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Study on Reduction of Leakage Sound from Restroom Stall 
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Abstract 

  Excretion sounds generated from public restroom will leak and be heard outside.  However, it is quite difficult to 
eliminate perfectly or change qualitatively the excretion sounds. Therefore, we tried to reduce the excretion sounds 
leaking the restroom in the following three phases.  First, by the examinations, the sound source due to falling of 
water drops on the water surface in the toilet bowl, it shows that the cushion on the water surface has remarkable 
sound attenuating effect.  Second, the attempt of reducing the radiated sound from the toilet bowl lead to the fact 
that the closing of the gap between the toilet bowl and the toilet seat with the rubber sponge has sufficient sound 
attenuating effect.  In addition, the examination of sound attenuating performance of the walls surrounding the toilet 
cubicle confirmed that the plastic cardboard has sound attenuating effect of about 2 dB(A). 
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Fig.1. An experiment to generate the water fall sounds. 
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Fig.2. Frequency spectrum of water falling sounds. 

 
'5(� 6789:$;< 

Fig.3. Fabrication of Sponge paper. 
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Fig.4. Sound attenuating performance of flour and sponge paper. 

0 2 4 6 8 10
0

10

20

30

40

50

60

70

Frequency (kHz)

So
un

d 
Pr

es
su

re
 L

ev
el

 (d
B

)

�

�

Background noise
Water drop sound
Foamed dish soap
Foamed egg whites

'5(� HCADE-FG 
Fig.5. Sound attenuating performance of foam. 
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Fig.6. Experimental apparatus of water drop sounds. 

X1(� )*+, !C@YDZ-[\]$^_ 
Table 1. Change of A-weighted sound pressure Level in water drop test. 

unit: dB(A)

 Drop height (mm) 
250 600 

p g

Water 
depth 
(mm) 

10 

Foam 
thickness 

(mm) 

0 72.0 74.8 
10 54.1 58.0 
50 53.0 58.1 

50 
0 69.1 72.2 
10 53.2 61.5 
50 52.5 56.7 

100
0 66.5 72.4 
10 51.8 60.0 
50 51.5 55.1 
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Fig.7. Frequency spectrum of water drop sounds. 
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'8(� )`$aHbw=100mmch=250mmcb=0mmd 

Fig.8. Water bubbles in deep water tank 
under the condition of w=100mm, h=250mm and b=0mm. 
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'9(� )`$aHbw=100mmch=250mmcb=50mmd 

Fig.9. Water bubbles in deep water tank 
under the condition of w=100mm, h=250mm and b=50mm. 
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'10(� )`$aHbw=10mmch=600mmcb=0mmd 

Fig.10. Water bubbles in shallow water tank 
under the condition of w=10mm, h=600mm and b=0mm. 
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'11(� )`$aHbw=10mmch=600mmcb=10mmd 

Fig.11. Water bubbles in shallow water tank 
under the condition of w=10mm, h=600mm and b=10mm. 

－ 4－



- 5 - 

�kòz�> Õd�oLS?Î?«Ö� 
> ÄÇEÎ?ÏTÐÑ���ÒÆ�ÄnoLS�ÄÇTNÈcH

«E�Ö�¬T�H��mí}|��Ó[\�|��ÄÇTN

ÈcH«PÄnoL�×Ñ�??ÁTP�C\É�T�Õd�m

ÄÇµoLcH���oCG��Î?Ï?Ö�EÁ�[\�o¿

�P��±?§¨©?ÂÃ�p 12 �ØcÕd�EÂÙ��$�

F|}ÄÅJî�ÄmC�»Mµ�{oLF�[±?NÈ«

E�²���$¶·�G¸v�[\Õd�P��ØYEQ?�T

Âd�[�?T�Æ��J§F 102g�î�Ù 33mmM��Ò	q
J§F 66g�î�Ù 26mmM���Î?ÏPþ 30mm��[\p
13P�Õd�J�MEoLF�[±?NÈ«?�i�mEØc\
Î?ÏEüý�[��P�Î?Ïm�C���ë�G�¸v�[

�&¡��Ti dB °S«
©¯tm°�[\�[�pØ�G
C�Cm�Õd�JqM��CG���?Í�m»}¶[\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ú�ÛÜÝÞ¯ÃÄµ»ÅÆ>

�zòj�> �@ 

> ÂÃ���¼HÄÅ?ÄÇ|}NÈ�[¯°�«m�ÂÃ´µ

|}F¶H�T?ÞßP�Ú��ÂÃ�?ÚÛEÜ�ÆÂÃ|�

|}ÂÃ´µ|}F¶HÞß��Ò	ÂÃ?�ñEÜ�Æ�ñ´

�µ|}|}F¶HÞß? 2ËÆhgcH�¢Z}H\���¾
D?¼�m�C�¢Z}¶H?T�ÂÃ|���¼HX¨�|}

?|}«E¬cH���oCGÊË�[\ 

 

�zòU�> à��cHÂÃ�Ò	« 
> ¬ÛÒD»|¼HÂÃ��G��ü§¨©�»}¶HefúÂ

Ã��Ò	Ûü§¨©�»}¶HÜÃúÂÃ?U�Ým�H\�

¶}?ÂÃE�Æ?à���[Cm�qr�Ò	dLm��DÎ

�Æ�STEÞIT��C\É�T�p 14 �Øcefú?ab
üýgÃ=ÂÃJ6c�Hy 2p�`q¬qæßàáý=ME
¯C��?abüýgÃ=ÂÃ?��$âÑ©�?´�¡o�Ø

YEþ10mm?¯FT�O�O�DãÆÍ¼[�?(p15(a))EÜ
ÃäøÂÃ���ØYEãÆÍ¼�|Ó[�?(p 15(b))Eefä
øÂÃ��[\ÄÇNÈ«P�U�Tvw�[ÄÇNÈ«E�Â

Ã�?L��üý�[æåq�(¡q��Tang Band W3-582SC�¬
�ùcqè����)EË�G·�cH����[\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

II�
I��

JJ
K�

Q��O� e	���
 

'12(� ;<fghij 

Fig.12. Fabricated solid bodies. 
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Fig.13. Frequency spectrum of the sound generated by the water surface 
along with the fall of solid bodies. 

