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A Study on the Development of 34kW class Cryogenic
Induction Motor using LNG Pump

g -AES - ays
(Ki-Wook Lee + Dong-Wook Jeong + Gwan-Soo Park)

Abstract - In this paper, the study presents the development of 34kW class cryogenic induction motor using LNG Pump.
Operating temperature of an induction motor using LNG Main Cargo Pump is at -163C. Due to variation of the resistivity,
these motor have different torque characteristics. So, it should design to considering the resistivity change. The most
important consideration of induction machine operating is cryogenic temperature. If the temperature rise, LNG is vaporized. it
is a major cause of pump failure. There are several causes of heat source like coreloss, hysterisysloss, copperloss. This paper
analyzed the thermal distribution of the induction motor at rated speed operation.
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Table 1 Design specification of induction motor

Requirement Value
Type Vertical Submerged 3-Phase
Induction
Rated Output 34[kW]
Synchronous Speed 3600 [rpm]
Electric Power Source AC 440[V]
Torque(running) 90.2[N.m]
Rated Current 64.4[A]
Efficiency 88[%]
Frequency 60[Hz]
Power factor 0.867
Cooling Liquid LNG
Insulation class ‘F
Slip 0.017
Winding ‘Y (wye)

B 2 %% AEY|9 FHe
Table 2 Loading-rate of induction motor

n [%] cos® P, kW] Py kAl
88 0.867 A 44614
AC ac 7, [mm?] Dy [mm]

7100 254 5018.7 180
7[mm] £, [mm] q, [mm?] d, [mm]
280 179 6.76 2.9
Noon D, [mm] R, fmm?] A 101 )
10 320 9410.9 147
§[mm] E[V] q,[mm?®] g, mm?]
1.24 3405 82 221.3
4IAl 7 [A] ey ]
247 885 54
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Fig. 1 Design of induction motor for use at LNG Spay
Pump system at room temperature base
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38 4 4204 STEER Fske REdE719 Flux-Line
Fig. 4 Magnetic flux-line of LNG Spry Pump induction

motor at room temperature by FEM analysis

38 5 20 FEAS71Y] ASEUE BE
Fig. 5 Flux density distribution of LNG Spry Pump
induction motor at room temperature by FEM analysis
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Fig., 6 Torque-speed characteristic curve of induction
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Fig. 7 Current-speed characteristic curve of induction
motor at 25°C
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Table 3 Equivalent parameter value of designed induction

J% 12 FRLSE0Z AASH LNG Spray Pump& |SEAEY|

motor
Equivalent circuit Value
parameter 25°C -163°C

R1 0.144781 [Q] 0.039727 [Q]
R2 0.0629084 [Q] 0.0172613[Q]
X1 0.247709 [Q] 0.247583 [Q]
X2 1.14464 [2] 1.17163 [Q]
XM 22935 [Q] 22.7552 [Q]
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Fig. 12 Design of induction motor for use at LNG Spay

Pump system at -163°C

i
i
i
i
i
i
i
i
|
i
|
[
N

a9 13 1ER £ 2t X2
Fig. 13 Type
stator slot

and size of

J8 14 SRR % Bt X5
Fig. 14 Type
rotor slot

and size of

I8 15 ZFAR0M S7EERE JF6shs FEA8719] Flux-line
Fig. 15 Magnetic flux-line of LNG Spry Pump induction

motor at rated speed

I8 16 IR0 FEAEY|9 AGEE Bx
Fig. 16 Flux density distribution of LNG Spry Pump induction

motor at rated speed
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Table 4 Comparing the cryogenic design at rated speed

Torque Current
AAER 90.2 [N] 64.4 [A]
SR 4A 90.2174 [N] 63.2923 [A]
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