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Abstract

The process of mechatronics development and design for network product begin with

researching and comparing properties of various network products. Internship student have to

draw and analyze 3D models from case studies and do an environment test.

After learning and practicing, work can be summarized as follows

1.
2
Br
4

5.

Using Creo Elements/Direct 17.0 Modeling to design and draw 3D models.
Using ANSYS Workbench platform to analyze 3D models.
Making installation manual for network products.

Do an environment testing such as IP test and Vibration test, to test sampling

product in various case of environment.

Writing report of test results.

As internship process, expected result of work is that internship student can further

knowledge and skills of drawing and analysis 3D models by software and understand about

environment test.



Example of assigned work of 3D models analysis
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Chapter 1

Introduction

1.1 Organization Name and Address

Company Name

NEC Corporation

Empowered by Innovation N E‘

Figure 1.1 Logo of NEC Corporation
Location

Head Office: 7-1, Shiba 5-chome, Minato-ku, Tokyo 108-8001 Japan

Figure 1.2 NEC Head office building

Tamagawa Plant: 1753 Shimonumabe,Nakahara-ku, Kawasaki, Kanagawa 211-8666, Japan



Figure 1.3 NEC Tamagawa plant building
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Figure 1.4 NEC Tamagawa plant map

1.2 Business Type and Main Business

1.2.1 Business Outline

1.2.1.1 IT Solutions Business

NEC supplies government agencies and private-sector companies with a range of IT
services covering system building, maintenance and support, operation and outsourcing, as well
as cloud services. NEC also supplies the platforms essential to the building of IT systems and

enterprise network systems, such as servers, storage, software and IP telephony systems.



1.2.1.2 Carrier Network Business

NEC supplies equipment required in network implementation to carriers, along with
network control platform systems and operating services. NEC’s wealth of experience in large-
scale network implementation and strong technical capabilities contribute to the development of

highly reliable communications networks.

1.2.1.3 Social Infrastructure Business
NEC supplies industrial systems that support social infrastructure, including broadcasting
systems, artificial satellites and integrated CCTV surveillance systems for airports and local

governments, as well as other security-related systems that enhance public safety and security.

1.2.1.4 Personal Solutions Business
NEC supplies individuals and private-sector companies with mobile handsets, personal
computers, Internet services as well as monitors. It is also engaged in the creation of new devices

and services for the cloud computing era.

1.2.2 Products

NEC provides electronics, information technology (IT) and network solutions to business
enterprises, communications services providers and to government agencies as follows

1.2.2.1 Display Solutions

- Monitors and Projectors (NEC Display Solutions, Ltd.) Digital Cinema

1.2.2.2 Computing Products
- Servers
- Disk storage
- Tape Storage
- Super Computers (Thin Client, POS Systems, Industrial Computers)

- Personal Computers (Desktop PCs, Notebooks, Workstations)



1.2.2.3 Software
- Middleware
- Embedded System Design

- Business Applications

1.2.2.4 Telecom Network

1.2.2.5 Enterprise Network and Communication
- Communication Platforms

- Software Based Communications

1.2.2.6 Social Infrastructure
- Digital Broadcast

- Postal Automation

1.2.2.7 Electron Devices
- Energy Devices, Network Devices and Functional Devices (NEC TOKIN Corporation.)
- Fiber Optic Devices
- Display Devices (NEC LCD Technologies, Ltd.)

- Uncooled infrared detectors



1.3 Organization Management

: - International Sales and
Sales Business Unit Operations Business Unit
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Figure 1.5 NEC Organization Structure

Summary of each unit

1.3.1 Sales Business Unit
-Sales operations covering all domestic customers and sales operations encompassing
NEC's entire product line-up

-Sales operations carried out in collaboration with domestic partner companies

1.3.2 International Sales and Operations Business Unit
Sales operations covering all overseas customers and encompassing NEC's entire line-up

of products and services based on cooperation with overseas subsidiaries



1.3.3 IT Services Business Unit
IT service business (including consulting, SI construction, operation, maintenance,

outsourcing and more)

1.3.4 Platform Business Unit

Software product business (including OS, SI platform software and more), software
support service business, enterprise network solution business and product business (including
IT/Network integrated platform, open servers, mainframes, super computers, storage, industry

specific work stations and more)

1.3.5 Carrier Network Business Unit
Network integration and product businesses aimed at telecommunications carriers
1.3.6 Social Infrastructure Solutions Business Unit
Social infrastructure solutions business (including broadcasting, control, aerospace,
defense and other systems)
1.3.7 Personal Solutions Business Unit
- Product business (including mobile terminals, mobile software and more)
- Product business (including PCs, displays, peripheral devices and more), service business
and -BIGLOBE service business
1.3.8 Intellectual Asset R&D Unit
Research and development aimed at strengthening the NEC Group's technical competence,
the development of new businesses and business models and the creation of intellectual assets

and the enhancement of their profits

1.4 Position and Assigned Work
Position: Internship Student of Network Platform Development Division of Carrier
Network Business Unit(2nd Basic Technologies Development Group).
Assigned Work: 1. 3D Modeling
2. Mechanical Analysis

3. Environment Test



1.5 Advisor Staff
Advisor staff name: Miss Tomoyo Murai
Position: Assistant Manager
Tel.: +81 44 455 8391

E-mail: t-murai@ap.jp.nec.com

1.6 Work period

August 27,2012 — October 5, 2012

1.7 Work Purpose

1.7.1 To learn to develop mechatronics for network product by case study.

1.7.2 To learn to design mechatronics for network product by case study.

1.7.3 To further knowledge of drawing 3D CAD model by using Creo Elements/Direct
17.0 Modeling.

1.7.4 To learn to analyze 3D model by using ANSYS Workbench platform.

1.7.5 To learn about environment test.

1.8 Expected Result

1.8.1 Be able to develop mechatronics for network product.

1.8.2 Be able to design mechatronics for network product.

1.8.3 Understand the explicit modeling approach of Creo Elements/Direct 17.0 Modeling.
1.8.4 Can draw 3D CAD model by using Creo Elements/Direct 17.0 Modeling.

1.8.5 Can analyze 3D model by using ANSYS Workbench platform.

1.8.6 Understand about environment test.



Chapter 2

Operation Theory and Technology

2.1 3D Modeling Technology

Creo elements/direct modeling 17.0

Creo Elements/Direct Modeling is a complete environment for 3D product design. The
direct modeling approach of Creo Elements/Direct Modeling makes creating and modifying 3D
designs fast, easy and flexible. Many of the world’s best known product development companies
depend on the Creo Elements/Direct product family for a direct 3D product development process
in order to meet shorter design cycles, create one-off product designs quickly, and respond to

unpredictable design requirement changes.

PTlC

Figure 2.1 Logo of PTC Creo elements/direct modeling

The Creo Elements/Direct product family provides a lightweight 3D design approach
that can help in many engineering processes, including:
- Concept development
- Verification and validation
- System design
- Design outsourcing

- Detailed design

Creo Elements/Direct delivers speed, flexibility, and responsiveness-to-change for
customers pursuing a lightweight design strategy. When designing in 3D with Creo
Elements/Direct, models stay lightweight and flexible through direct, “on-the-fly” geometry
interactions. Product designs evolve freely without designers needing to anticipate downstream

design changes or maintain embedded design logic such as tangency conditions. Creo



Elements/Direct Modeling provides flexibility in several other ways, by giving the ability to
address unexpected and radical changes to product designs, respond to changes in design team
composition, and work easily with design data from any 3D or 2D CAD system as if it were

native design data.

Creo Elements/Direct Modeling, with its direct approach to 3D design, is faster and
easier to learn and use than other 3D CAD systems. In addition, Creo Elements/Direct offers the

simplicity of 2D with the power of 3D.

Consequently, direct modeling files are, on average, one-third the size of parametric
modeling files, which makes models easier to access, modify, archive, and share. As a member of
the Creo product family, Creo Elements/Direct users can apply downstream design, simulation
and visualization capabilities provided in Creo apps, such as Creo Parametric, Creo View
MCAD, and Creo Simulate. The extended capabilities provided in Creo further enable fast,
flexible, and powerful designs. As part of PTC’s integral Product Development System (PDS),
Creo Elements/Direct gives a seamless user experience with other PTC product families,

including Creo Elements/View, Arbortext®, Mathcad®, Creo Elements/Direct, and Windchill.