 

'14(� mnoWpqrst 

Fig.14. An easily installable western-style toilet bowl. 

 
� � � � � (a). utvwst� � � � � � � � � � � � (b). xyvwst 

� � (a). Pottery equivalent bowl.� � � � � � � (b). Resin equivalent bowl. 

'15(  !Cz{gst$|}~�� 

Fig.15. Funnel part of toilet bowl used in the experiment. 

－ 5－



- 6 - 

�zò²�> «$�ó¶· 
> p 16 P�ÂÃ�|}?ªZC«E¸vcH�óXý?�@E
Øc\§¨©²³(æ 900mm�ü 900mm��F 1800mm)E:v�
G²³J]¿?�óTP�?Áüý�ñPüý�GC�CMDR

��p 15 ?çÀÂÃEüý�[\���]¿?�óTP²³E
ðGHñPü¼�|Ó[\²³´EèDQm«EéD��E:v

�[êý(ÂÙëì|}Äx� 1000mm�|oí|}?�F
1500mm?êý)�t«Ã?r¨ùcu�Eüý�[\�[�ÂÃ
�QmÙÓGCH��EÀWcH[w��p 17 �ØcÒÑ�Â
Ù?|�ØYú?î�>?t(5.7kg)EýC[\�?���ÂÃ¾
��qF�X¨�mdyF¶H\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�zòk�> ÂÃ´µ?«ª¶?¬�� 

> ÂÃ�hgcHX¨�P�QmÂÙ�ÙÓ[±�ÂÃ|��T

�HX¨���Ò	ÂÙ�ÂÃ?Û?ãÛ? 2om�H\¾D?
X¨�P�ÙÆ��HCPÙHQ�ÒÓGX¨�?��F¤dL

mÎ�H\ïD?ãÛPP¯cHÂÃm�$T�¶���$��

F¤dL��H\É�T�p 18 �ØcÒÑ��ÂÃ�ÂÙ?Û
EãÛ�Dæç�èäåTïwH��T�à���HX¨�Eð

0����[\ 

 
 
 
 
 
 
 
 
 
 

�zòz�> «$�óXýE¯C[«Ö�?òÈ 
> efäøÂÃ�Ò	ÜÃäøÂÃ?ñD�à�G�ÂÃâÂÙ

ÛEæç�èäåTéê�[����Ò	éê��C����¼

Ht«©¯t?¸v1�EO 2�Øc\efäøÂÃ�Ò	ÜÃ

äøÂÃ?ñ���CG�ÂÃâÂÙÛEéêcH���ÒH

«Ö�m×}¶[\�|��efäøÂÃ?�mÜÃäøÂÃÒ

Æ�«Ö�m¬D�Ó[\�¶P�efäøÂÃ?�mÂÃ�

Ç|}|}F¶H«?¼�m��|Ó[��mÇÈ�¢Z}¶

H\ 
> �[�p 19�Ò	p 20P�É¶1¶?ÂÃ�oCG�ÂÃâ
ÂÙÛ?éê¾ïT?«
©¯t?�i�mEØc\efäø

ÂÃ�Ò	ÜÃäøÂÃ?ñ����¸v�[¡�i��T

«�GCH��m»|Ó[\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I���

���������

I���

e���P��

I���

���

���

����	����

�������		

�����������

 

'16(� st��$��{-��$g�$ !VW 

Fig.16. Schematic view of experimental apparatus for the measurement of 
leakage sounds from the toilet bowl. 
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Fig.18. Closure of the opening by the sponge rubber. 

 

'17(� ��<$����]�s�$�$��� 

Fig.17. An opening between hip clay model and toilet seat. 

X2(� st�s�$�$��CADE-FG 
Table 2. Sound attenuating performance by closure of the opening 

between toilet bowl and toilet seat. 

unit: dB(A)
 Normal Sponge rubber 

Equivalent resin 67.1 62.3 
Equivalent pottery 64.5 53.5 
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Fig.19. Frequency spectrum before and after closing the opening using 
resin equivalent bowl. 
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Fig.20. Frequency spectrum before and after closing the opening using 
pottery equivalent bowl. 
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Fig.21. Sponge rubber applied to an actual toilet bowl. 
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Fig.22. Acoustic experimental environment using an actual toilet room.
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Table 3. Sound attenuating performance of plastic cardboard walls. 

unit: dB(A)
 Without wall With wall 

Equivalent resin 67.1 65.0 
Equivalent pottery 64.5 62.6 
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Abstract 
In metal machining, experimental investigation has been mainly performed in the optimization of cutting conditions or tool 

shapes.  In other words, from the points of cost, time, and precision of machining, the most suitable cutting conditions have 

been determined on the basis of accumulated experiential knowledge and many machining experiments.  Moreover, such 

experimental trials have already reached limits in the machining under severe cutting conditions or the machining of new 

materials.  In addition, the exchange of tools due to wear is the most practical and serious problem because the wear leads 

to tool damage and greatly influences the precision of products.  However, it is quite difficult to predict the amount of wear 

precisely and to judge the tool exchange. In this investigation, finite element analyses for several cutting conditions were 

carried out to simulate the machining process and to estimate the amount of tool wear. The following results were obtained.    

First, in lathe machining of work material S45C by using cermet tool, wear experiments of the tool were carried out under 

several cutting conditions, and a wear estimation formula was determined.  Second, in two-dimensional cutting analysis, the 

change of the maximum amount of wear on the rake face to the cutting length showed good agreement with the results of tool 

wear experiments in the range of cutting speed from 100 to 300 m/min.  And the last, in three-dimensional cutting analysis, 

the distribution of the amount of wear on the rake face also showed good agreement with the results of tool wear experiments, 

and it became possible to evaluate the wear on the flank face.  These results suggest that the mechanism of wear on the 

rake and flank faces is primarily diffusion wear rate-limited by temperature.   

