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Development of High Efficiency Induction Motor by Using Taguchi Method
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Prototype of high efficiency induction motor
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Many countries have begun to regulate motor efficiency
in recent years, and it is necessary for us to develop IE3
high-efficiency motors to meet the requirements of the
regulations. However, it is difficult to find the optimum
design of an induction motor because of interaction of the
design parameters of the device. We, therefore, attempted
to design the induction motor by applying Taguchi method
that can deduce the main effect of each factor. In this
method, the design parameters (i.e. the control factors)
and the disturbance values (i.e. the error factors) are
determined and laid out to an orthogonal table. Developing
the factorial effect chart based on the calculation results
in accordance with the design parameter combinations
in the orthogonal table, we have determined the design
of control factors’ levels by identifying the factors with
high improvement effect and their effects level. Performing
a real machine experiment as the final step, we have
confirmed that the proposed design reaches aimed levels
of the efficiency and the locked rotor current.
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Specifications of the motor
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Internal structure of induction motor
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Control and error factors
A 1
e IS HifT | KHED | kH#E2 | K3
A GAP % 0.11 | 013 | 0.15
B u—42ay ik RD1 % 0.04 | 0.09 | 0.13
C | BAEE - 0.78 | 0.80 | 0.82
D | BHRHRK - 0.97 | 0.98 1
E 27 —xa7NE % 60 61 62
F 27 =420y Mtk S11/SC1 - 0.56 | 0.53 0.5
G 25 —4Zuay btk S10 % 117 | 139 | 161
H 2F—42Zay btk ST1/SY1 - 0.88 | 0.83 | 0.79
I 2F—2 2y Mk SD1 % 0.15 | 0.22 | 0.28
J 2F =420y M 6 % 0.11 | 0.22 | 0.36
K u—g 21y ik R1 % 10 11 12
L u—42ay Mk R2/R1 - 0.10 | 0.16 | 0.20
M u—%2Zuavy bk R3/R1 - 0.61 | 0.65 | 0.70
AA | u—#Zuy b3 RN % 0.5 0.7 1.0
AB | tana - 058 | 0.84 | 1.19
AC |wu—#2wy bk ST1/RT1| — 0.95 1 1.05
AD |u—2#2uay b3k RW/RWO - 0.70 | 0.85 | 0.93
AE |U—ZIVFR)UIEE % 4 7 9
AF |u—xxVFY V7R % 10 11 13
AG | (@—2ff-u—2xV )V ri%)/ 2 % 0.7 1.2 1.5
AER T
L K744 BT | KHEL | KHE2 | KHE3
P iR Y 400 | 420 440
Q AT —ANE LD % | —0.02| 0.02
R FyoFIF5D% % 0.00 | 0.01
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1.54 orthogonal table and calculation results of total losses
L54msc# ARG R
A v Wtot