PTC

creo elements/direct

modeling17.0

Figure 2.2 PTC Creo elements/direct modeling start up

From all above, this allow quickly incorporate downstream 3D design changes and
radically repurpose designs including cutting, copying, and pasting geometry which makes the

initial training and overall learning curve on Creo Elements/Direct products fast and easy.
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CREO elements/direct Features & Benefits

- Powerful and flexible parametric 3D CAD capabilities enable superior product
differentiation and manufacturability

- Broad range of concept design capabilities facilitates rapid new product introduction

- Seamless data interoperability and a common user experience across apps and extensions
allow you to develop everything from concept to manufacturing faster and cheaper

- Ability to accommodate late stage changes and automatic propagation of design changes
to all downstream deliverables allows you to design with confidence

- Automated generation of associative manufacturing and service deliverables accelerates

time-to-market and reduces cost

Figure 2.3 Example model by Creo elements/direct modeling

2.2 Model Analysis Technology

ANSYS Workbench platform

ANSYS, Inc. is an engineering simulation software (computer-aided engineering, or
CAE) developer that is headquartered south of Pittsburgh in Canonsburg, Pennsylvania, United
States. ANSYS was listed on the NASDAQ stock exchange in 1996. In late 2011, Investor's
Business Daily ranked ANSYS as one of only six technology businesses worldwide to receive the

highest possible score on its Smart Select Composite Ratings. ANSYS has been recognized as a



11

strong performer by a number of other sources as well. The organization reinvests 15 percent of
its revenues each year into research to continually refine the software.

The ANSYS Workbench platform is the framework upon which the industry’s broadest
and deepest suite of advanced engineering simulation technology is built. An innovative project
schematic view ties together the entire simulation process, guiding the user through even
complex multi physics analyses with drag-and-drop simplicity. With bi-directional CAD
connectivity, powerful highly-automated meshing, a project-level update mechanism, pervasive
parameter management and integrated optimization tools, the ANSYS Workbench platform
delivers unprecedented productivity, enabling Simulation Driven Product Development.

The ANSYS Workbench platform automatically forms a connection to share the
geometry for both the fluid and structural analyses, minimizing data storage and making it easy to
study the effects of geometry changes on both analyses. In addition, a connection is formed to

automatically transfer pressure loads from the fluid analysis to the structural analysis.

Figure 2.4 Logo of ANSYS Workbench platform

ANSYS Workbench platform Journaling and Scripting

Operations executed within the ANSYS Workbench platform can be recorded to a
Python-based journal that can be replayed to easily recreate an ANSYS Workbench session.
Users can modify the journal or write a new set of instructions to create a custom ANSYS
Workbench script for automating repetitive tasks or performing complex operations. Journals and
scripts can be replayed interactively or in batch mode when ANSYS Workbench is launched.
ANSYS Workbench scripting is based on the versatile, object-oriented Python scripting language,
which provides a rich set of data types and standard libraries for efficient programming.
Furthermore, the Python implementation used in ANSYS Workbench is well integrated with
the NET Framework (WindowsR) and Mono (LinuxR), providing interoperability with popular
programs like MicrosoftR ExcelR to access ANSYS Workbench parameters, perform external

calculations and drive the overall simulation process. In addition to replaying journal files,
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ANSYS Workbench provides a command window to invoke individual commands. Keyboard
shortcuts, command- completion and command recall facilitate command window interaction and
reduce tedious typing. Many applications hosted in ANSYS Workbench support their own
scripting languages (e.g., ANSYSR Mechanical™ APDL), and these application-specific
commands can be embedded in an ANSYS Workbench script. This coordination between
ANSYS Workbench and its applications provides comprehensive scripting support of the

complete engineering simulation process.

ANSYS Workbench Features

- Bidirectional, parametric links with all major CAD systems

- Integrated, analysis-focused geometry modeling, repair, and simplification via ANSYS
Design Modeler

- Highly-automated, physics-aware meshing

- Automatic contact detection

- Unequalled depth of capabilities within individual physics disciplines

- Unparalleled breadth of simulation technologies

- Complete analysis systems that guide the user start-to-finish through an analysis

- Comprehensive multi physics simulation with drag-and-drop ease of use

- Flexible components enable tools to be deployed to best suit engineering intent

- Innovative project schematic view allows engineering intent, data relationships, and the
state of the project to be comprehended at a glance

- Complex project schematics can be saved for re-use

- Pervasive, project-level parameter management across all physics

- Automated what-if analyses with integrated design point capability

- Adaptive architecture with scripting and journaling capabilities and API’s enabling rapid
integration of new and third-party solutions
The applications hosted in the ANSYS Workbench environment support parametric

variations, including CAD geometry dimensions, material properties, boundary conditions and
derived results. Parameters defined within the applications can be managed directly from the

project window, making it easy to investigate multiple variations of an analysis. From within the
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project window, a series of design points can be defined and executed to complete a what-if study
with a single operation.

To fully leverage the power of parametric analysis, ANSYS DesignXplorer software
extends the ANSYS Workbench platform to drive Design of Experiments, goal-driven
optimization, min/max search or even perform Six Sigma analysis to investigate design
robustness. All of this power is available across all applications, all physics and all solvers

available within the ANSYS Workbench environment, including ANSYS Mechanical APDL.

ANSYS DesignXplorer

ANSYS DesignXplorer was developed to leverage the power of ANSYS Workbench for
parametric analyses. ANSYS Workbench makes it easy to create and manage parameters across a
wide range of ANSYS products, has a persistent setup and makes automatic updates. ANSYS
DesignXplorer takes advantage of these ANSYS Workbench strengths and enables to explore,

understand and optimize design so simulation can be applied to drive product development.

ANSYS DesignModeler

All engineering simulation starts with geometry to represent the design. This could be a
solid component for a structural analysis or the air volume for a fluid or electromagnetic study.
This geometry has been produced in a computer-aided design (CAD) system or built from scratch.
ANSYS DesignModeler software is the gateway to geometry handling for analysis with software
from ANSYS.

ANSYS DesignModeler has connections to all major CAD systems, allowing seamless
transfer of existing data including parameters. The parameters can then be adjusted and the
design updated, and any feature removal or simplification is maintained. This results in rapid
turnaround of any design changes and updates.

ANSYS DesignModeler technology also provides powerful tools for construction of
geometry from the ground up. A complex model can be produced using familiar solid modeling
operations. Built on the Parasolid kernel, the geometry engine is robust and conforms to industry
standards. Two-dimensional sketches can be extruded into 3-D solids and then modified with

Boolean operations. A construction history is recorded during the creation of the geometry,
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allowing the user to make changes and then update the design. Whether importing an existing
CAD model or building one, the ANSYS DesignModeler product is fully parametric. Combine
this with parametric meshing and parametric solver setup within the ANSYS Workbench

platform and the same geometry can be used for multiple design variations.

ANSYS Meshing
Mesh generation is one of the most critical aspects of engineering simulation. Too many
cells may result in long solver runs, and too few may lead to inaccurate results. ANSYS Meshing
technology provides a means to balance these requirements and obtain the right mesh for each
simulation in the most automated way possible. ANSYS Meshing technology has been built on
the strengths of stand-alone, class-leading meshing tools. The strongest aspects of these separate
tools have been brought together in a single environment to produce some of the most powerful
meshing available. The highly automated meshing environment makes it simple to generate the
following mesh types:
- Tetrahedral
- Hexahedral
- Prismatic inflation layer
- Hexahedral inflation layer
- Hexahedral core
- Body fitted Cartesian
- Cut cell Cartesian
Consistent user controls make switching methods very straight forward and multiple
methods can be used within the same model. Mesh connectivity is maintained automatically.
Different physics requires different meshing approaches. Fluid dynamics simulations require very
high-quality meshes in both element shape and smoothness of sizes changes. Structural
mechanics simulations need to use the mesh efficiently as run times can be impaired with high
element counts. ANSYS Meshing has a physics preference setting ensuring the right mesh for

each simulation.
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Figure 2.5 Example model analysis by ANSYS Workbench platform

2.3 Standard

2.3.1 IP code (Ingress Protection Rating or International Protection Rating)

As defined in international standard IEC 60529, It is a coding system to indicate the
degrees of protection provided by an enclosure against access to hazardous parts, ingress of solid
foreign objects (including body parts like hands and fingers), dust, accidental contact, ingress of
water and to give additional information in connection with such protection.

IP Code is a code of the letters IP followed by two digits or one digit and one letter and
an optional letter. Measures to protect both the enclosure and the equipment inside the enclosure
against external influences or conditions such as
— mechanical impacts
— corrosion

— corrosive solvents (for example, cutting liquids)



— fungus
— vermin
— solar radiation

—icing

— moisture (for example, produced by condensation)

— explosive atmospheres
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and the protection against contact with hazardous moving parts external to the enclosure

(such as fans), are matters for the relevant product standard to be protected.

The digits (characteristic numerals) indicate conformity with the conditions summarized

in the tables below. Where there is no protection rating with regard to one of the criteria, the digit

is replaced with the letter X. For example, an electrical socket rated IP22 is protected against

insertion of fingers and will not be damaged or become unsafe during a specified test in which it

is exposed to vertically or nearly vertically dripping water. IP22 or 2X are typical minimum

requirements for the design of electrical accessories for indoor use.