 

Ç�ëÉ>

Í�b���CGP���dL�Í�ST?îÌHPÚ��ó

¿�ô�¶G�[\c��,�3q�m*	cHb�ST?BC

���CG�b�SÛ�¡æ§��� !�b�tS�?�¿|

}îÌ�b�STE"vcH�P��D?Þó�b��ó?
Í

¼E*@�cH\�[����Í�STLT?b����C-5

?b��®�GP��ó¿��?ÁTPÖ3¿�Í�EôÑ��

m����ÓGCH\F}���� !P�Ú���'(�ÒÓ

G"vF¶H\��'(m¨��úv?tS��|�Ç�F�

����D#$��������mH����H\�|����

'(P�4�5�Ò	��?�y�b�ST��ÒÆG�H[w�

'()E�ò��¸��îÌ���¤fS E��cH��P�

����T�H\ 

hR�¡�å�q�?�ÄP�?��¿��|�ÒÆ���T

��À�+,@-�E¯C[/0mOP��Æ�|o/0SÛ?

�Ö����OP��ÓGCH\É�T�]=�TP��O¿�

Í�b�T�H��b�Eà���G��� S45C?4�5�Ò

	2q3ø§��E¯C[��'(ÀóE������'(;<

=E"v�[\¸��+,@-�E¯C[ 2¸.�Ò	 3¸.?

Í�b�/0E����î�¿���'()E*vcH=�Eô

Ó[\ 

 

ì�í�æFîFïðñ¯òó>

�ÏòÑ���b�>

��b�P���¿�Í�b���?IoT�H\��TP�

4�5EW F��!�"�ÕvF¶[¼¨§�#�¶H��E

ò�øG�m}$²��Í�b�EôÑ\�?���p 1�Øc

ÒÑ��Ú»��%Æ»���Ò	:»�? 3»�|}�HÍ�

²�m�¯cH\ 

－ 8－



- 9 - 

>

p Ñ> ��b��Í�²�>

Fig.1 Lathe machining and cutting forces. 
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Fig.2 Classification of tool wears in lathe machining. 
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Fig.3 Change of cutting forces for cutting distance. 
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Fig.4 Wears on the tip surface observed by microscopes. 
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Fig.7 Change of mean wear for cutting distance. 
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Fig.8 Wear profile of rake face at the cutting distance 3000 m. 
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Fig.9 Principle of finite element analysis. 
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Fig.10 2-dimensional model for cutting analysis. 
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Fig.11 Equivalent stress distribution at cutting speed  

of 300 m/min. 
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Fig.12 Temperature distribution at cutting speed of 300 m/min. 
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Fig.13 Estimation of amount of mean wear by using 

2-dimensional cutting model. 
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Fig.14 Estimation of wear profile by using 2-dimensional  

cutting model.  
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Fig.15 3-dimensional model for cutting analysis.  
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Fig.16 An example of deformed state and equivalent stress 

distribution by 3-demensional cutting analysis. 
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Fig.17 A pressure distribution on the surface of the tool.  
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Fig.18 A temperature distribution on the surface of the tool. 
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Fig.19 Wear distribution by 3-dimensional cutting analysis.  
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Fig.20 Wear distribution on the rake face due to the wear 

experiment.  
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Fig.21 A comparison of wear distributions obtained by the 

3-dimensional analysis and the wear experiment.  
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Abstract 

This study explored the feasibility of test mold made by plastic 3D printer for the test product development of standard blow 

molding. LDPE tube and PET bottle were selected to evaluate heat and pressure resistance of the plastic test mold, 

respectively. As the parison temperature of LDPE is close to the melting point of mold material, a test mold with a water cooling 

channel coated by epoxy resin was fabricated to avoid its thermal deformation and product sticking to mold. A hundred LDPE 

tubes were obtained by the continuous direct blow molding process with the mold. Additionally, PET bottles were injection 

blow-molded by a hybrid mold consists of two parts, an iron screw mold and a plastic base mold with diamond-cut surface. In 

spite of the high blow pressure condition of 3.5 MPa (about 10 times higher than that of LDPE tube), fifteen PET bottles were 

successfully made without breakage and deformation of the mold. In conclusion, the plastic test mold made by 3D printer has 

great possibilities to make test products by taking into account the characteristics of molding method.   
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(a) Overview>  (b) Thread part>  (c) Top view of thread 
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Fig.2 Surface state of molding product.>

(a) Powder bed image after laser irradiation (cross-sectional view) 

(b) Step formation image caused by molding angle 
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Fig.3 3D images of LDPE tube and plastic test mold. 
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Fig.5 Measurement points of LDPE tube. 
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Fig.8 Three-dimensional water channel. 
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(a) Plastic test mold with hose couplings 

(b)Plastic test mold assembled into a base mold 
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Fig.12 Relationship between cooling time and mold surface temperature. 
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Fig.13 Relationship between shots and mold surface temperature. 
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Fig.15 Surface roughness of molding products. 
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Fig.16 Light transmittance of molding products. 
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Fig.17 Plastic test mold assembled into the blow molding machine. 
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Fig.21 Liquid-filled LDPE tubes as product model. 
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Fig.22 Liquid-filled mini PET bottles as product model. 
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Abstract 

Energy harvesting (EH) is the process of converting unutilized small energy (e.g., thermal energy, light energy, 
electromagnetic energy, and vibration energy) into electric energy. It is expected that the generated power is used as 
a power source for wireless sensor nodes. In this study, we investigated the output power of the piezoelectric power 
generation element, and aimed at developing the vibration energy harvester (VEH) for driving wireless sensor nodes. 
Piezoelectric power generation elements with bimorph structure were prepared. Output voltage from the element 
shows maximum value when the frequency of forced vibration matches the resonant frequency of the element. 
Resonant frequency of the element can be controlled by changing the length of the cantilever and/or weight of the 
chip mass. The resonant frequencies were agree with the calculated frequency using a driven spring-mass-damper 
model. VEH was prepared by combining the piezoelectric power generation element with an AC-DC converter 
module. Output powers of the prepared VEH were approximately 0.39 mW when acceleration at 60 Hz was 0.5 G. 
Prepared VEH successfully drove wireless sensor node without battery by using the vibration of a rotary pump.    
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Fig. 2. Schematic images of cross section and top view of 
bimorph element. 
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Fig. 4. Schematic image and photo of radio communication 
system. 
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Fig. 3. Schematic image of measurement system for 
output. 
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� 1. ���vwx¯·�îæ�W~�ãø 
Table 1. Measurement results of acceleration of vibration source. 

