
2013FY RESEARCH REPORT

No.21

2014

RESEARCH INSTITUTE FOR APPLIED SCIENCES

公  益  財  団  法  人

応用科学研究所
平成 25 年度研究成果報告書

第 21 号



目　　次

1．研究員による成果

多段内部窒化 -酸化法により組織制御したMo合金の耐照射特性 ‥‥‥‥‥‥‥‥‥長江　正寛 1

超高速浸炭技術に関する研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥長江　正寛 3

高耐熱高耐摩モリブデン合金の開発 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥長江　正寛 5

熱処理加工に関する調査研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥松岡　裕明 7

複合医工学会（ICME）における活動 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥西川　 一 8

接続的エネルギーと環境フォーラム（SEE Forum）における活動 ‥‥‥‥‥‥‥‥‥西川　 一 9

久保研究室の成果 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥久保　愛三 10

The future of mechanical power transmission and of drive line
 - a 2013-view from Japan  ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥久保　愛三 11

Contact Bending Fatigue test of gear material against failure due 
to tribo-cause to fatal subsurface crack propagation ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥久保　愛三 17

２．特別研究員による成果

超電導インバータの基礎研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥長村　光造 29

シンバルの音響特性に及ぼす金属組織の影響評価の研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥長村　光造 31

超電導技術の国際標準化 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥長村　光造 33

銀被膜ビスマス系線材の機械的特性評価 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥長村　光造 35

実用超伝導線材の臨界電流の応力・歪効果の解明に関する基礎研究 ‥‥‥‥‥‥‥‥長村　光造 37

核融合炉用超伝導線材の量子ビームを用いた応力・歪効果に関する研究 ‥‥‥‥‥‥長村　光造 39

文化財・美術品等の保存と普及のためのアーカイブ作成法の研究・開発 ‥‥‥‥‥‥井手　亜里 41

金属流体電磁ポンプとマルチグリッド法による電磁流体有限要素解析 ‥‥‥‥‥‥‥島崎　眞昭 43

３．共同研究員による成果

高温超伝導大電流導体の電磁特性についての基礎研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥雨宮　尚之 45

自動車用ガスディスチャージランプ
　～始動電圧低減を目的とした始動メカニズムの解明～ ‥‥‥‥‥‥‥‥‥‥‥‥‥植月　唯夫 47

安全情報を伝えるメディアの研究（その１） ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥尾池　和夫 51

メガソーラー用インバータにおける制御アルゴリズム開発 ‥‥‥‥‥‥‥‥‥‥‥‥太田　快人 54
 平田　研二



搬送装置及び電源装置の制御技術の開発 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥太田　快人 56
 平田　研二

新規プロトン伝導性電解質を用いた中温燃料電池に関する基礎研究 ‥‥‥‥‥‥‥‥小久見善八 57

SiC 結晶キャリヤ寿命評価と再結合過程の解析 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥木本　恒暢 59

環境適合型電力・水素協調エネルギーシステムに関する調査研究 ‥‥‥‥‥‥‥‥‥白井　康之 62

電力系統の分散制御に関する基礎研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥萩原　朋道 65

電力変換技術を適用した電力ネットワークの安定性に関する研究 ‥‥‥‥‥‥‥‥‥引原　隆士 67

大規模分散電源による電力系統の安定化 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥舟木　　剛 68

マイクロ波帯次世代無線 LANの適用評価研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥村田　英一 70

真空中沿面放電前駆過程における三次元帯電電荷分布の計算法 ‥‥‥‥‥‥‥‥‥‥山本　　修 72

二次電池による需給制御に関する研究 ‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥横山　明彦 75



 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 





- 1 - 
 

Mo
 

 
 

 
 

Mo Z

 

Mo

 

 

 

Mo-1.0wt%Ti  Mo-1.0wt%Zr

1mm 0.3mm

3mm TEM 0.15mm

1500°C 1h 5

CO  

 
 
 
 
 
 

 

2   

  290°C, 5×1024n/m2  400°C, 5×1024n/m2   (08M-13BR, 14BR)  

(Mo-1.0Ti )  TEM (a)

(b)  1400°C  

CO (a)

CO  TiO2 Mo

Hv 239Hv(a), 172Hv(b) 1500

(c) 100nm TiN (a)

 (1  N2 )   CO (CO/Ar=1/49 )  

 1100°C-16h   1400°C-9h 

 1300°C-16h  
 1500°C-9h  
 1600°C-9h  

－ 1－



- 2 - 
 

CO (b) Hv 45Hv(c)

CO

 

 
26 7 31  

 
  