e|A|B|C|D|E|F|G|H|I JIK|L|M|AA|AB|AC|AD|AE|AF|AG| e | e | e | e | e P1 P2 P3
No Q1 Q2 Q1 Q2 Q1 Q2

112(3/4(5|6|7(8|9(10(11(12|13|14|15|16|17|18{19|20|21|22|23|24|25|26 R1IR2 R11R2 R1R2IR1R2|R1|R2 Rl R2
1 1(1y141f14}14}1}{1f14}j14}j1{1f1j1rj1{1frjrj1j{1frj1rj1{1f1ij1 32.0(31.8/32.031.8(31.3|31.2(31.3|31.2|31.1|31.0|31.1|31.0
2 1j1j1f1(1j1}j1|1(2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2 30.2130.130.2{30.1{29.9|29.9(29.9|29.8|30.030.030.0|30.0
311|111 {1{1|1({3{3|3|3(3[3|3|3[3[3[|3|3[3[3[3|3]3]3 29.7129.6 | 29.5 [ 29.6 | 29.6 | 29.6 | 29.6 | 29.6 | 30.0 | 30.0 | 30.3 | 30.0
4111|222 (2|2|2|1|1|1|1}(1|1|2|3|2|3|2|3[|2|3|2|3]|]2]3 31.1|31.0 |31.1 {31.0{30.4 |30.4 | 30.4 | 30.4 | 30.1 | 30.0 | 30.0 | 30.0
5 111122 |2|2|2|2|2|2|2|2|2|2|3|1|3|1|3|1(3|1|3|1|3]1 31.8131.8|31.8(31.8(31.2|31.2(31.2|31.2|30.9 |31.0 | 31.0| 31.0
6 111122 |2|2|2|2|3|3|3|3|3|3|1|2|1|2|1|2|1|2|1|2]|1]|2 31.4(31.3|31.4|31.3|31.0 |31.0|31.0|31.0 | 31.0 | 31.0 | 30.9 | 30.9
7 1/1/3(3|3(3|3|3|1|1|1|1]1|1|3|2|3|2|3|2|3|2|3|2|3]2 34.6 [34.5|34.6 |34.5|33.9 |33.833.9|33.833.4(33.4|33.4|33.4
8|1(1|3|3(3|3|3|3|2|2|2|2|2|2|1|3|1(3|1|3|1|3|1|3|1]3 34.8 134.7|34.8 |34.7 | 34.2 | 34.1 | 34.2 | 34.1 | 33.8|33.8 |33.8|33.8
911133333333 |3|3|3|3|2|1|2|1|2|1|2|1]|2|1|2]1 35.7 | 35.6 | 35.7 | 35.6 | 35.1|35.0 | 35.1 | 35.0 | 34.7 | 34.7 | 34.7 | 34.7
(121|122 (3|3|1|1(2|2|3|3|1|1|1|1|2|3|2|3|3|]2|3]|2 38.6 |38.3|38.6|38.3(37.5|37.2|37.5|37.2|36.5|36.3|36.5|36.3
1m(1(2(1|11}2|2(3|3|2|2|3|3|1|1|2|2|2|2|3|1|3|1|1|3|1]|2 36.235.936.2|35.9(35.3|35.0|35.3|35.0|34.5|34.3|34.5|34.3
212|112 (2(3|3|3|3|1|1|2|2|3|3[3|3|1|2|1|2|2|1]|2|1 35.435.0 [35.4|35.0 34.5|34.2 |34.5|34.2|33.9|33.6|33.933.7
I3|1(2(2(2|3(3|1|1|1|1|2|2|3|3|2|3[2|3[3|2|3|2]1|1]|1]|1 30.9 130.8 {30.930.8 [30.2{30.1 30.1|30.1|29.7 | 29.7 | 29.7 | 29.7
“l|1(22}(2|3(3|1(1|2|2|3|3|1|1|3|1|3|1|1|3|1|3|2|2|2]|2 32.031.9|32.0(31.9|31.2 |31.2|31.2|31.2 | 30.8 | 30.7 | 30.7 | 30.7
5({1(2(2(2|3(3|1(1|3|3|1|1(2|2|1|2|1|2|2|1|2|1|3|3|3]3 30.9 130.830.9 [30.8|30.4 |30.3 | 30.4 | 30.3 | 30.3|30.2 | 30.3 | 30.2
6123 (3|1(1|2|2|1|1|2|2|3|3|3|2(3|2|1|1|1|1]|2|3|2]3 32.4 1324|324 32.4|31.5|31.5|31.5|31.5[30.9{30.9 | 30.9 | 30.9
71233 |1(1|2|2|2|2|3|3|1|1|1|3|1|3|2|2|2|2|3|1|3|1 31.9131.7|31.9 |31.7 | 31.1 | 31.0 | 31.1 | 31.0 | 30.6 | 30.6 | 30.6 | 30.6
8123 (3|1(1(22|3|3|1|1|2|2|2|1(2|1(3|3|3|3|1|2]|1|2 33.2133.1|33.233.1|32.3|32.2|32.3|32.2 31.7|31.7 | 31.7 | 31.7
9(1(3(1}(2|1(3|2(3|1|2|1|3|2|3|1|1|2|3|1|1|3|2|2|3|3]|2 34.0 135.0 | 34.1|35.0 [ 32.9|33.4|32.9|33.4|32.032.0|32.0|32.1
2001 (3|12 |1(3|2|3|2|3|2|1|3|1|2|2|3|1|2|2|1|3|3|1|1]3 33.933.633.9|33.6(32.7|32.5|32.7|32.5|31.8|31.6|31.8|31.6
2001|3121 (3|2|3|3|1|3|2|1|2|3|3|1]|2|3|3|2|1|1]|2|2]|1 35.233.4(35.3|33.4(34.1|32.8|34.2|32.8|33.2(32.3|33.2|32.3
2113|2321 |3|1|1|2|1]|3|2|3|2|3|3|2|2|3|1|1|3]2|1]|1 37.0136.837.036.8 |36.0|35.8|36.0|35.8|35.2|35.0{35.2|35.0
2113|2321 |3|1|2|3|2|1|3|1|3|1|1|3|3|1|2|2|1|3|2]|2 37.0 136.7 |37.0|36.7 | 35.9 | 35.7 | 35.9 | 35.7 | 35.2 | 35.1| 35.2 | 35.1
2411312321313 |1|3|2|1|2|1|2|2|1|1|2|3|3|2|1]|3]3 37.4137.3|37.4(37.2|36.4|36.3|36.4|36.3|35.5|35.4|35.5|35.4
25{1(13|13|1({3|2(|1(2|1|2|1(3|2|3|3|2|1|1|3|2|2|3|1|1]|2]3 32.9(32.9(32.9(32.9|31.8|31.7|31.8|31.7 (30.9|30.9|30.9 | 30.9
26(1(3|3(1(3|2|1|2|2|3|2|1|3|1|1|13|2|2|1|3|3|1|2|2|3]|1 31.7 (31.6 |31.7 | 31.6 | 30.8 | 30.8 | 30.8 | 30.8 | 30.3 | 30.2 | 30.3 | 30.2
271131313 |2(|1(2|3|1|3|2|1|2|2|1|3|3|2|1|1|2|3|3]|1]|2 32.0 (32.2132.0(32.231.131.2|31.1|31.2 30.4 | 30.4|30.4 | 30.4
2812|1113 |3|2|2|1|1|3|3|2|2|1|1|1|3|2|3|2|2|3|2|3|1]|1 31.6 [31.5]31.6 |31.5|31.7 | 31.6 | 31.7 | 31.7 | 32.3 | 32.3 | 32.3 | 32.3
2921|1332 |2|1|2|1|1|3|3|2|2|2|1|3|1|3|3|1|3|]1]2]|2 31.7 |31.5|31.7 | 31.5 | 31.0 | 30.8 | 31.0| 30.8 | 30.5 | 30.4 | 30.5 | 30.4
(21113 (3(2|2|1(3|2|2|1|1(3|3|3|2|1|2|1|1|2|1|2|3]|3 31.2131.1|31.2|31.1|30.7|30.6 | 30.7 | 30.6 | 30.5 | 30.5 | 30.5| 30.4