The first digit of the IP code indicates the degree of protection against solid foreign

objects from entering the electrical device

Table 2.1 Level of protection against foreign objects for each first characteristic numeral level.

Against ingress of

Level Effective against
solid foreign
0 . No protection against contact and ingress of objects
50 mm
1 250 mm diameter

Any large surface of the body, such as the back of hand, but

no protection against deliberate contact with a body part
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Table 2.2 Level of protection against foreign objects for each first characteristic numeral level

(continue)

Against ingress of
Level Effective against
solid foreign
12 mm
2 >>12.5 mm diameter
Fingers or similar objects
25 mm
3 2.5 mm diameter
Tools, thick wires, etc.
1 mm
4 21 mm diameter
Most wires, screws, etc.
5 dust protected ) ] )
Ingress of dust is not entirely prevented, but it must not enter
in sufficient quantity to interfere with the satisfactory
operation of the equipment; complete protection against
contact
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Table 2.3 Level of protection against foreign objects for each first characteristic numeral level

(continue)

Level

Against ingress of

solid foreign

Effective against

dust tight

@ |

No ingress of dust; complete protection against contact

The second digit of the IP code indicates the degree of protection against the ingress of

various forms of moisture (e.g. drip, spray, submersion, etc.) into the component. Tests to

determine the level of protection are carried out with fresh water and do not take into account the

use of solvents.

Table 2.4 Level of protection of the equipment inside the enclosure against harmful ingress of

water for each first characteristic numeral level.

Level Protected against Testing for Details

0 Not protected
| I

1 | I I I I I I Test duration: 10
1 |
I))/\kq minutes
| I

Dripping water I I Water equivalent to

1 |

Dripping water (vertically falling

drops) shall have no harmful effect.

Imm rainfall per

minute
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Table 2.5 Level of protection of the equipment inside the enclosure against harmful ingress of

water for each first characteristic numeral level. (continue)

Splashing water

Water splashing against the enclosure
from any direction shall have no

harmful effect.

Level Protected against Testing for Details
2 i Iss
x“p.\l ;:J'.-‘ f
Test duration: 10
\
\ / .
v minutes
o N S
Dripping water when v ]
Water equivalent to
tilted up to 15° Vertically dripping water shall have )
3mm rainfall per
no harmful effect when the enclosure )
minute
is tilted at an angle up to 15° from its
normal position.
3
1.'| iy .
( a0 ~.3.."n'l1-" ru@ oy Test duration: 5
\S/\/ minutes
™
II' Y //
Spraying water Water volume: 0.7
litres per minute
Water falling as a spray at any angle
y i e Pressure: 80—100 kPa
up to 60° from the vertical shall have
no harmful effect.
4

Test duration: 5

minutes

Water volume: 10
litres per minute

Pressure: 80-100 kPa
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Table 2.6 Level of protection of the equipment inside the enclosure against harmful ingress of

water for each first characteristic numeral level. (continue)

Immersion up to 1 m

Ingress of water in harmful quantity
shall not be possible when the
enclosure is immersed in water under
defined conditions of pressure and

time (up to 1 m of submersion).

Level Protected against Testing for Details
5 Test duration: at least
3 minutes
Water volume: 12.5
Water jets . .
litres per minute
Water projected by a nozzle (6.3mm)
Pressure: 30 kPa at
against enclosure from any direction )
distance of 3m
shall have no harmful effects.
6 .rl""-!q__.-'—'-._.-'_-.
il ) e .
—-'M.Oﬁu_- Test duration: at least
P s
L P "
~ Sl 3 minutes
Rl e e
e
Water volume: 100
Powerful water jets : .
Water projected in powerful jets litres per minute
(12.5mm nozzle) against the Pressure: 100 kPa at
enclosure from any direction shall distance of 3m
have no harmful effects.
7

Test duration: 30

minutes

Immersion at depth of

Im
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Table 2.7 Level of protection of the equipment inside the enclosure against harmful ingress of

water for each first characteristic numeral level. (continue)

The equipment is suitable for Test duration:

continuous immersion in water under . . .
continuous 1Immersion

Immersion beyond conditions which shall be specified in water
Im by the manufacturer. Normally, this )
Depth specified by
will mean that the equipment is
manufacturer

hermetically sealed. However, with
certain types of equipment, it can
mean that water can enter but only in
such a manner that it produces no

harmful effects.

Additional letters
The standard defines additional letters that can be appended to classify only the level of

protection against access to hazardous parts by persons.

Table 2.8 Level of protection against access to hazardous parts by persons.

Level | Protected against access to hazardous parts with

A Back of hand

Finger

Tool

ol | w

Wire
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Further letters can be appended to provide additional information related to the

protection of the device.

Table 2.9 Level of protection of the device.

Letter | Meaning

H High voltage device

M Device moving during water test

S Device standing still during water test
Y Weather conditions

Examples of designations with the IP Code

- IP Code not using optional letters

Code letters

1st characteristic numeral

2nd characteristic numeral

Figure 2.6 IP Code not using optional letters

An enclosure with this designation (IP Code)
3) — protects persons, handling tools having a diameter of 2,5 mm and greater, against
access to hazardous parts;

— protects the equipment inside the enclosure against ingress of solid foreign objects
having a diameter of 2,5 mm and greater;
4) — protects the equipment inside the enclosure against harmful effects due to water

splashed against the enclosure from any direction.
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- IP Code using optional letters

Code letter |

1st characteristic numeral

2nd characteristic numeral

Additional letter

Supplementary letter

Figure 2.7 IP Code using optional letters

An enclosure with this designation (IP Code)

(2) — protects persons against access to hazardous parts with fingers;

— protects the equipment inside the enclosure against ingress of solid foreign objects having a
diameter of 12,5 mm and greater;
(3) — protects the equipment inside the enclosure against the harmful effects due to water sprayed
against the enclosure;
(C) — protects persons handling tools having a diameter of 2.5 mm and greater and a length not
exceeding 100 mm against access to hazardous parts (the tool may penetrate the enclosure up to
its full length);
(S) — is tested for protection against harmful effects due to the ingress of water when all the parts

of the equipment are stationary.

Examples for the use of letters in the IP Code
The following examples are to explain the use and arrangement of letters in the [P Code.
[P44 — no letters, no options;
IPXS5 — omitting first characteristic numeral;
[P2X — omitting second characteristic numeral;
[P20C — using additional letter;
IPXXC — omitting both characteristic numerals, using additional letter;

IPX1C — omitting first characteristic numeral, using additional letter;
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IP3XD — omitting second characteristic numeral, using additional letter;

IP23S — using supplementary letter;

[P21CM - using additional letter and supplementary letter;

IPXS5/IPX7 — giving two different degrees of protection by an enclosure against both water jets

and temporary immersion for “versatile” application.

2.3.2 JIS (Japanese Industrial Standards)

JIS is the standards used for industrial activities in Japan. The standardization process is
coordinated by Japanese Industrial Standards Committee (JISC) and published through Japanese
Standards Association (JSA).The objective of the Japanese Standards Association - JSA - is "to
educate the public regarding the standardization and unification of industrial standards, and
thereby to contribute to the improvement of technology and the enhancement of production

efficiency". For transportation vibration test, two standards of JIS are used.

JIS Z 0200 (drop and vibration tests)

This standard defines testing procedures for evaluating whether the degree of protection
for packaging against falling impact, vibration, and compression which the packaged freights
receive in the distribution process is adequate or not. NOTE Dangerous goods, packaged freights
of not less than 1000 kg in total mass, and those exceeding 230 cm in maximum dimension of

edge or diameter are excluded.

JIS Z 0232/1SO13355: Packaged freights-Method of vibration test

This standard is the Japanese Industrial Standard prepared by translating ISO 8318: 2000,
Packaging-Complete, filled transport packages and unit loads - Sinusoidal vibration tests using a
variable frequency, and ISO 13355: 2001, Packaging-Complete, filled transport packages and
unit loads-Vertical random vibration test, and by making some minor changes in technical
contents. This standard specifies both a vertical random vibration test and a sinusoidal sweep
vibration test. Since the vertical random vibration is the most appropriate method to create the
similar vibration conditions during transportation, the priority should be placed on the vertical

random vibration test, not on other kinds of tests including a sinusoidal logarithmic sweep
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vibration test, given the condition that the testing equipment is not available. For your reference,
the two former standards: sinusoidal uniform sweep vibration tests and sinusoidal constant
vibration tests, are enclosed in Appendix.

Test shall be conducted according to the test standard.

