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Abstract. The work describes the development stages and automatic nail
transfer to the IMM zone system functioning concept.
Keywords: molding, thermoplastics, STM32, nails, automatic.

L INTRODUCTION

Injection molding machine (IMM) also known as an injection press, is a
machine used for the thermoplastics parts manufacturing by injection molding.
Currently, more than a third of the world's single-piece products from polymer
materials are produced using injection molding machines. The injection molding
technology is ideally suited to the mass production of complex shapes, an important
requirement for which is exact size matching.

The cycle time in the casting process varies widely - thin-walled products can
be produced in a few sonds, castings weighing hundreds of kilograms can be
produced in minutes.

Plastics remain one of the most popular materials used in almost any area of
technology and medicine. This is one of the most common methods. The main reason
for its prevalence is the injection molding machine low cost with the ability to obtain
any geometric shape products . Metal, wood or glass are significantly more
expensive, so they can compete with polymer materials only in narrow niches. By
using IMM you are allowed to automate the manufacturing process as much as
possible, to obtain high-precision products at a low cost.

This process automation takes place, since injection molding technology has
many advantages over other methods. Let's list the most significant of them:

-minimum waste;

-high performance;

-accelerated technological process;

-the ability to make polymer products with any shape and size [1].

The use of manual labor when using injection molding machines is minimal,
all operations are controlled by automation, controlling all casting processes and the
amount of material.

Products from polymer raw materials are widespread due to their low cost,
high manufacturability of production, and the possibility of recycling.

For many types of manufacturing, it will be beneficial to organize such process
on their own, and not buy them on the side.

There is nothing complicated to organize a line for the thermoplastic products
manufacturing.

The inner mold contours precisely follow the future product shape, therefore,

the complete filling of the tooling with polymer means obtaining geometrically
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accurate parts.

II. LITERATURE ANALYSIS

For the manufacturing owner automatic process is the most important, when all
operations are controlled by electronics. The IMM elements are usually driven by a
pneumatic drive, which is powered by an electric motor.

To avoid destroying the nails head, we cover them tightly with plastic. This
way the nail will retain its aesthetic and will last longer as a construction component.

An automation of the transfer nails to the IMM zone process, this will
significantly increase the number of processed nails per unit of time. Also we will
receive a quality increase, since the transfer process will be fully and completely
operated by the controller.

Block-schematic diagram is shown on the Fig. 1. It contains the following
blocks:

- transfer controller;

- carriage transfer block;

- indicator;

- component transfer block;

- vibrodrive block;

- IMM;

- terminal block;

- manual controls and setting block.

carriage ; component
transfer block indicator transfer block
SM®) (servo drive)

vibrodrive ) | transfer
hI.-.L-!-‘AIh controller P IMM
manual

terminal controls and
block setting block

+5M - stepper motor
Fig. 1. Block-schematic diagram

Transfer controller is responsible for generating an appropriate signals at
appropriate times. It analyzes button positions, sets transfer and mounting rate,
changes system states and modes. Carriage trasfer block is a stepper motor unit. It’s
responsible for keeping each nail fixed at appropriate place and transfering itself to
IMM. Components transfer block inserts each nail to apropriate place. Indicator
shows system modes. Terminal block is a device that opens a circuit in a system
when moving parts reach their end position. Manual controls and setting block are
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used for transfer and mounting rate input. IMM covers each nail tightly with plastic.
General algorithm is shown on the Fig. 2. It contains steps to reach operating
mode.

IMM FORCE
UNIT START

Yes Manual No

r—lﬁ

TRANSFER RATE

| SETTING |
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. —
MOUNTING RATE
ﬁ—/bh] i BACK TO INITIAL OPERATING

SETTED STATE MODE
Yes TRANSHR  No I

BUTTON o — |
PRESSEDY,

—
"CARRIAGE TRANSFER" Yes kf{h& No
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| % PRESSEDY? 1
"CARRIAGE RETURN" Yes MANTNG  No

SIGNAL 7 BUTTON ™,
I “PRESSE

0 \-SSE T
NAILS HANGING
CYCLE

F_ig. 2. General algorithm

Originally we launch IMM, we launch IMM force unit too. The controller
checks for setting mode occurrence, is it manual. If it’s happened, as result we
receive transfer rate setting and mounting rate setting pollling. These steps we setting
the system.

