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The article presents methods and means of 3D design of printed circuit boards in CAx. Automated
placement of elements on the board is implemented by means of API SolidWorks using Visual Studio C#. The
API application works by an algorithm that allows you to create a 3D layout of printed circuit boards. Each
component of the library contains a conditional graphic notation of the element. With the help of the
implemented algorithm, a comprehensive approach is provided, which consists in the fact that already at this
stage the preparation of the strategy for tracing the conductors of the future printed circuit board is carried
out, the classes of circuits are determined and the necessary technological parameters are set, as well as the
data necessary for the preparation of design documentation is generated. After the completion of the work on
the input of the scheme, a check is made for the presence of errors and compliance with the specified
parameters, and if the test is successful, a list of circuits is generated for transfer to the tracing program.
From this moment, any possibility of errors in the subsequent stages of design is excluded. CAD DipTrace
was used to trace printed circuit boards and generate g-code. Printed circuit board processing is carried out
on a CNC machine - CNC3018 using the Candle program. The printed circuit board tracks are created by
forming a groove between the track and the metallized coating of the textolite. With the help of the formed
height map, the uniform removal of the metallization layer over the entire area of the textolite is ensured.

In addition, holes are drilled for the output elements of the circuit, the printed circuit board is cut along
the contour and covered with a layer of tin to prevent oxidation of its metallized coating. The considered CAD
methods and tools made it possible to automate the design of the printed circuit board of the FM radio receiver
control module. As a result of the performed work, means of automating the design of printed circuit boards
were applied and a fully functional printed circuit board with a track width of 0.8 mm was obtained.
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Introduction

At the time of computer technology, scientific and technological progress, the use of printed circuit boards for
the manufacture of high-tech products (smart devices) has become widely used. Printed circuit board is a plate made
of materials that do not conduct electric current well (textolite, getinax), on which or inside which at least one
conductive pattern is formed. Electronic components are mounted on the printed circuit board, which is connected
by the leads to the elements of the leading pattern by soldering or, much less often, welding, as a result of which an
electronic circuit is formed module [1-4].

The system board is the most important component located in the case of any modern digital gadget. It is
designed for powering, switching, controlling and coordinating the actions of all elements found in any computer
equipment. Various SMD components (resistors, capacitors, fuses, diodes) and all other peripherals are connected
to the system board using ports, outputs and connectors.

The most common reason that leads to rapid board failure is overheating. It can occur due to climate
conditions, dust ingress, and a cheap cooling system. It happens often that the cause of overheating is too much
current applied to the board components. That is why it is extremely important to calculate such a current strength
for each element in order to prevent breakage due to overheating in advance during the practical use of any board.
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Design and manufacture of a printed circuit board in CAD

The PCB design process starts with creating a component library for the project. At this stage, the
documentation for the components used is searched and studied. Each component of the library contains a
conditional graphical designation of the component for the schema editor, and a seat for the topology editor. An
integrated approach consists of the fact that has already appeared at this stage, a strategy for tracing the conductors
of the future printed circuit board is prepared, circuit classes are determined and the necessary technological
parameters are set, as well as data necessary for the preparation of design documentation is formed. At the same
time, it is necessary at this stage to take into account the heating of components that are placed on the board for its
further reliable operation, and it is advisable to conduct such thermal analysis in 3D modeling systems, for example,
SolidWorks, Cadence, etc. [5-8]

After completing the circuit input work, it checks for errors and compliance with the specified parameters,
and if the test is successfully passed, a list of circuits is generated for transmission to the trace program. From this
point on, any possibility of errors occurring at further design stages is eliminated.

Automated placement of elements on the board should be carried out using the SolidWorks API. The API
application is developed directly in Visual Studio, using program code generated when writing a macro in
SolidWorks. In this case, the developed subsystem can work according to the following algorithm, as shown in
fig. 1.
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Fig. 1. Algorithm of operation of the subsystem with 3D design of printed circuit boards
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The followed production of boards uses CAD Dip Trace needed for forming g-code. It is strongly advised to
follow the steps of editing printed boards [9-15].