Table 2.10 Example of Vibration test standards

Method Test standards Application
Test with | [JIS Z 0200] -Transportation
vibration | [JIS Z 0232] environmental
tester grade

G

© Level 1
g ot
5 II
=

) 3 075 |-

Sine g : I
wave & v
vibration -Use trucks for
| |
test 3 100 transportation.
Frequency (Hz)

Vibration time

- Transportation distance

1. Below 1000km.: 20 min.

2. 1000 km. to 2000 km.: 40 min.

3. 2000 km. or over: 60 min.

(Distance by ship or aircraft not included.)
Vibration wave

Sinusoidal logarithmic sweep.

Sweep

0.5 octaves/min.




Chapter 3

Work plan and procedure

3.1 Work plan

Table 3.1 Work plan

Subject August

September

October

Internship Orientation

Product research

Setup 3D CAD Training, SIM Training

Design, Simulate

Environment Test

House Keeping(Report, Presentation)

B Blue color means expected time period.

B Red color means used time period.

3.2 Work details

- Drawing 3D mechatronics for network product by using Creo Elements/Direct 17.0 Modeling.

- Mechanical Analysis by using ANSYS Workbench platform.
- Writing report and assembly manual for network product.

- Environment testing such as IP test and vibration test.
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3.3 Work procedure

3.3.1 Orientation

Talk about NEC corporation history, internship project and work process for

understanding of internship project overview.

3.3.2 Product research

Research and compare properties of various network products such as size, weight,

transmit power, IP code of ODU (Out-door Unit).

T ] T = o T £ F T o W e
|, P-to-P ODU

Voniar Erleaman
Sers

M Lk M Lk
T B ETEL TN B4 ETSL

Toaama

3 PORREUPRY [ VoA VD0 PR VEORAVDO [A0Smivn 05w TIVIE 05w TEVEG |8 ViE (- 1S+ SR |48 el 156 -

Figure 3.1 Comparing properties of network product

3.3.3 Setup 3D CAD Training, SIM Training
3.3.3.1Setting up a computer
Set up an email address, username and password for logging in company’s computer and

network during internship period.

3.3.3.2 Basic tutorial
Creo Elements/Direct 17.0 Modeling
Learn a basic use of Creo Elements/Direct 17.0 Modeling program tools and practice by

drawing basic 3D models such as a bracket, to be a basic knowledge to further drawing skills.
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CASE

Connector

screw Assembly

Figure 3.2 3D bracket by Creo Elements/Direct

ANSYS Workbench platform
Learn how to use ANSYS Workbench platform tools to simulate or analyze a 3D model

from example case study for understanding of program basic use.

Figure 3.3 3D analysis by ANSYS Workbench platform

3.3.4 Design, Simulate

Designing and drawing 3D models from assigned case using Creo Elements/Direct 17.0
Modeling and analyze assigned 3D models from assigned case using ANSYS Workbench
platform. Writing report and making manual for network product from assigned case study are

also in this process.
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Figure 3.4 Design and Simulate 3D analysis

3.3.5 Environment Test

Randomly test sampling network products to check that product will perfectly protected
in various environments and writing report of test results.

Environment test which [ have done are as follows

IP test

IP test is the test to confirm the degrees of protection provided by the enclosures of

electrical equipment. The form of the test will be in accordance with the standards set.

Figure 3.5 IP test process
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Vibration test
Vibration test is the test to confirm that network product will perfectly safe during the

delivery period. The form of the test will be in accordance with the standards set.

Figure 3.6 Vibration test process

3.3.6 House Keeping

Writing report and Making a presentation to sum up overall internship experience.



Chapter 4

Working Procedure and Analyze

4.1 Workflow Conclusions

During the internship period at the organization for 42 days, the workflow can be
summarized as follows

- Talking about internship process.

- Basic learning of program use.

- Drawing 3D mechatronics for network product from assigned case studies using

Creo Elements/Direct 17.0 Modeling.

- Mechanical Analysis from assigned case studies using ANSYS Workbench platform.

- Writing report and assembly manual for network product.

- Environment testing for network products.

- Writing report of environment test.

- Writing report and making presentation to sum up overall internship experience.

4.2 Analysis Results

After learn and practice from some case studies, results can be summarized as follows

4.2.1 Result of learning Creo Elements/Direct 17.0 Modeling.
I can draw 3D CAD models using Creo Elements/Direct 17.0 Modeling. To develop and
design mechatronics for network product, I use steps of drawing as follows.
- Create workplane.

Create new workplane to be a base for building up 3D model.

Figure 4.1 Create workplane.



Draw guides.

Draw 2D guides on any workplane to be a layout for drawing profiles.

Figure 4.2 Draw guides.

Draw a profile.

Draw a 2D profiles for building up a 3D object.

Figure 4.3 Draw profile

Machine into 3D geometry.

Build up a 3D Object from a profile on any workplane.

Figure 4.4 Machine into 3D geometry
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Modify geometry.

Modify 3D object such as blend a corner, punch an object.

Figure 4.5 Modify geometry

Figure 4.6 Result of Modify geometry

Add new workplane to modify

Workplane can be create as many as user want.

Figure 4.7 Add new workplane
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Draw guidelines and profile on new workplane.

Figure 4.8 Draw guidelines and profile on new workplane.

Modify object

Figure 4.9 Modity object

Figure 4.10 Result of Modify object
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- Generate a drawing.

Figure 4.11 Select Object to generate a drawing

Figure 4.12 Select view to generate a drawing

Figure 4.13 Generate a drawing



Define details of drawing

Save file

Assembly

Figure 4.14 Define details of drawing

5 o - — [l
To be saved: (/p1
Salect
All Objects
Savein: G FHEA (E—LBvA) (mwds7-02ieec ~ @ (F £° [E~
T i 2ft ANT
b Ji 3FT_ANT
BEBTURER | rep

ki screw
1 Vibration test_photo

-, Filename: m T i_ﬁf.@)__J
= File Type: Bundle (*.bdl) T
FYEI=T pe version: [17.0 'J [ options |

Figure 4.15 Save file

Objects can be assembled together by creating an assembly file.
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Figure 4.16 Assembled objects

Position

Objects can be moved to any position.

Figure 4.17 Position assembled objects

Figure 4.18 Result of positioning assembled objects
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Figure 4.19 Generate drawing of assembled objects

Figure 4.20 Define details of drawing of assembled objects

Coloring an object and select material

Figure 4.21 Coloring object
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Figure 4.22 Select material for object

Figure 4.23 Example of assigned work using Creo Elements/Direct

4.2.2 Result of learning ANSYS Workbench platform
I can analyze 3D CAD models which is drawn by Creo Elements/Direct 17.0 Modeling
by using ANSYS Workbench platform. To analyze mechatronics , I use steps of drawing as

follows.
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Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

s .

Figure 4.24 ANSYS Workbench platform start up

Simulate an analysis
- Activate ANSYS Workbench

Start->Allprograms->ANSYS14.0->Workbench

2 windows Update =
<A XPS Ea—7—
B TAY by T ASTIw
© BEEOTOIS5 A
Ju ANSYS 13.0
J. ANSYS 14.0 L
I\ Mechanical APDL (ANSYS) 14.0
\ Mechanical APDL Product Launcher
U Uninstall 14.0 =
A\ Workbench 14.0

|, ANSYS Cllq Start ANSYS Workbench i
|, EKM e

. Help

. Meshing
| Utilities
|| ARMS
|, Broadcom
), Cadence

|, Canon Printer Uninstaller =

41 RZES

[FooSLEorlLons el |

Figure 4.25 Activate ANSYS Workbench

Import the geometry

Right-click the Geometry tab, select “Import Geometry” and Browse to select file.



Static Structural

& Engineering Data " 4

e P
1
2
3|' Geometry 2 |
3 @ Model E| Import Geometry b ||ﬁ] Browse...
5 ﬁ Set_!p '_q_a Duplicate ycouple.stp
6% Solution T Transfer Data From New 3 model1.stp
7 @ Results r Transfer Data To Mew 3 pipel.stp
Static Structural F  Update ] modelistp
4 Refresh
Reset
ﬂE Rename
Properties
Quick Help

Figure 4.26 Import the geometry

In this example is YCOUPLE.prt file.

r N
A B - - =5
- - e -
_ | « DS (C:) » ANSYS » =4l AnsvspE=S o
-
=B~ HULTAT— =~ 0 @
CEECIY] ~ gm 2 EFER
il SIERUEH | RERODY TR files 2012/09/07 1|
AR CROH T LEEN files 2012/09/07 1
& F1I5Y || model1.stp 2012/09/06 4
ER = | ] pipel.stp 2012/09/06 9
= EoFEr | L] ycouple.stp 2011/06/08 9
Bt 2
| & S1-Sws
&l HLWSATSUY

& OF1—-4— m
& os(c)
G FHER (E—Lb5vA) (¥¥mwds7

< 1 | 3

TrAILBN): ;Joouple.stp v ’AH Geometry Files (*.sat;*.c v]

[ <@ [+ | #r2tn |

Figure 4.27 Select file to import the geometry

Activate Mechanical

Double-click the Model tab to activate mechanical.