312121133213 |3|2|2|1|2|3|1|1|1|1|3|2|3|2|2]3 34.834.734.9|34.8(34.8|34.7|34.8|34.8|35.2|35.1|35.2|35.1
321212113 |3|2|2|1|1|3|3|2|3|1|2|2|2|2|1|3|1|3|3]|1 35.8 135.7 | 35.835.7 [ 35.0 | 34.8 | 35.0 | 34.9 | 34.4 | 34.3 | 34.4 | 34.3
3321|2113 |3|2|3|2|2|1|1|3|1|2|3|3|3|3|2|1|2|]1|1]2 35.0 134.935.034.9 34.4|34.3|34.4|34.3|34.0|34.0|34.1 | 34.0
3421132211313 |3|2|2|1|3|2|2|3|2|3|1|1|1]|]1|3]2 30.6 | 30.6 | 30.6 | 30.6 | 30.6 | 30.6 | 30.6 | 30.6 | 31.0 | 31.1 | 31.0 | 31.1
3512113221132 |1}1|3|3|2|1|3|3|1|3|1|2|2|2|]2|1]|3 30.4 [30.4|30.4 [30.4|29.7 |29.7 | 29.7 | 29.7 | 29.3 | 29.4 | 29.3 | 29.4
/21|13 |2|2|1|1|3|3|2|2|1|1|3|2|1|1|2|1|2|3|3|3|3|2]1 30.7 130.7 | 30.7 { 30.7 | 30.1 | 30.1 | 30.1 | 30.1 [ 29.8 | 29.8 | 29.8 | 29.8
7122|112 (3|1|3|2|1|2|3|1|3|2|1|1|2|3|3|2|1|1|3]|]2|2]3 36.5 36.2|36.5 36.2 |35.6 | 35.4 | 35.6 | 35.4 | 35.0 | 34.8 | 35.0 | 34.8
822|123 |1|3|2|2|3|1|]2|1|3|2|2|3|1|1|3|2|2|1|3|3]1 36.1 [35.836.1 35.8|35.3|35.0|35.3|35.0|34.7|34.5|34.7|34.5
9122|112 (3|1|3|2|3|1}|2|3|2|1|3|3|1|2|2|1|3|3|2|1|1]2 35.6 [35.3|35.6 [35.334.7 |34.4 | 34.7 | 34.4 | 34.0 | 33.7 | 34.0 | 33.7
4012|122 (3|1|2|1|3|1(2|3|1|3|2|2|3|3|2|1|1]2|3|1|1]|3]|2 30.430.3|30.4|30.3(29.7|29.7 | 29.7 | 29.7 | 29.3 | 29.3 | 29.3 | 29.3
411222312132 |3|1]|2|1(3|3|1|1|3|2|2|3|1|2]|]2|1]3 31.431.3|31.4|31.3|30.7|30.6 | 30.7 | 30.6 | 30.2 | 30.2 | 30.2 | 30.2
421212231213 |3|1|2|3|2|1|1|2|2|1|3|3|1|2|3|3|]2]|1 33.3133.1(33.3|33.2(32.2(32.2|32.2|32.2|31.4|31.3|31.4|31.3
43122 |3|1|2|3|2|1|1|2|3|1|3|2|3|2|1|1|2|3|3|2|2|3|1]|1 32.832.732.8|32.7(32.0|32.0|32.0|32.0|31.6 |31.6|31.6|31.6
4122 |3|1|2|3|2|1|2|3|1|2|1|3|1|3|2|2|3|1|1|3|3|1|2]|2 31.331.231.331.2|30.8 |30.7 | 30.8 | 30.7 | 30.6 | 30.6 | 30.6 | 30.6
45122 |3|1|2|3|2|1|3|1|2|3|2|1|2|1|3|3|1|2|2|1|1|2|3]|3 32.8132.8)32.8(32.8|31.9/31.9|31.9|31.9|31.3|31.2|31.3|31.2
4623|132 |3|1|2|1|3|2|3|1|2|1|1|3|2|2|3|3|2|1|1]|2]3 33.0132.833.0(32.832.1/31.9|32.1|31.9|31.4|31.3|31.4|31.3
47121311 (3|2|3|1|2|2|1|3|1|2|3|2|2|1|3|3|1|1]|3|2|2]|3]|1 33.1(32.9(33.1|32.9(32.0(31.9(32.0|31.9(31.1|31.1|31.2 |31.1
4812 (3|1 |13|2(3|1(2 (32|12 (3|13 |32 |1|1|2|2|1|3|3|1]2 32.9(32.7133.032.7 |31.8 | 31.6 | 31.8 | 31.6 | 30.9 | 30.7 | 30.9 | 30.7
4912 (3213123132312 |2|3|1|1(3|2(|1|1]|2|3|3]2 33.8 133.6 133.833.6 |32.7 |32.6 | 32.7 | 32.6 |31.9 | 31.8 | 31.9 | 31.8
50({2(|3|2|1|3|1|2|3|2|1|3|1|2|3|3|1|2|2|1|3|2|2|3|1]|1]|3 34.7134.2|34.834.1|33.6|33.2(33.6|33.2|32.6|32.4|32.7|32.4
511232 (|1(3|1}2|3|3|2|1|2(|3|1|1|2 (332|113 3|12 |2]|1 32.9032.632.9(32.6|31.8|31.631.8|31.6|30.9|30.7|30.9|30.8
521213321231 |13|2|3|1|2|3|2|2|3|1|1|2|3|3|2|1]|1 35.1134.9|35.1[35.0(34.3|34.2|34.3|34.2|33.8|33.7|33.8|33.7
5323|3212 |3|1|2|1|3|1|2(|3|1|3|3|1|2|2|3|1|1]|3|2]|2 36.9136.836.9|36.8(35.9|35.8(35.9|35.8|35.1|35.035.1{35.0
542 (3|3|2(1|2|3|1|3|2|1|2|3|1|2|1|1|2|3|3|1|2|2|]1|3]3 38.3/38.1(38.3|38.1(37.2(37.0(37.2|37.0|36.2|36.1|36.236.1
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BRX - WE 2TFAVY FERVEEHESFET - 20OHR
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Factorial effect charts of locked rotor current
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Selected levels from the factorial effects
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KU No. 2 0.13 | 0.09 | 0.80 | 098 | 61 | 0.53 | 1.39 | 0.83 | 0.22 | 0.22 11 0.16 | 0.65 | 0.7 | 0.84 1 0.85 7 11 1.2
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BRX - HE 2TFAVY FERVEEHESFET - 20K
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Calculation results of selected level
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Adopted design from the proposed method Experimental results of the trial motor
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J AT =42y bk o % 0.4 FIES % 91.79 92.50 92.11 92.66
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(BEXH)