1. TEM (Mo-1.0Ti , 400°C )

, 400°C 1400°C CO , 400°C 1500°C , 400°C

200nm 

(b) 

200nm

(a)

200nm

(c)

26 7 31  

(b) (a)

－ 2－



- 3 - 
 

 
 

 
 

 

  

(

)

 

 

 
 

  SCr420 S15C 3

900 1000 100s

1000 800Hv

200 m

0.5 1

1000ºC-0s

 

 

－ 3－



- 4 - 
 

26 7 31  

  

－ 4－



- 5 - 
 

 
 

 
 

 
 

 

  Mo Ti Zr Ti Zr

( ) Mo TiN ZrN

Mo

Mo

Mo 500 700

[1,2] Mo

3 5 [1,2]  

  

 

  Mo CO

[3]

CO

Mo CO

 

 
  

(1)  

  

1mm Mo

24h  

(2)  

  Mo-Ti TZM Mo-Zr Mo-Zr

－ 5－



 

(3)  

   

TZM Mo-Zr

Mo-1.0Zr 1500 TZM

4  

(4)  

  Mo-Zr

15% TZM (

24%)  

(5) CO  

  CO Mo-Zr

1700 1900  

 
  1

 Mo-Zr

CO  

 
[1] M. Nagae, Y. Takemoto, T. Yoshio, J. Takada and Y. Hiraoka Preparation of 
Structurally Controlled Dilute Molybdenum-Titanium Alloys through a Novel Multi-Step 
Internal Nitriding, Materials Science & Engineering A, 406, pp.50-56(2005) 
[2] M. Nagae, T. Yoshio, J. Takada and Y. Hiraoka, Improvement in Recrystallization 
Temperature and Mechanical Properties of TZM Alloy through Microstructure Control by 
Multi-Step Internal Technique, Materials Transactions, 46[10], pp.2129-2134(2005) 
[3] M. Nagae, N. Ise, J. Takada, Y. Hiraoka, T. Takida Dilute Carbon Monoxide Gas 
Heating of Molybdenum Alloys, J. of the Japan Society for Heat Treatment, Vol.49, 

1.  
 TZM  

 
Mo-1.0Zr  

 

Mo-Zr  
-CO

 
1mm

 20h 10h  

(1500 ) W 2.5  W 4   

 25% 15%  

 1600 1700  1700  1900  

 
26 7 17  

pp.667-670 (2009) 

－ 6－



- 7 - 
 

 

 

 
 

 

 
 

2

 

 
26 9 8  

  

－ 7－



- 8 - 
 

(Institute of Complex Medical Engineering, ICME) 2005

 

Neuroscience and Biomedical Engineering 

(NBE, Bentham Science Publishers)  

 

Cognitive Neuroscience and Technology, Simulation of Neural Systems, Nueral Networks 

and Mimetic Computation Technology, Measurement and Instrumentation Technology in 

Biology, Artificial Organ Technology, Information and Communication Technology in 

Medicine, Innovative Brain-Machine Interface, Biomedical Image Processing, 

Biomechatronics and Biomedical Robotics, Micro/Nano Biomimetics 
(dementia)  

ICME NBE

2014 6

 

 
26 9 5  

  

－ 8－



- 9 - 
 

      21 COE

(2002-2006) COE

(2008-2012):

ASEAN 2006

Sustainable Energy and Environment Forum ( SEE Forum)

1 2  

COE Forum

Network of Excellence (NOE)

NOE

 

 
26 9 5  

 

 

  

－ 9－



- 10 - 
 

 
 

 
 

1.The future of mechanical power transmission and of drive line - a 2013-view from Japan 

Authors:Yoshikazu ABE (President of Japan Gear Manufacturers Association) Aizoh KUBO 

(General manager of the Research Institute for Applied Sciences), Presentation at the 

Podium Discussion “The future of mechanical transmission and driveline” at the VDI 

International Conference on Gears, Oct. 7-9, 2013 TU Munich /Garching 

 

2.Contact-Bending Fatigue test of gear material against failure due to tribo-cause to fatal 

subsurface crack propagation,A.Kubo(Research Inst.Applied Sciences), S.Matsumoto & 

T.H.Hou (Waseda University), I.Moriwaki, M.Nakamura & T.Tani, Proc.VDI International 

Conference on Gears, Oct. 7-9, 2013, TU Munich /Garching, VDI Berichte 2199-2, pp.867-882 

 

－ 10 －



The future of mechanical power transmission and of drive line
- a 2013-view from Japan  -

Aizoh KUBO, Prof.Dr.-Eng.     Research Institute of Applied Sciences       

Yoshikazu ABE                    Iwasa Tech. Co., Ltd.
Ex-President of JGMA (The Japan Gear Manufacturers Association )

1. The world in 10 years and the gears demanded
2. Class differentiation of gears
3. New technology to be developed
4. Japanese gear industry

Contents

1. The world in 10 years and the gears demanded

The most important point we should recognize is that the Asian population of middle class 
increases by 1 billion  in the next 10 years.  