Confirm the material

- A

-J. Static Structural

ﬁ Q Engineering Data  +
:3 @ Geometry v
+[@ vouel 2
5 @ setw 2y
3 ‘% Solution ? ‘
-7' @ Results .':P) 4

Static Structural

Figure 4.28 Activate Mechanical

Select “YCOUPLE.prt” in the Geometry in Outline tab.

| Geometry @ virtual Body | "B Point Mass ¥,

§ T

;@ Mesh
El--7(=] Static Structural (A5)
b o Analysis Settings

- i Solution Information

Figure 4.29 Select material to confirm

Make sure that the Assignment in the Material is Structural Steel

Details of "Part 1" q
[+| Graphics Properties
=| Definition
Suppressed MNo
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Envircnment E
= Material _
Assignment Structural SteeD !
Nonlinear Effects
Thermal Strain Effects | Yes
[+| Bounding Box
#| Properties
[#| Statistics

Figure 4.30 Confirm the material
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Some case, material has to be added. Double-click the Engineering data tab.

|

1’ 7% Static Structural

7 [l Sranecma et J
3 Geometry W
4@ Model @ .
L ﬁ Setup ?‘
3 @ Solution L ‘
7 | 9 Results F ‘

Static Structural

Figure 4.31 Click the Engineering data tab
Select Engineering Data Sources
@ Return to Project @ Compact Mode @
Figure 4.32 Select Engineering Data Sources

Select wanted data source, the data source outline will be shown.

B o D =
T Data Source /| Location Desaription
% ir Favorites Quick access list and default items L
s [ w o @S
o W owmees |0 @ e
s @ mas C R et
o | emenmn B @Yk L
i -3 X
D E
1 Contents of — BTl & | Add  ource Deseription
PRl = Material
Fatigue Data at zero mean stress
3 % Structural Steel 2 | @ comes from 1998 ASME BPV Code,
Section 8, Div 2, Table 5-110.1
4 2% Air oh = | General properties for air.
General aluminum alloy, Fatigue
5 W Aluminum Alloy EE properties come from MIL-HDBK
-5H, page 3-277.
6 % Concrete s
7 % Copper Aloy o
3 % Gray CastIron o
g % Magnesium Aloy a7 =
10 % Polyethylene ok =
11 % Stainless Steel ah
12 % Titanium Alloy gR
13 % Silicon Anisotropic ok

Figure 4.33 Select wanted data source
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In data source outline, select wanted source. In this case is Aluminum Alloy.

8%
A slc|o] €
1 Comtents of — HHIT b Asd Cwscrgber
2
3 T Struchrsl Steel |- | fﬂ‘nﬂﬁmﬂ.
|| | Sectiond, Dev 2, Table 5-130.1
5 T A | | Ieiﬁmnlwhnhf..
o [ @ v |
SH, page: 3
& T Concrete.
7 T Copper Aoy
8 T Gray Castiron
] T Mapresm Aoy
0 T Pelyethyiene
1 S Staniess Sied
12 T Tiarmam Ay
B T Shoon Araoirone

Figure 4.34 Select wanted source
Confirm Engineering Data Sources
(3 Return to Project & Compact Mode
Figure 4.35 Confirm Engineering Data Sources
Return to Project

™ Return to Project 2 Compact Mode '

Figure 4.36 Return to Project

Set up Unit

Select “Units” in main menu bar and select “Metric(mm, kg, N, s, mV, mA)”.

Units Tooks Help | @ | Jsove ~ 1R
1 Metric (m, kg, N, 8, v, A)
p: Metric (cm, g, dyne, i

| Mebic (um, kg, N, 5, ¥, ma)
U.S5, Customary (ft, fom, Ibf, °F s, V, A}
U.S. Custamary (in, lbm, 165 °F, 5, A)

v Degres:
i Radans

v Celsius (For Metric Systems)
Kelvin (For Metric Systems)

Figure 4.37 Set up Unit
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Define force on object

Select “Static Structural” in Outline tab.

Outline

Project

B Model (A4)

&M Geometry

- @ Part 1

;&: Coordinate Systems

AR Mesh

Static Structural (A5
/N Analysis Settings

Figure 4.38 Define force on object

Select “Loads” on the context toolbar and click “Force”.

W, | oads ¥ EiKSuppclrls > @

%, Pressure

| #. Pipe Pressure

9, Hydrostatic Pressure
o, EE—
T, Remote Force

4, Bearing Load

9% Bolt Pretension

#'% Moment

,| @ Generalized Plane Strain
%, Line Prassure

@) Thermal Condition

# Pipe Temperature

@ Joint Load

. Fluid Solid Interface

+1) Detonation Point

Figure 4.39 Click “Force”

Select the inner face (green) of cylinder hollow to define force on it.

Figure 4.40 Select the inner face to define force
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In details of Force, click “Apply” to confirm.

Details of "Force” n
1| Scope

Scoping Method | Geometry Selection

T e | s
=l| Definition

Type Farce

Define By Vector

Magnitude | 0. N (ramped)
Direction Click to Define
Suppressed No

Figure 4.41 Confirm force

At the Define By tab, change from “Vector” to “Components”.

Details of "Force”
(=l Scope
Scoping Method |G=eumetry Selection
Geometry | 1 Face
= Definition
Type Force
Vector
Magnitude
Direction Vector
Suppressed No

Figure 4.42 Change Define by

At the X Component tab, fill a value of “1000”.

[ Scope
Scoping Method ‘Geumetrv Selection
Geometry |1 Face
=) Definition
Type Force
Define By Components

Coordinate System

Global Coordinate System

W X Component 1DDD|

¥ Component | 0. N (ramped)
Z Component | 0. N (ramped)
Suppressad No

Figure 4.43 Change value of Coordinate System

In the geometry window, make sure that the force direction is +X



0.0 50,00 100,00 (mm) )\A %
—

25.00 75.00

Figure 4.44 Confirm the force direction

Define Fix part on object

Select “Supports” on the context toolbar and select “Fixed Support”.

@, Supports + ‘B Conditions v @,

% Fixed Support

8, Displacement

3 Remote Displacement

1 velocity

¥, Impedance Boundary

3, Frictionless Support

% Compression Only Support
@, Cylindrical Support

#. Simply Supported

®, Fixed Rotation

[, Elastic Support
By |

Figure 4.45 Define Fix part on object

Hold down the Ctrl Key while select 2 faces(green) as picture.

Figure 4.46 Select 2 faces to fix
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In details of “Fixed Support”, click “Apply” to confirm.

Details of "Fixed Support” q
= Scope

| Scoping Method | Geometry Selection

Fom |G
[=I| Definition

Type |Fixed Support

Suppressed |No

Figure 4.47 Confirm Fix part on object

=l Scope
Scoping Method | Geometry Selection
Geometry |2 Faces

=/ Definition
Type | Fixed Support
Suppressed [No

Figure 4.48 Fix part on object is confirmed

2. Display the solution of simulation.

- Select type of solution to display

Select “Solution” in Outline tab.

5] Project
£ (@] Model (a2)
B,/ Geometry
e 0 Part 1
[,/ Coordinate Systems
g Mesh
=] Static Structural (A5)
74 Analysis Settings
S Force
M, Fixed Support
R 7] solution (A6)
] 1] Solution Information

Figure 4.49 Select Solution

Select “Stress” on the context toolbar and select “Equivalent(von-Mises)”

&, Seress ~ B Energy = | FyLine
%
B, Maximum Principal

B, Middle Principal
B, Minimum Principal
B, Maximum Shear
@, Intensity

B, ormal

B, shear

B, vector Principal

&, Error

B, Mermbrane Stress
@, Banding Stress

Figure 4.50 Select Equivalent(von-Mises)
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Select “Stress” on the context toolbar and select “Vector Principal”

8, Stres ~ @ soey ~ | By Lioe
|'®y Equivaiant (ven-Mises)

&, Miramum Principal
B, Maximum Shear
B, Intensity

&, Normal

&, Shear

-

), Error

@, Membrane Stress
8, Bending Stress

Figure 4.51 Select Vector Principal

Select “Deformation” on the context toolbar and select “Total”

{®. Directional Acceleration

@, peformation v ® Strain v !

= I

4, Directional
® Total Velocity
® Directional Velocity

. Total Acceleration

Figure 4.52 Select Total

- Solve

Click “Solve” in the standard toolbar.

Figure 4.53 Solve button

- Analysis

Wait for analysis progress.

ANSYS Waorkbench Solution Status =

‘Overall Progress...
|
Creating solver input file...