After the controller analyze if the transfer button is pressed. Pressed - a
«carriage transfer» signal i1s generated by the controller. After the system goes for
initial state check. Not pressed - the controller analyzes if the carriage return button is
pressed. Pressed - a «carriage return» signal is generated. Not pressed - the controller
checks for mounting button position. Pressed - the sustem goes to nails hanging
cycle. Else - all goes back to setting.

The system is also checking itself for being in the initial setted state before the
transfer process. When it’s a step checks IMM initial setted state, in positive case, all
goes to operating mode. Else the system is getting to initial setted state.

The operating mode includes transfer nails into the IMM zone according
settings.

After the operating mode the controller checks for the system being in the
initial setted state to continue performing in that mode.

Operating mode exicution algorithm is shown on the Fig. 3. Unlike general
algorithm, this one demonstrates operating mode steps only.
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Fig. 3. Operating mode egcution algorithm

The controller tells everything to go at a component mounting rate before the
terminal swithces to position “2”. This is for rate matching. After that, the motion
takes a component insert rate value.

If the terminal is switched to “3” position, the controller generates a component
transfer cycle. Which means components transfer to the IMM zone.

All components have to be placed into right apropriate places at the zone.
When everything is correct, the controller tells the system to start retraction at a
transfer component rate. It continues until the terminal position is “1”. It means that
every component is in the IMM zone now.

ITII. ELEMENT BASE DECISION AND REASON

3.1. Microcontroller

To implement the control unit, it is advisable to use the debug board based on
the popular and cheap STM32F103C8T6 microcontroller.

The debug board contains the STM32F103C8T6 microcontroller, as well as a
voltage regulator, which provides the microcontroller with a stable 3.3 V power
supply, which is necessary for a correctly working controller. In addition to the
above, the board has an external crystal oscillator, two LEDs, one of which is a
power supply indicator, and the other is a test one. Pins of the microcontroller,
including pins for programming, are brought out to the edges of the board for easy
wiring.
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Fig. 4. The debug board based on the STM32F103C8T6 microcontroller

CANI TO
CANI AD B

The STM32F103C8T6 is a low-power high-performance microcontroller. It
can be powered by a 2 V voltage power supply with a 72 MHz core clock while all
peripherals enabled and still only draw 36mA. In power saving mode, the STM32

consumes 2 pA.

Fig. 6. STM32F103C8T6 pins
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One of the requirements for modern devices is to ensure the safety of the
program code from unauthorized access. Read protection through the debug port can
be set for STM32 flash memory. While read protection is enabled, flash memory is
also write protected to prevent the possibility of incorrect code being placed in the
interrupt vector table. STM32 microcontrollers also contain a real time clock and a
small amount of battery-powered SRAM. The contents of this area are automatically
cleared by an interrupt from the anti-tampering module.

The STM32 requires a single power supply with a voltage ranging from 2.0 V
to 3.6 V. The onboard regulator is used to generate 1.8 V for the Cortex core. STM32
can have two additional power supplies. When using an ADC, the VDD power
supply voltage must be between 2.4 V and 3.6 V. The 48-pin packages the reference
signal is internally connected to the ADC power supply pin. Each voltage source
must have stabilizing capacitors.

The STM32 is well equipped with general purpose GPIO I/O ports. They are
grouped as five ports, each containing 16 I / O lines. Each digital pin can be
configured as a GPIO pin or as an alternative function pin. Each pin can
simultaneously operate as one of 16 external interrupt lines.

Ports are designated from A to E latin alphabet and all are 5 V tolerant. Many
of the external microcontroller pins can be switched to serve user peripherals such as
the USART or I12C instead of performing I/O functions.

