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Application of CAE to Reliability Evaluation on Mechanical Vibration

FBdE AR I Iy g i PLe HE
INAGAKI Tomohiro MURAI Shinsuke TSURITANI Hiroyuki HASHIBA Toshinao
SR EAY Ay BAC HAK FR el Az
KANAMORI Naoki NAKAMURA Takafumi  SHIMIZU Takaaki SAYAMA Toshihiko

Abstract

In the product development stage, attempts have been made to utilize CAE (Computer Aided Engineering) that

analyzes vibration characteristics on a computer in order to evaluate reliability against vibration loadings. However,

there are many cases where the analysis result and the vibration test result do not agree, and as a result, CAE has

not been widely spread in the vibration field. In this research, we clarified various problems in the FEM(Finite Element

Method) model and vibration test, and developed two kinds of fixing jigs suitable for the vibration test through the

process of solving the problems. In the fixing jig for low frequency vibration, by properly expressing the bolt fastening
conditions, it was possible to create an accurate FEM model reflecting the experimental results of the impulse

response. On the other hand, in the fixing jig for high frequency vibration, it become possible to accurately express

the vibration characteristics of the jig by precisely setting element dimensions and deformation properties, and by

measuring vibration characteristics using a laser Doppler vibrometer. Consequently, it approached the practical

evaluation of vibration characteristics in the development stage, which is the original purpose of CAE, by performing

the vibration tests using appropriate fixing jigs and the vibration analyses based on an appropriate FEM models.
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Fig.1 Vibration testing machine.
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Fig.2 Vibration measurement system.
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Fig3 Fixing jig for low frequency vibration.
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Fig5 A result of impulse response analysis.
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Fig.6 FEM model of the fixing jig for low frequency vibration.
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Table.1 Comparison of primary resonance frequencies by FEM

vibration mode analysis.

AL 1 PRI I Hz)
AT o RAE 127.0
A= ARRORM TR 20 £GE 193.9
AR AR OIEF A 30mm {2 206.0
U 7 738 302.4

7 RRL-ERRAMRSEE

Fig.7 Improved fixing jig for low frequency vibration.
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Fig.8 Analysis model of high frequency vibration.
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Fig.9 Sweep vibration test of fixing jig for high frequency vibration.
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Abstract
The joining technique of metal can be carried out in many different ways, such as welding. When joining especially

solids, solid state bonding is used. There are ultrasonic welding, diffused junction, etc. in solid state bonding.

Ultrasonic welding is joinable in a short time, and the technique has an advantage which can carry out junction

directly, without using adhesives, a binder, and so on. Ultrasonic welding is mainly used for joining soft metal sheets

each other. We investigate practical techniques of ultrasonic welding for thick materials and hard materials in order to

expand the application range of it. In this report, we examined shape of welding horn for vibrating thick materials. In

addition, basic joining techniques to join aluminum rivet to aluminum alloy plate for housing material were

investigated. We also analyzed the vibration characteristics of joining materials while welding. As a result of research,

it became possible to join aluminum rivet in a short time, and the change in the magnitude of vibration of these

materials, which is presumed to be related to the bonding process, became clear.
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Table 1 Materials for rivet joining
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Study on Visual Inspection Method for Curved Surface
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Abstract
In the manufacturing industry, automation of visual inspection has been achieved with many objects, but there are

objects that are difficult to inspect at real cost. For example, in metal precision machined parts, coolant is used during

machining, so the target surface is covered with liquid film. Therefore, two extra steps are required. That is, removing
the liquid film immediately before the test and covering again with the liquid film immediately after the inspection.
Moreover, it is difficult to conduct a uniform automatic inspection for minute scratches on a curved surface. In this

research, we examined image inspection methods for precisely detecting minute defects on the glossy surface

without completely removing the liquid film by cleaning, for piston pins which are precision metal processed parts.

First, we developed an effective equipment configuration to capture representative three kinds of microscopic

appearance defects (spiral scratches, grinding unevenness and dent marks) as sharp images, and clear camera

captured images could be obtained. Next, we have created image processing programs to detect all of these

microscopic defects. As the results of image processing experiments, all defective parts were detected.
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(@) In the case of the illumination angle of 6=30° (No brightness plot)

=== MY L&

2500

— HEEOES

2000
————————— | 500
1 OO0

500

FERE (B o3 HERE (D

500 (felsle] 1 SO0 2000

UL LERICSIT2E L ES

(b) FBEAMEA0=30°DBE

(b) In the case of the illumination angle of 6=30°

E5IE

IEEIEE I3 HEEED

(&)
o alele ] (Jelsls] 1 500 Z2390

B L BRI CE TEESRILES

Z000

(c) BEAAEN0=45°DHE

(c) In the case of the illumination angle of 6=45°

3000 m
=

M
ZBDD;HH

(=]
(=] il le] 1500 2000 2340

(=lels]

O W e e s el [ P

(d) FBEAAEN0=62°DIFE
(d) In the case of the illumination angle of 6=62°
10 FREILS DIBGHER

Fig.10 Imaging results of grinding unevenness
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Abstract
In recent years, the tablet PC, smartphone and solar cell market has been expanding. In these devices,

transparent conductive sheets and patterns containing Indium Tin Oxide (ITO) film function as important electrical

components. There are, however, disadvantages of ITO due to a high cost of the rare metal indium used in the films

and little flexibility of inorganic materials.

ITO cannot be used in flexible products which are currently in high

demand in Internet of Things (IoT) society. There is a new method that has been proposed for the construction of

transparent conductive sheets via a metal nano network structure by using the thin mesh of nanofibers as an

etching mask to create a thin metal film. In this study, taking up this method, a new process utilizing a unique

nanofiber bestowed with photosensitive properties is developed to create a transparent conductive pattern as an

ITO film substitute that is both cheap and flexible.
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the photosensitive nanofiber.
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Fig. 4 Positive type photosensitive mechanism
using the dissolution inhibitor.
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Fig. 5 Wet etching process of aluminum using nanofibers
as an etching mask.
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Fig. 10 Photo-patterned photosensitive nanofiber.
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Fig. 11 Al nano-network formed using photo-patterned nanofibers
as an etching mask.
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Table 1 Performance evaluation results of transparent conductive
patterns composed of Al nano-network.
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Table 2 Measurement results of Al nano-network coverage,
transmittance and sheet resistance of various samples
with different deposition times of nanofibers.
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Fig. 13 Relationship between light transmittance and sheet resistance
of transparent conductive pattern consisting of Al nano-network.
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