 �¼� (Hz) æ�W (G) 

�[U�[�ê� 60 0.14 
��ç� 300 0.04 
Zê�À¨J 20 0.05 

6 5. ZigBee (��¼���¯ab6>

Fig. 5. Schematic image of frequency band of ZigBee. 

6 6. D¼�á�¯~���¯òr6>

Fig. 6. Schematic image of measurement system at 
anechoic chamber. 
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Fig. 7. Photo of (a) prepared bimorph element and (b) 
schematic image of electrical connection. 
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' 9. ef@ABgfhQk$ijkj$lmnoôõ4 
Fig. 9. Road resistance dependence of output power. 
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' 10. èpqrsr' 
Fig.10. Schematic image of cantilever.

1/�� 

Fig. 11. Relationship between mass and resonant frequency.
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Fig. 8. Frequency dependence of output voltage. 
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6 13. Dx IC¯gBf¼� 
Fig. 13. Input and output waveform of IC. 

Fig. 14. Road resistance dependence of output 
voltage. 

6 14. BfDf¯� ¡¢£¤* 

6 15. õ�l¦�¥w	
XêJ¦[§ÁÂ¯q§ 
Fig. 15. Signal from sensor node driven by a bimorph 

element. 

6 12. BfDF~�+î¨©ª«+¯�¼�£¤* 

Fig. 12. Frequency dependence of output power 
and calculated displacement. 
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Fig. 16. Temperature and relative humidity from sensor 
node driven by a bimorph element. 
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6 17. 2 l¦´¬½
®
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Fig. 17. (a) Photo and (b) schematic image of the 
combination of two bimorph elements. 
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®
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Fig. 18. Output voltage of the combination of two bimorph 
elements with different resonant frequency. 
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6 20. (a) 50HzÓÔÕ(b) 54Hz �¥w	
î°¯±l
¦ÁÂ¯Bf¼� 

Fig. 20. Waveforms of output voltage from each bimorph 
element vibrated at (a) 50 and (b) 54 Hz. 

Fig. 21. (a) Measured output voltage and phase 
difference and (b) calculated displacement and 
phase difference of combination of two bimorph 
elements. 
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Fig. 19. Output voltage from the combination of bimorph 
elements with resonant frequency of 55 and 60 Hz. 
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Abstract 
  Photovoltaic generation rides on the strength of inexhaustible solar energy, so that people are not 
seriously worried about the drying up of fossil fuels. And solar photovoltaic is a clean technology that 
does not emit waste such as carbon dioxide. Recently development of high efficient- and low cost-solar 
dye-sensitized cells has been advanced for practical use. Now, organometal-halide perovskite is 
focused on instead of dye-sensitizer for high efficiency. 
 In this study, we have ever developed the high efficiency solar cells using porous titanium oxide thin 
film deposited by sputtering. Porous titanium oxide thin film is thought to be useful for helping the 
alignment of the sensitizer to the specific structure. Pb-iodide perovskites is selected as a sensitizer in 
the present paper because it can be prepared for easy one-pot process. However, it is found that 
Pb-iodide perovskite changes to the other material by the heat process at higher temperature. The 
suitable condition for preparing Pb-iodide perovskites has been investigated and the properties of 
photovoltaic cells have been measured. 
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Fig.1(Mechanism of dye-sensitized solar cell. 
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ùF¶GCH\5��G�O�HPEPÓ[�c¡�HPyc7

æ�¨§H�� CH3NH3PbI3Eó®8-��G 15%K|�?�

CN�Ö3EØc�CÑøùm�H\�?yc7æ�¨§H��

Pôõ�ö?ó®���G¯C[S�ÌÍ�¬t®q®�ø

uE-o¼T�D��ÆTCm�bT��úuc�æ��CG

scq7ûøùæ�?üLE*@���C¿|}��XE`w

GCH\�[��?ºTuqt��o��G¯C}¶H÷��6

�¨Q CuSCN P ã?ºT¯C}¶G�[+�5�T�H

MeOTAD�DNTPD�ëì�G<3m1/100�CÑ�3?¡æ
§3`ø§E-ÓGCH��|}��XF¶GCH\ 
]=�TP¨H÷��TiO2JKL�TiO2M�Pyc7æ�¨§H

�� CH3NH3PbI3> JKL�CH3NH3PbI3d�÷��6�¨Q

CuSCNJKL�CuSCNME¯CGôõ�ö?�ú��Æ�O

��EøùcH\�[�TiO2E��o��G¯CH���yqæ

§TiO2ERK¤SycH��T�úcH��m�Cm�]=�T

P) �ø§Ö�?Nf�oCG�ÊËcH[w�æ�ø��

�CG�ú�[\æ�ø�TiO2TPæ�ø�STEGZH��T

É?��cø�qrEGZ}¶Hm�É?cø�qrEGHF�

H��T TiO2� CH3NH3PbI3?¼��qrm) �ø§Ö��

ÒÓGGH��ôõ�ö��G?�mm�|cH��E ¦�[\>

>

 !²¼�·G

U3.1> ôõ�ö?qyV 

> ôõ�ö�m?;<?[w�pU?ÒÑ�ôõ�ö�tEÊ

Ë�[\�Ï?³W�Ö��oCG¢c\ 

 

 

 
É¶1¶LÏ|} 
Glass@»  : �t?¾-@» 
ITO�¾>   :>  í�¾> >     
TiO2> T>   :  ��o 
CH3NH3PbI3 Ï : ó®� 
CuSCNÏ  :> uqt��o 
Au> T     :> �¾ 
>

>

>

]¹TPÉ¶1¶?qy@-�oCG�y���É?ÊËÇ¹

�oCG¢c\@�ITOTÍ�Glass@»�oCGP£¤?�?