Demonstration of CNC-Machine manufactured possibilities is shown fort he controls module of the FM radio
Dimensions of the circuit boards is 46x46 mm. The circuit board is shown at the Fig 2.

Fig. 3. CNC Machine - CNC3018

Steps and process of printing CNC-machine _CNC3018 is shown at the Fig 3.
The first step and the followed steps use Candle program that is interfaced and used hand to hand with CNC-
Machine (Fig 4).
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Fig. 5. The program for the first stage of the formation of printed circuit board tracks

The tracks of the printed circuit board are created by forming a groove between the track and the metallized
coating of the textolite, which is shown in Fig. 6.
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Fig. 6. Forming a groove between the track and the metallized textolite coating

Since the metallized coating is no more than 0.1 mm and the textolite itself on which it is applied is not
perfectly even, we need to make a height map of the working surface, the process is shown in Fig. 7.

Probe grid:
W: | 46.00 | x| 5 |
H: | 46.00 | v:| 5 |

Figure 7. Measurement of the height map

The height map is created as follows: the CNC machine has a so-called Z-probe, which, when closed, sends
a signal to stop the machine along the Z axis (tool axis). The textolite before processing is an excellent conductor
throughout its metallization surface, therefore it ensures the closure of the Z-probe. The program indicates the size
of the future printed circuit board and the grid (number of points) of measurement, in our case it is 46x46mm and
5x5=25 measurement points. As a result, the CNC machine measures 25 points and plots them on the height map,
as well as immediately displays the color scheme of the curvature of the textolite in the program interface. Thus,
with the help of a height map, the metallization layer is uniformly removed over the entire area of the textolite. In
our case, the distortion is minimal, and when working on a textolite of a larger size, the distortion will be more
significant, so it can be called a height map measurement tool, the main tool when working with printed circuit
boards on a CNC Machine, and in the absence of such a tool in the arsenal of a CNC Machine, it makes it impossible
to work with printed circuit boards in principle. Using the W0.2x3.175x30° milling cutter, we start the first stage of
cutting the printed circuit board (Fig. 8).

Fig. 8. Printed circuit board after the first stage of cutting
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The next stage is drilling holes for the output elements of the circuit and cutting the printed circuit board
according to the contour. Since these two stages do not require the accuracy of cutting along the Z axis (Axis of the
tool), we cannot use the height map when working, but since the stages require cutting through the textolite, for this,
it is necessary to put a substrate under the textolite, so that in the case of cutting the textolite, it will not be damaged
machine table The printed circuit board after two stages of cutting is shown in Fig. 9.

Fig. 9. Printed circuit board after two stages of cutting

To prevent oxidation of the metallized coating of the printed circuit board, it should be covered with a layer
of tin, for an even application, you can use a desoldering braid, although it is intended for removal, it leaves a
minimal layer on the copper metallization, which was to be achieved. The completed printed circuit board is shown
in Fig. 10.

Fig. 10. Completed printed circuit board

Conclusion

As a result of the work performed, we used tools for automating the design of printed circuit boards and
received a fully functional printed circuit board with a track width of 0.8 mm. In the future, it is planned to increase
the accuracy of the CNC Machine and obtain a printed circuit board with a track width of 0.4 mm. It is also planned
to apply a soldering mask. If necessary, it is also possible to completely remove the metallization, leaving only the
tracks.

