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As technology advances, flat panel displays (FPD) have

become an integral part of everyday electronics products.
Televisions, computers, cameras, smart phones, and
tablet PCs are all included in their scope of application.
Thin film transistor liquid crystal display (TFT-LCD) is
the mainstream product in the current market; its main
structure comprises component parts such as backlight
modules, polarizers, glass substrates, liquid crystal,
color filter glasses, color filters and so on (as shown in
Figure 1). The “light guide plate (LGP)” is the most crucial
component of the backlight module. The main reason is
that the LCD panel itself does not produce luminance and
so requires a backlight module to act as a light source.
The LGP is one of the most important components for

controlring the brightness and evenness ratio of the
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Figure 1 Component Parts of TFT-LCD
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illumination. With the optical properties of an LGP, point light
or line light is transformed into area light, evenly spreading
the light to each part of the plate, thus achieving the purpose
of providing a light source.

The primary materials used for LGPs is acrylic (PMMA),
polycarbonate resin (PC) or cyclic olefin copolymer (COC),
with acrylic (PMMA) as the most widely used. The production
process of LGPs can be divided into three primary types,
printed LGPs, non-printed LGPs and diffusion. Printed LGP
processing utilizes screen printing to print material that
has a high scattering effect, such as titanium dioxide or
silicon dioxide, on the surface of the LGP. With the optical
properties produced by different optical dot distributions, light

scatters inside the LGP and evenly distributes to each part
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of the plate. Although this process has the advantage of fast
production, the plate must be made before processing, so
the overall processing time is actually longer. Non-printed
LGP processing mainly uses milling, planing, etching or die
molding to design and produce geometric-patterned molds.
These specially designed features are transferred onto an
LGP through injection molding machines, and therefore the
LGPs possess optical properties. Even though this approach
also has the advantage of fast production, molds require pre-

processing and the cost for developing molds is comparatively
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higher. Diffusion processing directly adds different components
of polymers into the materials of the LGP, triggering light
diffusion because different materials have different refractive
indexes. However, the technology is not yet mature and
homogeneity is difficult to achieve; thus the technology is not

yet universal.

Seeking an innovative breakthrough in current LGP processing,
we are trying to apply inkjet technology to the process. Using
digital inkjet printing technology, inks are printed on the surface
of the LGPs and thus form a micro lens; these micro lenses
affect light refraction, achieving the goal of distributing light
evenly on the LGP. Application of inkjet technology to this
process can make up for past shortcomings, such as the large
amount of time and cost required for making plates, or the
time needed for optical design and adjustment of previous
processing. Digital inkjet printing also allows engineers to
proceed with quick adjustments based on the resulting optical
dot distribution; therefore the overall processing time can be
shortened from the original six to seven weeks to around two
days (as shown in Figure 2). This greatly speeds up the time for
products to be ready for mass production.

The thickness of traditional LGP material, mainly produced
by injection or screen-printing processing, is approximately
4mm. The thickness of the material for a 17" or smaller LGP
is approximately 1 to 2 mm. Some high-end products such
as notebooks or tablet PCs even require an LGP of 0.55 mm.
It is foreseeable that the future trend of FPDs is for them to
become lighter and thinner; in this case, the traditional non-
printed (injection) processing will face the bottlenecks related to
material warping, jetting, overflow or flash. As for printed (screen
printing) processing, issues such as difficulty further reducing
the size of spot diameter and homogeneity of optical dot
distribution hinder efforts to enhance the brightness of LGPs.
Inkjet technology has the exact advantages for overcoming
problems with current processes and provides a complete

solution (refer to Table 1).
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technology printed onto the revision )
surface of an LGP
via inkjet technology | Flexible production
to form optical line adjustment
properties.

Table 1 Comparison Table of Pros and Cons of Different Kinds of LGP Processing

LensJet, the micro lens inkjet machine we developed for
LGP processing, is a product of our years of accumulated
experience manufacturing color inkjet printers and inkjet-
related technology. The high standard of precision required
for LGP processing attained by strengthening the machine
structure and enhancing the precision of the machines.
To ensure that the machine retains its high precision
performance, we set stringent error tolerance range for
the machine structure in the assembly stage; planeness,
perpendicularity, straightness and parallelism of each
compartment are constantly adjusted and modified. Our
current LensJet inkjet system utilizes nozzles for ink droplets
of 10pl and provides 300 dpi and 400 dpi inkjet printing via
staggered arrangement of the nozzles. The inkjet printing
resolution can be adjusted by the design of optical dot
distribution and the way the light entering from the light
source. In the future, we will try to adapt nozzles to produce
ink droplets of smaller sizes. In addition, to meet market
requirements of LGP brightness, we hope we can satisfy the
requirements for diverse LGP applications using nozzles of

different sizes.
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The printing range of LensJet is 1,240mm x 710mm and thus it is applicable for products from small-sized

mobile phone panels to LGPs for 55” TV screens. The production line schedule can be more flexible because
of the advantages of digital inkjet printing; orders for LGPs of different sizes no longer require long lead-time
for making plates, testing and tuning, and merely require changing the optical dot distribution to attain the
demanded optical properties for different LGP sizes. In addition to eliminating the time and cost of traditional
plate making, the production efficiency of the machines is enhanced. Currently LensJet has been developed
into a second-generation model. In addition to the original features, a nozzle-independent temperature
control system and collision prevention structure are added. The purpose of the independent temperature
control system is to reduce the time required for nozzle preheating and prevent deforming of the nozzle due to
thermal expansion and contraction due to long-term temperature changes. The collision prevention structure
prevents material from warping during the printing process; also, when there is a printing setting error due to
human negligence during operation, the collision prevention mechanism automatically activates and protects
the nozzle. The design of the working platform, such as the size, location, and type of vacuum absorption
opening, or even the division of the vacuum area, can be customized in accordance with the customer’s work
practices or the size of fixtures. Moreover, the ink supply system, negative pressure system, and electrical
circuit system of the second-generation model are slightly modified and the firmware has been upgraded. In
addition to constantly enhancing the stability and yield rate of the machine, we hope to make inkjet technology

universal in the market and to master this core technology.

The future trend in LGPs is clearly lighter and thinner ones. The introduction of inject technology provides a
better solution for overcoming the bottlenecks of the current production processes. Although this production
technology is currently not yet popular in the market, we hope that through continuous improvement in inkjet
technology, we will draw leading manufacturers of LGPs to use the inkjet process. Eventually, the advantages
of LensJet will become evident and we expect to be able to meet stringent requirements for smaller lens

diameter, higher productivity and yield enhancement that we expect to see in the future market.
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Introduction

A flatbed inkjet printer completes a print through the jetting process via back and forth relative movement of the
carriage over the item being printing. To achieve jetting precision, the platform positioning mechanism and ,table
vacuum system, and steady moving speed of the carriage are all important factor that determine the printing quality.
Since printing heads are designed to jetting at fixed jetting frequency, the moving speed of the carriage must satisfy
the settings for printing heads jetting frequency and printing resolution. Among the printing heads in the current
market, the common design specifications are 6pl, 14pl and 42pl, with corresponding resolutions of 1440 dpi, 720
dpi and 360 dpi. Therefore, if one chooses the14pl print head for normal applications, the printing resolution will be
720dpi. When the jetting frequency of the print head is set to 12.8 KHz jetting frequency, to achieve 720 dpi printing
resolution, the horizontal moving speed of the inkjet vehicle must be close to 451 mm/s.

Generally,print carriage is driven by servo motor controlled system that drives pulley and belt to move the carriage
on linear guide rails to perform lateral movements. The accuracy of motor-driven belt transmission under platform-
type positioning usually cannot meet the requirements for precision printing. Thus, the use of an external linear
scale to attain precise positioning is a common design approach. In order to achieve the levels of printing precision
required for a high-precision inkjet printer, the linear scale encoder can be used to obtain feedback signal of the

carriage relative positions, threrefore system generates signals for the nozzle to jet out ink.
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Control algorithm

The Anderson printing vehicle is driven by a belt. The belt has the advantage of smooth transmission and low
noise, but the slipperiness, contraction and expansion problems which lead to precision control difficulty are
its weak points. Anderson adds a 1um spec optical linear scale on the gantry. Through an algorithm, as shown
below, it converts signals into 720 dpi-resolution trigger signals. It generates these through a counter. Each
time the linear scale encoder feeds back a trigger signal, the counter increments its preset accumulative value
until overflow occurs and an inkjet signal is generated..

1. Reference value is set to 10,000,000.

2. Accumulative value is set to 283,465.

OMR=1  DIR=D
Positive Direction ~ Negative Direction

NS
| L [
cumulativi ™ 1 ~1 Carr; }—-l =)
lFuI‘BL-| . *"1. | Y -

Through this algorithm, for a jet printing distance

of 1,000 mm, the generated printing deviation is

calculated as follows:

s

:"',.lvl

x i
UL (] T
L]

Standard Pitch (ideal point spacing for 720 dpi)
(25.4+720) x 1000 = 35.277777778um

Trigger Pitch (point spacing after algorithm calculation)

10,000,000 + 283,465 = 35.27772um

1,000 mm Jetting counter (required points in 1 meter )

int (1,000,000 + 35.277777778) = 28,346
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Jet printing distance
(28,346x35.27772um) +1,000 = 999.98mm

Jet printing deviation
999.98-1,000=-0.02 mm

Jet printing deviation

Deviation (mm)
L &
3

From the above, through using a 1um spec optical linear scale and

&
b

-200 -400 -600 -800 -1000

this method of control, we can achieve the target for jet printing

precision of absolute deviation less than 0.1mm. Even if the

installation of a linear scale causes error, it can be corrected by

adjusting the accumulative value.
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Testing and Discussion

This experiment printed a 1 x 5 box diagram. The spacing of each box was nominally 200 mm, using CCD
alignment and laser interferometer to measure the box intervals. The measurement results showed that
the difference between box spacing and the expected value of 200 mm was approximately 0.445 mm. The
accumulated deviation of 1,000 mm printing was 2.225 mm. We compensated for the accumulative 2.225 mm
deviation of 1,000 mm printing by adjusting for the accumulative values and correcting the point spacing. The
200 mm printing errors via laser interferometer measurements are shown in the figures.

G
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Conclusion

This project used an accumulative method to convert a 1um-unit linear scale into 720 dpi resolution
trigger signals; and improved the errors in installation via adjustment of nominal accumulative values. The
experimental results showed that prior to compensation, the deviation was about 0.445 mm per 200 mm.
The deviation could be reduced to less than 0.1 mm per 200 mm after compensation. Incorporating anti-
erosion ink, this precision inkjet model printed on steel sheets for the etching process.Through the use of high
precision CNC engraving machines manufactured by AEC (Anderson Europe GmbH), the graphics remaining

after etching would be processed into dies with high quality cutlery blades.
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==l Preface

With progress in the industry, manufacturers have
also gradually enhanced their accuracy requirements
and the application of CNC machines is increasingly
extensive. The accuracy of parts produced mainly
depends on the accuracy of the machine itself.
Therefore, once the precision of the machine
improves, the accuracy of the products made can also
be increased. Basically there are two practices for
enhancing the accuracy of a machine; they are error
prevention and error compensation. Error prevention
involves enhancing the accuracy of the machine parts
and assembly precision in order to reduce the amount
of error of a machine. Error compensation can be
divided into compensation after offline measurement
and online measurement compensation (such as
thermal error and cutting force) instantaneously.
This paper will roughly introduce the types of errors
associated with machines and summarize the
error compensation functions provided by current

commercial controllers.

mmi Discussion of Machine Error

The errors of a CNC machine can be divided into
several types: quasi-static errors, dynamic errors
and workpiece and tool errors. Quasi-static error
includes geometric error, motion error, thermal error

and error caused by gravity. Dynamic error includes



d Product Release

[l A4 Ay

AOY EYZ

b |
FA Phdi S B P i

—EREMEYTTIHER2= (Component Error)BIFRES
BN ERZE(EXX) 2IBERRE(EYX,EZX)RIIEA
E382 (EBX Pitch,ECX Yaw,EAX Roll):PRAXYZ=i
BOR TRB18IE TR - B0 EAIER2 (Location
Error) - BI=8ARIVIFEAERZE (A0Y,B0Z,COY)H
BAUERE -SEAMENIBERT —eEHETE0SH
IBIE22(X0C,YOC,A0C,BOC,COC)RZbIETTiF8=
(EXC,EYC,EZC,EAC,EBC,ECC)’ FIAEA F—E3h i
CNCHEEHB43IFLTIRE o FITSSR iR RISEVE AHkE
BRUARKRERRIUS A BIREDONT  REZHAE
g 2HESE - MiZHIZEMERIRNTEEENIH
BEEE AN MESEEISENTIRE.

BRAERER TEHESHERRE BikS
BENSRHNRE TREGKERRESE - HIRE
RIRREERRD  EIRHIERRETAZRET - B8
BB (SRR E (R = (Position error of linear motion)
SRNEV[BEFTHE  BE#RRZ (Straightness error

z
A
¥
-
ADY rd
p ,-'
" -
i i
" .=
i
"“'5,« ~ , OOV
rd |
- ¥ .
L ! -

L

A

Fig. 3 HEISEHAISRE

Location Error of Rotation Axis
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the structure vibration of the machine, spindle tilt and
controller error. Workpiece and tool error includes
errors of fixture, clamping deformation of the workpiece
and tool-wear error. Error compensation can only be
accomplished in a low-cost way in the case of stable and
predictable errors. Effective error compensation cannot
be done against stochastic and unpredictable errors. Of
the many possible errors, geometric error is stable and
predicable and accounts for a significant percentage of
the total error amount. As it can be addressed by offline
measurement of the error amount in advance, it is the
error compensation each controller vendor handles
preferentially.

According to the 1ISO230 planning, geometric errors
can be divided into two types according to their
characteristics. One is location errors and one is

component errors, with the definitions below.

Location Error Component Error
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Component Error of RotationAxis)
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of linear motion)EE/EI T  BENRER  BERE
(Angle error of linear motion) BBk  BEIT5
& BENREES - BRIICIIAVRE=SAIRIBR-test
EFTHEINAEREASE - SHIREITEES BRiER
Laser Tracerif{TZEERREMIERHIN EEBER

Location error is an error which will not be changed by
component movement, meaning it is confirmed when
the assembly of each part is done. Component error will
be changed by different component location, meaning
it is the expression of the full travel error status of the

motion component. The component error on a linear

axis can be presented by one positioning error (EXX),

two straightness errors of linear motion (EYX, EZX)

=

Fig.5 RENISHAW XL80

RENISHAW XL80 Fig.6 FARO Laser Tracer XYZ; if the location error is added, it means there are

Laser Interferometer

and three angle errors of linear motion (EBX Pitch,
ECX Yaw, EAX Roll). Therefore, there are a total of

18 component errors under condition of three axes of
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a total of 21 errors for three angle errors (AQY, B0Z,
COY) among three axes. Furthermore, in the case of
a five-axis machine, a rotation axis can include five
location errors (X0C, YOC, AOC, BOC, C0OC) and six
component errors (EXC, EYC, EZC, EAC, EBC, ECC).
Therefore, there are basically a total of 43 geometric
errors for a five-axis CNC machine. The grand challenge
for the manufacturer is how to measure,bresk down
and analyze the error source and then interpolate the
corresponding compensating parameter. For controller
vendors, the grand challenge is how to develop an
effective method for compensating operations in order
to figure out the compensation amount immediately and
correct the processing path.