The influence of this on economics and consequently on politics is far stronger than the 
influence of polarization of people  into rich and poor classes.

In the human history it is the first experience that such large amount of population shifts into 
the middle class.

Behavior to satisfy this rising middle class could not be stopped, because this movement is 
based on their demand as fundamental human desire.  
Serious problems such as battles to get resources, shortage of foods etc. are driven by this 
tide of desire.

Gear boxes in the next future must satisfy the desire for better life of such people of rising 
middle class.
Consequently the amount of gear box production will increase in mass.

This will be the biggest target market for us, gear manufacturers.

－ 11 －



2. Class differentiation of gears demanded

2-1  Popular cheap edition: Gear box that people of poor class demands
This market and the gear box production is not target of Japanese gear manufacturers.
The price in this category must be low and the Japanese production cost makes the entry 
of Japanese gear manufacturers into this market impossible.

2-2  Moderate price but high performance edition: Gear box that people of the middle
class demands

The key word for the middle class people is “Desire to enjoy comfortable life”.
According to this demand, the market of gear box will aim the feature: small & light  
and quiet, but cheap.
Comparable performance of gear box as today’s products is OK also in 10 years,
but the price must be lower than 50% of today’s products.

2-3  High precision, high performance edition: 
The special market that the state puts her budget in, such as big national project and
defense.
The market concerning frontier technology that will bring tremendous gain in the future 
demands such gear box.
The demands exist in e.g. automotive, aeronautics, sea technology, IT technoloogy and
medical & nursing equipment industry .

To realize such gear box, steady investment for research and development is the must.

3. New technology to be developed

3-1  Art for cheap but high precision gear production: 
“How we produce gear boxes economically” is the key technology that will support the
life of  rising middle class with their satisfaction.

The progress of this technology is the biggest task for us, gear manufacturers.
Technological revolution is expected 

(a)  in gear parts made from new material, e.g. sintered metal and plastics,
(b)  in production technology in terms of machining time and gear accuracy,
(c)  in design methodology to pursuit small, light and durable gear box.

3-2  Art for ultimate high precision gear production: 
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Industry of developing country will also come in this field with imported technology 
and with low workers cost, that brings serious cost battle in Japanese gear industry.

Sophisticated construction of complex gear arrangement that enables light gear box with 
special feature such as torque vectoring, high torque and thrust capacity and so on will be 
invented by some geneous people.
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4. Japanese gear industry
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4-1  Ultra high efficiency gear box
Gear box of CRP drive for coming Open Rotor turbo fan engine

One stage planetary gearing, sun pinion input and carrier / ring gear output
Rated power:  18,000 HP,         Max. atmospheric temperature:  200 deg.C
Very light construction: 159 kg
Input shaft speed & torque:   7,000 rpm / 18,400 Nm,    Output speed:  1000/1000 rpm
Module: 3       PA:  22.5 deg.   Helix angle: 30 deg.  
Tooth width: Sun: 45.5x2, Planetary: 43.5x2, Ring gear: 38.5x2 mm
Gear material: Pyrowear 53 (AMS 6308)

6

Ring gear

5 planets

Input sun pinion, 
about 7000rpm

Front rotor
about 1000rpm

Rear rotor
about 1000rpm

Flex support

Carrier

Courtesy of Kawasaki Heavy Industries, Ltd. KHI propriety, 

g g g
Tooth width: Sun: 45.5x2, Planetary: 43.5x2, Ring gear: 38.5x2 mm
Gear material: Pyrowear 53 (AMS 6308)

6

Ring gear

5 planets

Input sun pinion, 
about 7000rpm

Front rotor
about 1000rpm

Rear rotor
about 1000rpm

Flex support

Carrier

Courtesy of Kawasaki Heavy Industries, Ltd. KHI propriety, 
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In gear design, special tooth height and 3D tooth flank form modification and special tooth fillet 
and bottom form is incorporated. Much CFD and other simulation technique was used.

Rated endurance test per EASA CS-E740 was conducted.
The measured power transmitting efficiency has shown 99.5 ~  99.6 %.
Many gear specialists said that is not true. “You have made some mistakes in measurement.” 

The developing team has checked this value and the facilities in detail under cooperation of gear 
specialists and measuring specialists from out side of KHI using more than 6 months.  
Reliability of measuring facilities is +/- 0.1 % at MTO driving condition.  
The conclusion now is that we should judge this measured efficiency of 99.6 % is true !

