Study on Starting and Variable Speed Controllability of 50 kW Class Fully HTS

Induction/Synchronous Motor Based on Multidisciplinary Analysis Code
Masaya Okuno, Taketsune Nakamura, Takuro Ogasa, Ryohei Nishino (Kyoto University, Japan)

Masaaki Yoshikawa, Yoshitaka Itoh (IMRA MATERIAL R&D Co., Ltd., Japan)

INTRODUCTION ANALYSIS METHOD RESULTS AND DISCUSSION

Mon-Af-Po1.22-12

[109]

ngh Temperature Superconducting Nonlinear V0|tage equa’ugng chvuilrtsr%te Rg , Ry 3| |_oad test = 35j-Mé;E'HJE{élf‘lfs‘It-ﬁs;“l‘g--I
. e HTS nonli o linnid ni =~ 30 :
Induction/Synchronous Motor (HTS-ISM) el TRALA 0wt g (| Rressenee | stance in liquid nitrogen (77K) > 2 _
for next generation transportation equipment | vs | _ 0 ks + L 0 d PM% ibs | | M: mutual inductance E 20 -
StrUCtU e e'g' train’ bUS, etc. 8 _é\i&M _;)4111({1/—[ ]i__:)LrIflt Rgfimf d zar Z;nf?rlsezrtr:nﬁigl(ﬁ;ularfrequency WOrld ﬁrSt SUCCESS Of g 1; :
. . . ' o ) R I 39 kW output (at 1500 rpm) R E
HTS-ISM has the same structure as SC]UIfTel-Cage Induction motor, Equat|0n of motion YR F gb-axis values for fu||y Superconducting motor O et
but Its rotor bars and end rings are replaced with high temperature 4, 1 'S', 'r': stator and rotor values 08 A e ey 10T
superconducting (HTS) tapes d—tm =7 (T — Dwm — Tipad) 7 torque Output power characteristics
HTS rotor bar - Thermal equivalent circuit - damping coefiient o rotor WLTC tidisciolinary analvsis)
Advantages pidamping coeffc rotation test (multidisciplinary ana v5|s)
. High efficiency WLTC is a newly adopted global : o0
»  High torque density HTS rotor . Quter surface of the stator is cooled harmonized driving test cycle Lo
» Coexistence of synchronous \ by cryocooler. for measuring fuel consumption 20020 S — .

P. =5 x (T — 40K) (W) and CO2 emission =l

_ . Rotation speed pattern of WLTC cycle
(200W@80K ; COP =0.1) .
« Two Kinds of gaseous coolant heat transfer WLTC test of 50 kW fully HTS-1SM was successfully carried out

i. radial-direction heat transfer produced by with developed multidisciplinary analysis method