EÉ?��P¯�[\>

>

3.1.1> TiO2T 
��o?X�E-o TiO2TPæ�ø���ÒÆ�úEôÓ[\

yT�±�GP£¤?50 × 50 mm? ITOTÍ�Glass@»|�

ôÓ[\TiO2PÉ?1äº�ÒÆt÷tg�6��qYg�»Ý

F¶Hm��,}m]�ó�Ì�GCH|?��EôÓ[\>

>

ZTiO2T?æ�ø�ST[>

> ¤6��qYg> > Ar
> 3.4×10â1Pa> > O2
> 7.7\10â1Pa>

> ¤t÷tg> > > > Ar
> 1.0×10â1Pa> > O2
> 2.0×10â1Pa>

>

>

>

É¶1¶?1äºPX´W]XýJBruker AXS DB DISCOVERM

�ÒÆX´W]TòÈ�[\T?d.P��|·d^�g� Ô

01J¬]� ú JSM-7001M�ÒÆSEM®ÉTòÈ�[\ 

p²�Ø�[ SEM®É|}�6��qYg TiO2TPÑÙm�

�D6ÓGCH�??�t÷tgTiO2TPÑ mx6CT�H�

�m»|Ó[\1���G�9�o9�o?ÑÙm��C6��

qYgTiO2T?�m�) �ø§?Ð,�u�OÇ½¿�+¤�

XD�¢Z�6��qYgTiO2TEPÑÇ��[\@��¶K_

'2({|k}$�]$�©9 

Fig.2(Image of solar cell. 

(a) �â\©�p                           (b) ]¤]p 

'3(6Ô¥\¼CAI;<fg TiO2$SEM�� 

Fig.3(SEM� images of TiO2 films deposited by sputtering. 
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?�°��CGPGlass@»E 4o�¼ÓG9�o�[Æ?�t
?��FP 25×25 mm ��[\>
 
3.1.2� CH3NH3PbI3ø 

� ]=�TPÑ CH3NH3PbI3 P@»|�`½F�[O�HP

JPbI2MEO�H3÷t6�>p�å¼©JCH3NH3IM�ÚaF
�G�H��J»©�M��CH3NH3I�PbI2?b�¼©E@»

�æå�¡q§�G�H��JI©�M?2�Ýmó}¶GCH\

��TP 2o?��?ëìE��ôÓ[\>

>

¤¼©?ÁÂJ»©�M 
PbI2> J�¡M> >  0.42 g> in  10 ml  è3÷tutå6�� 
CH3NH3I> J�¡M0.32 g> in  20 ml  ¨luc��qt 

PbI2¼© 100 �lE@»�æå�¡q§(1000 rpm , 30É)��
80;T 30»Û¯qùEôÓ[\É?ï�@»E CH3NH3I¼©
�10É°SÚaF��É?��80;T30»Û¯qùEôÓ[\ 
>

¤¼©?ÁÂJI©�M>

PbI2> J�¡M> > > > > > >     2.12g>  
CH3NH3I> J�¡M> > > > > >  0.70g> >  
> |¢?À�E10 ml?c-7÷cöù§��¼/F��d8¼©
E×[\É?d8¼©EiSÛbl��É?¼© 100 �lE@»�
æå�¡q§��80;T 30»Û¯qùEôÓ[\ 
É¶1¶T×}¶[H���oCG/� »/»0Xý(XPS)>
JULVAC-PHI PHI Quantum 2000M�ÒÆOÇ?�y»0Eô
Ó[��¹�X¿�P×}¶GC�|Ó[\���»©�TÀ�

�[��PÚa?±� PbI2m¼·�G��ÓGCH���Øy

F¶H\É�T¼©�ú?±�P¯�[¼°E>©V�öq�q

7æTeÄ��scq7ûøùæDT�S¼©?�yEôÓ[�

�¹�X¿��hC�ym×}¶[\Oj��úST?fC��

¼H�yëEØc\ 
 
 
 
 
 
 
 
 
�?��|}¼°D�w�¶GCHÄ»�¼h¨-m

CH3NH3PbI3?»/Eg�GCH��mØyF¶Hm�scq7

ûøùæ�eÄ¼°E¯CH��TÉ¶Eh0��mT�H�

�m»|Ó[\ 
¸�CH3NH3PbI3?�úST�oCG�ÊËEôÓ[\>

Hw�b�¼©?blSÛ�oCGÊËEôÑ[w��blSS

P60;�Õv��blSÛE1SÛ�4SÛ?STT�úEôC�
Èy�EX´W]�ÒÆëì�[�?Ep 4�Øc\_ø�ÒH
��PbI2?(001)ÇP 2i=12.76�CH3NH3PbI3?åqùP 2i
=14Íh�f¶Hm�p 4ÒÆ�blSÛ�ÒHDP�D�ñ�
�� CH3NH3PbI3mT�GCH�?? PbI2mäø�bGÓGC

H�CÑ1�m×}¶[\ 
 
 
 
>

>

>

>

>

>

>

>

>

>

>

>

¸��blSS��¼HfCEÊË�[\ST��GPblS

ÛE 4SÛ�Õv��blSSE 60;� 80;? 2ST���ë
ìEôÓ[\X´W]�ÒÆëì�[�?Ep 5��GØc\>
>

>

>

>

>

>

>

>

>

>

>

>

>

>

 
 
60;T 4SÛ?��ÒÆ� 80;T 4SÛ?��?�m�í}|
�CH3NH3PbI3?åqùP��C[w��CSST¼©Ebl�

[�myC��mØyF¶H\>

¾¢??q�|}�STÐ��[�mÒC�CÑó»m×}

¶[[w�ÒÆ�ST?Ð�EÀÁ[\95;T 12 SÛ?Ð�E

X1(;<üý$�{C@YDCH3NH3PbI3$Pb/I�>

Table1.� Pb/I ratio in CH3NH3PbI3�by XPS. 

