and storage of a cryogenic liquids. Its purpose is to secure baseline design data by applying reverse
engineering to the process of developing a submerged cryogenic pump. The two-stage model included in the
ARTICK Series LNG Submerged Pump produced by Vanzetti of Italy was selected for analysis for
development of a localized product, and was disassembled for reverse engineering. The pump was
disassembled after analyzing its processing/assembly characteristics such as shrinkage of fittings. In addition,
the materials used in manufacturing of the main components were analyzed, and the ingredients were
confirmed. As a result, a design drawing for each component required for product development was secured
via foundational design, and a test product was manufactured by maximizing the application of appropriate
domestic technologies.
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Fig. 1 Applications for cryogenic submerged pumping
system
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Plug and play design compatible with

! standard storage tanks.

5 Possibility to run 2 LNG dispensers on 1
cryogenic pump module.

3 | Integrated Cryogenic submerged pump

4 Possibility to run 2 LNG dispensers on 1
cryogenic pump module
Refueling of wvehicles at constant flow and

5 | pressure by use of a pressure control valve
and variable speed pump control

6 | Safety Valves, Fitting, Gas detector, etc.

Fig. 2 Cryogenic fluid loading system
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Fig. 3 Configurations of cryogenic submerged pump
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Table 1 Specification of cryogenic submerged pump

Impeller ~ Shaft

No. Division

Specification

Manifold_Lower

1 Max. allowable suction
pressure

25bar

Housing_Diffuser

Housing_Suction

Number of stage

2

Frequency

104Hz

Flow rate

200L/min

Motor housing

Manifold_Upper

266m

Differential pressure

11bar

Absorbed power

8.7kW

2
3
4
5 | Differential head
6
7
8

Pump speed

6,000rpm

339 A55A
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(c) Discharge tube

(h) Upper manifold
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Fig. 6 Rotating parts in submerged pump and supporting

(g) Motor housing bearing position
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Table 3 Results of material test

C Cu S Si Mn | Mo Mg Zn Fe Ni Ti P Pb Cr
Manifold upper 0.314 10.00 0.388 0.158 0.149 1.039 0.002 0.067 - 0.005 0.118
Impeller 0.226 7.455 0.178 0.274 0.103 0.331 - 0.055 - 0.005 0.029
Shaft 0.164 0.129 0.029 0.937 0.913 0.230 1.579 - 0.017 - 16.17
Laynntn seal 0.020 0.290 0.027 0.430 1.190 0.360 9.420 - 0.025 - 18.44
Spring washer 0.070 0.260 0.002 1.670 1.110 0.210 6.420 - 0.028 - 15.63
Spacer 0.032 0.488 0.063 1.221 2.000 0.758 3.672 - 0.032 - 17.62
Cover 0.053 1.220 0.635 0.833 0.012 0.183 - 0.022 - 0.005 0.030
Tube discharge 0.048 0.331 0.026 0.926 2.000 0.633 3.672 - 0.027 - 18.05
Retainer bearing 0.355 0.109 0.135 0.890 0.825 0.100 0.274 - 0.012 - 13.40
Fig. 62 ZA AFHZ Ui HA=o A HFHoZ RE HA-Fdout woF&
T EEe & aga Jdye Ug 2d=E Axete] P a9 AFHx] FRFo gk
i ot 714 BH F& AAS= XL F AdE A5t fate] AsEA S AASAT
202 TE H-Frhe] AAE o] otk w3 AsE AEEHY H2E gES=E Chemical
02 FyYo=w Huyl AXE A FE YTFELY composition test(KS D 1652 : 2007, KS D 1811 :
ddz Heko] wlojHe Xl HFL WA 2003)9} Hardness test(KS D 0811 : 2003)S A A&}
H o] Table 33 Z2 A5 FR3AT

F e FE HAT B A7 gy 9%
=]

(b) Impeller

Fig. 7 Development of metallic mold
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Fig. 8 Development of motor assembly
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Table 4 Specification of motor

No. Item Value

1 | stator diameter 195mm

2 | Rotor diameter 109mm

3 | Stator lamination 120mm

4 | Shaft diameter 50mm

5 Frame 182T

6 Motor power 11kW, 15.3Nm @7,000rpm
7 Pump power | 6.2kW, 12.3Nm @4,808rpm
8 Pole 2

9 Voltage 380V

Table S Specification of submerged pump

Item \ Value
1. General
-Type Centrifugal
-No. of stages 2
-Pump size 160mmx>120mm

2. Operation conditions
-Capacity normal/rated

21.0/25.2m’°/hr

-Suction pressure Max. 3.0kg/cm’
-Discharge pressure Max. 15.0kg/cm’
-Differential pressure 12.0kg/cm’

3. Performance

-Minimum continuous flow 350LPM

-Allowable operation region

@A4808rpm
-Shaft power/rated power

291 to 370LPM

6.35kW/11.2kW
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Fig. 9 Final development prototype for cryogenic
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