With regard to different error terms, it is necessary to
use proper measuring instruments suited to appropriate
measure planning in order to measure out the error of
that single term. Since types of measuring instruments
vary, we will not investigate this topic too deeply.
However, the most widely used measuring instrument
for identifying position error of linear motion is a laser
interferometer. For straightness errors of linear motion,
there are laser interferometers and auto-collimators, and
for angle errors of linear motion, electronic level meters,
laser interferometers and auto-collimators can be
used. As to the error measurement of the rotation axis,
there are R-tests, laser interferometers, angle modules
and so on. Due to the improvement of technology, it is
becoming increasingly common to use laser tracers in

the measurement of volumetric error.

New Technology a
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Diagram of Error Compensation of ANUC Gantry Tool
Revolving Rotation Center)
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Fig 8 SIEMENS{Ecycle996IMRER S SRR EI TIRIIMIBESE
Rotation Mechanism Setting by SIEMENS Using cycle996 Function
with Measuring Instrument

d Product Release

Saem ol Saival @5l smerd
i

Fig.9 SIEMENS{&EAcycle996IHEESE EEE
Setting screen of SIEMENS using cycle996 function

==l Introduction of Compensation
Function of Controller

One concept mentioned repeatedly by controller
vendors is that a controller can only enable a good
machine to become better, but it cannot make a bad
machine good. Essentially, if a machine itself has
good repetitiveness, error compensation is workable;
however, if it is unstable, compensation can not be
executed. Another important viewpoint is first make
the good precision well by the direct correction
method of the mechanism, and the remaining minor
errors can be compensated for by the controller. As
there are numerous controller vendors on the market,
here we are only introducing the geometric error
compensation functions provided by FANUC and
SIEMENS controllers commonly used by Anderson.
°In a three-axis machine, the basic types of
compensation provided by FANUC and SIEMENS
controllers are backlash compensation and pitch error
compensation. In addition, compensation for errors of
straightness is a method that should be attempted to
enhance precision.

°In a five-axis machine, the setting of the rotation
mechanism chain and the amount of error
compensation are primary. One of the important
functions of a five-axis machine is its tool center pnint
control function (TCP), and its basic structure involves
the controller providing an appropriate rotation

mechanism chain for the machine. At the same time,
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! Fig.10 FANUC 3T =HIET=
. l i Diagram of Error Compensation of ANUC Gantry Tool Revolving Rotation Center

the offset value of the rotation center is brought in to facilitate the

compensation of the machine. Figure 7 is a diagram of FANUC.

Recently some controllers have integrated measurement functions, such as the SIEMENS cycle996 or the
HEIDENHAIN cycle451. These have been developed to help the customer quickly complete the setting of the
rotation mechanism chain. The setting parameters can be figured out and entered automatically through the
planning program of the controller with measuring instruments.

For big machines, volumetric error compensation can be used to overcome the huge errors that accumulate with
big machines.

The principle is to use a measuring instrument to measure the error value of each point of the planned spatial
grid in travel volume. After that, you must enter these values into the compensation parameter table of the
controller, and the controller will carry out the interpolation operation to determine compensation values according
to the promenade position and referring to the spatial grid. FANUC’s name for this is Three Dimensional Error

Compensation and SIEMENS calls it VCS (Volumetric Compensation System)

==l Conclusion
As the technology evolves, the controller can immediately handle the amount of data constantly upgrading

providing compensation function also constantly rising. The way to supply a machine with high precision and long-
term stability requires deeply understanding each error term and carrying out practical and reliable measurements,
optimizing the machine based on error compensation and thinking about the practicability of error prevention
(optimization of machine design, improvement of part and assembly flow precision, and so on).The goal of providing
customers with high precision machines that possess long-term stability is a serious task that an equipment

suppliers must face. Meanwhile it should also be Anderson Group’s goal and mission.
S2EER
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The advantages of carbon fiber composites include
high strength, light weight, fatigue resistance, high tem-
perature resistance, corrosion resistance, and more.
These features explain their wide use in industries such
as defense, automotive, pharmaceutical, aerospace,
transportation, electronics, and sports equipment. In the
aviation industry, composite materials are widely used in
the wings, fuselages, tails, pushing devices and landing
devices. Currently, a wide range of composite materials
exists and the most widely used is carbon fiber materials.
Yet carbon fiber materials are difficult to handle. Since
it is difficult to process carbon materials for high quality
products and manufacture them with ordinary tools, spe-

cial clamping methods and tools are needed to manage
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this kind of material.
When performing drilling work on composite materials, there are three
factors that will affect the quality of drilling.

1. Process of work: The methods used for workpiece clamping, cutting
feed rates, machining spindle speeds, and so on.

2. Workpiece materials: Whether the substrate of the composite mate-
rials is carbon fiber or glass fiber, etc.

3. Processing tools: Tool materials, geometry of tool shape, coated or
uncoated tools, tool abrasion, etc.

The drilling of composite materials is a complex process and is influ-

enced by various factors.
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TRBEMIESEBHEIOMSER | RIREERBSMAY R M0 T MR
PCBSESLEZ1MT - DR RFBESLLMIEHRM - BRI E i EAR E SRR =10 &
SLEME@E -

Nevertheless, carbon fiber used in aircrafts often needs to be drilled to produce

many small silencer holes. Usually, there will be thousands or even tens of thou-

sands of holes in one piece of material. These holes must be created by drilling.

Since most carbon fibers used for aircraft are bent, it is not easy to drill vertical
holes on bent surfaces with good quality (no flash) and at fast speeds.
The Anderson Group stands out among its competitors in the industry because

we possess five-axis machining technology and PCB drilling technology, and

produce precision machinery . The Anderson Group can rapidly complete drill-

ing work on bent carbon fiber sheets (Figure 1) by simply integrating these two  Fig.2 WoodCAM-R&XDEEE—TFEITL/
WoodCAM-Compound tool Processing on
technologies. Arbitrary Plane
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For Anderson’s five-axis machining, machine coordinates are defined by three linear coordinates (X, Y, Z) which
constitute a right-handed vertical coordinate system and two rotating coordinates moving around axis Y and Z

which are defined as axis B and C. The actual simultaneous movement of five axes functions in a way that axes X, Y,

New Technology a
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and Z coordinate with axes B and C, so that the spindle tip can quickly move along the bent surface and keep
perpendicular to the surface of the workpiece.

A small axis Z is fixed on axis B. A high-speed spindle is installed on the guiding saddle of axis Z. A pressure
foot device (Figure 2) is mounted below the head group of the spindle and a pressure pad wear ring is mount-
ed under the pressure foot. By using the motions of five-axes (X, Y, Z, B, C), the spindle is moved to the posi-
tion where it is perpendicular to the workpiece. The pressure foot set is lowered by pressure and is pressed
on the bent surface of the workpiece.

When the wear ring on the pressure foot is pressed against the workpiece, the small axis Z will be rapidly low-
ered by the servo motor to swiftly complete the drilling operation. Since the wear ring is pressed against the
material, the materials and the surface of the tools are closely packed together. As a result, there will be no
burrs. When fast successive drilling is required, the pressure pad just moves along the surface of the work-
piece and the small axis Z will be rapidly lowered to drill holes. At the same time, the pressure foot and the

dust collection system can work together to remove chips effectively and cool the drill bits as well.

IFRESHHNESRERE  SETRNIBESTAARBESEEAMRNEBE QT eRSMII I
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The rapid development of composite materials in recent years has led to a trend of replacing aluminum alloys
with composite materials in manufacturing aircraft. Various new processing technologies are needed as a
result. Anderson Group combines five-axis machining technology with high-speed drilling to help customers
solve this technology bottleneck, demonstrating that Anderson has the ability and strength for developing and
applying machines in

industry.

d Product Release
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STBFEE Sha-Hua Jiang from AIC
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WoodCAM is a set of software with dialog boxes. To
meet the demand of this constantly changing market, we
continue to append new functions. During digital control
processing, WoodCAM uses a direct dialogic design,
especially for the connection between the computer and
the digitally controlled machine. This makes it possible
to complete the design, process planning, programming
and the entire processing at once on a computer.

In response to market demand, we have appended a new
function which enables the compound tool to process
material on an arbitrary plane. In order to deal with situa-
tions where the processing method requires a fixture on
a traditional drilling machine, a simple setting of Wood-

CAM satisfies the customer’s needs.

.Introduction

Only three steps are needed for an arbitrary plane using
WoodCAM, as shown below:

1. Tool magazine setting

2. Create arbitrary plane

3. Parametric processing numeric value setting

tool

New Technology at
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First step (tool magazine setting)

From the main menu of WoodCAM, enter the setting screen
for planner a shaving knife tool
magazine, as shown in Figure
1:

Tool Type

Click the tool type you wish to
modify and there will be an-
other screen with options, with
seven tool types, including the
end milling cutter, ball type
milling cutter, engraving cutter,
blind hole drill, piercing drill,
reaming drill and saw blade. Of
these, the end milling cutter,
ball type milling cutter and saw
blade are used most often, as
shown in Figure 2.

Spindle Speed

The default spindle speed is 15,000 rpm. If a compound
planer tool holder is used, the spindle speed should be ad-
justed properly according to the ratio of the spindle speed
of the compound holder and the condition upon cutting.
The recommended value is 6,000 to 8,000rpm. If a com-
pound saw blade holder is used, the recommended setting
for the spindle speed is 3,000 to 6,000 rpm.

Spindle CW/CCW

CW and CCW are optional. When using a compound
holder, in general it should be CCW. The direction of rota-
tion is determined against the forward and reverse screw of
the holder and tool.

Tool Holder Type

Click the tool holder type that requires modifying, and
another screen with options will appear, withfive tool holder
types, including the commonly used holder, fixed level com-
pound planer tool holder, fixed level compound saw blade
holder, adjustable compound planer tool holder and adjust-
able compound saw blade holder, as shown in the figure 3

below.
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Plane

The pointing direction of the tool when A axle is 0 de-
gree. If the tool points at the upper plane of the panel, the

plane is O;

if it points to the left, right, front, rear and lower plane, it
is 1, 2, 3, 4, and 5, respectively.

Tool Length

Tool length is the length from the holder to the tool end
face when the tool is installed in the holder. If the tool is a
saw blade, please ignore the tool length.

Feed Rate

Feed rate upon processing.

Down Feed

Feed rate upon down cutting.

Safe Level

The safe level indicates the height distance from the
nose of the tool to the surface of the panel upon rapid
displacement. If the holder is a level compound planer

tool holder (level compound saw blade holder), the rec-

Q TER CENTER

sate vl safe laval
[ e

Fig.4

ommended value of the safe level distance from the
planer tool center (bottom of saw blade) to the surface
of the panel is 60 mm (30 mm when the diameter of
the saw blade is 180 mm). If the holder is an adjustable
compound planning knife (an adjustable compound saw
blade holder), and the angle is adjusted, the safe level
is the distance from the center of the planer tool (bottom
center of saw blade) to the surface of the panel.

Above is the tool parameters. If the tool base is not
changed often, in principle, it is only required to enter it
once.The software will record the previous setting pa-

rameters upon the second operation.

Second step (arbitrary plane setting)

When an arbitrary plane is generated by the WoodCAM,

the required plane should be created based on a line and

New Technology
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Line'a
Drrection
angle. The direction of the angle’s turn may follow the right-
. Fig5 hand rule (the thumb providing the line’s direction and the
fngle

four fingers are the direction of the angle turn, meaning the

direction of processing required) as a standard to turn the

created plane, so an arbitrary plane can be obtained. There

_ is a cubic icon at the bottom right corner of the main menu
\ of WoodCAM, appearing as m

Fi;gg-‘__:':“-—- : / The screen for arbitrary plane creation can be entered by

clicking on this button, as shown in the figure below.
Xs, Ys: the starting point of the line is the first point.

_."_ﬂ_’*_ ioas otk Xe, Ye: the end point of the line is the second point.

) o ) - Angle: the rotation angle of the plane (0°<Angle<=90°),
RETTAM I EE A0 LB MR ETFE

in which 0° is the horizontal plane and 90° is the vertical

%"E-}_ﬂj (%}%iﬁJJDI%HEEQE) plane, as shown in the figure below.

SR NTEE W FEFTe The inclined plane shown above can be generated when
EESTIERIERENFE LE T2 TET the setting is completed.

HETI0Te Third step (parametric processing numeric

value setting)
The Parametric processing screen is shown below.
When the tool is selected, ilt is able to process on the de-

sired processing pixel of the setting plane.

I 7l

e e Wt el i

WoodCAMIRS IV IE ZIERFERE ' AUB ZIREEY
AERTFELEF  NMEILRERSEDMAIKE
FBEESRNEEFETENT L SIBISR - 2I0H The WoodCAM compound tool can be easily and quickly

I2ERE ) o TER 2K Wood CAMERBE N E FEE IS0V EEIM operated on arbitrary plane. This enables the user to use
1BI0FRIORE - BB EREMLINEMRIZ LAVERSE N - compound tool to process an arbitrary plane on a four-

axis machine, which can not only reduce lead time but also
enhance market competitiveness. In the future, new func-
tions may be added to WoodCAM software in response to
the changing needs of the market. This enables the user to

constantly enhance their market competitiveness.
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RSHICNCHEMTIS  SRUDEEUXTIESHNE  KiEE
BIFB RIS BBRRTAERENEREHRIFRUEER
BUERA0 - MEBAZEERE/ SRET BEREMERICEE  SBINHRIE
NTENEER - Bt AT ENERETBIA LI KE8IX
FwS  IRECRMOVERIFRE RUNS2NEREEEREN
RFRIAAEEILRE - R AN EOBIER (BN AR ERS
PHRIRER

Intrrcducticn

In today’s CNC machinery market, many machines still use
text instruction interfaces to guide the operator on how to use
the machine. However, users from different cultures may not
have the same cognitive response to the texts. Graphics can
reduce the difference in perceptions between the designer
and user, enhancing the user’s ability to use intuition when
using the operating interface. Therefore, designing human-
machine interfaces with graphics is an excellent alternative
to large amounts of text; it can help simplify complicated
operation processes to allow novices to operate the machine
independently within a very short time. For many products,
the quality of the human-machine interface has emerged as a

key competitive advantage.

R

RIEEFMEN AN ERERAERNEE  WBERSERE
HlISZSEENERIR - BRI HIBINEENEH-RRESUH D ENFEIRE LU

RCBi A RIS iy
Machine Inferface, oyliéBzDrilliqg,
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Maching,

IMVETR - WIRIERIENESHMI R ERRIROVIBIR - BT RIT
HlISS LU ERIER I BVEMDREMAE - AT RRRIZE
TNEREEAVENMD - W B R CHERIEhISSPTRE BRI THY
E& - IhEMD tHRRFRER AR B RIS SHRE0E 28
EENEHIR AR EESAEE L IROE T TR BT
il BSSNE BN H-RPT RIS RN -
RIRITEHIFDEOBERELINGETE  IEHORR
B2 ERRZEMHAKMETS X HISIEEN T
iR SRR - RIS SE SN H R I B 20
T AFE2HRRIMUBIRRETE - sEEIERIBVNEEE N2
Ft o FEIZTBVE 8O B - SRADNCEEIEH] - B A E S
ITRENRAZZERISS R0 T

System Structrure

One strategy for expanding the scope of applications
of a human-machine interface for drilling machines is
to adapt it to a variety of controllers or motion control
cards. This can reduce the amount of computing in
addition to the dynamic process planning that the
controller must perform, for example, pre-processing
or conversion of coordinate quadrants. To reduce pre-
processing waste of controller efficiency, the human-
machine interface should first process the program
interpretation and then translate it directly into marco
which the controller can execute directly. This approach
produces a human-machine interface suitable for
a wide range of controllers or motion control cards;

the interface only needs to translate the interpreted

e
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program into the format required for the corresponding controller
or motion control card.