(1) FBSXE, FEEHR, RRERKXZHIRS, 2006.
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&, BFHBGE, 2008.
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YAW Drive for Wind Turbine
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YAW Drive for Wind Turbine
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Development of Technology for Medical Image Fusion
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Multimodality system (PET-CT etc.) and its image fusion.
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With entry into a field of medical diagnosis in mind,
we have developed PET “MIP-100" system, of which
spatial resolution is far higher than the conventional
one, using semiconductor detectors for preclinical
imaging for small animals. In response to the recently
increasing market demand to fuse functional images by
PET and anatomical ones by CT or MRI, we have been
developing software to implement image fusion function
that enhances marketability of the PET Camera.
This paper describes the method of fusing with high
accuracy the PET images and anatomical ones by CT
system. It also explains that a computer simulation
proved the image overlay accuracy to be =0.3mm as
a result of the development, and that effectiveness
of the developed software is confirmed in case of
experiment to obtain measured data. Achieving such
high accuracy as £0.3mm by the software allows us
to present fusion images with high resolution (<0.6mm)
without degrading the spatial resolution (<0.5mm)
of the PET system using semiconductor detectors.

CT % 72 I3MRIE{% OZREHIE) L 2 BREE 72T 2 -V 3 ¥
Wi & P T RE L PET-CTO & 5 v L FE LY 7 1 O
HRFENHEA, FEP LT ZNICIFEL TILFEL ) T4
HOBERNEL B> TETWS, ZZTDT 12—V 3 VS
Lid, RNOBEREHE L oG EIR(L L 2 PETHEIG &, &
N OB OIIN % Wi{$AL L 22CT £ 72 IEMRIM{% & &/ L

*AAAER  * ok BFHERRER

FRE#MIEIR No.180 2012



X - WE ERABERESRRTOMRE

CTHfk (HAEER)