'4(CH3NH3PbI3$��k�C@YD/ûj$XRDCAD�� 

Fig.4(X-ray diffraction patterns due to different heating time at 60Co. 

'5(CH3NH3PbI3$��ÝÀC@YD/ûj$XRDCAD�� 

Fig.5(X-ray diffraction patterns at heating temperature of 60 and 80Co. 

－ 33－



- 34 - 

ôÓ[��¹�¼©?8Pd8|}�©�è8µ�GH�[\X
´W]�ÒÆëì�[�?Ep 6��GØc\ 
>

>

>

>

>

>

>

>

>

>

>

>

>

>

>

 
95;T12SÛ¼©EblcH�CH3NH3PbI3�PbI2P»/�

G�?�?��H��mØyF¶H\>

�¶}?1�|}CH3NH3PbI3P 80;T 4SÛbl�G�ú
cH��E"v�[\�[�CH3NH3PbI3� TiO2?�¯�oC

G¢ZH[w� CH3NH3PbI3ERK�[ TiO2�oCG?»//

S1�Ep 7��GØc\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.3ò> CuSCNÏ 
]=�? CuSCN Puqt��o��G?�¼E÷ÓGCH\

_øEa¢�KL?ÒÑ���T�úEôÓ[\>

¤¼©?ÁÂ> > > > > > > >

> > CuSCNJ�¡M> > > > > > > > 0.12 g 
|¢?À�E 20 ml?èucåtætQ\���¶�Ijklm
E�¼H��T¡)m¼¼[\> >

¼©?RKP�CH3NH3PbI3ERK�[@»��u§�pquT

ræùEcH\ræù�[@»E 70;�bl�[L.T CuSCN
?¼©Er}�,öænTBI�o}c\¼©m®cH�T¦

,��?�°EOÆP�[\p 8�É?� EØc\>

 
 
 
 
 
 
 
 
 
 
 
 
 
 
×}¶[CuSCNÏ�oCGX´W]�ÒÆ�vEôÓ[1�E

p 9 �Øc\TiO2?åqùm©D�¸F¶GCHm�CuSCN �
p�F¶Håqùm»}¶GCH[wX¿�P×}¶GCH�

¢Z[\ 
>

>

>

>

>

 
 
 
 
 
 
 
 
 
 
 
 

'8(CuSCN$��²¼ 

Fig.8(Application of CuSCN. 

'7(TiO2$CH3NH3PbI3����$����	 

Fig.7(UV-vis spectra of TiO2 films with and without CH3NH3PbI3. 

'6(CH3NH3PbI3$��ÝÀC@YD/ûj$XRDCAD�� 

Fig.6(X-ray diffraction patterns at heating temperature of 80 and 95Co. 

'9(CuSCN$X���·G 

Fig.9(XRD pattern of CuSCN. 
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3.1.5> AuT 
> õ¾�?�¾��GAuEq�ÒÆ¯Á 1000rEX>��G
Í¼[\�[��¾Ç½��GP CuSCN ÒÆ�IWÆqFD�
[\�?��?AuT?�q§èéP 0.42s/tT�Ó[\ 
 
3.1.6> �ö�t 
> �g�mE�Æ·c[w�ôõ�ö�tEKL?��T�ú

�[\ 
¦ @»JCH3NH3PbI3Ï|}AuT�TEÍ¼[�?M?Glass
@»�� 10\10 mm?uþd?vEX¼[äåú?ræù

EÍ¼[Jd/�MvÖ3?ÃÄ?[wM 
� `q�´EÍ¼[ætuqt@»E Au �¾���ÆÍ¼
[\@��ËEyDcH[w�Au�ætuqt@»?Û�
QwE½O\ 

] É¶}Eù`øuT��wGLÎÏ?ÒÑ��[\ 
« ITO�|}Px¨ù`øuT�gE�Æ·�[\ 
 
 
 
 
 
 
 
 
 
 
<3.2> ôõ�ö�m> 
> ôõ�ö��G?�m;<Plqö��©q�J»/ÃÃú

CEP-25ME¯CG�yeôõ/·��G�AM1.5�/��q1kW/m2

?/EøG�m}�tÇ½ 1cm2T I-V¸v�ÒÓGôÓ[\ 
> ôõ�ö? I-V�mP�
V, �z�¥sS J, X|�
��G
OF¶Hm�]=�T�ú�[�tTPôõ�ö�mP×}¶�

|Ó[\É?1�Ep 11���H\ 
 
 
 
 
 
 
 
 
 
 
 
 
 

<3.3> ¢<> 
> �ú�[ôõ�öTQ��m×}¶�|Ó[�{��GP¸

?ÒÑ�¢ZH��mT�H\ 
(1) CH3NH3PbI3m©DOÇ��|hg���u�OÇ½m{

�GC�C\ 
(2) CH3NH3PbI3m�°?Û�»/¤¥·�G��ÓGCH\ 
(3) CuSCN?RÆ�mÌøT�C\ 
�¶}�oCGÊËEôÓ[\(1)�oCG?Ê÷EôÑ[w�
CH3NH3PbI3ÏEÍ¼[T?/� »/»0XýJULVAC-PHI>   >
PHI Quantum 2000M�ÒÆF��?XPS»0EôÓ[�?Ep
12�Øc\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

FP SiO2?¬ø÷�s©q§ 3.5nm/minEa¢��[\�?1
�ÒÆ�CH3NH3PbI3?qyy»T�H Pb� ImOÇÒÆ 10nm
°S��|hg�GC�C��m»|Æ�ôõ�ö��G?�m

E·c�P TiO2?t�T CH3NH3PbI3EÚ F�H*@m�H

�~�¶H\ 
> (2)�oCGP�p 6 ÒÆ CH3NH3PbI3PlE^ZcKH�»

/�G��Ñ��mØyF¶G�Æ�CH3NH3PbI3?RKK_?