All quadrant conversion and coordinate offsets should be
computed by the interface, which then sends the mechanical
coordinates to the controller or motion control card. With these
mechanical coordinates, the controller or motion control card
can process directly without further conversion and computing,
greatly enhancing the efficiency of its control performance.
Program transmission is directly controlled by DNC, and the
human-machine interface directly writes the processing program

onto the controller for processing.
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ﬁ 3 '“ for other controller or ?notlon control card; also it is easier to add new features. When the machinery manufacturers

&Msmpllfy complicated processes so that users can learn to operate the machine with ease.
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Featrures

There are numerous steps in any processing program, from loading to process start. It’s important to employ
simple yet clear concepts that allow users to meet their own demands in a very short period of time; graphic
simulation is undoubtedly the best approach. When designing any setting, the outcome is clearly known in
advance, so many important graphic interfaces are designed in accordance with this concept.

The following are all important graphic interfaces for HMI: editor (Figure 1), quadrant conversion (Figure 2), OPID
setting (Figure 3), safety zone (Figure 4), tool list (Figure 5), and servo positioning (Figure 6). The first four are
immediately ready for graphic simulation. Servo positioning allows users to quickly locate the position of the

processing program on the table and provides fast boundary positioning.

oM

ERRAENBE 2IREEREE MBS - HIHIDENEIIRENS S M SSSHEECEEL
Feiiils - ERNE=EEAEEIENBHEEBI R BT - BiUEHIZSSHERNEH R RMEEESRE - H—LER
IMVRIERETE  EAILIRIEREF D 18 - WIS OEEN—LHERER  HUlESZNARERKEEBEAE - A
HHNEREREBEF RECRHMORIE REBEIUESHEENERF-

ocnclusicn
It is easy to expand the application scope of control human-machine interfaces and to shorten development time

- can master the technology easily, they have a better chance of succeeding against their competitors through

. product differentiation and sophistication. Since the controller or motion control card can only process simple

-the fact that this approach reduces additional processing and computing, allows it to make full

:es It also makes it easier for the controller or motion control card to debug and |dent|fy problems
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FUI Line & campro Nesting

ZWaIE Claudine Lee from AIC
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Preface

As quality of life improves, people pay more attention to appliances and decorations in their home environment. They

consider not only functionality, appearance, and price during decorating, but the taste and values of the owner must
be taken into account with regards to the entire home. Therefore, a kitchen is no longer just a space for cooking; it
has to be coherent with the tone of the entire house to add a finishing touch. Whether it is a big or small family, or
a single person household does not matter; wherever someone lives, there is always a kitchen. In other words, the
kitchen is a space that will never be eliminated.

Whether customers prefer custom-made personalized products or neat cabinet systems with a sense of design,
the huge demand constantly stimulates competition and innovation in the cabinet industry, with fierce competition
because of the rising expectations as to quality among customers. Kitchen cabinets, door panels, and furniture
systems manufacturers these days are all trying to raise the yield within the same number of working hours and

trying to reach the goal of the best material utilization rate; full-line operations have become an inevitable trend.
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HPIBVEE 2R I —(ESERVERIR - EEFTAHHRERFIELMRET  BENCER MFEARIEEEERRINE
BB AR AENAERIIRERELE  RIZTFASTLUEBRBFTE BELIFEERENLHETINI TR
Full LineBVTEASERHE - REBLIA B~ CREFBA IS M BB RO ESRERIZ

A RMEEIRGIERIR  BE—EWIN TEH Q) RTSCIZE I, - HlLabeling Control BERGIEIZER

B. GENESIS/2713 with Mul ti-Boring 10x* ¥&BCPC Front #2282 (b) » I B MCampro DNCRIREIEFTENCIZTURAGIE

LABTZTV

C. ¥RE BE
—8WIN 7 E¥CR
TSCIEREM T2TER
Labeling Manager4i84
BE A ETFEN

=R

The Full Line
Concept

Our concept is to build
a server end to control
all programs produced
along with layout,
including NC programs,

labeling programs and

all required databases. After the staff in the office exports layout data, on-site staff can access it via the Internet,

obtain the working list and programs, and begin machining. Below is the Full Line hardware equipment, with a

rough description of the processing of the entire set of equipment.

A. An automatic board labeling system, equipped with a WIN 7 host (a) and a TSC labeling machine, to control the

automatic labeling procedure.
B. This example shows GENESIS/2713 with Multi-Boring 10 x 7, equipped with a PC Front controller (b) and it is

managed by a Campro DNC system for all NC programs and labeling LAB programs.

C. A material feeding platform, equipped with a WIN 7 host and TSC labeling machine. The main task is to

supplement labeling with the Labeling Manager or to label manually.

BIMRHET = RNE09ES - BaVE=EMASRIIHIVEIRER

1. A+B+C : ECampro DNCEIATFBERIR - HBBARICINEERGIRENMF - ERERTTM - RARAZHERIB - (a) WEEAD
(b) HFEGIN0TIZRN - EBIII5ERN © FGHEZRICKH » (b) B5&EA0 (o) IRAECITETHRGIRIER » (o) SENFRRIE
IRMRBHGERSBRIRMBMENIRE

2. A+B : ECampro DNCEIATIFRER - HSARISHBENGITENF - ERGIRTTE @ ISR HERIB - (a) WRBAD

(b) EHFEEIDDTAES -

SN0 - AGHEEICKBTT

3. B+C : ECampro DNCEIATIFBER - #428BRWGIITIEL - BN 5 » FGHEZICE - (b) &0 (c) EITHY

ROIRIETN © (o) EBFRRBIRT R BRIERSMFERE -
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Below we offer three different combinations
for reaching the full-line goal of labeling
cutting.

1. A+B+C: After Campro DNC loads the
working list, machine A starts auto labeling.
After labeling is complete, A pushes boards
to B, (a) and informs its (b) corresponding
machining program. When B completes
machining, finished products are pushed to
C and (b) will inform (c) the currently working
labeling program, and then (c) will open
the layout diagram automatically to check
whether there are damaged labels which
need to be reprinted.

2. A+B: After Campro DNC loads the
working list, machine A starts auto labeling.
After labeling is complete, A pushes boards
to B, (a) and informs its (b) corresponding
machining program. When machining is
complete, finished products are pushed to C
and it ends.

3. B+C: After Campro DNC loads the
working list, machine B starts the machining
program. When machining is complete,
finished products are pushed to C, and (b)
will inform (c) the currently required labeling

program, and then (c) will open layout

manually.

-

From different cabinet system

diagram automatically for users to label
AutoWork/CarCase/Pro100/Others

‘ Generate Part’s files and CVS file ‘

l

‘ Campro Hybrid Nest ‘

CNC Program
*.cne

Manual Labeling

Fig.1 Campro Hybrid Nest & HEAREVEES/
Campro Hybrid Nest Integrated Layout
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Campro Hybrid NestZESHERR

ERNWEIERR R EBRBOBERMGI RRNESHE
—EEEEZRNAE - FBIREE  F)5S  ERIFRSUER - FEIYLURDET
SRS R I BENBREPEENNUNENARIER - BAR
I etERER B I 8 TR AN B R TPIRVIDEE - HIREEREMS
HERTERRENTZRIRERSRAI0 TIZI - b5 - MCampro
Hybrid NestFiiRtH T ERIIBERDZE

IR PIHREHEPIR AR RIBEEREN N Z=:

Model Agt¥1EESsRETIBAILEG

BRI ERETIRIFISHVTIEBEE (CSV) » 3140 : AutoWork/Pro100->3E
ACampro Hybrid Nest BFRR->EFHRNC(CNCHE)RASIRIZTN (LabkE) o &
ERIREHAGRENHEENGE W IIEEELINCEENIE]  EMG
HRDREES  E£EYMEE T IR EGERTIE - (0Lt @E I LIE
BB T EVEIREIR

Model Bt EEBH IR T HIEEESNEHEPIIR

£ EFN RSB IIAMacrof2NE(CamproREHBE ST - Fl
FACamprof/ TEHEBERImacro ERBERBZ/ARIT \EE -HEF
ZE->CamproZ BENEIT—BEICSVERIE->EACampro Hybrid Nest HE
hR->EHRANC (CNCHE) R ALIZEIZ I (Labi) o (EAEFIRECMBIER
KRARE LCamproEE EMIMERE @ {EBIFES ENREI L RIFRTRE
RIS DIFEHTIREER

THUELURIZB 5 Campro Hybrid NestF0BHEBEXETENEEHVE
HIEBEREL T KRB Fime

Campro Hybrid Nest Integrated Layout

A full line management system not only requires good hardware;
software integration also plays an important role. Through the
communication between software and firmware and hardware,
manufacturers can avoid many unnecessary human errors during
the processes of design, splitting, machining, and shipping. Because
there are already numerous front-end design software products,
here we skip the description of their functions. For manufacturers,
the key is to consider how to convert front-end data to machining
programs and produce finished products. Campro Hybrid Nest
provides exactly such a solution.

Below is our solution for kitchen cabinets, door panels, and system

furniture manufacturers
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Model A. for Personalized Products with Integrated Design

Manufacturers obtain the working list (CSV) split at the design end. For example: AutoWork/Pro100->enter Campro
Hybrid Nest layout ->convert to NC (CNC file) and labeling program (Lab file). The production end only needs to
load programs for auto labeling and use the corresponding NC programs for cutting. When the finished products
are pushed to the output platform, manufacturers can continue labeling and cutting the next board, to achieve full
line management of continuous machining production.
Model B. for Standard-Sized Cabinet Body or Door Panels
Manufacturers use a pre-built Macro database (Campro built-in or self-built) and choose a suitable macro via the
Campro interface. Users only have to enter the parameters, such as size, thickness, and quantity. ->Campro will
build a CSV database automatically. ->enter Campro Hybrid Nest layout->convert to NC (CNC file) and labeling
program (Lab file). Users apply their existing label templates to the diagram generated by Campro. After label
printing, they should refer to the positions of the layout diagram and label manually.
The communication between the Campro Hybrid Nest and cabinet design software is described in the diagrams
below:(figure 1.)
B SRR

S CamproEENERIERRIIMIF LR PTEMBVERIEE - IR ZCSVIESE - —([BTREHBCSVIESR  EAE
BRUENRE -BE -BE -#E R I2&EN  DIRBHENNTEANEEE BB ELAR SRESEaELE
& BERREEFMENNIEMPRIITIZED - EEERERHEPIR - RITILUKIREBPTERIInacroEE fi‘iﬂ’%ﬁﬁﬁﬁ]\
NS SRELERE I BIEREEPMEREINGIIRMBRIITIZD < R - Fe3RITHBCamproBFhRERESHIFEATT

The Campro Hybrid Nest Integrated Layout

In a word, Campro only needs the data list generated after front-end material is split, which is a CSV flle A
complete cabinet CSV file contains at a minimum the length, width, thickness, quantity, color, and edge searrng
data of boards, and corresponding machining programs or graphic files. Using all the information,.our s__Qf.tware will,
generate graphic files automatically and use cutters seiected by thé manufacturer for layout machining programs. If

Campro is applied to cabinet door panels, it complles with the macros defined by the manufacturer and generates

graphlc files according to the variables they enter. Then it mﬂ"_-ﬂ"‘__—" -

uses the cutters defined and‘selected by the manufacturer M= _ = i [l TR e T BT
v s IE B | L

forthe layout machining program. E‘ = i 5

Below we introduce the application interface of Campro | e

layout software, s e =y L | R

==mmll — - Campro Hybrid Nest /TE (E )

ERESHIE: BRHENENI TURMacroBE | ——
XML~ SDXF T et e i s S -—

AT SHANE $H¥MacroTBARE B | "L ve s m
ERRRTHER
Fig.2

GRIKIEEHS : CSVEEMIREME

7 HARETHIE - FRITVGESS - IERIFTE )R ERLE  SB3LRE NCIENEHHISRIR IR ES ENFTRERLER
==mmmm |. Campro Hybrid Nest Interface(Fig.2)
The blue box on the left side is the corresponding folder for graphic files. It can be macro, XML, or DXF.
The yellow part on the lower left is for parameter entry; variables for macros can be entered to generate graphs of

different sizes.
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The red part on the right side shows the CSV list.
The green drop-down menu on the upper left controls all cutter default correspondence, drill hole depth, output

quadrants of the NC program, and the options for label printing information.

il - EFCSVIRL
CSVEL 2 —RXEXCELEVERIE - FTERNICPREILIERS”,” bR Campro Hybrid NestalsZiE23f@8REBRZ 8T
(MRO/XML/DXF) °
A.MROZymacro BEEFZTY, + IT0UARHEELSBImacr of2 TN W IKIE BB A\BIS BB NEDL © #Z58BCampr ofVEREE - B
ENELECAVEEL BHFR ©
B. \MLARERI - EREUERERIIRRSTENEE (BRIs<iEAutoWork) 3251 #RE » S Campr o2 EZEEIXML
BT #EBCamprofViFsE - BENELECAEEI B IR
C.DXFR—AxBANEERI - —RMERBXABE - SEFANIELR @ BILWAZHEE ERNERIKEE
it » #E5ECamproBIAREE - BENELECAWBHEILHEIR
D. CamproASEMHELCSVIIRATIRE - BMISIFATEILE (IR FZB R ERBERRIIRFEIEE  (DARTLIER
BAINTEEEEARRICSVELR BRESRERIRIRERERD - BFITLSERNRIES  EREREE
TEARPIBIRAIIECampro - W B FTE—(@TLAERNTT -
==mmmm |l. Defining CSV Field
CSV is the database of general EXCEL; “,” is used to separate fields. In Campro Hybrid Nest, we support 3
different graphic formats (MRO/XML/DXF).
A. MRO is a macro program, calling edited macro programs and auto-zoom according to parameters entered
by users. After decoded by Campro, it generates CAW graphic file and conducts layout.

B. XML is a specific format. Users can use their front-end design software (currently supports AutoWork) to
design and split diagrams to generate a Campro defined XML format. After decoded by Campro, it generates
CAW graphic file and conducts layout.

C. DXF is a general graphic format. Usually there are only geometric graphs. If machining data need to be
processed, defined data must be used to describe them. After decoded by Campro, it generates CAW
graphic file and conducts layout. ; d

Campro has a basic function of generating CSV and we regard it as default types. If manufacturers have no front-
end diagram split software, they can still generate basic CSV data via our interface. But we support different field
default for different front-end software products. Users only need to designate their fields for Campro and add a
new type. ' : j o
=R .
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B4/ Fig. 4

mmmll. FRTBERIGR (B3)
=mmmm!ll. Layout
After CSV is selected and all machining layout parameters
are filled in, layout and optimization can be conducted.
The system can calculate the utilization rates of boards for
manufacture’s reference and export all machining NC data.
=mmmm!V. Displaying Layout Results(Fig.3)
mmmh. EEBRIERN - BWP RZPLIZTV
=/ . HRIERTRE (E4)
e C. ZEARVEZEOVRESIED

FBEIRREOVFIED - FE YU R ERMEREE
FUED - S EAFIENFABIRELVILR  (RETBI5IEDN - (BH)
==mmmm\. Generating Labeling Programs — BMP and ZPL
Program
=mmmm"|. Layout Result Diagram (Figure 4)
==mmmm||. Label Printing of Full Line Operation (Figure5)
Through the printing of full line label, manufacturers can
use the touch screen for single label printing, or use the

button for printing all labels to print all labels.
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Conclusion

Because there are many different types of software in

the market, manufacturers often consult us for software
solutions when purchasing hardware, especially with the
software with layout functions, the prices of which abroad
are often relatively higher. Now, through the communication
between several of our own R&D software solutions and

the machines, we achieve a full-line solution for your

reference.
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Permanent Magnet Linear

Synchronous Motors

FHESRE Chi-Wei Chiang from AIC
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Background

Looking over the renowned international machine and
tool exhibitions in recent years, it’s clear that many well-
known manufacturers have been promoting high-speed
machines driven by linear motors as their mainstream
models. This phenomenon shows that linear motors have
gradually taken its space in the machine tools industry.
However, few research institutes and companies in
Taiwan are willing to invest in the development of
linear motors and related products, due to their lack of
familiarity with the technology and concerns about cost.
Under these circumstances, a company that invests in
the research and development of linear motors can gain
a competitive advantage in the market. Thererefore, this

article introduces the design concept of flat linear motors.
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Introduction of Linear Motors

In recent years, the machine tools and automation
industry in Taiwan shows a clear trend toward replacing
traditional rotary motors with linear motors. The most
traditional approach to designing a linear drive is to use
a rotary motor plus a ball screw rod transmission device.
Using this approach, intermediate links such as stock
shafts, ball screws, gears, racks and many other parts
are needed. Such indirect linear output motion limits the
response speed of motors. In addition, gaps and friction
will occur among ball screws. As a result, there are errors
in positioning accuracy.