The individual pins of each GPIO port can be configured as input or output of
various drivers. Ports contain registers into which you can write information in word
format or manipulate their bit fields. After making the settings, the registers can be
locked.

A port pin can be defined as input or output, and its load characteristic can be
selected. If the pin is defined as an input, using the built-in register, you can "pull"
the pin to ground or supply voltage. If the pin is defined as an output, it can be
configured as push-pull or open-drain. Each output can also be configured to operate
at frequencies up to 2 MHz, 10 MHz, or 50 MHz.

In addition to an excellent set of general-purpose peripherals, the STM32
contains five different types of communication peripherals. The STM32 contains SPI
and [12C interfaces to exchange information between components on a printed circuit
board. There is a CAN bus for communication between different modules of the
device, and a USB device interface for communication with a PC. The STM32 also
uses the popular USART interface.

For fast data exchange between PCB components, the STM32 contains two SPI
modules that provide full duplex data transmission at frequencies up to 18 MHz. It is
very important to note that one of the SPI modules is located on the high-speed APB2
peripheral bus, which operates at a clock frequency of up to 72 MHz. The sond SPI is
located on the low speed APB1 bus, clocked at up to 37 MHz. For each SPI, you can
set the clock polarity and phase. Data can be transmitted as 8 or 16-bit words, MSB
or LSB. This allows both SPI modules to act as master or slave and communicate
with any other SPI device.

To organize high-speed data exchange, each SPI module contains two DMA
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channels: one for transmitting data and the other for storing received data into
memory. The use of DMA allows high speed data exchange in two directions under
hardware control. In addition to the standard functions, the STM32 SPI contains two
hardware blocks for calculating the cyclic redundancy code CRC. One CRC block is
used for transmitted data, and the sond for received data. Both blocks can calculate
cyclic redundancy check for 8 and 16-bit data. This function is especially necessary
when connecting to SPI MMC/SD memory cards.

STM32 can communicate with other components on the PCB via 12C
interface. The I2C interface can operate as a slave or master, and arbitrate in a multi-
master system. The SPI interface supports standard data rates up to 100 kHz and fast
data rates up to 400 kHz. The I2C module supports 7-bit and 10-bit addressing
modes. Essentially, the I2C module simply transmits and receives data over the bus.
The 12C module generates two interrupts for the Cortex processor, one to limit error
propagation and one to control addresses and data transfers. In addition, two DMA
channels are allocated through which you can read from and write data to the 12C
transmit buffer. Thus, after coordinating the addresses of devices in the network and
data for transmission, the exchange of information can be carried out under STM32
hardware control.

The STM32 contains up to three USARTSs, each of which supports several
advanced modes to work with modern serial devices. Each of the three USARTSs can
communicate at speeds up to 4 Mbps. For each USART, you can set the data length
(8 or 9 bits), parity stop bit and baud rate. One USART is located on the APB2 bus,
which runs at up to 72 MHz, while the rest arec on the APB1 bus, which clocks at up
to 36 MHz.

Like all other serial communications peripherals, each USART supports two
DMA channels for transferring data to and from memory. When the USART is used
as a UART, it supports several special communication modes. The USART can
transmit data in half duplex mode over a single wire using only the Tx pin. For
connecting a modem, as well as for hardware control of data transmission, each
USART contains additional control lines CTS and RTS. At the same time, a
transmission speed of up to 115200 bit/s is provided, half-duplex NRZ modulation is
used, a low power consumption mode is supported when the USART module
operates at frequencies from 1.4 MHz to 2.12 MHz.

The STM32 CAN controller is a full-fledged CAN module that supports the
CAB 2.0A and 2.0B standards, active and passive data transfer at speeds up to 1
Mbit/s. The CAN controller also has an extension to support fully deterministic data
exchange according to the TTCAN protocol. While the TTCAN extension is enabled,
automatic message retransmission and message time stamping are supported in the
last two bytes of a CAN message packet. The TTCAN extension enables the CAN
module to be used by real-time control application software. An important feature of
the CAN controller is the filtering of received messages. Since CAN is a broadcast
network, every message transmitted is received by all devices on the network. In a
CAN network of sufficient complexity, a large number of messages will be

transmitted over the CAN bus. The CPU would have to spend all the time processing
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these messages. To avoid this, the CAN controller contains a message filter that
prevents unnecessary messages from being copied into the receive buffer.

