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Task 1 — PLC analogue and discrete 1/0

Task 1a — PLC inputs

Push button

A push switch is one of the most commonly used inputs for a PLC system, a push button can be used
as a start button when it has the normally open configuration and a stop button when it is used in a
normally closed configuration, with this type of input the switch only has the ability to either give an
input or give no input depending on the switch being open or closed making it a discrete input.

Figure 1 — Start/Stop circuit for PLC

Figure one shows the configuration of a start stop

Start  Sto Run circuit. The start button is usually in parallel with
another component such as a relay, as the button
is pressed pushed then released the relay below
would energize, the stop button is normally

Run closed and would not have any effect on the

input to the PLC until it is pressed and breaks the
circuit.

|_

Temperature sensor — Bimetallic strip

A type of temperature sensor that can be used to give a discrete input signal is a bimetallic strip, this
is a very simple type of temperature measurement and works on the principle that the two metals
that are fused together have a different coefficients of expansion. As current is drawn through the
circuit the bimetallic strip starts to heat up and once it reaches the required temperature the
bimetallic strip will bend out of shape and either make or break the contact.

Figure 2 — Bimetallic strip

Electrical
i Bi-metallic stri . . . .
COmach 7 ° Figure two shows a bimetallic strip, when the
¥ + Higher meastrip  Circuit is running the two different metals will
E'ec”’éfolsceimam . < Lowerl==ISe hegin to heat up, if the circuit starts to draw over
_l i Lleansl  current the components will heat up, the lower
L metal has a lower coefficient of expansion so as it
] “f Contact . .
_ B eesessie— bends out of shape and opens the circuit. Bolton
Electrical Contacts | b————" == | . bl . I
o :
open due to Heat _I ki Open dircu states in Programmable Logic Controllers states
= ﬁ' ®  condtion “the most commonly used are platinum, nickel or
Fixed .
Point EA nickel alloys.” (p.24, 2006).
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Proximity sensor — Eddy current type

A proximity sensor is used to detect an object without making contact with it, it can be used as a
discrete input and it will give a signal to a PLC if there is an object within the operational limits of the
proximity sensor. The eddy current type of sensor works on the process of a magnetic field due to
this only senses conductive materials.

Figure 3 — Process of eddy current proximity sensor

Coil's There is a constant AC current put on the coil within

Coll /magﬂetic field  the sensor which produces a magnetic field, when a
conductive material is within close proximity of the

B sensor ‘eddy current’ is produced. The eddy current
magnetic field then produces an E.M.F in the coils, which changes

Eddy 4 \/ 7 the voltage required to keep the magnetic field
C“”‘*Tff/ L7 4 around the coil, this voltage can then be used to
~ (e e \ > - . . .
e === ~<—Conductive  operate switch and give an input to a PLC. Bolton
- > material

L 4 states in programmable logic controllers “The voltage

amplitude is thus a measure of proximity of metallic objects.” (p.20, 2006)

Encoders — Increment encoder

An encoder gives a digital output which means it can give an exact value rather than just an on and
off input signal and works off the principle of linear or angular displacement in the case of an
increment encoder from an datum position. Bolton states in programmable logic controllers that the
term encoder is used for a device that provides a digital output as a result of angular or linear
displacement. (p.22, 2006).

Figure 4 — An encoder with
Output signals ~ Signal converter

Light O O o o ATLITLITL o light source from an LED in
> m )
source j‘Dﬂ: . CD::E g converter [© B[ LTI the case of figure 4 passes
e . . ro z_|1 through the slots on the
i —~ Light-receiving o
0 elements encoder which is on the
= rotating shaft. The light is
h Cél:} received by a sensor through
Moving di . .
@ & j{;“ﬂmfc the slits, the number of slits

will be proportional to the
360° of a normal rotation,
for example if there were 10 slots each slot would be 36°%f a full rotation. As the different sensors
receive light from the LED’s at different times it gives an exact position of where the shaft is in
respect to 360°, this signal is then converted so it can be used as an input for a PLC.
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Task 1b — Analogue to digital conversion

The operation of analogue to digital conversion has four main components, the sample section, the
hold section, the quantize section and the encoder.

Figure 5 — ADC conversion elements

Continuous In time & Discrete in time & Discrete in time & Discrete in Time & Discrete in Time & Amplitude
Continuous in Amplitude Continuous in Amplitude Continuous in Amplitude Discrete in Amplitude Binary Form
Llog ‘ [ ] ] | Digital
Signal SAMPLE HOLD QUANTIZE ENCODER Signal

Figure 5 shows the sample block which is where the analogue measurement is taken from, the
process then moves to the hold block, this is where the value is recorded and held as an analogue
value, quantization is the process of converting a continuous range of discreet values, for example it
would convert a 4 — 20mA into a digital signal by making its time and amplitude discrete. Finally, the
encoder converts the digital signal into binary form, an example of a component that could be used
to convert a 4 — 20mA signal into binary form is the ZN439 which is an integrated circuit that consists
of 12 different pins. Bolton states in programmable logic controllers that “The analogue voltage has
to change by the difference in analogue voltage between successive levels if the binary output it to
change. (p.55, 2006)

Figure 6 — Quantization error

r 3
S:é‘;”t 1117 E Figure 6 shows quantization error
110 — - in ADC conversion. Quantization
error is the difference between

1017 ) the analogue input signal to the
100 - system and the digital
011 — deal ADC > e perfect ADC representation on the display

’ screen, this is due to the sample
010 7 | being a continuous process and
001 | = - the value changing.
000 T | | | | | | —

0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0
Vi [V]
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Task 1c — Output devices for a PLC

D.C. Motor

A D.C motor can be used as an output for a PLC system with a push button switch being used as an
input for it, the start button would be pressed and then the motor would start after the signal was
passed through the PLC as long as it was satisfied and all interlocks in place.