In contrast, linear motors belong to the type of
actuators that are directly driven, so no mechanical
transmission parts are needed. It meets that linear
motors doesn't need ball screws and unrestricted by
elasticity of materials .Therefore, there is no reduction
ratio, backlash, or wear problems between the motor
and the load. In addition, overall rigidity and reliability
are good. In addition, since linear motors allow multiple
forcers on the same slide, there will be no limit on travel,
and position precision will not be lost. Moreover, linear
motors have good dynamic response, high speed, high
acceleration and bandwidth, high positioning accuracy,
high servo stiffness (immunity), lower ripple and low
speed of settling time.

Advantages and disadvantages of linear motors are as
follows:

Advantages are:

(1) Load is directly driven by the motor. Speed and
acceleration is high.

(2) Simple structure, strong construction and high
reliability.

(3) High-precision positioning control.

(4)No stroke limit.

(5)Better dynamic response

New Technology an
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Fig. 1 IREBERESMIRIEREBE/

Evolution process of rotary motors into linear motors

(6)Little wear, long life.

Disadvantages are:

(1)Linear motors have an open structure so they are
prone to magnetic leakage.

(2)Loads are vulnerable to the thrust ripple or vibration
generated by a linear motor.

(3)The sensing elements (linear scale) used have an
open structure, so they are easily damaged.

(4)The energy loss generated during the transmission
process will result in rising temperature. Such a
temperature rise will be easily directed to the load end.
The structure of linear motors is actually derived from
that of rotary motors. Take an induction motor as an
example: if we cut open a rotary motor along its radial
direction, and then open up the rotary motor into a
straight line as shown in Figure 1, we will have a primitive
linear motor derived from a rotary motor. In Figure 1, the
part of a linear motor that is derived from the stator of
the rotary motor is called the primary part. The part of
a linear motor that is derived from the rotor of the rotary

motor is called the secondary part.
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Categories of Linear Motors
Linear motors are classified according to different
principles. The two main classification principles are
structure type and theory of motion .

If basing classification on structure type, we can divide
motors into flat linear motors, cylindrical linear motors,
disc linear motors and arc linear motors, as shown in
Figure 2.

If motors are classified according to motion theory, in
general, there will be five major types of motors: linear
DC motors (LDM), linear induction motors (LIM), linear
synchronous motors (LSM), linear pulse motors (LPM)
and linear hybrid motors (LHM), as shown in Figure 3.
It is essential to use different linear motors for different
applications. Since the Anderson Group uses linear
motors to drive drilling machines back and forth, linear
motors must have great thrust, fast acceleration and
deceleration, and small thrust ripple waves. Therefore,
we have chosen flat linear synchronous motors as our
focus of development. This article will further describe

flat linear synchronous motors.
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Introduction to the Structure
of Linear Synchronous Motors

Generally, permanent magnet linear synchronous
motors contain two major structures: the forcer and
the stator. As the name suggests, the forcer is the
part that will move. It is also known as a primary
part. General forcers are composed of three-phase
armature windings and can be divided into core types
and coreless types, as shown in Figure 4

Core

A core forcer is formed by winding around the teeth of
silicon steel sheets. The structure is shown in Figure
4(a). Toothed synchronous motors are structurally
strong and have high thrust, so there will be strong
attraction between the magnet and the coil. Such
attraction is called cogging force. If the gap width
is slightly different, cogging force will be generated,
resulting in instability of the system.

Coreless

Coreless motors have no teeth in winding, so cogging
force and magnetic resistance will not develop.
Winding can be divided into centralized winding and
distributed winding. When high-speed and low-thrust

are required, designers will fix the winding to the yoke

(@)% & 3@ T
Surface-type magnet

| — L]

O
Embedding-type magnet

Fig.5 RENEFHGHEHIHIN/Different arrangements of stator magnets
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to minimize the weight of the forcer in order to achieve
high acceleration. Figure 4(b) shows double-sided motors
with short forcers. This type of motor is characterized
by high acceleration and high thrust. But since more
magnets are required, the disadvantage is that the cost
will be increased.
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EEIRRERBEWIE (end-effect) ' LLHEE (KIRIES
EME) BSREE TRIMEXK - ILINEIRBIEESIERILS
EBYIRAIEN0
The stator, by definition, is the fixed part of a linear motor.
It can also be called the secondary part and is mainly
constituted by the iron core and the permanent magnet.
There are two types of permanent magnet configurations:
permanent magnets placed on the surface of the stator
core, also called the surface-type magnet arrangement,
and permanent magnets embedded in the stator core,
also called the embedded-type magnet arrangement.
These two types are illustrated in Figure 5.

Since the length of primary or secondary parts of linear
motors have their limits, the stator and the forcer of linear
motors have ends. When the forcer moves, the stator will
produce a negative thrust of the forcer, because change
of the end magnetic field can be induced with voltage
and electric current by the stator. The induced current is
called the end-effected current. Such a phenomenon is
known as an end-effect, and this effect will reduce the
power of a linear motor and result in additional loss of
energy. Moreover, the end effect will also increase the

cogging force of a linear motor.
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Theory of Linear Synchronous
Motor Operation

Simply put, the operation theory of linear motors consists
of providing three-phase AC current to a primary part
with three-phase winding. A moving magnetic field will
be generated on the primary part, just like the N-pole
and S-pole. The moving magnetic field will interact with
the magnetic field generated by the permanent magnet
of the secondary part, and thus produce the thrust for
the motor. By applying the theory that magnets with the
same polarity will repulse each other and those with
different polarities will attract each other, the motor
forcer will move synchronously along with the magnetic
field. Figure 6 shows that when the forcer is in the
position of Point A, the driver will give the three-phase
winding a responsive current to the stator to generate a
corresponding magnetic field. At this point, the magnetic
field and the stator are mutually exclusive, so the forcer
will move. When the forcer moves to Point B, the three-
phase current will have to provide a corresponding

_
o] 4 O 2 KO Y

’__!—\_!—\__‘

PointA

o] 4 O K (o) K

PointA PointB

value. From here, we can see that the current and the
magnetic field are time-varied, so the forcer can move

forward or backward arbitrarily.
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Design Concept of Linear

Synchronous Motors

After explaining the theory of how linear synchronous
motors operate, we now move on to the design
concepts of linear synchronous motors. Basically, three
major areas will be covered—electrics, mechanics and
thermal transmission. Here, we will mainly focus on the

design of the electrical parts
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[a] Lot/pole number combination

In the previous introduction of its structure, we
mentioned that linear synchronous motors are
composed of primary parts and secondary parts.
Therefore, an appropriate slot/pole number
combination must be chosen for the forcer and the

stator. The slot/pole number combination will influence

the performance of a linear motor, such as its thrust
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and cogging force. Therefore, the slot/pole number
combination is very important. In addition, a linear
synchronous motor is different from a rotary motor in that
the pole number of the former doesn’t have to be an even
number, while the pole number of the latter has to be an
even number.

b] Choice of winding

Once the slot/pole number is decided, the following
step is to consider the winding configuration. Winding
for linear motors is mainly divided into two categories:
centralized and distributed winding. The choice of
winding method depends on the slot/pole number
selected. Since distributed winding requires higher teeth
to accommodate the winding, and centralized winding
has a shorter length of winding at the end, which can
reduce copper loss and improve the performance of
motors; therefore, centralized winding is commonly used
for core linear synchronous motors.

[c] Impact of cogging force

Linear synchronous motors with iron-cores have
resistance in the Y-axis direction, which can be referred
to as cogging force. Cogging force is the attraction
formed between permanent magnets and the slot and
teeth of the iron core in the absence of electric current.
Cogging force is mainly conposed of the slot effect and
the end effect. Since cogging force will cause motors
to vibrate during operation and thus result in inaccurate
positioning, reducing cogging force has become one
of the obstacles every linear motor designer must

overcome.

(@)% A3 7 L B
Diagram of magnet slant

(b)y 54 & 7 &
Diagram of teeth cutting angle
Fig.7 #5#m =B /Structural diagram
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The cogging force caused by the slot effect can be
reduced by selecting appropriate slot/pole combinations,
skew or cutting angle tooth, as shown in Figure 7. By
adding the auxiliary pole, the cogging force generated
by the end effect may be lowered. These are the most
common ways to reduce cogging force. Each designer
must decide the number of slot/pole combination, degree

of skew angle, or the angle of teeth, based on their

Fig. 8 RfEHRIEEELHEE /Structural diagram of Anderson Group’s linear motors

experience.

[d] Choice of magnetic materials

Generally, when a motor is manufactured, the magnetic
materials to be chosen include soft magnetic materials
and hard magnetic materials.

Iron core magnetic materials used in a motor are usually
soft magnetic material, or electromagnetic steel sheets.
They have the characteristics of narrow hysteresis loop
and high permeability, so they can meet the requirement
of easy magnetization. Silicon steel is produced by
adding silicon in an electromagnetic steel sheet.
Currently, iron cores are made by stacking thin silicon
steel sheets (with thickness between 0.12 mm to 0.64
mm). This way, the path of eddy currents can be cut off in
order to reduce electrical current loss.

Hard magnetic materials refer to permanent magnets.
Compared to soft magnetic materials, permanent

magnets generally have a wider hysteresis loop; that

d Product Release

is why they are called hard magnetic materials. Since
permanent magnets have a rather high energy density,
they are used to replace traditional excitation winding.
Common permanent magnetic materials that have been
developed include alnico, ferrite, SmCo, and NdFeB. Of
these, alnico has low coercive force (Hc), so its magnetic
energy product is low. Generally, iron oxide is used due
to its low cost. In high-performance situations, SmCo and
NdFeB are commonly used. However, since NdFeB is a
lot cheaper than SmCo, NdFeB is more commonly used.
[e] Performance requirements

Before designing motors, it is essential to understand
the circumstances in which the motors will be used.
Anderson Group linear motors, for example, are mainly
used with the Z-axis for drilling machines that conduct
drilling back and forth. In order to meet the requirement
of high-speed processing, it is essential to estimate the
thrust needed by linear motors. Since the Z-axis linear
motors must carry the spindle and some mechanical
parts to perform processing (with total weight of about
12 kg), and the round-trip acceleration and deceleration
must reach 3G (1G = 9.8 m/s2 ) according to the formula
that F = ma, linear motors must provide 353 N thrust if
the acceleration and deceleration speed of 3G is to be

reached.
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Development and Application of Anderson Linear Motors

Based on application needs and design concepts, the Anderson Group is committed to the development of flat
permanent magnet linear synchronous motors used for Z-axis drilling machines. The structure is shown in Figure
8. Table 1 shows the specifications for Anderson flat permanent magnet linear synchronous motors used in Z-axis
drilling machines. Currently, the Z-axis acceleration and deceleration have been able to achieve 3G requirements.
Very few machine tool manufacturers in Taiwan are able to develop their own machines and linear motors. One
of the main reasons is that most machinery plants lack electrical and mechanical expertise. The Anderson Group
has been working in the field of motor design for some time, and its current focus is developing Z-axis linear
synchronous motors and spindle motors. In the future, the company also aims to develop X and Y axis linear
synchronous motors so that all the machines in a factory can be run by linear motors produced by the Anderson
Group. In this way, Anderson Group will gain an advantage in machine's cost. In conclusion, with vertical
integration of electrical and machinery tools, the Anderson Group will be more competitive in the machine tool

industry

Table 1. ZEFARTURIEFBE 23848 / Specifications of Z-axis flat linear motors

EAEHETIINI 372
Continuous thrust

ERIA] 3
Current
HEAEEINA,] 124
Thrust constant
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In recent years, there are an increasing number of applications for depth routing in the PCB industry. In response
to the different needs of customers, Anderson began developing models to satisfy the requirements of the PCB
industry. Moreover, recently the requirement for precision in depth routing depth has been increasing. Anderson
conducts multiple experimental tests to find out the factors affecting the precision of depth routing and to improve

the problems. Below are descriptions of Anderson’s depth routing models.
(=20 N + N/ ExX =004
BRI LINENBREEHH
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Depth Routing with Linear Scale Equipped on Pressure Foot

This depth router with linear scale on pressure foot can be applied to processing that controls depth downward
from the processing board surface. The depth routing accuracy can be controlled within +/-0.05 mm. This type of
depth router provides three modes of detection of board height for the workpiece:

a) Synchronized detection of board height of a workpiece only when Z axes move down command M15 steps-
down.

b) Detection of board height of a workpiece at the start point of each single section in program execution.

c) Dynamic real-time detection of the board height of a workpiece.

After testing, we found that depth-control was most stable under the first mode described above. Using modes b
and c for board detection of the workpiece, the pressure foot tilts due to the friction between the pressure foot and
the workpiece. The value of the detected board face height is therefore affected. When scratches are not allowed
on the surface of a PCB workpiece, place one piece of FR4 board on top of the material and then proceed with

depth routing.
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Fig.1

Depth Router with Linear Scale
Probe

1. TOP Mode: After the probe detects board height

L N L

. i BT - i —

Fig.2 HABETEERBSRNE
Schematic Diagram for Result of Detected Table Flatness
HBBRMLSERS

Red zone indicates the values are higher than reference point.

BRI S EE the program downward from the PCB board face.

Blue zone indicates the values are lower than reference point.

of the processing workpiece, the controlled depth is

calculated in accordance with depth as defined by

a) Auto Detection Mode of Processing Board

Surface Height .When the processing program

— -_, i S is running, the machine automatically detects
LEL] the board surface at each Z axes move down

position(command M15)by using the probe.Then

Fig:3 runs the depth routing action.
%/ﬁfQ/EUﬁEit%*%Gﬁﬁ%ﬁE%%) b) Average Value Mode after Multiple Detections of
Board Surface Height for a Workpiece.

(SIS REE S APCRYIAE - EEBIR Engineers can define multiple measuring points at
B2t /B S S R BT S R SRR IMAE each processing area in the processing program.
2. MBS e SRR ERRNS The average value of each area is then used as
BT RS ES MBI e - EORIRE the board surface height of the workpiece being
RS HEpO BRIV AR TIUB TG - SR processed.

EEERIINEE o Fig.4) Engineers can define multiple measuring points at

each processing area in the processing program.

The average value of each area is then used as the
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3. EESKEETE (OMRON, D5A-8511 High
precision switch) + #R1IEE )28 ° (Fig.6)

Fig.5

Fig.6

ERENNESHE
Blind Router with Linear
Scale Probe
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board surface height of processing workpiece.