�°T�lE|¼cK�CÒÑ�°cH*@m�H\�óø��

Au TPæ�ø��ÒÆÍ¼GC[m�l?#$E¢ZGqµ
�G��[\ 

(3)? CuSCN?RKL.EfgPX9�ÒÆòÈ�GCH[w�
CuSCN?RKL.EiÅ¿�òÈcH�¹mQï*@T�H\ 
 
<3.4> ëì�ó> 
> æ�ø��Tdy�[ TiO2TEP¯�[Pyc7æ�¨§H

��ó®ôõ�ö?}{Eí}|�cH[w��¨H÷��yq

æ§Tdy�[ TiO2TEP¯�[ôõ�öE�ú�Gëì�ó

EôÓ[\ 

'10({|k}��$�ûb�d�{|k}�]b�d 

Fig.10(Construction for measurement (Left) and� Photovoltaic cell (Right). 

�L� �LI �LK �LJ �L
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'12(CH3NH3PbI3$�Ã²Ä$XPS�� 

Fig.12(XPS depth analysis of CH3NH3PbI3.  

'11(6Ô¥\¼CAD TiO2� z{g{|k}$k'ÑÀ-kt(J-V) �� 

Fig.11(Current density-voltage (J-V) curve of solar cell using TiO2 film 

deposited with sputtering. 
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> 3.4.1> �ö?qy 
> TiO2 T?dy��ST?Syuc�æm�H��|}@»P

 í�¾FTOJF�qu¨HæÁMTÍ�?,öæ@»E¯C[\
TiO2TP�¨H÷��yqæ§J¬|'°Hy> 18NRMEP¯
�G�æù`q��}�TRK���g~T 500;�30»Syc
H���ÒÆdy�[\�[�FTO T� TiO2T?Û�¾¿��

�æ�ø���ÒH¨H÷��õTEdy�[�?��C�?

EAL�[\�ö�tP�CH3NH3PbI3�CuSCNT�Au�¾E¾
¿���?��T½ÏcH���ÒÆ�ú�[\ 
3.4.3> �öqy5?;< 
¨H÷��yqæ§Tdy�[TiO2Tµ?CH3NH3PbI3?`½

E»/ �3�ÒÓG;<�[\p 13 P,öæ@»�yqæ§
�ÒH TiO2 T?Á�æå�¡q§TW i 2000rpm,30 É
CH3NH3PbI3¼©ERK��uø§u©q§T 80;,10»®�[
�??»/ �3T�H\TiO2T?ÁTP�O9/���CGþ

70%? �3T�Æ��E 350nm |}pÓ�Mvm»}¶H\
CH3NH3PbI3E`½�[�?TP��E 750nm Íh|}kH�|
�Mvm»}¶��E 400nmTP¡GMv��H\�?söQÒ

Æ�CH3NH3PbI3P TiO2TOÇ��s�`½�GCH�¢Z}¶

H\ 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
3.4.3> �ö?�m;< 
> �ö�t?�Á�G��m¸v�®�GP¾¢?ËÆ�ôÓ[\

p 14.� J-V¸v1�?söQEØc\ 
> FTO |�æ�ø� TiO2õTm�H�?TP�X|�
 VOCm

0.18V��z�¥sS JSCm 0.07mA/cm2�GfÖ3 0.003%�ôõ

�ö�mm×}¶[\GfÖ3mqFC�{P���ÇT?Æ�

mx#»�[w�¢Z}¶H\æ�ø� TiO2Tm�C�?TP�

�q�øù�èé?�mT�Ó[\�¶P�æ�ø�TiO2õTm

CuSCN T|}?uqtE7cøùcHÖ�m�H[w�¢Z}
¶H\ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

·v

> ]=�TP�æ�ø��Tdy�[¥|�ÉLqr?TiO2TE

¤¯�G�ó®���GPyc7æ�¨§H�� CH3NH3PbI3E

¯C[ôõ�ö?�ú�;<EôÓ[\]=�T×}¶[ó»P

KL?ËÆT�H\ 
¦ CH3NH3PbI3ÏP�scq7ûøùæDT¼©EÁÂ��æå

�¡q§TRK�[ï�80;�15»blcH���ÒÆ`½cH
��mT�[\ 
� æ�ø���ÒH6��qYgTiO2T�à�G�CH3NH3PbI3

?`½EôÓ[��¹�T¯ 1μm? TiO2T�W i 2000rpm?
RKSTT �3¸v|}`½mòÈT�[\ 
] æ�ø���ÒH TiO2TE¯CGôõ�öE�ú�[��¹�

ôõ�ö?�mP×}¶�|Ó[\ 
« XPSF��?XPS»0�yqæ§�ÒHTiO2TE¯C[ô

õ�ö?�m|}�æ�ø���ÒHTiO2TTPëOÇ½?x°

�ÒÆ CH3NH3PbI3Ï?`½mx#»T�H��m�mE×}¶

�C@È?IoT�H\ 
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'14. �©6�CAD TiO2� z{g{|k}$k'ÑÀ-kt(J-V) �� 

Fig.14(Current density-voltage (J-V) curves of solar cells using TiO2 films 

coated in paste. 

'13(�©6�CAD TiO2�$��	 

Fig.13(UV-vis spectra of pasted TiO2 films. 
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>Ultrasonic Welding of Sheet Metals-�>
��> =�     ��> �x   > �> q�> >   > > >  

OURA Hidetake   YAMAZAKI Teppei   HAYASHI Tatsunori 

 ��> ¤�> >  |·> �>  > ¶·> ¸¹> > ��> �í 
HASHIBA Toshinao   UENO Minoru     TANINO Katsumi> ISHIKURO Tomoaki 

 
Abstract 

The joining technique of metal can be carried out in many different ways, such as welding. There are ultrasonic junction, 

diffused junction and so on in solid state bonding. Ultrasonic junction has an advantage which can carry out junction directly 

without using adhesives, binder, and so on. In recent years, the needs of the technical development about junction of different 

materials are growing for the purpose of reducing cost and weight of products. In this research we use ultrasonic welding 

which is joinable with a short time and low cost, and� the junction characteristics and mechanisms of ultrasonic welding 

between aluminum and stainless steel with few present reports are investigated.  