All CAN controllers support two modes of operation: normal mode, for
receiving and transmitting message packets, and initialization mode, for setting
communication parameters. STM32 can enter "sleep" mode. At such times, the
bxCAN clock is disabled, but the mailbox registers may remain available. The
bxCAN module will wake up when it detects activity on the CAN bus; it can also be
resumed from the application code. In normal mode, there are two sub-modes of
operation. The first submode is the silent mode, in which the CAN controller receives
but does not transmit messages, and also does not generate an error or message
acknowledgment. This mode is intended for passive monitoring of the CAN network.
The sond submode is the feedback mode, in which all transmitted messages are
returned to the receive buffer. This mode is intended for self-testing and is also used
when debugging the application code. Both sub-modes can be combined, which is
ideal for self-testing a device in a working network.

STM32 contains a full speed (12 Mbps) device USB interface that can be used
to connect the device to a PC. The USB module implements the USB physical layer
and the data transfer layer with packet error checking and retransmission. The USB
interface supports up to eight endpoints, which the user configures as control,
interrupt, bulk, and isochronous endpoints. The endpoint buffers are located in a 512
byte SRAM area shared with the CAN controller. During device initialization, the
application code splits the SRAM into buffer groups. The SRAM memory area is
divided into endpoint buffers using a special table located at the beginning of the
SRAM. For each endpoint, the table stores the start address and buffer size. One
buffer is allocated for endpoints operating in control mode, interrupts, and large data
transfers, while a double buffer is allocated for isochronous endpoints. This allows
you to receive data into one buffer and simultaneously process data from another.

3.2. DC motor shaft speed and direction control circuit

To control the DC motor shaft speed and movement direction, we used a circuit
coupled with a control unit based on the IRS2186 microcircuit of the 74HCTO08 logic
gate and the FGH60N60SMD transistor.

The 8-pin SOIC IRS2186 is a high voltage, high speed MOSFET and IGBT
driver with independent output channels. Patented anti-latching HVIC and CMOS
technologies provide a solid monolithic design.

The logic input is compatible with standard CMOS or LSTTL output, up to 3.3
V logic.

The output drivers have a high surge current buffer stage designed to minimize
driver cross-conduction.

The IRS2186 is a 600 V low and high level driver. The driver's output currents
are + 4 A, compatible with 3.3 V and 5 V control logic, undervoltage protection.
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Fig. 7. IRS2186 driver connection diagram

In many cases, it becomes necessary to use field-effect transistors as top-level
switches. Also, in many cases, there is a need for field-effect transistors as switches
of both the upper and lower levels. For example, in bridge circuits.

In a half-bridge circuit, there is one high-level MOSFET and one low-level
MOSFET. In bridge circuits, there are two MOSFETs each of the upper and lower
levels. The most common way to drive FETs in such cases is to use a low and high
key driver for the MOSFET.

Block diagram, as well the location of the contacts of a common driver
IRS2186 for such purposes:
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Fig. 8. IRS2186 functional block diagram

It's also worth mentioning that the IRS2186 comes in two packages - a 14-pin
PDIP for pin mount and a 16-pin SOIC for surface mount.

VCC is the low level power supply, must be between 10 V and 20 V.