Depth Routing Program Instruction M1821.0 <-
Z positive value indicates remaining thickness
processing of 1.0mm, M18 activates depth routing
processing (Fig.1)

2. Bottom Mode: Must use the probe to detect the
flatness of the table processing area first. The
controller will then establish a virtual curve. Next,
place the workpiece on the template to proceed blind
routing. The controller will change the Z-axial height
according to the change in values of the curve surface.
The depth of this type of depth routing mode is calculated
upward from the bottom surface of a PCB plate, and is
generally referred to as remaining thickness processing.
Deooth Routing Program Instruction M18Z-1.5 <- Z
the negative value indicates a remaining thickness
processing of 1.5mm; M18 activates depth routing
processing

Operation Process:

a) Read the program of “Detective Table” and run the
detective action.

b) Save the data of table detection on file.

¢) Read the production program of “Remaining Thickness

” and run the depth routing action. (Fig.2 &Fig.3)

Depth Router with Current Sensing
(Contact Depth)

The inner copper layer of PCB provides the basis for
depth routing detection. During circuit board manufacture,
it is necessary to wire a basis for blind routing, the
copper layer, to the outside edge of the circuit board in
order to facilitate the connection between the signal and
current sensing module. The spindle and machine of this
type of depth router must be completely separate. The
key to the separation is on the spindle. The axle center
and outer case must be the conductive structure, or this
function cannot be achieved.

(Fig.4)

Improvements on Depth Routing Precision

In addition to ways the depth routing mechanisms or
principles mentioned above may affect precision, there

are some other related peripheral devices that may
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directly or indirectly affect the precision results.

I'_‘ i i L BT 1. Installing a Z-axis linear scale (resolution of 0.001mm)

to achieve Z-axial full closed loop control eliminates

: - S Yp— of a variety of errors and gaps in the mechanical drive
| R — T e system.
[—— [ Ly
pY. - ) 2. Add fixed screw holes on template to reduce warp, or

: ¥ W on older version template, the fixed screws are only on

i =) the edges. In this case, the gap between the template

o : f=

EEAIE— Ekperimenéal'.l';e.stl —B and the table is most serious in the middle area. When
AWMRIEN - EARELL :

a dial indicator is used for detection and press down
the template by hand, the gap between the table and

the template can be measured values more

BiAE— TR Shar o1 23 than 150um. This phenomenon seriously

A—ENEE X
RIRESV R TR - 18 s A M
RILENRNEEBIIBE — the middle of the template to reduce the

Pt

L Tt affects the stability of depth routing . Hence

the solution is to add fixed screw holes in

3~4umZL G e
EfAE—

1 ORBRIESTIEE

problem of warp.(Fig.5 )

3.Use the high-precision tool measure
(OMRON, D5A-8511 High precision switch)

[ER) 2 oy to calibrate the plane of tool measurement.
fEtr2 : EREIE, 1S i A LA A AP AL (Fig.6)
IHERETIR Wt |e Experimental Test 1
BR - BREADREE LR e R R Test the same tool under the condition of the
{EERK%11~13um e E = _." . AN If"-, ___ spindle not rotating. The repeatability of this
: ":'4 - \"._" 'v'i .1_ o tool measure is around 3~4um.

= -
B RESTDEFER BEAIS= Experimental Test 2 Experimental Test 2
SumZSe . Condition 1: No calibration on tool measure
1R1F2  EEEeE  RFLEEASETIR plane.

Condition 2: Spindle rotates. Measure tool length

I-MR. Chart of No.3 after the spindle stops rotating.

it e Result: the maximum change in measured tool

SahizmTy length is 11~13 um.
w=mm  Experimental Test 3
Condition 1: Calibrate the tool measure plane
. .. around 5um.
1 (] = 444 Y b ] (i1} 4 L f B S ]
Condition 2: The spindle rotates. Measure tool

length after the spindle stops rotating.

(=BT

Result: the maximum change in measured tool

length is 3~5 um.
Rt 1

L0001

i I.I4 l‘gﬂ- s E!I: R} L] e} 18 g I.-é'.l

BWRASE=-1 Experimental Test 3-1
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I-MR Chart of No.4

1, 26880

0, 2o S

1. 250 =

LIACL wily, 206 314
T PASE31

Inclivichunl Value

0.2835 4

0.8

LCL =0 20520

[ eva B

E 0002

b QRN LI m L i n n

I:I\.I;QI, i I_E nn 1 T mram N1 1 LRIk - I Lﬂ_ H
; T v || o
] | Wil | m‘f‘;m
2% 44 5w B 0% 184 :3'32 14ia-:r

BRAIF=-2 Experimental Test 3-2

foR  BRERNRNRAEER

3~bume

PR ERNER  (EROEEBHERNRIZ DRk
FERBRNRIRIIE ORI 2kg /eSS B IBERE
E RATHEOEILIEEFPCBEISHRE T BT
EEL-

RIESFmTRBIASER RN EHHER
o FEXPERVIRE /0. 25mm - S A @EEEN TS
RIRETEE0.23~0.25mm - EBIERSFIERR Lt
FHYAZETRA0.254/-0.03mm ; EFREBSRRE—E
STHIR RALLBESRESAIREREMRFAPT
BYNRE mREWRARELE IBSEWIEHE
EERNENZER RO E LI EMEHINAEER
EENI—REER UERSAIRO TR
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Apart from the above experiments, blind routing precision
is more stable when the pressure pad uses white plastic
material and the cylinder pressure of the spindle pressure
foot is set at 2kg/cm?. The reason is that a spindle pressure
foot can securely press the PCB circuit board flat on the
table.

In a recent experiment at a customer’s end facility we
executed Anderson’s depth router with a linear scale
probe. The program defined the remaining thickness of
workpiece as 0.25 mm and the single trip processing result
of five spindles were within 0.23~0.25 mm. The customer
was very satisfied with the result, as the demanded
tolerance was between 0.25+/-0.03 mm. Of course this
result provides only reference data because it does not
include tool measurement deviation and deviation caused
by the rise in spindle temperature. As for overcoming
the problem with a rise in spindle temperature, we can
consider room for improvement on the spindle structure.
In terms of application, we may strengthen the warm-up
feature of spindle. Another way to overcome the problem
is to measure the tool length again after the blind routing

processing runs for a period of time.
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60~70 FRE PRKREBHEERRES -MALE  RERRHEER  EEEIHEE BRI TESAEMR
REIF MEBNBEAREREAIETEN  RIBMFEEMESR REL+FRENREFEXRVEIDERE W
EREERRKREK 8382  BMFRY - HR—RVEBEEFTERKR  LEBREEREBEEERIEM
NELRBURRAE  MBRBRHOVREKE  AILZEIRERES - U TASBUMRIERSEE (R—)  BRIATEPCB
BIROVE ER B RIESMEIFENF BZRISRNSEIREECBEBIRGIEREFNERTR EXBRA
R SPERERR  BLEREREEDIR  BERIFARPIRIIEIRIBILRE  ERARTRRHRERSE

Background

In the 1960s and 1970s, flexible printed circuit (FPC) boards were mainly used by the military and aerospace
industries in the United States. After the end of the Cold War, a significant reduction in the U.S. defense budget
shifted applications of FPC boards to industries related to people’s livelihood. Taiwan and Japan are the countries
that first used FPC boards in consumer products such as calculators and cameras. With the rapid development
in the information and electronics industries over the past decade, FPC boards have gradually come to be used
in many fields, such as computers, electronics and communication. Due to their low unit price and transmission
capacity and flexibility, single and double layer FPC boards are widely used in general consumer electronic
products. More complex, large-scale equipment, mostly uses multilayer FPC boards. The application scope for
different layers of FPCs is shown below in Table 1.

Our company already has highly developed equipment, such as molding machines and drilling machines, for
producing printed circuit boards (PCBs). In addition,the manufacturers that are engaged in the production of PCBs
also want to switch to the production of FPC boards as a strategy to deal with severe competition, declining gross
profit margins, transformation and upgrading of industry, customer requirements and many other factors. As a
result, the development of FPC board cutting and drilling equipment has become a focus of the company's future

research and development.
EMRBVER

FMEENRIEI8R AE A ER » ¥ ENRIZ B4R (Flexible Printed Circuit Board;FPC)ZNHBE AFPCIS—OliEDRIE
SEEMNR REIZIENT IR REBTAENRE LUEAEFTERMNEEEVEN cFPCEZALIEHESTSMH - WiE

New Technology a



d Product Release

EEREN B 85 EERIT UEEIERER PR AR
Category of FPC Applications
EBREEHITHAL  ERIFPCEEITEM RT = B RRRSS
¥ ERRC BT ERRRESER ) TITEIREE BEiR Bi# » {TRYRBEE © DSC ~ STN-LCD
FPCIERANMESR MR eaNEsEy | Sndele e e
F0Ese (1]
FHRTRNEI B SHERK BRI U AR R 1L 5 %ETE PDP ~ LCD-TV ~ LCD Monitor

ouble layer
B4R - RILALS0NE HAEHE - tBRISAL RO E S - MEEUR ’
A BT EBNESMIIAI)  thEsEF7EPCBIBIRR - 5 SIEHR AEA

Multilayer Large machinery
ERRETERZRINERS HIRELCOEISRND - 5RENIC

Table 1. ZEEIRAIEFREE /
TEACOF(Chip on Film)§9a NITEER L - SAREBERE The Application Scope of Various Layers of FPC

ERIFRESource: ITIS
IBER S IBEERS - ARYLUE BB KIS EFILCOE
G BIFEERABEELER  WRAZRERIR - EFEATLEZENERNTR - BRERNVFFHEARRBIR
B ORNEERARS WESRILLE - EEFSZFENZELEER SRS LENESRENTH  EEER
BZELBEWEZFRLTUREER LR E TR

Definition of Flexible Printed Circuits

Flexible printed circuit boards, also known as FPCs, are made from FCCL (flexible copper clad laminate)
through etching and other processes. The circuits are then created on the FCCL to serve as a medium for signal
transmissions in electronic products. FPC boards are mainly used to carry electronic components such as
integrated circuit chips, resistors, capacitors, connectors and other components so that electronic products can
function properly. Since FPC boards have the features of flexibility and three-dimensional wiring, they have great
potential in a modern world that demands lightweight, thin, and compact electronic products. Their development
will also trigger the vigorous growth of related electronics industries. [1]

One of the advantages of FPC boards is that three-dimensional wiring is possible for to accommodate different
shaped products, allowing product volume and weight to be reduced. In addition to their original function as a
stage, FPC boards can also be used in PCBs, or as a connection with other modules. For example, in the field of
LCDs, driver ICs can be printed to FPC boards using the COF (chip-on-film) method, and can then be connected
with the circuits between the glass panels. Since LCD products are lightweight and thin, it is essential to reduce
the thickness of the side. Without FPC boards, it is almost impossible to achieve this effect. However, such a
design is not without its drawbacks. The product cost of FPC boards is high, production must be customized, it is
not easy to implement fully automated production lines, heavy elements are not suitable for connecting, and it is

even prone to static electricity effect. As a result, FPC boards have their limit in terms of applications.
NIN =
BRI RS ATHE

MR EZEAMEIRFCCL  (ERMEITEER) - BLURTEEEIBEEM B SR © SSEERRITRENEEHRAE
{BIEESTHVIE B LRSS  {ERIBIZREM MR E B 2PETHP (BRI - EREZERIRIMET LB - IREH
BERTE - FCCLELSRIZD  DIBBEMRBSZITHIRAMRE ¥R FEBRIEERS  MHAEAMS  PIERERIEREA
RS T TA L - 222 ENHE X BRSBTS - MIRITKBHESD /2 Layer FCCLAVRBREMRER » §03
Layer FCCLEVBRBREMREIR - ME R AE=RA RGP IR EBRESEBE - M2L FCCLEBMZAES  MitEEmit
B RIYLEMRBEER ENAEHERS R ASDEREREMIL FCCL JBERSEIIRF SAEI2L FCCLe
—RRERISHE - Q0B —Prm e
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FCCL possesses heat resistance, high flexibility
and good dimensional stability, but its cost is
relatively high. Therefore, the majority of FPC
boards used are three-layer FCCL. Two-layer
FCCL is used only in higher scale FPC boards.
The structure of a regular FPC board is shown
in

Figure 1:

ERTD B TIDRERR B EK

BRI AVEIR B BB S —(NNER
RERESTHHHSPRIZRR  BRIIIERESH
B_ETRIFAM (Roll to roll~ Sheet to sheet)’ IthE%
EERIEEC3LHRRAINV LaserzEEHCCOERBIELT
RRUEBEENETEEH  RESLAEE - BA
R—IRERt B8R (B  &E  ZB) N EDEIR
SLRZEILNN T WA Bl NS nes - il heEE
EHNGerber ROXFIESRE TR TER  H¥E
INB RINRERRAS OB — RMITR P -

Table 2. EIRTIZMKIHAERRABR /

Functions and Specifications of FPC Cutters

Material and Structure of FPC Boards
The main material used in FPC boards is FCCL (flexible

copper clad laminate), which is composed of copper foil

annealed copper has better ductility; materials used as

insulating substrate are PET or PI (polyimide resin). Acrylic

manufacturing FCCL, precision casting and lamination

are the critical key points. Cleanliness requirements are

New Technology
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Single-sided board Double-sided board

and insulating substrates. Copper foil is mainly rolled

annealed copper or electrodeposited copper. Yet rolled

or epoxy resin is used for the adhesive. In the process of
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Flexible multilayer Rigid multilayer

Fig. 1 BRARISHBE / Str

stringent. In terms of cost, Pl and rolled annealed copper

account for more than 70% of the total cost. The production
process is more difficult than that of PCBs. According to the
number of layers, FPC boards can be divided into two-layer
FCCL without adhesive and three-layer FCCL with adhesive.
The biggest difference between them is whether there is

adhesive between the copper foil and PI film. Two-layer

ucture Diagram of FPC

Fig.2 BRtIBI#(FBL-D15W)INEB / Appearance of FPC Cutters (FBL-D15W)

IEB/Item

#8815 /Specification

EEIILEB/UV Laser

(1) Laser Wavelength : 355 nm

(2) Avg. Power @30kHz: 15W

(3) Pulse Width @30kHz: 20ns

(4) Pulse Energy @30kHz: 0.5mj

5) Long- term Instability(8h +/- 3c):+/- 2%2

R HeEa/

Scanner head

(
(1) Working wavelength: 355nm
2) Field size: 54 x 54mm

&% §%/Beam Expander

2~10x

BEEIE/F- 0 Lens

1) EFL: 100mm
2) Field size: 54x 54mm

XYEJSEE/XY Table

1) Driving mode: linear motor
2) The table size: 533 x 633mm
3) X-axis travel: 550mm

4) Y-axis travel: 650mm

5) Maximum speed: 30m/min

6) Linear scale resolution: 0.2um

JRVEERES/Sof tware

1) Compatible format: Gerber & DXF file conversion
2) Laser parameter adjustment

3) Automatic alignment and calibration

TREBZAM/CCD System

1) Image capturing components: CCD

2) Coaxial CCD image capturing and positioning CCD

REIRIR/
Chiller System

(
(
(
(
(
(
(
(
(7) Positioning precision: + / - 2um
(
(
(
(
(
(1) Inner circulation, use of laser cooling
(

2) Cooling capacity: 570W at 20C water/35C

(3) Water tank capacity: 5 liter

BIF2AEN/Process Capability

(1) Appearance accuracy: + /- 25um

(2) The minimum cutting diameter: 50um
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Functions and Specifications of FPC Cutters
The current FPC cutters are first generation products. In the future, integrated loading and unloading systems