To consider CAD methods and tools, it was possible to provide an automated design of a printed circuit board
of a control module for an FM radio receiver. This approach to the design of printed circuit boards is advisable to
use in the design of printed circuit boards for their use as part of transceivers for data transmission.
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B cratTi npexcrasiieno meroaun Ta 3acodu 3D npoexTyBaHHA APYKOBaHUX IJIaT B CAX. ABTOMATH30BaHe
po3MilleHHsl eJleMeHTIB Ha miaTi peanizoBano 3acodamu API Solidworks 3a nonmomoror Visual Studio C#.
APIl-nonaTok mpauioe 3a ajJropuTMom, 1o A03BoJisi€ 3a0e3nedyBaTd 3D KOMMOHOBKY JAPYKOBAaHUX MJIAT.
Koxen koMmoHeHT 0i0gioTeKH MiCTHTH yYMOBHO-rpadiuHe TIO3HAYEHHHA eJleMeHTa. 3a I0NMOMOIoI0
peatizoBaHOro aJropuTMY 3a0e3MeyeH0 KOMIUIEKCHUH MiaXin, AKU MoJIsirac B TOMY, 1110 BKe HA I[bOMY eTari
3AiHCHIOETHCA MiAITOTOBKA CTPaTeTii TpacyBaHHs MPOBiTHNKIB Mali0yTHHOI IPYKOBaHOI IJIATH, BU3HAYAIOTH-
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¢s1 KJIACH JIAHIIOTIB i 3a1a10Thcsl HEOOXi/IHI TEXHOJIOTiYHI mapaMeTpH, a TaK0K (GOPMYIOThCS AaHi HeoOXixHI
A NiATOTOBKH KOHCTPYKTOpchbkoi dokyMeHTaunii. Ilicasi 3aBepumieHHst poOiT 3 BBedeHHS CcXeMH
3ailiCHIOETHCA MepeBipKka Ha HAsIBHICTh MOMWIOK i BiAMOBiAHICTH 3aJaHNM napamMeTpaM, i B pa3i ycmiuiHoro
NMPOXO/ZKEeHHSI TeCTy TeHepyeThbes CIHCOK JIAHLIOTIB Ui TMepeAadi B mporpaMy TpacyBaHHs. 3 LbOro
MOMEHTY BHKJIIOYA€TbCSl OyAb-sika HMOBIPHiICTP BHHUKHEHHS IIOMWJIOK HAa MOJAJbLIIMX eTamax
NnpoeKkTyBaHHs. 1 TpacyBaHHs APYKOBaHHUX MJaT Ta ¢gopmyBanHa g-koay 3actocoBano CAIIP DipTrace.
O0podka npykoBanoi miatu nposoguiaacsi Ha CNC machine - CNC3018 3a gonomoroio nporpamu Candle.
JopiKkn JIpyKOBaHOI IJIATH CTBOPIOBANHCH HUIAXOM (OpMYBaHHSI KaHABKH MiK [OPiXKKOI0 Ta
MeTaJi30BaHUM MOKPUTTAM TEKCTOJITY. 32 71010MOroio c)opMOBAHOI KAPTH BHCOT 3a0e3Me4yeHo piBHOMipHe
3HATTA WIapy MeTaTi3anii Mo BCill MI0IIi TEKCTOJIITY.

Kpim Toro, peanizopano BHCBep/JIIOBAHHSI OTBOPIB ISl BUBIIHNX eJIeMeHTIB CXeMH, 00pi3 ApyKOBaHOL
IJIATH 32 KOHTYPOM Ta MOKPHMTO WIAPOM 0J10Ba ISl 3al00iraHHsl OKUCJIeHHs I MeTali30BaHOr0 MOKPHUTTS.
Po3srasnyTi metoau Ta 3acodu CAIIP no3Boaniu 3a0e3ne4nTH aBTOMATH30BAHE MPOEKTYBAHHS APYKOBaHOI
IJIATH MoAyJIsl KepyBaHHs 1ias1t FM panionpuiimaya. B pe3yabTaTi BHUKOHAHOI PO60TH 3aCTOCOBAHO 3ac00H
aBTOMATH3aLIl IPOEKTYBAHHS APYKOBAHUX IJIAT TA OTPUMAHO NOBHICTIO (PYHKIIOHAJILHY IPYKOBaHY ILIATY,
i3 mmpuHoIo Kopixkku 0.8 Mm.

Kniouosi cnosa: CNC, DipTrace, CAIIP, FM, rpasiroBannsi, G-Code, kapra Bucor, Candle, SolidWorks.