Figure 7 - D.C motor

tati il o~
FOLATRON O Lele]i ] In' \"II

M power supply

Figure 5 shows a magnetic field that is
produced between the two permanent
magnets using opposite poles, current
produced by the power source which is
a battery in the case of this diagram is
fed to the coils of the motor via
brushes on the commutator, Bird states
in electrical and electronic principles
and technology that “When current
flows in the coil a magnetic field is set
up around the coil which interacts with
the magnetic field produced by the
magnets.” (p.91/92 2008).

This is what causes the rotation of the shaft and is what starts the motor turning.

Relay

A relay is one of the most common outputs for a PLC this is due to them being used to switch much
larger industrial machines such as motors and compressors.

Relay at ‘rest’

Low current
circuit

o

o

Low current
circuit

Figure 8—Relay diagram

Relay energised

Low current High current

circut circut Figure 6 shows a relay when it is not energised which is
Q % at rest, it shows that without the low current circuit
energised the larger circuit switch is not energised. It
also shows that when the coil is energised the
magnetic field produced pulls in the switch for the
[Eo] - -- —1 larger circuit and starts the industrial motor or
compressor. In electrical and electronic principles and
technology Bird states “When the coil is energised the
hinged soft iron armature is attracted to the
& electromagnet.” (p.88, 2008). This occurs when there is
Low current  High current current flowing to the coil of the low current circuit
and this is what closes the contact on the larger circuit.




Stepper motor

A stepper motor is a brushless motor that uses equal angles to rotate, it is used on systems such as
conveyer belts due to it being able to give a very accurate linear position which would be good as it
could get objects exactly where they need to be. The stepper motors uses digital pulses and converts
and uses them to rotate the shaft. Bolton states in programmable logic controllers that “Each pole is
activated by a current being passed through the appropriate field winding”. (p.36, 2006).

Figure 9 — Permanent magnet stepper motor

Permanent Magnet The input pulses to a stepper motor are
Stepper Motor proportionate to 360°. For example if there
were four pulses each pulse would give the
Stator motor 90°of a full rotation, but a lot of

stepper motors have much larger range of
pulses. The permanent magnets activate
when current flows to the windings. The
magnetic field is then produced and as the
result the motor turns to line up with the

Ritot next magnet and then stops until the process

Windings  occurs again but only when the polarities of
the current are reversed. The number of
pulses will determine how far the motor will
turn before it stops.

Permanant
Magnet Pales

Directional operated valves

Solenoids are used in actuators to control valves, these valves may be used to control flow, levels or
pressure systems, when using a solenoid in a valve it will only have the ability to be fully open or
closed it wouldn’t be able to be part open.

Figure 10 — Solenoid operated valve

As can be seen in figure 8,

| Piston in cylinder ) _ Piston in cylinder . .
« ] — when there is no current in the
‘ | emama cylinder the fluid would be free
Valve Bl A | Valve B | Al * A
A | : [ EZ I] to flow through the system,
i-;.D.4|_ L » — )
: [Fess [ rzzznl whereas when current in
Sprmg L Y Solenoid P A . .
’imm Fhsdin applied to the coils of the
A curvent through the . . .
solencid s 0 the. J solenoid it pulls the piston and
| B S A ly . .
T2 Y e T closes the valve. Bird states in
Fhuid out Flud out . .
Position with mo cumrent Position with cument eIeCtrlcaI and eIeCtronlc
{a) g 3] .

principles and technology that

“the magnetic field inside the
solenoid is practically uniform for a particular current” (p.87, 2008). This means that while the
desired current is applied to the solenoid it will operate but as soon as the current is taken away it
will de-energise.

An example of a solencid operated valve.
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Task 1d — Relays and transistors

The main types of switching devices used for outputs of a PLC are relays and transistors, the main
difference is the operating principles of the two components, the operating principle of a relay is
that it uses a magnetic field and a coil compared to a transistor which operates on a change of
current or voltage.

Figure 11 — Relay connected to microcontroller

This figure shows a relay connected

to a microcontroller, it has no

physical connections to the larger
Ristay switch circuit which is going to pull more

i current and operates at a higher

voltage, an advantage of this
configuration means there’s not
wiring between the lamp circuit and
the microcontroller given it greater
protection from fault current than a
transistor. The relays can operate off
both AC and DC voltage where as a
transistor is usually only used in an AC circuit, another benefit of a relay compared to a transistor is
that there is no leakage current and it is either open or closed, as Bird states in electrical and
electronic principles and technology “a small leakage current, flows from the collector to the base.”
(p.156, 2008). This indicates there can be a leakage current when using a transistor as a switching
device. Another benefit of a relay is that it can be used in a normally open or normally closed
configuration.