(roll-to-roll, sheet-to-sheet) with new features will be

developed in accordance with customers’ needs. Z-Offset § & % & 8L% T 4% /Anegative value is the focuszand move down

step 1 step
/rz:+0.3
with a wavelength of 355 nm, a coaxial CCD 7=0 _li
Adhesi
assisted positioning system, a cellular vacuum m =02

table, and drilling tools. It is applicable to regular

This device is currently equipped with UV Lasers

step 1 PI material removal step 2 Remove adhesive

FPC board (single layer, double layer, multilayer) step 1 PLH 4 4 step2 #1478

exterior cutting and hole perforation processing. Adhe Adhesi

It is also equipped with program file conversion

software. Through file conversion, Gerber and

DXF files can be read and used in processing. The e paper
appearance, functions, and specifications of the

machine are shown in Figure 2 and Table 2 below:
%R 7 ¥ 42 10um /The width should

iﬂ 1& 9}\@ ‘t)J % u Fig. 3 ERiREDEITRE / Diagram of FPC Cutting e
BRI RIZRENER - BREOIBREUMRIIE

g9EEiR - EUVEIE A TEB10u - BRI RENERBMERBESR LR R P L EZB TR
SEREHEBIFIHROEFIREFESERENCE OB EMLEEREER ERBOMEREERE - Btk
EERROIP IR B FRIRRESHANWHAER INNOX » HANWHAR T ENVEMIR BER B L8RS - EFHIEINIE % BHMERER
F—RIDTEIY TR - BIRHEYINNOXATEEN TR BERERE=AEERSENM\RBEL - SSHIBNIER
2 BE_ NI A TN BERFTHEELZT ERBLRTHMEHERBREENEMR - FIESIRIIZIN I A EE
DFEZ RIRABSTETRMEFMENN SN E - ELEERBFIEVFEZR S NIRRT - HEURTIEIR
mBwB=Am:[2]

Exterior Cutting of FPC Boards

For the production capability requirements of FPC cutters, the key to FPC cutting is the removal of the adhesive
layer. The cutting width also cannot exceed 10u. In addition, FPC boards cannot be stored for more than
three months since the adhesive layer will become hardened. Therefore, it is necessary to keep the adhesive
layer sealed. When Pl is being torn, it is necessary to press and hold the paper rather than tearing them at
the same time. There is a corresponding relationship
between the laser power control, cutting focus and
height adjustment, and the stability of the working table.
Of course, the materials of the adhesive will also have
an impact. Currently, the most commonly used Pl FPC
boards are provided by two manufacturers, Hanwha and
Innox. Hanwha Company produces FPC boards with a
better quality adhesive layer, so it is easier to implement

laser cutting. However, the material is more expensive,

even though it takes only single processing to complete

the cutting work. In contrast, the adhesive layer of FPC  Fig 8SFZERMIEIRBE / Cutting Quality which Meets Customers’  Requirements
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boards produced by Innox is of poor quality. There will be tiny

bubbles after lamination and it is not easy to implement laser

cutting. Therefore, secondary processing is needed. However, Cu 12um
after taking cost into consideration, more manufacturers still Pl 20um
choose cheaper FPC boards. Therefore, in FPC cutting, it is i |'\ Cu 12um
necessary to overcome the impact of different FPC materials on fommm] g 4Fi 3 7 4238 10um
) o 85% The copper layer drilling depth should not
processing parameters. This is also where we need to strengthen exceed 10um

and improve our machines. FPC cutting is as shown in Figure 3: [2]

BRIMEYIEIRE K

Fig.5 23l EFILEmRE/

Diagram of Perforated Upper and Lower Bore Diameters

() IIBIREIPIERIRABI A RE RS -

(DMERESHE I FEBIITMEMIEERR

@)% EREARIUIR Z99—He

DOEE - IAE—NERERHETE

(e BHIDKRFENEBK FASENRBRIMEMEASD

W TREILLEEAE: 117. 8um
Quality Requirements for the Exterior CUtting e dimetr of lowr biind hote essired vaiue of e ore

diameter of lower blind hole:

of FPC boards 117, 8um

(a) There cannot be impurities in the interior of
Pl FPC after cutting. ‘&

(b) Set consistent parameters for materials. Do not overcut and

char the appearance. B3I EEANE: 130un
PP TSI Measured value of tr:e bore diameter

(c) The width of the cutting side cannot be greater than 10u. Bore dianeter of upper blind hole of wpper blind hole: T30un
o _ Figs. B3LLTFSLEBAE /
The line width must be consistent. Measurement Diagram of Upper and

. . . . Lower Bore Diameters of Blind Holes
(d) When cutting fillets, the cutting angles must be consistent

and no impurities are allowed.
(e) Laser power adjustment cannot be too large, or it will cause

excessive adhesive and too many dust impurities.
BWRZF3IL

FIRZFILEBERARZERNINT MBEREHEERNEERPIEN - I B35 88 B EEEE8:EN=FA
DRZFIESILERATEERE IZNRBEENREAYEE  BRFRRBHILS SN ETE =S  HERBIURE
IR BHEBEEFTAZFELEMEMREANELES SR RERESPENAMA  —RSPERZFILF LTILEN
SRERREKRR15%  BBFIRRESP ERKEIBE—{E130umgISLIE - 130x0.85=110. 5um » tEFAEERTE130~110. 5umBy L FILIER
FFEEKREY - BYLLBYIIEREZSE + (BREREEEE10un - Q0B R  B75 BTEM: [2]

Perforation of FPC

FPC board perforation is mainly used for processing multilayer boards. Multilayer boards are composed of single-
sided or double-sided boards, and different conductive layers are connected through the through holes or by
controlling the blind holes through power. The density of circuits is increased and reliability is enhanced. But
sometimes flexibility will deteriorate with an increase in the number of layers. Its field of application is also limited.

However, there are also clients who use through holes to function as positioning reference holes for FPC boards.
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Whether or not one can take this approach depends on how clients will apply the material in production. Generally,
customers will require that the perforation error of the upper and lower bore diameters cannot be greater than
15%. For example, if customers request to drill a bore diameter of 130 um, 130 x 0.85 = 110.5 um, it means that the
upper and lower bore diameters between 130 to 110.5 um are in line with the requirements. The underlying copper

foil can be cut a little larger, but the depth cannot be more than 10 um as shown in Figures 5, 6, and 7: [2]

EHEIRTIBIMEBVER

ERAR E S R YDA FRHSEE R (HDD) FOYLERSESS - B A F B ARRREELR - 2003 IR HEOVIRIEE - fEEE— K HEPBIKRE
MEEUREBEMIEN FTHBARMRGVEELTSE - 20052I20065F - FPCISERIE— B 2007 ERIBIRE R I
0200722009 EEIEFPCIIBISFHE T 1% - RIBFFIBIBE50% TS T/ EEEIR - BRI TR EISRER - 8K
N TBAISUETENREA  BESIF B2 ABHS \LED Light BarZ  RICEWRITEE010FRETS ' 2010FEEMRT
IZER81. 91BETT - LK20095F38021%

HFHMS - HIDESER XS 2 AEIRERE - 80— @IAERER MBI —F EiR - REIFHA
ISBER RS  BIRERS AL - AHB01 EEIERRASERFHIEERE MITRNEEIIRRE—TH#
B BERS  BRBENESFERIBBURMIBIBROE N PIRSISEEREIRHIRISRNES RS - KIS5HE2012EH
HEBIUI trabook EIRAGEETIR IR EE R o 201 FEIRMISEIBIRLIRISE - 3EH95. 69/FZETT LIS 17%  FEET20125FHSES|
106. 80T » JB1&12% o [3]

B BRIATPMEERISHSHERIEIK  EEAREIMIRE ERISHSIE EAERRIERER &BE5S
L ERRMKESIE It 5 BRRFZEMA - #RNEATISNISERERIEES  BIREEBRIIREXREZINRE
IR REBRBENEFERBERIIRMIRISRNENN BTN EEEEEUESTRE  RSNER FIUREH
BEcRBRIZEENEES  RBENMSEYHN M AEETRESHFIERME

Promotion of FPC Laser Cutters

FPC technology was originally applied in the fields of hard disk drives (HDD) and optical drives. Basically, FPC
technology was monopolized by Japanese manufacturers. With the rise of camera phones in 2003, a large
number of Chinese, Taiwanese, and South Korean manufacturers also entered the industry, thus breaking the
monopoly of Japanese manufacturers. From 2005 to 2006, the FPC market reached its first climax. Cutthroat
competition began in 2007. In three consecutive years from 2007 to 2009, the average price of FPC boards
continued to decline, with an accumulative drop in price of more than 50%. Hundreds of small companies closed
their businesses as a result. However, the FPC industry also became healthier and the downstream market of
FPCs started to expand, spreading the trend to mobile phones, laptops, LED light bars, etc. Ultimately, the FPC
industry saw a complete revival in 2010. The market value of FPCs in 2010 reached $ 8.191 billion, a 21% increase
compared to the value in 2009.

For mobile phones, the functional modules are mostly connected by FPC boards. Basically, for every extra
functional module, one FPC is required. The internal structure of smart phones is very complex. Since they come
with many functions, the demand for using FPC technology has increased. The situation reached a climax in 2011,
when the touch screen became a standard device for smart phones. The connecting FPC boards for touch screens
are difficult and expensive to produce. The pursuit of ultra-thin electronic products has been driving growth in the
PFC market. Tablets are also a source of momentum for FPC market growth. In 2012, Ultrabook promoted by Intel
also promoted the development of the FPC market. In 2011, the FPC market continued to grow rapidly, reaching
$9.569 billion, an increase of 17%. It is expected that in 2012, it will reach $10.68 billion, an increase of 12%. [3]

In view of this, the company is now cooperating with Korean manufacturers of FPC boards to test the production
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ability of our laser FPC cutters. To explore the applications of our machines in production, Anderson will modify
machines based on customers’ production process needs. Although the company is still new to the market, it is
entering the market at a good time when the FPC industry is booming. Since all electronic products that pursue
ultra-thinness are providing the growth momentum for the FPC market, and Asia has the most countries that
produce consumer electronics devices, the future of this market is huge. As long as our FPC cutting machines

pass precision verification, they will without doubt bring profits and growth to the Group.

o

2013EFEBILPR Newswire/Repor tlinker. comfERIRERMEENFIBESR (FPC) 1 TEA R IRSIEL - HERMEENRIBEZARE
SRR 2012FEE—BBWNE  FPUERAEX T ERITNESTER  FRIER FIRBIEHBRIFH CHOMEES
FPCrii5% o Z=ERFPCTIBAREZEZIUSD 10,680 million  £E2012EE22011EEABLEL - BIRAABELIEN0S15. 2% © 20124E - FPCEIRS
SRIENEREMBES THAEM - WAE2013FERHEBR T ADVBRELE - RIRFPCTISRRIE2013EFREHIHEZIUSD
11,628 million - E22012FABEISEMRS. 9% [4]

B LREVEMRERBBRTIAN  SEERBINEEMET REN T ERTHIRABITER SR RFH BEE
OB s RSB EBREFEARBEEEFTERNER LERMSS - RIZEENIZHLTL - 28 —FAVEIRERHR
FEENR002E  BABROMUEES Bt 85  RBSFAMPTERBIREE  SENE T HSPIENEER
2 EMiEotERITERASFERRRREE  SRELL - LEXHRIENHG T IR - EIELRRRERS
ENERPROVININQ_LIZF - ERZEATTF B ESEARIRINS  SRATILIE—SHIRNR

Conclusion

The 2013 research report from PR Newswire/Reportlinker.com on the global FPC industry pointed out that 2012
was a prosperous year for FPC manufacturers. FPC is used in almost all popular electronic products, especially
tablets and smart phones, which effectively expanded the FPC market. The global FPC market size reached
USD 10,680 million. Compared with the same period in 2011, an increase of 15.2% was seen in 2012. In 2012,
use of FPC boards sharply increased in all electronic parts and components and will continue to maintain strong
growth momentum in 2013. The global FPC market scale is expected to reach USD 11,628 million in 2013, with an
increase of 8.9% compared to that in 2012. [4]

As this discussion of FPC industry trends shows, with Taiwan as the OEM leader in global consumer electronic
devices, especially in touch panels, smart phones, ultra-thin laptops, tablets, game consoles and other personal
consumer electronic devices, Taiwan has made outstanding contributions to these devices. According to one
South Korean agency, Korea purchases approximately 200 units of FPC equipment every year. The amount
does not include procurement from Taiwanese manufacturers such as Flexium, Career, Ichia, and Foxconn. If we
can better understand customers’ production processes, and thus improve the function and performance of our
machines to further enhance customers’ product yields and quality, the subsequent profits from this device and
the shift of FPC market share can be expected to follow the pattern of the PCB market. We hope that our company

can make good use of this opportunity to enter the FPC market, so it can grow further.
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Latin America comprises of the countries from Mexico,
Central America and South America. A total of about 1
billion people call Latin America home and the predominant
language spoken is Spanish, with the exception of Brazil,
where the language is Portuguese. English is widely spoken
by the well-educated and the business communities.

Over the past 15-20 years, the entire Latin American mar-
ket underwent a major transition, from being a purely natu-
ral resources driven economy, to include a large variety of
natural resources, including agricultural commodities, to
an emerging manufacturing hub, utilizing the abundance in
natural resources found to add value to their natural prod-
ucts, creating jobs and opportunities.

Standing out from the crowd are Mexico and Brazil, both
highly populated countries, with high birth rates, increas-
ing life expectancy of its citizens and a growing, better
educated middle class. Based on both their geographical
locations, Mexico being in close proximity to the huge USA
market and Brazil with cultural ties to both Europe and
Asia, these 2 countries will be the locomotives, also driving
economic expansion in other Latin American markets.

Mexico will strongly influence the markets of Central Amer-
ica, who traditionally have kept in close connection with
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For the Anderson Group and its partners in Latin Ameri-
ca, this means solid opportunities to grow their business
and develop stronger market penetration for their diver-
sified product range. In particular the sales potential for
ANDERSONS CNC router line will develop, as demands
for manufacturing and finishing machinery increases
and volume demand for manufactured goods increases
as disposable income increases proportionally to the
growing middle class.

Recent sales success in Brazil, Mexico, El Salvador,
Guatemala, Peru and Panama are examples that until
recent many of these a CNC sales would not have been
possible, due to lack of demand. Anderson has now
emerged as a serious supplier of high tech, high quality
CNC equipment with an increasing branding and market
recognition.

Having been able to develop a strong and well educated
technical support force in Mexico, Anderson can now of-
fer, Spanish speaking technicians to cover the demand
in Latin America, with no cultural or language barriers
impeding our working relationship with our customer
base in this market.

The outlook for Anderson in this growing market is
strong and will most definitely lead to added sales and
market share in the future.

The main challenges Anderson will face is that as many
companies are expanding at a fast rate, they are out-
growing their needs in human resources and finding
qualified, well trained staff to operate and maintain CNC
Routers will be a challenge for many ofsour present and
future customers.

Working in manufacturing still carries a stigma in many
Latin countries and many young people, graduating from
school and colleges, prefer to seek a career in different
industries and will want to avoid a position in manufac-
turing. There is now a certain migration shaping, where
citizens of impoverished countries in Central America
are trying to access Mexico, a country which has no
immigration system or lobby and finding it difficult to as-
similate with industrial migration.