Bon-mgasaREEsZ L
12k, 7a—vavliffaEts

FUSIONEf& _

7= s gt KBORE R

BEAOEBICLBZVILFESUT 11

1 X R . .
Multi-modality imaging with mono-modality

D TH B, LA, 72— 3 VEHEEERE A
FAUL, FEHEOELAARADE ZITMEL T a5 T
BahdZehb, EHEBHPTREE RS, 51, 72—
Y 3 VHE{RIZPET/CT# 3 T% <, PET/MRI®PET/#&
Wk l, SFIELMEOEMBFISEHE A THREL T
{Et&Ez16N5,

FRED & S THBHEREW TR, H4ETIE, PET/CT
BEDTLFELY T 4 #HDT ZHENOKEREEHN
ELT, PAFL - EAPET TS U 7 4 (CTHRE)D 2
BEMARDESLZLTYILFELY 74 aFBEEBI L
El7, ZhickD, FIUHNRERLEZELY) T 4 THEL
EBEAMEOND, LA L, BENE§EE 572 o
BT Sh =R 2 WEOEIRTH D, Tk 5 EER %
5, BEOEEHEL TS, kKoT, HflcHERAEDLYE
O TIE, PRI G & RIS & 2B L 22 B S A 1 B
ZEIEARTRETH B,

22T, EFECLORE I mEETH-TE, —HL
ARG A5 2 E P WREAESRERY 7 by 7 ({5
Ta—=Vavy 7 N)ERFELE, BRBLEY 7 M, §HE
By Iab—v g vICk3REEMERE, FEBFEOCTH L UMRI
251556 NF=92MF — 212 K O PEREET % 4T 5 7.

2 Bm

WEERAPETIC VL FE &) 7 4 HHE % (M0 L CRgan
iz X5, PETEfittAGEL TS hEs ) 7
4 (CTHE) DRl 4 DEE 2 BEMARDEDLZETYILF
ELY T4 BELTHEEESES (R1), ZThoDREEIZKD
o -G & PREEE» 5, 72— 3 VEREE
Y%, BT 2 ICOMHE W HLL O S REE%E £z 0 2
Lo, FREHNCER I N7 2 — Y 3 VEHRIZIE, EEL

LokEgRFohE ., &oT, 72—V 3 VHEEORRT
» %, PETHAROWHY A 2 (£0.3mm) LT OR§E T L
S AIHE A HENAMEERY 7 by 27 (W{E7 2~
3 VY7 ) OHEPRGBXOHNTH %,

3 Ta-—7arEREREE

PETHI{R & CT % 7zI3MRIE{&IZ, #Ah25E5 ) 7 4 (HIE
HETHEXNZEETHEI L5, BOBOLRED
JERER A FEDODT, ZhbDlifgaERQAAbYE 5121, g
Wt UM 3 oS4TS E) & 3 o [l RSB D A A K
THEND B, X512, R126MAKESIZ, Ehibt
OFMEL BB R BN LY, IEHEICHGE A EREDESZD
ISR AR - [\IRD/ ST 4 — Z OBE EREEHZ LT\ 3,

% Z°C, WA IFPETH{G & EEIG & OFEE D OO
vt e UTHAE®RE (Mutual Information MI) Z £k L,
ZORERKETHHE) - [T 4 — 4 #RET S Hik%E
Lotz MIEIE, €& &R X UCBERMGHTHWS
NEETHY, 2DODMELEROHAKFORKE KT, 2
DOMERELE AL BOMA G HE I X UMI(A, B) ZIROAT
mEN5,

p(a, b)
MﬂABF%%M@M%@&WMMJ
ZZ7T, pla,b)iZAL BORIEAABIE, pla) £pb)idZh
ZHAL BOJEAMER SR TH 5. 4, A%#PETHIR, B
%#CTd % W IZMRIF{§ & 34U, MI(A, B) BMeKIiZk b L
EHNRGEEHS L TV B L % L2 50000,
WIZ, ZOMIZERARE T HHE)- IR0/ 8T 4 — & & B
T 52 E(RKEREICZ A, MIBOEREKEZEH Y 5
DRWHETH B ZEH6, T2 TR, Ak REHEEREL

FREEMIEIR No.180 2012

16



X - wE ERABRESRRTORE

@ DD % il % ki

OO % 3 5 Ik

3 AT R
o x oy, 2P
¥ X, y, ZlnlfEfa g

PEREM

| 2 D DWEY A X - WO B |

[ WA by oy TBsH+E |

| MI it 5t T
} W

| Powell Y212 & 2 IR AHUE

Powell3kIC & 2 R EFER

Optimization using Powell method

X2

7a—7a EfERT7O—
Flow to create fusion images

X3

5 Shepp-Logan7 7> b Ln
%]
Ea Shepp-Logan phantom

Powellii® % flV 7z, ZOHEOFHER21IRT. ¥,
K212 TR I/ R e & 2B (RADGEITHEAEE
WRIZY722) D 3OO %S SO E ko T,
ZOmNEE G5 A 5Z KR TORKEZD LT 5, ODOOOD
2 S BBUEDO —//NE ERERTT, KD D 3 TRV
YR, FROZ & #EDEL TRAEEZKD 5 (K2),
X2 ofld, ZZTIIBE) - BERD/ 3T A — 2 ffiEEKT
ZEliikb, Thbb, x, vy, ETBREHE x, vy, z A
KTH 5, 2o DOFE) - [OIEIETHE) L 728D R (x,
v, z') ETLOEREE OBITIZRADOBIRL 5 5,

x| [cosy —siny 0 ] [cosB 0 —sinf
y’ | =|siny cosy 0 |- 0 1 0 .
z 0 0 1 7sin/? 0 cos 3