Planet, flank meshing with sun 

Planet,  flank meshing with ring gear 

Planet, flank meshing with sun 

Before running

After the 
rated 
power 
run

Efficiency =
[Output power]

[Input power]
= 1 -

[Loss power]
[Input power]

(Courtesy of RENK AG)

1. Proportional part to 
transmitting power

2. Non proportional parts such 
as windage, lub&air flow etc

Non-proportional part of power-loss 
increases exponentially as function 
of pitch line speed and becomes 
predominant in high speed gearbox. 

Power-loss increases exponentially 
and transmitting power increases 
proportionally as function of pitch line 
speed.

Power-loss
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Efficiency =
[Output power]

[Input power]
= 1 -

[Loss power]
[Input power]

Make it large.

1. Proportional part to 
transmitting power

2. Non proportional parts such as 
windage, lub&air flow etc

Predominant power-loss in high 
speed gearing.

To reduce this part of powerloss:
Modern designing method such as 

utilizing CFD and choice of lubricant

To reduce this part of powerloss:
Gear design and manufacturing

To achieve very high efficiency,
1. make the average stress level as high as possible,
2. Reduse the load-dependent powerloss by good gear design and 

manufacturing,
3. Reduce the speed-dependent powerloss, especially windage and 

lub.flow loss by utilizing CFD etc. and make the pitch line speed as 
high as possible without increasing the temperature.

For achieving high efficiency
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1 pass grinding for simultaneous 
involute & fillet of trochoidal form

To improve the performance of strong helical gears, 3D tooth flank form correction 
at meshing-in edge is very effective, but not easy to grind accurately.

Newly developed 5-axis grinding machine does that job without difficulty.

Courtesy of YASDA Precision Tools Co.

Aimed 3D tooth flank form correction (red curve) 
and simulated ground figure (blue curve) on the 
POA (plane of action)

Helical gear
mn=3,  z=19,  α=17.5,  β=35, 
d=69.584,  b=20
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Measured single pitch deviation  fpt=1.3μm
Total cumulative pitch deviation FP=2.5μm
ISO 1328-1, class 1

Measured tooth 
flank form deviation

on the  POA

The max.deviation between aimed and 
measured 3D figure is around 2 to 3 μm, 
at edge 5 μm.

Non-involute gear can also be ground with same accuracy. 
Bigger machine GT130 can grind gears to 1300 mm diameter with 4 μm cumulative 
pitch deviation.  
Internal gear can also be ground.

Only with good designing and good manufacturing, we have a good future 
in gear technology.

���

KBGT
Kubo’s Gear Technologies
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IEC-TC90 REBCO
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RRT REBCO

0.22 mm (A) 0.10 mm(B) 0.19 mm(C)
0.19 mm(D) Shin Hyung-Seop Andong 

National University Weiss Klaus-Peter Forschungszentrum Karlsruhe Nyilas Arman 
Cryogemic Engineering and Materials Expertise Nijhuis Arend Applied Supercondictivity 

Centre, University of Twente Pj (j= 
1 to 7) (N=5) BSCCO

RRT Guideline REBCO13
0.2%  
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1.3
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BSCCO Nb3Sn
IEC 61788-18 19 2013  

(1)IEC 61788-18:2013 Edition 1.0 (2013-09-12) Superconductivity - Part 18: Mechanical properties 

measurement - Room temperature tensile test of Ag- and/or Ag alloy-sheathed Bi-2223 and Bi-2212 

composite superconductors 

(2)IEC 61788-19:2013 Edition 1.0 (2013-11-19) Superconductivity - Part 19: Mechanical properties 

measurement - Room temperature tensile test of reacted Nb3Sn composite superconductors  

(3)K Osamura, H-S Shin, K-P Weiss, A Nyilas, A Nijhuis, K Yamamoto, S Machiya and G Nishijima; 

International round robin test for mechanical properties of REBCO superconductive tapes at room 
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Figure 1. Solid cylinder with narrow band of SEEA progress region.  

 

 
Figure 2.  Results of random walk simulation (a-d) and the equilibrium state of SEEA charging (e). (h=10 mm, 
(θ1-θ2=20 degree, a=4.7 mm) 
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(a) Experimental set up. 

 

(b) Charging area. 
Figure 3.  Schematic of electrodes, insulator and movable probe.  

(Hollow cylinder, h=55 mm, a=40 mm.) 

 
Figure 4.  Measured and calculated probe outputs. Probe positions A, B and C are shown in Figure 4 (b) 
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