]

Interrupt Solution Stop Solution

Figure 4.54 Analysis progress
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After analysis is finish, select “Equivalent Stress” in the solution in Outline tab.

B A Geometry
Loy O Part 1

B34 Coordinate Systems

'/% Mesh

E--{=] Static Structural (A5)
Gty Analysis Settings

L Force

i S8, Fixed Support

{6 Solution (A6)

Solution Information

¥

i M Vector Prindpal Stress

i M Total Deformation

Figure 4.55 Select Equivalent Stress

The contour figure is displayed in the geometry window.

0.00 50.00 100.00 (mm)

25.00 75.00

Figure 4.56 Contour figure is displayed

See results of Minimum and Maximum.

Details of "Equivalent Stress” p
]| Scops
Scoping Method |GEDmEtry Selection
Geometry |m| Bodies
= Definition
Type Equivalent (von-Mises) St._.
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No
=)/ Integration Point Results
Display Option |Averaged
= Resuits
Minimum |1.124e-004 MPa
Maximum [17.772 Mp2
Information

Figure 4.57 Result of Minimum and Maximum
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- Section

Click “New section plane” in the standard toolbar.

Jsove ~ (F) it

Figure 4.58 New section plane button

Define the direction of the section. In geometry window, right-click->View->Top.

Insert i
Go To Lz

| @ Isometric View

=0

“#. Set

_Ii'_ Restore Default
@ Zoom To Fit
Cursor Mode Ll

@ron |

T @ Back
§ &9 Right
‘ ¢ Left
dre |
1\@ Bottom

U Fmaimn

Figure 4.59 Define the direction of the section

Drag mouse in wanted direction, the section will be created.

Figure 4.60 The section is created

Click “Rotate” in toolbar and rotate the geometry to see the section.

O

Figure 4.61 Rotate button



52

Figure 4.62 Rotate the geometry

Select the slice Plane 1 in the section view to display the anchor in the geometry window.

X »
| Slice Plane 1

Figure 4.63 Select the slice Plane

Section plane can be move by dragging the center box of anchor.

Figure 4.64 Move section plane

To release the display of section, uncheck a checkbox in the section view.If there are

multiple sections, using following menu to modify each section.

Section Planes o x

EEE

| Slice Plane 1 Slice Plane 2

Figure 4.65 Select the slice Planes
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® Eﬁ Create new section
® X Delete a section

° > Display all elements

Figure 4.66 Result of modifying slice plane

- Display Vector Principal Stress
Select “Vector Principal Stress” in the solution in Outline tab, the vector figure of

principal stress will be displayed on the geometry window.

Figure 4.67 Select Vector Principal Stress
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Figure 4.68 Vector figure of principal stress is displayed

- Display total deformation
Select “Total Deformation” in the solution in Outline tab, the contour figure of total

deformation will display on the geometry window.

Figure 4.69 Select Total deformation

Figure 4.70 Contour figure of total deformation is displayed

Select “Edges” on the context toolbar and select “Show Undeformed Model”, the
translucent undeformed figure will display overlapping with deformed part on the geometry

window.
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@~ 3 | B @ | EProbe

|i No WireFrame
Ef Show Undeformed WireFrame

ﬂ Show Undeformed Model

& show Elements

Figure 4.71 Select Show Undeformed Model

Figure 4.72 Undeformed Model is displayed

- Display in animation

Solution can be displayed with an animation by, Display the contour which is wanted to

animate.

E~v@~ = | R
B smooth Contours

[ Cortour enis |

B 1solines
[ solid Fill

Figure 4.73 Select contour

Select “Equivalent Stress™ in the solution on Outline tab.

Figure 4.74 Select Equivalent Stress
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Click the play button in the graph view, the animation will be played.

O

Figure 4.75 Click the play button

3. Create report
- Insert figures
Figures can be inserted to report by,

Select “Equivalent Stress” in the solution in Outline tab.

Figure 4.76 Select type of solution

Select “New Figure or Image” in the standard toolbar, and click “Figure”, figured will be

inserted.

| @ Image from File...
@ Image to File...

Figure 4.77 Figure is inserted.

Figures can be inserted anywhere in model.

- als Comdnate Systems
A mesh
=, [5] Static Structural (AS)
el Aralysis Setengs
. Force
B Faerd Suppart
1=, 9 solution (AL)
¥ Salution Tnformation
- M Equvaent Stress
] Frore
i) Figure &
B A Vector Frincios Stress
v

A D
B Total Def bon
e

Figure 4.78 Figure is inserted anywhere user wanted
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Click “Report Preview” in the document tab..

Figure 4.79 Select Report Preview

Wait for creating the report is finished, Report will be displayed.

Report generation in progress...

Please wait while the system extracts all necessary project information
During this process, please refrain from all project interaction

Figure 4.80 Report in progress

Save the report.

@ SEEHTTRE - S
{RAFSSIBATLY | o FER(C-Li5nA) (hemndtT-12 WNECERERAC -|  + (1 oF Y
e 2ft ANT
Ao IFT_ANT
IR FRLEIBRT s
rep
! screw
FAAbwF vibration test_photo
= TATVEER
=) || beamreport
2173
LY
TS
o= N
.
Fybd-h
7 LN [Project =l 13TFE)
P4 ILOIEETE  [Page and Fieures, Single File (< mht) -] el
Pags and Fel Iz File (%) -
| Page, Figures in Subfolder i*htm,
[Tt |Page and Fieures, Sinele Folder (*htm} IR

Figure 4.81 Save the report



|5end To v | SPrint »@Publish [ATF
(=) EMail Recipient{As Attachment)...

. [ Microsoft Word...
J [E] Microsoft PowerPoint...

Figure 4.82 Send report to other program

20.000 (rnm)

0.00 45.00 90.00 (rm)

22.50 67.50

Figure 4.83 Example of assigned work using ANSYS Workbench platform
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4.2.3 Result of writing and making network product installation manual

Learn to assembly network products for writing and making installation manual.

Installation manual
(2ft. Antenna)

Figure 4.85 Example of assigned work of writing and making installation manual using Creo

Elements/Direct

4.2.4 Result of learning about environment testing
IP test
IP test is the test to confirm the degrees of protection provided by the enclosures of
electrical equipment.
- Prepare
Everything has to be set into its standard. For example, you have to use 12.5 mm nozzle

if you want to test an IPx6 and have to use 6.3 mm nozzle if you want to test [Px5.
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- Test
As above, the test method is up to standard of IP code.For example, if protection against
ingress of water (IP code) is IPx6.The test will be conducted with fresh water and will be made
by spraying the test item with a stream of water from one standard nozzle. The water jet hose
nozzle will be hold in a distance of about 2.5 from test item during the test. Two part of the test
item will be tested for a total time of 6 min. (3 minute each session), adjusting the water delivery

rate to 100 liter per minute at the pressure of 0.15 m/s.

Figure 4.86 Example of assigned work of IP test

- Writing report
Report will be written to conclude a result of test. Important information is required such

as standard number.

|

L
1
!.
]
)

E

Figure 4.87 Example of report of IP test
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Vibration Test
Vibration test is various used. In this case, I will show a information of vibration test for
transportation.
- Prepare
Install an enclosure on the vibration plate of the tester to prevent the sample from being
shaken off the plate. Place the sample in the enclosure area in a free state without fixing it in a
position. Then, Place the sample fixed on the vibration plate.
- Test
As above, the test method is up to standard of JIS Z 0200 and JIS Z 0232.For example, test
specifications are as follows
1. Vibration direction: X, y, z
2. Frequency range: 3 HZ — 100 Hz
3. The amplitude and Vibration acceleration: 3-4 Hz: 25 mm(p-p) , 4-100 Hz: +0.75 G

4. Test period: 3 hours (60 minutes per each direction)

Figure 4.88 Example of assigned work of Vibration test

Product has to be tested in 3 directions and take 3 hours (1 hour each).After testing and
checking for result, Heat sink should not get free from part of product and screws should not

loose. Also, the product and part of product should not be ruined.
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Figure 4.89 Example of checking result of Vibration test

- Writing report

Report will be written to conclude a result of test.

Figure 4.90 Example of report of Vibration test

4.3 Comparing result of work with working purpose

From comparing the result of work process with work purpose, I can draw 3D models
using Creo Elements/Direct 17.0 Modeling from any assigned work. I can draw a mimic object
by reading drawing sheets or measuring from real objects, which can assume the general shape of
any object. I can also analyze 3D model by using ANSYS Workbench platform to test network
products in many conditions. Moreover, I have learned about environment test and understand
about its procedure, purpose and result checking.

From above mentioned, I can learn, practice and further my knowledge and skills as

expected.