1 0 0 ] [% a
0 cosa —sina|.|y|+|b
L 0 sina cos al |z c

ZZT, a b ¢, FZFHNThxB yilh, z8OVFrREE,

a, B, yidxih, y#lh, z#EOOLNEAE TS S, Lz
2T, ZOME)- BIEESEZITA > TMIZEKRERL, T
TR - MR ST A — 2 IZB L TMIA Rk E 55 1#16/55
A= B EWETHILIZKS,

K3 ICH{RERA DY (7 2 — ¥ 3 ¥ E{RIEK) QO 2tk
D7a—%RL7, 9, 200X T 4 » 5% ERE
T3, XIZ, mHOEROY A X, EERLFRICIZAS LS
127 — 2 Z LT 5, ZO%OHAEKREDRALIZY
25T, WD, @, @D 3 e LT/8T A — 20 LHYE,
TRRAE, 7Rz, ERRMEA & OFEEE S FHREA & OREEEA
WL %5 1 AN, ZhZhoBE) F 213 ol E
EREEL, MAN#REZIETS, 203 [HONER? 5,
PowelZIZ X D @%#YEL, & SICHRAEOHRE & T,
ZOBR L O TH7ZITB 5 M 2 HAEHRREDOZNL 5 5 2
LoD LEMELD/INEL ko7 IR LA AT L
IS8T A — A DREEERET S, ZOLEHNWS L EWEIT
4 ETHRREIPMEY I 2L —v 3 Vv TEHAEDERER
+0.3mmPA T EAB LK ITPEL 7,

FRE#MIEIR No.180 2012



WX - HE EERAEGRASRETORRE
7R BHGOIER | [ arirarss || wEyha
A S B —
PETHE{$D o g e
CT/PET® o| e »| FUSION L5 bt
Wil e GFeh/ A1) Farsi (F& @)/ nl4ix)
\//
PETH{RE{FRLI-EED
RENMEThE
FUSIONZuz'5 A2k 5Lz
(A g
= %R 7 O—
s Flow of verification experiment
LSL USL
TR } | Ik LR
1.SL. 0 | ] | RXyF~v—27 047
Fife * | | ZLSL 3.09
USL 0.3 | | 7.USL 0.38
FEAREYS 0.247181 | | Ppk 0.13
AT 96 4 N—— o -,
BAk 177221 Ll s fsah B R IKERE
2r— 0.278915 Ll PPM<LSL 000
Ly \ PPM>USL 320504.76
| 1 PPM&#l 32050476
Bl =R | I 1
PPM<LSL 0.00 | \ (hEfE3h H D)
PPM>USL 281250.00 | \
PPM&RE  281250.00 | 1 USL : 0.3mm, LSL : 0.0mm
}, \ (B3 S
\: N IRAAE 2 %9 1.3 mm
f AN it 490,25 mm
I N /M %01 mm
I ~
" T T I - S ——— I Ll
0.0 0.2 0.4 0.6 0.8 1.0 1.2
[ +0.3mm LU T OREEE % 20 }

StE#S 32— al#ER

6 ; .
Result of a computer simulation

4 HFHE#>IaL-—Yar

SETHMAL 2T 2 — Y a VIElHGER LAV TR OIS
HREDEEBROME A BEET L, Bl I 2L —v 3V
ARG U 20 BREEC WS, — R g
DOREETX < v 515 Shepp-Logan (S-L) 77~ + 4 (K 4)
EHWS, 2077V P AGTHEBHEEEZBELZE DT,
R 41275 N3 CTHIED AWET IZIHER, ZONED S
L — O3k s & OIEFEME T, K EOXYWrEo b
RTICR SN ZHOEHEOIS & XZ Wik (2 F) O FEHic /R
ENBHONER S %, JEE A EOREHME LTEHEL T\ 3,
—77, PETHE{RD] % W REOER I FEMA (5, #nER
DRI IEFE M ERD L T 5,

41 FHik

ZOS-L7 7V b AR LT, METHhE CHrg, [
), Ny s 7TV FD A4 XEB X OEIROERED
E{§/85 A =2 &EMLLT, 96/38—vDT7 7V b aEHE
L7z CEHrRE : 3Eiczhsh—2mm, Omm, 2mm, [0