VDD is the logic power for the IR2110, it must be between + 3 V and + 20 V
(relative to VSS). The actual voltage you choose to use depends on the voltage level
of the input signals. The curve:

o

<)

Logical 1 threshold (V)

o w @ ©

0 2 4 6 B 10 12 14 16 18 20
VDD logic supply voltage (V)

Fig. 9. Logical «1» power curve

Usually a + 5V VDD is used. At VDD =+ 5 V, the input threshold of logic 1
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is slightly higher than 3 V. Thus, when VDD =+ 5 V, the IR2110 can be used to
drive a load when the «1» input is higher than 3 (somewhat) volts. This means that
the IRS2186 can be used for almost all circuits, as most circuits tend to be powered
by about 5 V. When you use microcontrollers, the output voltage will be higher than
4 V (after all, the microcontroller often has VDD = + 5 V). When a SG3525 or
TL494 or other PWM controller is used, it will probably have to be supplied with a
voltage above 10 V, which means that the outputs will be more than 8V with a logical
«1». Thus, the IR2110 can be used almost anywhere.

It is also possible to lower VDD to about + 4 V if using a microcontroller or
any chip that provides 3.3 V output (for example, dsFig33). In practice, good results
are obtained by using the supply voltage + 5 V.

If for some reason in the circuit the level of the logic «1» signal has a voltage
less than 3 V, then you need to use a level converter / level translator, it will raise the
voltage to acceptable limits. In such, it is recommended to increase to 4 V or 5 V and
use the IRS2186 VDD =+ 5V.

VSS is the land for logic. COM is «low return» - basically the low ground of
the driver.

HIN and LIN are logic inputs. A high signal on HIN means that we want to
control the high key, that is, a high level is output to HO.

A low signal on HIN means that it is necessary to turn off the high-level
MOSFET, that is, a low-level output is made on the HO. The HO output, high or low,
is not considered to ground, but to VS. At a high level, the level at HO is equal to the
level at VB, with respect to VS. At a low level, the level at HO is VS, in relation to
VS, virtually zero.

A high LIN signal means that it is necessary to drive the lower switch, that is, a
high level output is made to LO. A low LIN signal means that it is necessary to turn
off the low level MOSFET, that is, a low level output is carried out on LO. The exit
to LO is relative to ground. When the signal is high, the level in LO is the same as in
VCC, relative to the VSS, effectively ground. When the signal is low, the level in LO
is the same as in VSS, relative to VSS, effectively zero.

SD is used as stop control. When the level is low, the IR2110 is enabled - the
stop function is disabled. When this pin is high, the outputs are turned off, disabling
the IRS2186 control.

i
_HH
i

a2

Fig. 10. IRS2186 half-bridge control diagram
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DI, C1 and C2 with the IRS2186 form an amplifier circuit. When LIN = 1 and
Q2 is on, then C1 and C2 are charged to VB, since one diode is located below +
VCC. When LIN = 0 and HIN = 1, the charge on C1 and C2 is used to add additional
voltage, VB in this case, above the QI source to drive Q1 in the high-key
configuration. A large enough capacity must be chosen for C1 in order for it to be
sufficient to provide the necessary charge for Q1 to keep Q1 on the entire time. C1
should also not have too much capacity, as the charging process will take a long time
and the voltage level will not increase enough to keep the MOSFET on. The longer
the time it takes in the on state, the more capacity is required.

Thus, a lower frequency requires a higher C1 capacity. Higher fill factors
require higher capacities C1. Of course, there are formulas for calculating the
capacity, but for this you need to know many parameters, and some of them we may
not know, for example, the leakage current of a capacitor. Therefore, we just
estimated the approximate capacity. For low frequencies such as 50Hz, a capacitance
of' 47 uF to 68 pF is used.

For high frequencies, such as 30-50 kHz, I use a capacitance of 4.7 pF to 22
uF. Since an electrolytic capacitor is used, a ceramic capacitor must be used in
parallel with this capacitor. A ceramic capacitor is optional if the booster capacitor is
tantalum.

D2 and D3 discharge the gate of the MOSFETSs quickly, bypassing the gate
resistors and reducing the turn-off time. R1 and R2 are current limiting gate resistors.
+ MOSV can be 500V maximum. + VCC should come from a source without
interference. Filtering capacitors are also required.