Chapter 5

Conclusions and Suggestions

5.1 Conclusions

As working during internship period of 6 weeks, the process of mechatronics
development and design for network product begin with researching and comparing properties of
various network products. I have learned to design and draw 3D models by Creo Elements/Direct
17.0 Modeling and analysis by ANSYS Workbench platform. I can draw and analyze 3D models
in many case studies and assigned works. I also did environment testing (IP test and Vibration
test) to test sampling product in various case of environment and have a chance to write result

reports.

5.2 Work Conclusions

From above mentioned, I can learn, practice and further my knowledge and skills as

follows

Creo Elements/Direct 17.0 Modeling
After basic tutorial, I can apply my skills of using tools to draw up both basic 3D models

and advance 3D models.

ANSYS Workbench platform
After basic tutorial, I understand the purpose of using this program and can use basic

tools to analyze 3D models in case studies.

Environment test
After go out for learning about environment test, I understand the purpose and standard

of test. I can also make a conclusion based on test results.
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5.3 Problems

1. Program processing was slow.

2. Creo Elements/Direct 17.0 Modeling was not save files automatically.

3. Takes time to learn to use program tools because this is my first time using Creo
Elements/Direct 17.0 Modeling and ANSYS Workbench platform.

4. There were problems to communicate in Japanese. Sometimes [ can not understand

technical vocabularies.

5.4 Suggestions
For those who would like to use Creo Elements/Direct 17.0 Modeling, you should
be carful about saving your work before closing program because the program will not

save automatically. If you accidentally close a program, you will lose your work file.
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Program manual

Creo Elements/Direct 17.0 Modeling

1. Create and modify Workplane

Create and modify workplane by using tool on the right-side menu bar.

Create workplane

Click Workplane or WP set and choose a form of workplane. For example,

- New : create new workplane.
- New + C. Geo: create new workplane with base guides.
- On Face: create new workplane on specified face.
- Project Geo: create new workplane with profiles which projected from object.

- Project Constr: create new workplane with guides which projected from object.

| workpiane | WP Set

(] LY L
Wp Set 6‘
I I
New New + C.Geo | TV
@ ¥ a8
On Face On Axis g
& :
By Frit & Dir =}
il Gl i
Project Geo Preject Constr .\._,"‘

Figure A.1 Workplane tool

Create more
Workplane can also be created by depending on another workplane such as copying,

share or parallel.Click Workplane or WP set and choose a tool from Create More.

Create More 2

#

Copy Share

Parallel Inclined

Luuef<

Partial Last WP

Figure A.2 Create more Workplane tool



Modify

Workplane can be modified in many ways such as moving to specified position.

Click Workplane or WP set and choose a tool from Modify or Modify More.

Modify £

9

Pasition

Pos On Face Pos Pnt & Dir
&

Rotate 90 U Rotate 90V
I
=77

Rotate 90 W

Modify More X
B o
m] B

Names Owner

oE

Unshare  Slide Origin

Figure A.3 Modify Workplane tool

2. Draw guides and profiles

Creating 2D

69

Draw guides and profiles by using 2D geometry toolbar or tools on the right-side menu

bar. As the picture, Geometry will be selected to draw profiles. On the other hand, Construct will

be selected to draw guides.

| Create 2D

i

C

Classic Geometry Fix Radius  Fix Center

a4

@l

. - ¥ i
@ Geometry () Construct 2 =
. 3 Pos Diameter
Line Create 2D Y @
o
- ¥ 2 Pos & Rad  Ctr & Dia
2 Pos DI‘ ¢l 9
— | Tan & Ctr  Tan & 2 Pos
Horizontal Vertical @
/'/ al ﬁ Tan by 2 Tan by 3
Parallel to  Perpend to
5 @' Change Rad
At an Angle  Ref Angle f\f\
Arc 3
s & > G
Tangent to Tan by 2 ‘“ Genaric Con(c:ztric

Polyline 3 =

Figure A.4 Create 2D tool
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Creo Elements/Direct 17.0 Modeling has many useful tools and features that will help
drawing guides and profiles easy.For example, 3D Edge tool helps crating guide or profile from

selected 3D edge on object. In addition, 2D edge on any workplane can be copied by 2D Edge

tool.
Contour +
@ Geometry () Construct [)
=i 5
Overdraw  Equidistance 5
Project X g
— .
v )
F;c@e SD*que D
(g L
2D Edge General ﬁ
Cross Sect @'
spline x f\/\
e Ny
Interpolation Control @
U.h ﬂ\ J:‘
Function Conical Cv
Figure A.S Contour tool
Modify 2D

Guides and profiles can be modified in many ways such as filling fillets, moving or

rotating lines and cut unwanted part of line.

I Transform 3 B¢
Modify 2D - h N
Geometry £ D Move}gtretch Roae ju|
r
A vl . | © o
Merge Split Change Radius Scale Q
A
. T A £
Trim Extend 2 - -
} Mirror Pattern
_T Fillet ]
One Element Two Elements _.,;% —ws,;%
[ 9 I's
B \ =] Create Modify
Cut Middle Contour
= al
Remove
CutEnds  Both + Conv || ([ | convercion 2
——
&30P EETaC -
iV Rl fg/
By 2D Box By Box + Com i || ConVert Geo Untrim Geo

Figure A.6 Modify 2D tool
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Guides and profiles can also be drawn or modified by 2D Geometry tool, there are list of

commonly used tool such as
g Draw a profile line.

-H Draw a profile rectangle.

-a Draw a profile circle.

,’ Draw a guide line.
/ﬂ Draw a guide line which para

l' Move 2D line.

Figure A.7 2D Geometry tool
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3. Machine into 3D

Machining 3D object from profiles on any workplane by using machine tools on the right-
side menu bar, such as
Pull Linear Extrude a part
i
Punch  puncha part

&

Shell  Shell a part

Machine +

Machine - D
< |¢
Pull Linear  Pull Angular L
§ 4 -0
il D |5
Punch Stamp [ T%
it = O
Unite Subtract =]

5, &

1

Section Intersect ‘ﬁ
i ¢« @
Shell Reflect ,\/\
| Imprint Edges 3 ‘“

2, &

+

Linear Line @
& o |-
Intersection  Silhouette J:]

Figure A.8 Machine tool

The active part and workplane are selected by default. When creating new or work on
different part is wanted, part and/or workplane have to be changed when machining command is
started, if necessary.

Any changes are not complete until OK is clicked. Although the machining operation
can be seen as a preview in the viewport, the changes are not saved unless the green checkmark is
clicked.

All profiles on a workplane are machined. If the same workplane is used for more than

one operation, unwanted profiles are needed to delete before the next operation begins.
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4. Modify 3D

Modifying 3D object by using modify tools on the right-side menu bar, such as

)

Create

Create A dd a chamfer to an edge

i

Move  Move a face of any object

Taper Tilt a face

da

Blend an edge

Pull " pull a face to any direction
| Modify 3D # T ﬂ R
| da jm
Blend 2l Pull Stretch &
& & |3 9
Create Modify Z Change Radius Radial Offset
b EX S
B 5 7 05 e
Recognize Remaove % Align Offset
Chamfers 2 D || Cut & Paste F
& & |m A ot
Create Modify ﬁ Cut Copy
&’ & A
Recognize Remove | [k Paste
Faces & Rec Features 2 f\/‘ Parts b
@ & &y B &
Maove Radial Move @. Mirror Scale
&,
& ]
Tapel J:‘ Move by Box
& ﬂ Ju Utilities F3
Pull Stretch - B
Figure A.9 Modify 3D tool
5. Assembly

Assembly parts together, using Part & Assy tool on the right-side menu bar.

Creat new part and assy

jim

L Create new part
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i

NEW ASSY Create new assembly. In the Structure Browser, drag and drop the parts to be the

contents as part of the assembly

A=+E
g

Copy Create new part by copying another.

vd

Linear  Create many new parts by copying or sharing from another. Result of this tool is row

of parts which have a distance between each as specified.

Part & Assy +
(8 & P
Menu 1 Menu 2
— &
Create x 6
=) 8 |3
New Part Mew Assy || TT%
| O
New Contnr
55 & -
Copy Linear ‘a
?;-E dial m
Share Radia
al v
Mirror ‘“
-

Figure A.10 Assembly tool

Modify part and assembly
Modify part and assembly, using Modify tool from Part & Assy tab on the right-side

menu bar, such as

L
=
Position pfove specified part to specified position. This tool has many mode such as
Mate: Mates the faces, edges, or vertices together.

Align: Aligns two faces, edges, or vertices along the same plane.