W SO TERFNR—5° 0°, 5°, Ny rrT
YR/ AR 255K 025, E{ROBRE 0, 10, 100&
g7,

fERL7=%7 7~ b & (CTEHE & I LPETEIE) & x5 &
LT 2a—9 a3 VEIROERAEFEHKL, 72—-Ya I T
o hEhMEThEs, FELET 7V P AOMET
NEEKL, ERAbEOREEREEL 72, KERIEO42
HoFevz - 7u—4RE5IZRL 7,
42 #ER
41THMALZZFER Y I 21— 3 VEEIZE D96/ S & —
YOT 7V b AR U TEEL 2ERADEREE RGOSR
ARG ITRT, ME T M OHPIEIR0.25 mmDERIE S 1,
HIZ00.3mmld FOEAAHEREE &2/ L 72,
FTHEAAZL (>12mm) 8D E H 57, ZHFHVET
7V N AEXYRTCHIRER L7-0T, YZIFE, ZXA TR
Bk (B4 CTEIRYZIRSHZFEHR ) L5, TITD
FTHESKRELSHEL-ZLIZLS, Thbb, 2077V
b AIZEERT A S A BND &, HfEL CTERAADHESPET

FREEMIEIR No.180 2012

18



19

X - wE ERABRESRRTORE

Fusion Hi{§ PET #Hi{%
CT Hie 4tk PET #ii4e0t
WPERERE 1047 B v 4 2160 pmX240 pym FDG fi4thes : 37.2MBq
fizkog : 60 mm 274 2% 1210 PET T1HEYY 3 v, 905
AT A AL 240 pm Tk g 1 360° 744 X :0.3mmX0.3mm
Eirs UL = 12T S it 1 0.5mA AT A AL : 0.85mm
HHITE 1 50kV 254 2% 31

— 2Pt KBRORY BIR G

PET:CT7a2—Ya Ef&KR(Z 7> bLA)

&7 PET-CT fusion image of a phantom

HEDIEI MBS THBEZ e b, RO—FMRELkS
Kol DElbhd,

S FAF—a2~DiEH

AERT 2=V 3 vV 7 FEFEHT— 2126 LU CE-L,
Z OMREA R L 72,

R E, Mt EBAPETE MIP-100&, H7
O 5 AT 4 HIABRESHBELOCTHE LCT-200CH 5, Zh
SOWEAMAL T, LyaviRORDBEWEZMET 7~ b
Ly AW E R L TRk L, ZDOZDO0Om§s 5
72— 3 VEGEEER L 72,

51 AB77> ML

D77 bAalE, 33mmg DT 2 Y NABIETTE NG
12, 1mm¢, 2mm¢, 3mm¢d, 4 mme¢, 5 mm¢ DITHZE
FohzdDThbd, ZOROHPIZPETHAIZE AL,
PETIC & 2 HlE %179,

KISV, BF-FDGAEMH L 72, ZHid—i%ric
PET#H & LTHHIN B DT, 7 F oz hE ik
FEOVF ik L - 3FITH 5, ZOVF-FDGA 77V 4
IZEAL, 105BOCTHRIE 1TV, FD#905FOPETHI
AT 72 WEBRIEREOPF-FDGiSTBERIE, 37.2MB q
Th-o7,

K712, AFEERTHSh=CTHi{%, PETH{R} L UZD
20N BEREINT 12—V 3 ViR %R, PETHIRTIX
7 7V b ADRIZEIA XN BF-FDGO A A MHEIL X T
BZDICH LT, CTHIETIZT 7~ b 2 OBHERS 7 7 v
b AETE AN F (ST OREOHRT) il X h T
W5,7 21—V a3 VEHETE, BF-FDGARA IR TS 1~
5 mm ¢ D7 PETHEH{$ & CTHIETE K —HL T3 Z LA
RT3,

52 < XKER
W, v ZOMERORE % FEht L7z, AFEEBRTHW-

<~ 213, TROEZEP20mmfEEDO/NE LD TH 5,
Y ADEE S T 7 v b L L RARRICBF-FDG % 2 5-1%
103D CTHIE 2 FM L, ZD%3053BOPETHIE %17 -
7z. HIE D BF-FDGHATREREIX, 35.6MBq CTdH -7z,
K81z, AFERTHSh-CTHi{%, PETH{R¥ L7 D
206 fEkE N7 2 —Y 3 VEli{§ AR, PETEIRT
&, DIELAA O EBALIZIBF-FDGO MR AT Z & 5 6 fiE
Bl I3 S R Tnan s, BF-FDGOESERMEN TH
3O R b X hTwB, —F, CTH{R T, <
U 2O OIRSPHBL IR TN D, 72— 3 VHif$
T, PETH{$ & CTHEGED LA &< —BL TnbZ LR
R T %,
ZDXIIZKEER T 2=V a vy 7 Mg, BENLZME
THEONFHER Y I 2L —Y 3 VORBRETTEL, +
WF— 2L TCEERE LR 7 2 — Y 3 VEg & ERTR
THDHIENHERTE T2,