However, the overall perspective of “doing business in
Latin America” is bright and Anderson is positioning it-
self well in a market promising solid potential.
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Since Anderson Group entered the Korean market 15 years ago, the number of machines sold there has exceeded
500 units. Seventy units were sold in 2012 alone, a number second only to our sales in the Chinese market. From
my years of experience in charge of the Korean market, | would like to share with my fellow colleagues the reasons
why the Korean market has been booming rapidly in recent years. In my opinion, there are two major reasons:
Invention of Smartphones

New-tech industry and 3C products spring up like mushrooms and yield unusually brilliant results. Since
the inception of the iPhone, many derivative products have emerged. Netbooks, tablet PCs, or even—in the
foreseeable future—wearable products that are small in size and yet have full functionality such as Google Glass
and iWatch, will undoubtedly be the mainstream of future 3C products. Flexible printed circuits (FPC) provide
small size with a wide range of functions, and this technology has been shifting the direction of development of the
circuit board industry in Korea in recent years.

Over the past few years, Korea has not been able to compete with Taiwan and China in the printed circuit board
market in terms of the large capacity and low price they can provide. After the financial crisis hit in 2008, Korean
enterprises turned to the development and mass production of rigid-flex boards and FPC boards. Within a few
years, Korea caught up with Japan and became the second largest country in terms of FPCB output and output
value. The increase of FPCB production in Korea has facilitated the rapid growth of Anderson Group in the Korean
market.

The Rise of Brand

When it comes to Korean 3C brands, we immediately think of Samsung and LG. In 2012, Samsung even overtook

Apple and achieved the largest market share in the smartphone category.
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In 2011, Apple shipped twice as many high-end
models as Samsung. In 2010 the shipment was
still 60%, showing that Samsung is catching
up at full speed. Based on my personal
observations, other than its strong brand
marketing strategy, the reason why Samsung
could rise so rapidly is its corporate culture.

Samsung is the only multinational enterprise in

Korea without a labor union. In an environment
where the power of labor unions is great,
Samsung definitely struggles to stand out. The enterprise’s flexible yet strong actions, together with government
support, make Samsung one of the most important international brands in Korea.

In addition, Samsung follows a rigorous approach to management inherited from its past. Compared to its rival
LG, Samsung has a higher standard of quality requirements. Reflecting on Anderson’s existing customer base in
Korea, it is easy to see the differences in quality required by these two companies. It is from such seemingly trivial
details that we can see the key factors in Samsung’s success. Samsung and LG’s success and growth in recent

years also attest to the good sales performance of Anderson in Korea.
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In contrast, Taiwan’s PCB factories are mostly part of Apple's supply chain. Although the global smartphone
market is still growing, given that Samsung will launch its flagship model GALAXY S4 at the end of Q1 this year
and is expected to further expand its market share, Taiwan FPCB and HDI factories that depend heavily on Apple's
orders will be greatly affected if Apple can no longer keep its share of the smartphone market.

The table below shows the top 50 PCB makers worldwide in 2011, with statistics produced by NTI. The annual
output value and scale of the global PCB industry are presented clearly in the table. Even though there is no
updated 2012 ranking, it is likely that the ranking order has not changed much. However, the revenue growth of
FPBC factories in 2012 was substantial. It is worth analyzing the revenues of global major PCB manufacturers

over the past three years

NTI-100 World Top PCB Makers in 2011 (US$ Million)

Rank  Makers Country 2010 2011 Comments

1 Unmicron ((REIZES) Taiwan 2,179 2,453 Includes Subtron, Ruwel & Clover in full

2 Nippon Mektron Japan 2,106 2,314 New plant under construction in Suzhou

3 Ibiden Japan 2,110 2,149 2nd HDI plant under construction in Malay
4 Zhen Ding (32%%) Taiwan 1,150 1,512 Aiming to be the world number one

5 Tripod ( ) Taiwan 1,370 1,396 Plant in Xiantao under construction

6 HannStar Board(#F¥ & Taiwan 1,148 1, 1391 Inlclucded GBM PCB Group

7 TTM Technologies USA 1,366 1,390 Shanghai IC Substrate plant completed

8 SEMCO Korea 1,282 1,385 Kunshan HDI started to contribute revenue
9 Nanya PCB (E332) Taiwan 1,158 1,324 Kunshan Phase lll bldg almost completed
10 Young Poong Group Korea 978 1,204 Interflex built a 8-story FPC plant in Ansan
1 KB PCB Group HK/China 1,122 1,046 Slight set-back in 2011

12 Shinko Denki Ind Japan 1,003 1,034 A new Flip-Chip plant under construction
13 CMK Corporation Japan 968 1,010 Thailand plant running well

14 Daeduck Group Korea 800 955 IC substrate business is doing well

15 Sumitomo Denko PC Japan 700 927 45% of the works goes to Apple

16 Multek USA 680 870 Striving to be a next $1 billion maker

17 Viasystems Group Inc USA 806 866 Bought DDi in May, $1129M prorated

18 Mflex USA 791 832 Apple seems to take 75% of output in "12Q1
19 Kinsus (£18) Taiwan 676 776 Suzhou IC Substrate plant will contribute
20 Meiko Electronics Japan 833 774 3/11 Earthquake/tsunami affected FY2011
21 Compeq Mfg Co Ltd (FEB) Taiwan 738 754 Chongging HDI plant to be operational "14Q1
22 Wus Group (¥&#¥ Taiwan 663 735 New plants almost completed in Kunshan
23 AT&S Austria 676 715 New HDI plant in Chongqing operates Q4
24 Fujikura Japan 778 601 Restructuring after disasterous Thai flooding
25 Gold Circuit (ﬁ{%) Taiwan 519 579 Fire at Changshu plant affecting 2012

26 Taiwan Techvest (&it8) Taiwan 482 570 Building a new plant in Chengdu

27 Simmtech Korea 520 554 Built a new plant in Xian & is operational
28 Nitto Denko Japan 573 546 Building a new plant in Ho Chi Minh

29 Chin Poon gﬁlﬁﬁ%) Taiwan 527 542 Automotive applications exceeded 50%
30 Unitech (i## Taiwan 407 534 World Class HDI new plant in llan, Taiwan
31 PID (Panasonic) Japan 456 528 Built two new ALIVH plants in TW & Vietnam
32 Hitachi Chemical Japan 471 504 Singapore exports 80% to U.S. customers
33 Toppan NEC Japan 396 484 New plant under consideration

34 LG Innotek Korea 612 475 Quit high layer MLB, a supplier to iPhone
35 Ellington HK/China 390 430 New plant has been discussed

36 Dynamic(ZE58) Taiwan 394 397 Emphasis on HDI

37 Career Technology(Eki#s) Taiwan 325 390 Apple job seems to be more than 20%

38 Kyoden Japan 444 390 Thai subsidiary is expanding

39 MGC Group Japan 340 390 JCI and Tai Hong Industry

40 Kyocera SLC Japan 260 390 Some subconturcting with Shinko Denki
41 Sanmina-SCI USA 380 366 2nd plant in Wuxi is ready

42 Fujitsu Interconnect Japan 296 364 Vietnam is considering expansion

43 Isu Petasys Korea 307 345 Bought 51% stake of HK-based Tat Chun
44 Sl Flex Korea 314 344 Expanding in China

45 Founder Technology China 258 339 Built a new HDI plant & a QTA plant

46 ASE (BBZ%) Taiwan 320 320 Not much changes

47 Shennan Circuit China 256 320 Into IC substrate business

48 CCTC China 255 305 Expansion under consideration

49 3CEMS (=/fHR) Taiwan 368 288 Restarts in 2012

50 Shirai Denshi Japan 256 286 Sold 450 Vespers (AVI) so far

NTI-50 World Top PCB Makers in 2011 (USS Million)
(N.T. Information Ltd, July, 2012)

There are 16 Taiwanese enterprises among the top 50 PCB manufacturers. In addition to the No.1 ranked

Unmicron, Zhen Ding and Tripod are ranked No. 4 and 5, respectively. The scale of Taiwan's PCB industry is
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definitely at the top worldwide, and thus it has driven the number and types of PCB equipment manufacturers to
become the greatest around the globe. Among the top 50 manufacturers, there are 16 Japanese enterprises, 5
Chinese (including Hong Kong) ones, and only 7 Korean enterprises. Thus it is curious that the Korean enterprises
were able to seize the opportunity and preempt the global competition, when the scale of the Korean market, as
compared to the Taiwanese market, is definitely smaller.

Also we cannot help wonder why Anderson has had such outstanding performance in the Korean market
these two years. It can be understood by the fact that Korea has actively invested efforts in improving FPC
manufacturing technology and capacity expansion. In addition, with the competitive performance of Samsung and

LG, the market is booming and has created increasing market demand.
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At this point, | shall explain a little what flexible printed circuit boards (FPCBs) are, as well as their market scale
and product applications. FPCBs are the remaining required circuits produced by adhering flexible copper clad
laminate (FCCL) to a flexible insulating layer and pressing them together before other processes such as etching.
FPCBs serve as an electronic signal transmission medium and are usually equipped with integrated circuit chips,
capacitors, resistors and other electronic components to enable the electronic products to serve more functions.
FPCB technology was initially applied in the fields of HDD and ODD. The development of these industries was
quite steady and was basically monopolized by Japanese manufacturers. Then in 2003, the rise of camera phones
induced a large number of Chinese, Taiwanese, and Korean manufacturers to enter the market and broke the
monopoly of Japanese manufacturers. From 2005 to 2006, the FPC market reached its first peak; however, in
2007 competing enterprises began cut-throat competition. From 2007 to 2009, the average price of FPC boards
continued to decline for three consecutive years, with a cumulative decline of more than 50%. Hundreds of small
enterprises went out of business, but the FPC industry became healthier.
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The advantages of FPCBs are as follows: FPCB technology satisfies the need to make electronic products smaller
in size and lighter in weight. In addition, they are flexible, so they can change shape to fit the required space; thus
three-dimensional wiring is available. The use of FPCBs can also improve wiring density and reduce wiring errors.
The disadvantages of FPCBs include their high cost and a tendency to be damaged if dropped or bumped during
processing. Moreover, FPCBs are not suitable for connecting heavier components and dust easily adheres to
them due to static electricity.

The range of FPCB applications is broad, including computers and peripherals, communication products,
consumer electronics, the automotive industry, the defense industry, and so on. Communication products account
for 30% of the market, followed by panels, which account for 20%, and PCs and peripherals, which account for
20%.

General mobile phones require 3 to 5 FPCBs; smartphones generally require 6 to 8 pieces, while other
smartphones, such as iPhone 4, equipped with dual lenses and a variety of modules, require 12 pieces. iPad 2
is equipped with additional front and rear lenses so two additional FPCBs are required. Taking a broad view of
the FPCB demand for each product, smartphones and tablet PCs will continue to drive the expansion of the FPC

market..
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FPCBs can be divided into the following types based on product structure:

|. Single-sided: One of the most basic types. It has a single conductor layer coated with an adhesive layer, and a
dielectric layer is added. The advantages include easy process and low lost.

Il. Double-sided: Double sided FPCBs consist of double-sided substrates. After the double-sided circuit is formed,
a cover layer is added on both sides. Flexibility is reduced because is it thicker; therefore, its applications are
limited.

I1l. Multilayered: It is mainly composed of single-sided or double-sided FPCBs. The conductor layers are
interconnected by drilling holes, thus increasing wiring density and improving reliability. However, flexibility is
reduced because of the additional layers, therefore, the range of applications is limited.

IV. Rigid-Flex: A hybrid construction circuit consisting of multilayer rigid boards and single-sided or double-sided
flexible boards. It is made of rigid boards, which can support heavier components and flex boards, which possess

flexibility.
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FPCBs are mainly composed of FCCL. FCCL can be divided into the non-adhesive-type FCCL (two-layer FCCL)
and the adhesive-type FCCL (three-layer FCCL). The biggest difference between the two is whether there
is adhesive material between the copper foil and polyimide film. The two-layer FCCL has the advantages of
high heat resistance, high flexibility, and good dimensional stability. However, its cost is relatively higher. Thus,
three-layer FCCL is used for most FPCBs, and only two-layer FCCL is used for high-end FPCBs. Major FCCL
supply countries include Japan, the USA, and Taiwan. Examples of two-layer FCCL suppliers are Nippon Steel,
Sumitomo Metal Mining, Nitto Denko, and so on. Three-layer FCCL suppliers include Nippon, Toray, Arisawa, and
so on. The growth of the FPCB market is driven by the pursuit of ultra-thin electronic products. The tablet PC is
another driving factor in the growth of the FPCB market. In addition, the Ultrabook promoted by Intel in 2012 has
also boosted the development of the FPCB market.

In 2011 the FPCB market continued to grow rapidly and reached 9.569 billion dollars, an increase of 17%. In
2012, it reached 10.680 billion dollars, representing an increase of 12%. Technically two-layer FCCL has become
the mainstream product, while three-layer FCCL gradually has fallen out of favor in the market. The FPCB
downstream market is also continuously expanding to mobile phones, notebook computers, LED light bars, and
other fields. The functional modules of mobile phones are interconnected by FPCBs; every additional functional
module basically requires one additional piece of FPCB. The internal structure of smartphones is complicated with
multiple functions, so the use of FPCBs has increased greatly. Particularly since 2011, a touch panel has become
a standard feature of smartphones. The connecting FPCBs for touch panels are definitely not easy to make, so the

cost is higher.

Company Country 2010 2011 2012E
NOK(E5%) Japan 2071 2335 2480
SEI((= % F) Japan 700 934 980
FUJIKURA(#:£7) Japan 717 901 1008
M-FLEX ' US 803 831 960)
ZDTEEG TAIWAN 274 528 580
NITTODENKO([ i~ ) [JAPAN 496 513 420
Interflex ' KOREA 362 460 577
CAREER (& Fhta) TAIWAN 321 394 518
SIFLEX KOREA 306 345 360
SONY CHMICAL Japan 293 280 230
FLEXIUM(% £l Taiwan 144 260 367
ICHIAGE §) TAIWAN 152 211 279
Sumitomo Bakelite Japan 214 188 130
FLEXCOM KOREA 134 155 216
Bhflex KOREA 96 133 181
MFSGiH ) SINGAPORH 137 125 80
PARLEX Us 69 70 70
NewFlex KOREA 60 54 50
DAEDUCK GDS KOREA 78 121 165

ZIRFEZFPCBIZR2010-2012F AR HER (BB BB =TT)

Annual Revenue and Ranking of World's Major FPCB Suppliers in 2010-2012 (Unit: million USD)




BT NIARFPCHIIREY5E8E + iF204E 3K - —E BEETHDDAOODDAYERAR

% BRABREBIBENRE FEANES R EMEIRAVEEE o
20102F - BAERMR MEZNipponMek tron (FERES) WA L2009 38 £R35% » SE R
22. 12ETT EIRE—BIMIERN0FBE - NipponMektronENokia~ Apple
FSony8YFE BHIER - BB EIRIETE K REFEEER (Western Digital) »
B2 (Toshiba) N F 2R

M-FLEXZERIMFApple BV EEHED  EMRABM-FLEX
B IT5%MINA- BEFUJIKURA(EE) RIBABRSE - £
BRE ERXRLTIUNXBENEEZERAMLE FPCHAFRER
AXRZOM: BMTFERNipponMektron RERETESE -
EREIT(SUMITOMO ELECTRIC)FUEREAEREFPCAM » FNBFPCEEFSEHEF
KR BERIFRVETS  SPEPTIREE  SEEEHE » SIRIAEH  DVREZR < 2010558
LB B A0SR - A EERSEEENEREN  BtEEE(ER
KEEZTB BATEEHEEZETNITTO DENKO)FIZRE(SONY Chemical)tEIER
T - BEBRBRIEENME  REHK  BTAHE=FITE ' (KAREUS
I IFREBEGIRNAE - LEINOKIDARIFEIRER AL  BRNOKS)N - FPCIBATE S
MSERBRVETE  FUJIKURAE—ESRIBRIFPCEIZIRNE - RiB2011EiPadfd
SFujikuraB@32{Sil °