Fig. 11. Applied circuit

Fig. 12. FGH60N60SMD transistor

FGH60N60SMD transistor parameters:

- Maximum voltage — 600 V

- Maximum current at 25°C — 120 A

- Peak transistor collector current — 180 A
- Saturation voltage — 2.5 B
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- Power dissipation rating — 600W
- On-delay time at 25°C — 12 ns
- Off-delay time at 25°C — 92 ns

3.3. The switching relay module
The relay switch TRSVL-S-Z is intended for switching the TI unit to the

measuring circuit.

Fig. 13. The relay switch TR5VL-S-Z

The switching relay module is a set of miniature telecommunication relays
capable of providing reliable contact at low switching currents (from 1 pA to 2 A).
One switch can connect eight two-wire measurement circuits. The switch occupies
one «terminal» position and has spring-loaded connectors for connecting switching
and control circuits.

3. 4. The matching the signal levels of the control unit and the load circuit

To match the voltage level received from the inductive sensors and the voltage
level that the output port of the STM32F103C8T6 microcontroller is used a galvanic
isolation scheme based on the PC817 optical pair.

The PCS817 is a widely used optocoupler from Sharp. Internally, the
optocoupler consists of an LED and a phototransistor, which are not electrically
connected in any way, thanks to which, on the basis of PC817, it is possible to realize
galvanic isolation of two parts of the circuit - for example, signal and power.

Vee

- Rp RLI Output
D
T

Fig. 14. PC817 connection diagram

PC817 parameters:

- I/O insulation maximum voltage — 5000 V

- Maximum forward current — 50 pA

- Collector- emitter maximum voltage — 35 V
- Power dissipation rating — 150 mW

- Maximum throughput frequency — 80 kHz
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3.5. Transistor switch
Field-effect transistors of the MOSFET family are used as transistor switches
in the circuit: IRFR024 and IRLML2060TRPDbF.

Gm@[u %

\
<[]

Micro3™ (SOT-23)
IRLML2060TRPbF

Fig. 15. IRLML2060TRPbF transistor

IRLML2060TRPbF parameters:

- Structure — n-channel

- Source-drain maximum voltage — 60 V
- Source-drain maximum current — 1.2 A
- Gate-source maximum voltage — 16 V
-RDSon-048Qat1.2 A, 10V

- Power dissipation rating — 1.25 W

- Gate threshold voltage — 1...2.5V

Voss = 55V

Rosen = 0.0750Q

Fig. 16. IRFR024 transistor

IRFR024 parameters:

- Structure — n-channel

- Source-drain maximum voltage — 55 V
- Source-drain maximum current — 17 A
- Gate-source maximum voltage — 20 V

-RDSon 0.075Qat10A,10V

- Power dissipation rating — 45V

IV. RESULTS
To implement the control scheme, the following blocks were designed:
- transfer controller;
- switching relays module;
- DC motor control unit;
- manual controls connection block;
- display unit;
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- inductive sensors and optical isolation connecting block.
Control board general view is shown in Fig. 17.

Fig. 17. Control board general view
The device is controlled using a debug board based on the STM32F103C8T6
microcontroller.
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Fig. 18. STM32F103C8T6 debug board location on the control board

The relay switches are controlled by the microcontroller outputs of the control
unit. Their placement on the board is shown in Fig. 19.

{E
S, o1l

Fig.19. Relay switches location on the control board

The DC motor control unit is implemented using [R2186 high-voltage high-
speed drivers and FGH60N60 high-voltage transistors. This circuit is controlled by
control unit outputs. The location of the DC motor control unit is shown in Fig.20.
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Fig. 20. The DC motor control unit location on the control board
Block with detachable interface expander for display connection.

Fig. 21. Display connection
The inductive sensors and optical isolation block is implemented using
inductive sensors and PC817 optical pairs. Optical isolation is required to match the
level of the signal arriving at the microcontroller input of the control unit and the
output signal of inductive sensors. The location of the optically isolated inductive
sensor block on the control board is shown in Fig. 22.
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Fig. 22. The inductive sensors and optlcal 1solat10n block location on the
control board
V. CONCLUSIONS
The developed line 1s installed at the closed stock company "EKT" production
association for covering nails with thermoplastic.
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