as well as slip rotation mode

and so on. Photograph of

HTS squirrel-cage rotor

fafi £ rot 500 25tn:|[r,,,,,,l,,,lc,:l,,.ﬁm'5 2500 [~ 004
| rotation or rotor - . - [ Rotation spee 5 Rotation speed 3 0.035
- - Rotat d - | 5 585 = _ - %
Fully HTS. 1SM . S featflow ii. axial-direction heat transfer produced by £ **- Command speec &f £ 2000 Rotor biresistancg (11" 8 £ Statorresistance |- 003 §
In order to Improve the efficiency, ——— Thermalresistance = 1z 141008 = f 1 00se 3
o _ —{— Heat capacity axlal flow of gaseous coolant (2.4 m/s) = oo} 1500 | I | g
stator windings are also fabricated by HTS tapes _ o A g 3058 & 002 B
_ Thermal equivalent circuit of 50 kW fully HTS-ISM o ook 7 000 | F 2 £ 1000 0015 ®
~ idicrinl : t= i £ {2107 ; % T
Fabricated 50 kKW class fully HTS-ISM Multidisciplinary analysis code : N3 01 3
We fabrlcated the 50 kW class fully HTS-ISM prototype CsTART) 110 | 0005
‘ : : U W 0 U 0
‘ Set tﬂt" d 0t) 400 T‘BOO ‘o )1200 1600 : 0 400 Tsitlinge ’ 51)2|00 16:30 ’ 0 400 TSiOHQEI " 51)200 1600
- - 4 r - ime, ¢ (s / ] -
et ro a+|un spee o Ryt LS 0 d ML Od s Rotation speed HTS Rotor bar resistance and HTS Stator resistance and
Determine frequency Ubs | _ 0 ] Bs + L g 0 ] PME s 100 rotation speed rotation speed
from synchronous speed 8 I{M’a —wmj'vf R, —I— Ly SWmls ) lar - '?E?Ci:tr'y;k; T, 2500 Aot B e T 10 O 100
v L 0] L —3waM M —5wmle Rt L | | dor 90 [ . - Critical current ] i
- - Determine voltage from V/f pattern t t o - :gtg::lt:;éth 1 2000 Rotor bar Temperature1 80— 50| . i g
- P = - i T = P M (ipsiar — iasibe) Electrical Characteristics N stator_coil 1 _ L : % o il heat tramefor 180 §
Photograph of Photograph of fabricated Solve voltage equations and N stator_yoke {1500 fer B o oy transier t -
Toroidal HTS stator 50 KW class fully HTS-ISM equatlorlnf motion dem - S ‘g - sleeve 5 o P s ; : : ) 4
- - = J— Y inetic Characteristics £ 7 0O 35 I 190 3
AC IOSS Of HTS Stator WI nd I ngs Calculate Joule & iron losses T dt T Plm T Tload & °0 ¢ E - S -150 T stato o co ]
.. : ] ] * 50
Power losses of HTS stator = AC loss of HTS windings ¥ — o0F E I & | :
diculiate thermal equivalen . _ . . P - S S S | i Lo | | | | T 0
o Iron |05§OS of the Core circuit¢netwurk C(T)E = VE(T)VT + Qcooling + @neat | Thermal Characteristics 400 4{'}0 Tiar?:% t(5;2l'3° 16'00 Oo " Tstmj (11)2001 o 0 2nn0 200 Tsionqe t(;fm 1600 4
| T ' ime, t(s i ' .-
- ——100A - eriti Cooling characteristics
We evaluated AC losses of the _ w0l 50 : Caloulate R, & R, fornextstep |  Superconducting Property Temperature Rotor ba;rf(;’;;erg;e‘i;'ttlﬁg' current nd termoerature
- - = - T
< 300 ——60A i
HTS stator windings g [ oA inish for rotation - Electric consumption (km/kWh) was calculated : 10.7 km/kWh
of the 50 kW fully HTS-ISM £ 200 : command ? Combine nonlinear voltage equations, . . . .
S . . . . Our drive system possesses high efficiency even if
100 - - (END ) equation of motion and thermal equivalent circuit . .
_ 247, £1.25 : - considering power consumption of cryocooler
PAC]OSS — 24-69 X I X f uW 0 . . : o _ _ _
0 E?eque?tocy, iy Flow chart of multidisciplinary analysis procedure for 50 kW fully HTS-ISM (I\/Iore study IS necessary)

CONCLUSION Acknowledgment

* We developed multidisciplinary analysis method which combines nonlinear voltage equations, equation of motion

and thermal equivalent circuit for 50 kW class fully HTS-ISM. This work was supported by Japan Science and Technology Agency under the

program of Advanced Low Carbon Technology Research and Development
Program (JST-ALCA) in Japan. We would like to thank Dr. Liangliang Wei and
Mr. Hideichi Nakamura in Kyoto University (Japan) for their support.

* The maximum output reached 39 kW at 1500 rpm in load test (World first success).
* WLTC rotation test was carried out with developed multidisciplinary analysis method,
and transient rotation and cooling characteristics were investigated.