6 LTIV

(1) EAPET MIP-10012 v L FE &Y 7 1 BRE% I
TR, Wi 72—-YavV 7 bERERLE,

(2 PARLZEBR T 2 -V a v I T DT 12—V 3 VHiE
EEIEMY I 2L —v g VIZKDHE AT o 2SR
PETH{R DY 4 X+0.3mmll FOREHE SNz,

(3) Har7wuad 27 4 ANHASHBEOCTEE LCT-200
LA DET, PET - CT7 2 — Y 3 VHERIEKR % 1T
SR, K —HLTHD, FUMF—2I2HLTE
ABARER T 2 —V 3 vV 7 N BERTH BT LA
RTEZ,

(4) £0.3mmPA TOWEED 7 2 — ¥ 3 VERSMERATHE T
BB L5, YHEKPET D%/ 5 #HE0.5 mm %
FEEEZ DB NESHEER T 2 — D 3 VE{EN
Bohbs&dtho7,

FRE#MIEIR No.180 2012



X - wE ERABRESRRTORE

Q

{48 mm}
Fusion Hi{% PET Hi{§

CT sz 4t PET iz 0t
HEREE 2 1053 (i - W) EZ7 L4 A X 48 pmX192 ym FDG fx4thesRt : 35.6 MBq
ey : 48mm 274 2K : 150 PET 1RV Y 3 v, 3050l
24 AJE 1192 ym s fi s 1 360° EZ L% 4 2 :0.3mmX0.3mm
WA - SR B 1 0.2mA A7 4 RJE £ 0.85mm
HHEE 1 50kV 254 28 131

R s 73 L RIPN TP N S AP i

PET : CT7 2 —2 3 VE& (7 ZD0E)

PET-CT fusion image of a mouse’s heart

X8

(5) &5, FEFEERBRBLTSTHEDT, 74— F
FAMCHEEEERS, £/, 72—V a3 VEEIIK
BOBMDBPNEZ NS, ThEY T I 27/ —
o 7HEIC K DML 5, S HICROEREEL
T, B RuGHREE O B A E T 0 R MG F A R
OPETHI{$ A EIZT 2 — ¥ 3 VB L T,

(BE3H)

(1) K.Ishii, Y.Kikuchi, T.Yamaguchi, First achievement of less than
1mm FWHM resolution in practical semiconductor animal PET
scanner, Nuclear Instruments and Methods in Physics Research
Section A, vol.576, Issues 2-3, 2007, p.435-440.

(2) K.Ishii, Y.Funaki, T.Yamaguchi, FDG imaging of 1mm tumor with
an ultra high resolution animal PET,Biomedical Imaging: From
Nano to Macro, ISBI 2008 5th IEEE International Symposium,
2008, p.1589-1592.

(3) K.lshii, Y.Kikuchi, T.Yamaguchi, High Resolution Semiconductor
Animal PET, Current Medical Imaging Reviews, vol.4,no.1, 2008,
p.51-55.

(4) S.Momosaki, R.Hosoi, O.Inoue, [F-18]FDG imaging of mice brain
using a high resolution semiconductor PET camera (Sumitomo MIP-
100), Journal of Nuclear Medicine, 50 (Supplement 2):1523, 2009.

(5) EERER, TIFELU T DEKLEBEDE EEREDHE, BERRK
FGHE MM, 55594, 515, 2003, p.60~65.

(6) Frederik Maes, Andr'e Collignon, Multimodality Image Registration
by Maximization of Mutual Information, IEEE TRANSACTIONS ON
MEDICAL IMAGING, vol.16, no.2, APRIL, 1997, p.187-198.

(7) M.Farmer, Mutual Information for Image Registration and Feature
Selection, http://www.cse.msu.edu/"cse902/S03/mut_info.ppt.

(8) William H.Press, Saul A.Teukolsky, NUMERICAL RECIPES in C
(B AFERR), HifiTsTaa1t, 1993, p.289-292.

(9) MIST Project,http://mist.murase.m.is.nagoya-u.ac.jp/trac/, & & E
K.

FREEMIEIR No.180 2012



S Vi i vt

=

H

5 i B8 7t BB AR SR T

TR
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There are many applied equipment examples using
lithium-ion battery (LIB) or capacitor. In the industry, it
includes hybrid excavator and crane with regenerative
system, and hybrid and electric vehicles equipped with
lithium-ion batteries. In addition, the Tohoku earthquake
has aroused the situation where the use of renewal
energy has been emphasized, and LIB is now used as an
energy storage device to store electric power generated
by photovoltaic and wind power generation system.
To manufacture LIB or capacitor, a technique to mix
battery materials is important. From the standpoint of
the material dispersion, Technology Research Center of
Sumitomo Heavy Industries, Ltd. has been assessing the
performance of a conventional mixer and that of a new
type of mixer named “Jet Paster” manufactured by Nippon
Spindle manufacturing, Co. Ltd. through the measurement
of rheological and electrochemical behavior. This paper
introduces the electrode evaluation technology being
implemented by Technology Research Center.
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Scanning electron microscope images of EDLC electrodes
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Thermal Processing Simulation for Cu Direct Infrared Laser Drilling
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