Align Axis: Aligns the specified axes.
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Modify = L
L
= H
Position
% 5 |3
Unshare Names %
u]
ih 3
Pressfits Owner
&
Section Mode  Assign MP

Figure A.11 Modify part and assembly tool

8. Drawing

Create drawing by select Application -> Modules and Select Annotation

File Edit View Tools Measure Application Window Help

N Y Creo Elements,/Direct Medelin
DEH G| 2R s / 9
[ Modules ... |

Chauwe 2 mann Fa lnad odditian

Figure A.12 Select Application

Crzi'= — ]
Maceig
Advanced Design —— Base Modules
Data Interfaces [¥] Annotation [] 3D Documentatiol
Appl. Interfaces [C] Machining [C] Rendering [C1Remote
Legacy Modules — Licensed Modules
Add-Ins [7] Surfacing [7] Sheet Metal []3D Library
[C]Model Manager [] SAP ERP [Tl Part Library
[CIFEA [C] Mold Base [C]All Catalegs
[ cabling

Figure A.13 Select Annotation

Create a drawing and view

Drawing +

Create Drawing ~

|=

Drawing

Mumiarimm

Figure A.14 Create Drawing tool



If necessary, change the default parameters, under Drawing:
Owner- the owner of the view.

Front Dir-the front direction of the view.

Up Dir- the up direction of the front view.

Figure A.16 Select Add Views to add views
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9. Define material of objects, light and background

Create drawing by select Application -> Modules and Select Rendering

Eile Edit

D | G-

View Tools Measure

BB &8

Application  Window Help
‘ Creo Elements/Direct Modeling

[ Modules ... |

Chruwe 3 mann o laod asdAdibiae

Figure A.17 Select Application

Modules E‘
- Msing
Advanced Design —— Base Modules
Data Interfaces [¥] Annotation [7] 3D Documentatiol
Appl. Interfaces [] Machining Rendering [ Remote
Legacy Modules —— Licensed Modules
Add-Ins |1 Surfacing [] Sheet Metal [ 3D Library
[T Model Manager [] SAP ERP [ Part Library
[ Fea [T Mold Base [ All Catalogs
[7] cabling

Figure A.18 Select Rendering

Rendering Browser > Rendering Browser Rendering Browser

Materials |Lights | Scene | Archives

| Materials | Lights |Scene I P.rc:hives|

| Materials I Lights | Scene | frchives

=L Materiale =
2| Geramics = Light Studioz Ciurrant Soene
== L;;arzelam y Ourretnt Wiewpaort Lights Backeraunds
W Bane china Lfght 0 ' Current Viewport Backeround
. m‘zﬂg’zzz Coromis t:::: ; ' Current Wiewport Backeround
'Cb inhite fa\azed Geramic - complex Light 3 !\,ig:r:zit\ﬂewport Backeround (2)
o oro;gs::Z:znG\ass - Default Eye Light
| Designs and Patterns - Environment
L Effects 1 [=)-_| Exterior
| Ir!du.stria\ coatings - H Acourate sky
L Liquids
I Lit Appearance B3 GIE Glear and sun
| Material comporents CIE Intermediate K
[ Metals B3 CIE Overcast e[ Exterior
== Nahl;m ' B2 IESNA Clear and sun B-L Graduated
B Lot B3 [ESNA Intermediate - Image
: Marble B2 [ESNA Overcast - | Image and reflected image
- Plartts | Matural lighting - Mottled
= f;f“;zrcape S i G- Sky -JJ Mo .Elackground
B Landscaps Grass 2 - J8 Sun with Fill [#-[_| Plain
[l Wossy bark - Interior - | Ray Gube
-l oun erass | Object #-__| Environments
|| Rocks and Minerals .
501 Wood [-L_| Projector | Foregrounds
9 Ozk Laminate - complex | Simple sky [ | Scenery
-] Pine Laminate - complex - | Lights - | Scenes

Figure A.19 Rendering Browser Windows
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Example 3D analysis report by ANSYS Workbench platform

Table B.1 Project

First Saved | Monday, October 01, 2012

Last Saved | Monday, October 01, 2012

Product Version 14.0 Release
Save Project Before Solution No
Save Project After Solution No

000 10000 (mm) A ¢
| |

5000

Figure B.1 Project

B.1Units

Table B.2 Units

Unit System | Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Angle Degrees

Rotational Velocity rad/s

Temperature Celsius




B.2 Model (A4)

B.2.1 Geometry

Table B.3 Model (A4) > Geometry

Geometry

Fully Defined

81
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Table B.4 Model (A4) > Geometry (Continue)




Table B.5 Model (A4) > Geometry > Parts

Part 1

Meshed

1697.7 kg'mm?

14544 kg-mm?

15632 kg:mm?

83
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Table B.6 Model (A4) > Geometry > Parts (Continue)

B.2.2 Coordinate Systems

Table B.7 Model (A4) > Coordinat




B.2.3 Mesh

Table B.8 Model (A4) > Mesh

Program Controlled

85
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Table B.9 Model (A4) > Mesh (Continue)

~
e —

Solved

Structural

Static Structural

Mechanical APDL




Table B.11 Model (A4) > Analysis (Continue)

rogram Controlled

87
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Table B.13 Model (A4) > Static Structural (A5) > Analysis Settings (Continue)

Force Convergence | Program Controlled

Moment Convergence | Program Controlled

Displacement Convergence | Program Controlled

Rotation Convergence | Program Controlled

Line Search | Program Controlled

Stabilization Off

| oo |
Stress Yes
Strain Yes
Nodal Forces No
Contact Miscellaneous No
General Miscellaneous No

Calculate Results At| All Time Points

Max Number of Result Sets | Program Controlled

Table B.14 Model (A4) > Static Structural (A5) > Analysis Settings (Continue)

Solver Files C:\Users\000001 A00SDE4\AppData\Local\Temp\WB_MN-
Directory MCADO09 2332 2\unsaved project files\dpO\SYS\MECH\
Future Analysis None

Scratch Solver

Files Directory

Save MAPDL
No
db




Table B.15 Model (A4) > Static Structural (A5) > Analysis Settings (Continue)

89
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1000.

Figure B.2 Model (A4) > Static Structural (A5) > Force

Solution (A6)

Table B.17 Model (A4) > Static Structural (A5) > Solution

Object Name | Solution (46)

State Solved

Max Refinement Loops 1.

Refinement Depth 2.

Status Done




Table B.18 Model (A4) > Static Structural (A5) > Solution (A6) > Solution Information

Solution Information

A
\voLa gy

rcmns|

All Nodes

Single

Lines

> Static ctural Solutio 6)

Vectorbrincipa Str otal D

Solved .F"F

BT

91



92

Table B.20 Model (A4) > Static Structural (A5) > Solution (A6) > Results (Continue)

Vector Principal Total

Stress Deformation

Time

Last

Yes
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000 10000 (mm) A %
|

3000

Figure B.3 Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Stress > Figure

000 10000 (mm) A %
| |

5000

Figure B.4 Model (A4) > Static Structural (A5) > Solution (A6) > Vector Principal Stress >

Figure



0.00 100.00 (mm)
| |
50.00

208

94

Figure B.5 Model (A4) > Static Structural (A5) > Solution (A6) > Total Deformation > Figure

B.3 Material Data

Structural Steel

Table B.21 Structural Steel > Constants

Density

7.85e-006 kg mm~*-3

Coefficient of Thermal Expansion

1.2e-005 C*-1

Specific Heat

4.34e+005 mJ kg™-1 C"-1

Thermal Conductivity

6.05e-002 W mm”-1 C"-1

Resistivity

1.7e-004 ohm mm




Table B.22 Structural Steel > Compressive Ultimate Strength

Compressive Ultimate Strength MPa

0

Table B.23 Structural Steel > Compressive Yield Strength

Compressive Yield Strength MPa

250

Table B.24 Structural Steel > Tensile Yield Strength

Tensile Yield Strength MPa

250

Table B.25 Structural Steel > Tensile Ultimate Strength

Tensile Ultimate Strength MPa

460

Table B.26 Structural Steel > Isotropic Secant Coefficient of Thermal Expansion

Reference Temperature C

22

Table B.27 Structural Steel > Isotropic Relative Permeability

Relative Permeability

10000

95



Table B.28 Structural Steel > Alternating Stress Mean Stress

Alternating Stress MPa| Cycles|Mean Stress MPa
3999 10 0
2827 20 0
1896 50 0
1413 100 0
1069 200 0
441 2000 0
262 10000 0
214 20000 0

138 1.e+005 0
114 2.e+005 0
86.2 1.e+006 0

Table B.29 Structural Steel > Strain-Life Parameters

96

Strength Cyclic Strain
Strength Ductility Ductility| Cyclic Strength
Coefficient Hardening
Exponent| Coefficient| Exponent| Coefficient MPa
MPa Exponent
920 -0.106 0.213 -0.47 1000 0.2
Table B.30 Structural Steel > Isotropic Elasticity
Temperature Young's Modulus Poisson's Bulk Modulus Shear Modulus
C MPa Ratio MPa MPa
2.e+005 0.3 1.6667e+005 76923
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