Apple B RIRBANEIRIFIER » 20N EIRFERIEIL20/ZZETT » iPod >
iTouch~iPad~ iPhone 2BV EISEN T Z L A E RS AV © App | e5BE
BRI FERSTE6 - 2D BB ZAHINIPPON MEKTRON~ SUMITOMO ELECTRON-
ICS~FUJIKURA~ ZEBIAIM-FLEX » EZBIFLEXIUM(EED) ~ E2EUAYINTERFLEX
EBEIFPCB 438 INTERFLEX~S| FLEX~FLEXCOM~BHflex& B RFEHVBLE » INTER-
FLEXEBiBR LmavS| FLEXEN/AREREISE—AFPCHIZR - BRELEFNEESF
H—BIIMNE =2 (SAMSUNG) RDLG - ERBIMRIKSE=2F0L6 - HPLGHR T B B
= ENEEFRATIREISEIZRARY)  FPCERSRERS © Inter flexERIE
BB AppleiRsE o

SEMRPIET (207) BAop e ERHEHOEIREE T8 (KFEREER  ZEBRRE - I0TEEIR B
YIESFRHENSIRAITAPCBRIZK ° Career FEHEIRAHKSEABERRAIHTC - Ichiadk i B2HKFEFBELADHTC - #7100
BT SEATORS - A AR AT AR R D BIMFSHIA S S 2HGST  FBHCS T TSI SRS - EAZEIEa alAciEigs]
8o

CPEIAREAIFPCRRSRIEER R\ » BT ACEB L BERE - RFAESEINCATNEE  MEZH T PEREARSN
FHEYE B RIBEVIEIE  EHPLEBR AN BLLIEHES =857 (Three Golds) ~PEFTTF (ZTE XINGYU FPC)
ST (KINWONG) ~ ¥536ZE (JINGCHENGDA) ~ & (NETRON SOFT-TECH) ~ 27 (JIAZHIHONG) ~BKETTEE  (ZHUHAI
TOPSUN) o ShEIAPERR RBIFPCRRZR EitARaHERS - E R FI0MMFSIER (%

Japanese enterprises are still the leaders in the FPC market. In the past 20 years, Japanese companies
have monopolized the FPC market of HDD and ODD; they have stable quality, large capacity and worldwide
production bases. In 2010, the Japanese FPC manufacturer, NipponMektron, had an increase of 35% in

revenue compared to that in 2009, reaching 2.22 billion dollars, securing its place as No. 1 in the world
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ranking. NipponMektron is the major supplier for Nokia, Apple and Sony, and it is also the major supplier for
the world famous HDD brands, Western Digital and Toshiba.

M-FLEX is the major supplier for RIM and Apple; these two companies contribute 85% of M-FLEX'’s revenue.
The Japanese enterprise FUJIKURA is struggling against price competition and its revenue is declining; the
core business of FUJIKURA is optical communications and connectors. The company does not invest much
effort in the FPC market, so its technique is inferior to NipponMektron and it has to wage a price war.
SUMITOMO ELECTRIC and SUMITOMO BAKELITE are both FPC manufacturers, but the FPC market is
not their core business. Their major customers are HDD, ODD, digital camera, and DV manufacturers. In
2010, there was not much market expansion in these fields and the companies faced price pressure from
Taiwanese enterprises, resulting in no change or even a decline of revenue. The same happened to the
Japanese enterprises NITTO DENKO and SONY Chemical. Even so, despite encountering the triple whammy
of the 311 earthquake, floods in Thailand, and the appreciation of the Japanese yen, Japanese manufacturers
still obtained excellent results; particularly, NOK, which retained its place as a global conqueror. For Japanese
enterprises other than NOK, FPC is not their core business. FUJIKURA even reduced the scale of its FPC
business for a while, but in 2011, iPad gave FUJIKURA renewed confidence in the FPC business.

Currently, Apple is the world’s largest FPCB buyer. In 2011, it made a purchase of nearly 2 billion dollars.
Apple's iPod, iTouch, iPad, iPhone, notebooks all require the use of a large quantity of FPCBs. There are six
Apple-certified FPCB suppliers, that is, NIPPON MEKTRON, SUMITOMO ELECTRONICS, FUJIKURA from
Japan, M-FLEX from the USA, FLEXIUM from Taiwan, and INTERFLEX from Korea.

The top four leading Korean FPCB manufacturers, INTERFLEX, SI FLEX, FLEXCOM, and BHflex, all
have shown quite steady growth. INTERFLEX overtook the unlisted SI FLEX and became the largest FPC
manufacturers in Korea. Their main customers are SAMSUNG and LG. Korean manufacturers rely heavily
on SAMSUNG and LG. Although the revenue of LG has declined, Samsung’s smartphones and tablet PCs
are growing strong in the market, which benefits FPC manufacturers. Interflex products even passed Apple's
certification.

The Taiwanese manufacturer ZDT is a major supplier for Apple and also a member of the Hon Hai / Foxconn
Technology Group. The company is known for its great sales performance. ZDT developed rapidly and
entered the global Top 10 of PCB manufacturers only five years after its establishment. Career relies on
mainland manufacturers and HTC; Ichia relies mainly on Nokia and HTC. MFS is a manufacturer with its
production base located in Changsha, Hunan; its controlling company is a Singapore enterprise. The largest
customer of MFS is HGST; however, after HGST is acquired by Western Digital, it is likely that HGST will
transfer its orders to other suppliers.

FPC manufacturers in mainland China are small-scale; the technology level is relatively immature and they
have not yet obtained recognition from large foreign companies. Nevertheless, these manufacturers still
have good sales growth and are benefitting from China’s powerful, huge mobile phone industry. Of these
manufacturers, the relatively larger ones are BYD Electronics, Three Golds, ZTE XINGYU FPC, KINWONG,
JINGCHENGDA, NETRON SOFT-TECH, JIAZHIHONG, and ZHUHAI TOPSUN. China’s largest FPC

manufacturer is MFS, whose controlling company is MFS Singapore.
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Having just described the scale of the global and Korean FPCB industry and trends in the FPCB market, we
need to review Anderson’s products to see whether they have any chance of competing successfully in this
market. As early as 2010, our electronic machinery department acquired information on local market trends from
our Korean agent. Since then, they have been actively been looking for next generation products. Anderson
Group presented the first UV laser drilling machine exclusively made for FPCB processing (as shown below)
that combines current laser technology of DIGITAL PHOTONICS CORP at the KPCA (Korea Printed Circuit
Association) exhibition this April. The electronic machinery department now has a new force in the FPCB
equipment product line. Looking at our current main competitors, ESI holds the greatest share of the current
market. A rough estimate shows that ESI| has sold over 300 units into the Korean market. A conservative
estimate is that, starting from the beginning of 2013, Korea’s annual demand is approximately 100 units. With
an approximate unit price of USD 440,000, the size of the market is around 44 million USD per year. This total
sales amount is not lower than the annual local demand for drilling machines. Therefore, in order to push our
performance in the Korean market, the promotion of UV laser drilling machines can not be overemphasized.

The barriers to entering this industry are not low. The initial investment cost is high; developers must be familiar
with the use of UV lasers and at the same time fully understand the material properties of different FPCBs;

otherwise you end up getting half the results for twice the effort, and what has been achieved will be spoiled.
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All in all, regardless of the specific developments in the next generation of 3C.consumer products, the
mainstream market demand will be for lighter, thinner, shorter products with smaller features. In the future,
“winning by quantity” is no longer gaing to be the key to success. PCB manufacturers as well as FPCB
manufacturers have only one choice: pursue advanced process development and focus on “quality.” One big
question is how can Anderson provide products that conform more to market needs in the next stage. In addition
to improvements along existing lines, developing higher precision machinery and advanced product processing
are urgent issues. With the efforts and support of the electronic machinery department, related divisions, and
fellow colleagues in our subsidiaries, the next competitive model is on its way to the market. We look forward to

seeing it!



F5t5E Jason Wang from AIC
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People come one after another along the bustling lane of a shopping district in Frankfurt. The shops, bars,
restaurants and coffee shops are crowded and lively. Here, the looming shadow of the European financial crisis
cannot be seen, except, perhaps, in an assortment of beggars vying with one another to draw the attention of
passers-by with their creative performances. Each one performs some special feat or trick to attract the curiosity
of spectators. The most popular and interesting of these street performers is “magic Jack,” who appears to be
floating in the air. Upon careful examination, the method he employs to achieve this illusion can be guessed,
but we still admire the attention that he has put into creating this artistic illusion. Seeing the amazed and
excited expression in the eyes of curious children looking on, | have no choice but to drop him a single Euro as
encouragement. Stepping back to take in the scene, one could view the interaction between the street performer
and the onlookers as another artistic performance: maybe a play imitates life and life is like a play. Perhaps this is
the essence of what the beggar wants to say.

PS:EIRETEERR  BEHLEHBNED  BFAZEREAEIER - 55K TNT1005T

PS: If you some day catch sight of me levitating in the air on the street, please do not hesitate or doubt, just drop

me an NT100 note..



FRERIS Hui-Ling Chen from AIC
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After a long winter, | was eager for some hiking in this
warm spring with flowers blooming everywhere. | had long
heard about the beauty of Linmei Shihpan Trail, and had
the chance to visit this famous trail during my trip to I-lan
this year.

Shihpan Trail is located in Linmei Village of Jiaoxi, a town
known for its hot springs. The way is not hard to follow
along the mountain trail, but the entrance to the trail is
remote and can easily be missed if you’re not paying
attention. | was lucky and did not miss it, as it was a holiday
and there were many tourists and cars were parked outside
the entrance. A pebble trail led the way to the main trail
and a green golf course and some gorgeous scenery with
lakes.
To maintain the environment along the trail, there is a
control station at the entrance, and only a limited humber
of guests are allowed onto the trail at one time. Linmei
Shihpan Trail forms a loop, so traveling the complete length
of the trail brings you back to the entrance. Thus there is
no need to backtrack and one needn’'t be bored by going
back the way one came The trgil was designed to have
a minimal impact on the ecology, ‘with the only artificial
elements being wooden path,s,peﬁble trails and wooden
ladders. The ongmak’éeaut?

maintained.

ature has thus been

,i»fSNhich is not long and
gth takes less than one
. _l.its way through the
green forest, so you do ﬁe_Ven when walking the
trail in summer. In fact t- erfect place to get away
ldren who are city-born
} : _._'jeurney with ease. The
scenery was like a IivinE;;-_.'fég_tﬂ?;ﬁ”—'ecology, with my older
son excitedly remarking, “Hey, this is the fireweed that |
saw in my textbook!” “Look, ‘a lizard!” “Wow, the sign says
be careful of snakes”!

Thanks to the limitation of visitors at the entrance, there
isn’t too much of a crowd. Thus we can enjoy seclusion
from the noisy and hectic lifestyle of the city and completely
relax body and mind. If you have the chance to visit
Jiaoxi, why not visit this ecological trail? Bathe yourself
in the fragrance of the Pythoncidere and enjoy a relaxing

moment. You can also enjoy the hot springs of Jiaoxi!
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=& Joey Huang From AIC

CEVETN
My Summer Tour of Nant© q"ﬂf /’1

BERPARSRANGRZNETTIOK - FRE T MR —REVFEIRZIK
A friend from my college days came back from Mexico for vacation and we
planned a two-day trip to Nantou.

E—XIIERBFRERFNPEHSH RN BRHERUAK AESRERE
FEMME]ESE o RIKIFN AR TERENE it s free!

On the first day, we visited one of the more popular tourist spots in central Tai-
wan: the Monster Village. The village, also named Song-Lin, is not very large

and contains several theme shops. You don’t need a ticket to tour the monster
village; it’s free!

BERIFNRILE  AETEIMRE  EEEBRABUIREE - SEELRES
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[Z - HEEHEFEENEEFN\ 2 REBAKFIKEESEH !

As Monster Village has experienced a boom in popularity, it is often crowded on
weekends and weekdays. This new spot has a different feel than any of my past visits
to Xitou, introducing something new. The overall theme of the area is interesting and
rich in Japanese flavor, and the monsters are cute and kind. During our visit, the mas-
cots “Kumar” and “Badou” performed a dance, their chubby, round bodies making the
dance even cuter, and all the children and adults had a laugh and enjoyed a fun time.
The souvenirs in the shops also reflect the monster theme—you really have to explore
some of these shops firsthand to see what is sold! Among other things, there are many fa-
mous Taiwanese snacks. | strongly recommend Monster Village as a place to visit if you're ever

in Nantou.

ERBHIEARER  HPRIERRAXRE IS - HEREAREEE—OH JEFEU%&%E—FT SRS RS2/
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EARELRT  ROENEFEBRAET -

After a rest at our guest house, we went on to a new challenge: the Sky Bridge of Houtanjing. The name Houtanjing
comes from an interesting feature of the landscape; a nearby mountain shaped like a monkey. It has a reputation as an
auspicious site according to the art of Fengshui (Chinese geomancy). Of course, we didn't see any real monkeys. Since



it is a great spot that is believed to have positive
influence on a family’s future, we were bound to see
some tombs. No need to be scared—some ofthese
tombs could even be called ancient.
ERRBATED  FADSEHEAE0ERIR
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—EEEH
There is another very popular spot to
visit, with a line from the entrance to
the Sky Bridge. The bridge is wide and
stable to walk on, but the wind was stronger than ex-
pected. Maybe that is why walking on the bridge with an
umbrella is prohibited. On the bridge, it felt like we were
airborne, with wind blowing from every direction, and
the horizon visible in the distance. In the evening, one
can see the glorious sunset with a wide view of almost
180 degrees, provided the place is not too crowded.
The scenery was spectacular and with rivers flowing
through the forest, we felt refreshed and relaxed. For
those visiting Houtanjing for the first time, you should
walk around the area before crossing the sky bridge.
This is because the sky bridge is one-way only, so
once you have crossed, you have to take the long way
around to get back to the Houtanjing rest area. So tour
around the rest area before you go on the bridge. There
are food stands, places to take a rest, or enjoy snacks
and beverages. It could be a truly relaxing moment.
Before we left, we bought some pineapple cakes, which
the area is famous for. They are also strongly recom-
mended as a souvenir.

BT EEFREREEX BRIk B
ERHER SR —EEEENERSEAERERK
W BthPRERER - DR BEEERENEAEREEES
B EMERRIR TS  E RS SRR T E
5T AUEES R ErRERE  BEASNER

18 75 IR A

RiMSEEEEFECHR
A - HPIER & TR VAR
B TOR - BFIREN
FAFRHSR—IERREDN
i EmthFIEE S mOE
BHE - 1A ERAEE !
Qur last stop was Tian-
ma Farm where we went
to see alpacas up close.
On the farm, there is

a wide grassland area
for alpacas only, where
they can run frolick at

will, and visitors are free
to interact with the animals. Alpacas are
extraordinarily friendly and cute, and they
cooperated fully when we fed them and
took their pictures, eating up a great por-
tion of my camera’s memory card. As the
farm’s closing time drew near, the staff let
us take part in herding the alpacas back
into their resting area, and the alpacas
followed us as we

formed along line
for leading them
back to their home.
It was a unigue and
interesting experi-
ence.

ETRWTIZRHHR
EEET FERR
BEEEREIT—X
BT - BECHEE
—Tr1

Qur tour this time

was rich in flavor

and one to remem-
ber. | hope that |
will have a chance
to plan another de-
lightful trip like this
one soon.
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