By the previous report, we clarified basic joining properties of ultrasonic welding between aluminum and stainless steel. In 

this report, extension of life for ultrasonic horn tip, the effect of insert material, and so on are investigated. As a result of 

research, the life of ultrasonic horn tip becomes the tendency to extend by sandwiching copper foil between ultrasonic horn�

tip and stainless steel. The junction strength improves by using insert materials. 
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'1. ¤-1h¸$é¥�
Fig.1. Over view of ultrasonic welding. 

 
�UòU��«�Æ�?�m 
�«�Æ�P����¶·T�DG��b�Æ�T��|o�

�)È�µ?Ì¯mOPT�H��|}��!�»·T¯C}

¶GCH\�«�Æ�?�mP¸?��ÆT�H 3)\ 
(1) ��O�?����5�?Æ�mOPT�H 
(2) ¼£SS?Î�HÎ���Û?Æ�mOPT�H 
(3) £¿ÒÆ|�Æ¬ST?ÕäÆ��?T�l?NÈ�ÒH�
�GHmÈ$�DC 

(4) ����Qöøùæ�ef��?�(vm�C��¶·��
�D�¡æ§����à�T�H 

(5) �²È�ö¨���µ?�ÁBÁm�bT�H 
(6) �SÛÆ�mOPT�H 
(7) Æ�?�g��)m°�D�ö�p�s¡æ§mL�}¶H 
 
Ï.@öÒ3¶ãøÓÔÕ[\ 
�óP����}�C,Æ�¾ø�����SUS304ÃADC12

E�«�Æ��J·� 1200W��i 15kHz�±ÖJp-pM35�mM
TÆ���p 2Jb±5¤Õv5s�mÎ�H��P��¹�í

¢cHM?ÀóªE�ú�[\���Æ�?±P�Õv5ìEä

åùö�uTòFZ[\Æ�©FP�¾ø��$��Tb±��

�r����?î�ÑÌÆ�O�/§JÀó@S�0.5mm/s> K
L�Æ�©S> �ØcMT;<�[\ 
KL?¹X�oCG���¢�cH\ 
3.1> uq�÷øu�?��àá 
3.2> b±5�Õv5|?Æ�êý?#$ 
3.3> ±²±Ö?#$ 
3.4> ¨�2q§5?Ö� 
3.5> 6t�OÇÐ�5µ?Æ� 
3.6> �¿æçø§Æ�?OPm 

 
 
 
 
 
 
 

'2. ç!èiæ�
Fig.2. Test piece. 
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'3. 3©8¤¥¢�$íî�
Fig.3. Photographs of horn tip surface. 
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'4. ¢£®:¯ç!·G�
Fig.4. Tensile shear test results. 
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'5. h¸°W$h¸*å]±©²$³¡�
� � � � � � � � � � � (SUS304 ä́50mmcADC12 ä́50mm) 
Fig.5. Influence of junction position to junction energy. 
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'6. h¸°W$h¸*å]±©²$³¡�
� �              � � � (SUS304´ä100mmcADC12´ä100,150mm) 

Fig.6. Influence of junction position to junction energy. 
 

 
 
 
 
 

'7. 3/21´$ ©�©¿ 
Fig.7. Vibration mode of the 3/2 wavelength. 
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'8.  ¾$h¸¶À�h¸*å]±©²$³¡ 
Fig.8. Influence of the amplitude of vibration to strength 

and energy to junction. 
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'9. �8½©�¨Oµ$³¡b�tjd�
Fig.9. Influence of the insert material to strength. 
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'10. �8½©�¨Oµ$³¡b� k�d 
Fig.10. Influence of the insert material to strength. 
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'11. ¢£Iç!�$SUS304ÀÁ¯l 
Fig.11. Surface of the SUS sheet after joining. 
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'12. �8½©�¨ºÃ$³¡ 
Fig.12. Influence of the insert material thickness to strength. 

 
 
 
 
 
 
 
 
 
 
 
 
 

'13. �8½©�¨ºÃ�h¸l÷ 
Fig.13. Relation between the insert material thickness  

and welding area. 

'14. h¸Âl$SEMêÃ 
Fig.14. The SEM photographs of section of joint. 
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Table1. Joining test results of the anodic oxidation coatings 

 on aluminum 
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'15. h¸¯l$SEMíî� � �   � � �  '16.h�¨$h¸l 

Fig.15. SEM photograph of the� �   � � � � � Fig.16. Joining surface�of the 
joining section.            � � �     �  fixed material to junction. 
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Table2. Plastic insert materials  
)Ò ú[8¿�	bÓS%d 

a 7[*¤[8 100% 
b 7[*¤[8 90%Ô¨8Õ�8 10% 
c 7[*¤[8 60%Ô¨8Õ�8 40% 
d ¨8Õ�8 100% 
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Table3. Plastic insert test results 
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( )
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'17. � ²Ä�çÑ$°W$?@ 

Fig.17. Relationship between vibration direction 
and sample position. 
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'18. ¤-1Ü�� 
Fig.18. Ultrasonic flaw detection image.  
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'19. SUS¹ºÝÞGDh¸¨$¤-1Ü���
Fig.19. Ultasonic flaw detection image of the welding materials 

with use of various thickness SUS plate. 
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'20. h¸Ù�é��h¸¶À@ABh¸*å]±©$?@ 
Fig.20. Influence of the two point bond distance to strength 

and junction energy. 
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'21. h¸Ù�é�55mm�$mÓ^_$Ø£êë 
Fig.21. Variation of load of the two point bond distance 55mm. 
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