Lamp

Mecrocorirallar

Relay cail

Figure 12 — Transistor connected to microcontroller

Figure 12 shows a transistor connected to a
microcontroller, it has a physical connection to the larger
circuit so any fault current would travel back to the
microcontroller. The benefit of using this is that it is a very

TIF120 Darlington Transisbor

+4

quick switching device and operates quicker than a relay
which is a mechanical type of switch which can make it
more reliable. A benefit of using a transistor is that it can

be used for analogue conversion and they are much

smaller in size. Another benefit is it can be used in a range
I of applications due to its properties and different

configurations such as PNP junction and NPN junction.

Microconirolier
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Task 2 — SCADA (Supervisory Control and Data Acquisition)

SCADA is a software package that is used in industrial systems and processes as well as some training
and competency tests. According to the website; ‘inductiveautomation.com’ “The basic SCADA
architecture begins with programmable logic controllers (PLCs)” (Date unknown). The main features
of using SCADA for an industrial process point is that it allows you to control process remotely, this
means an operator who is sitting in a control room can make changes to the running plant, another
benefit is that is allows you to gather feedback remotely and gives you real time feedback. HMI is
used to control valves and other industrial processes. PLC’s are used as it allows you to send inputs
remotely and will produce and output depending on the programme that is preloaded in it, SCADA
allows you to watch this from a different location. A big benefit of SCADA is that if anything went
wrong on an industrial process which could be unsafe to shut down manually it can be done from a
remote location meaning no one needs to enter a dangerous area.

Figure 13 — HMI (human machine interface)

This figure shows what
a HMI could potentially
look like, this shows
when pumps and
valves are off and shut
by a red indication on
them, and shows when
they are running and
open with a green
indication, it also
certrm vaxmes | Shows the flow in pipes
- m"'w“; and the level and

pressure in tanks.
These systems will also give alarms for high pressure, low pressure and high and low level in tanks.
From this page the operator of the system would be able to make adjustments to the running plant
by clocking on the pumps and valves to meet operational needs. v
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Task 3 — Process Alarm Panel

The images below show my programme finished and in the different states that the programme
required.

Final System

Low Alarm
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Task 4 — Programming problems

Copy of finished tank blending operation

Local S0GPTO  Local SO4PT1

[*]

Start Stop Start_Latch
X0 X1
d ]} 1t { our )
Start_Latch
]Cﬂ
Local 80:0PT2
Start_Latch SVv203
co Y2
2 =} { our )
Local SO:iPT6 Local S0:iPT2
Start_Latch Fs201 LS201_1 TA201_Flow
co X6 X2 c1
8 i ] 4 { our )
Local S0:0PT3
TA201_Flow  TAZ201_Full_Laich SV201_1
C1 Cc2 Y3
i e -+ { our )
Local S0:iPT2 Local S0:PT3 j
1S201_1 Start_Latch 152012 TA201_Timer_Out TA201_Full_Latch
|X2| |C n| |X3 |C { e
3 1T 1T e { our )
TA201_Full_Latch
Cc2
1L
1T

TA201_Full_Latch

c: ONDTMR On Delay Timer «
6 ] } TA201_Timer
Timer Struct T0
On Delay Time 30.000s
Output TA201_Timer_QOut
Local S05PT3
TA201_Timer_Out 18201_2 Start_Latch TA201_Empty_Latc
X3 co c4
7 ] ¥ 4 ]} { our )
TA201_Empty_Latc
C4
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)T

TA201_Empty_Latc
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Local S0:0PT4
SV201_2
Y4

¢ 1}

Local S0:PT7  Local S0:iPT4
Start_Latch Fs202 Ls202_1
CU' 'XY' IXd'
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5
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Local S0-iPT4 Local S0-iPT5
152021 Start_Latch 15202 2 TA202_latchiull
X4 co X5 B
1 L ) § 1t { our )
Start_Latch
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TA202_latchfull
0 ONDTMR On Delay Timer
12 I TA202_Timer
Timer Struct T2
On Delay Time 0.000s
Output TA202_Timeout
Local S0:iPT5
TA202_Timeaut 15202 2 Start_Latch Ta_202_empty
C8 X5 Cco B c11
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s
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Timer Struct T3
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Appendix

Datasheet for Carlo Gavazii mushroom push button that can be used as a start or stop button.

(https://carlogavazzisales.com/pdfs/Datasheet Mushroom.pdf)
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Panel Actuators and Indicators

Type PA2
ontact Block

Product description

= High switching power

= Double switch

= Industrial applications

= 10A switching capacity

= Up to SOOVAC

. up to 3 el )

= Screw terminals
» High reliability

= cULus and CE

= According to EMN ISO 13850 (only NC slow action)
= IEC/EN 60947-5-1, IEC/EN 60947-5-5, UL 508

Ordering key PA2110/1

Switching element equipped
with two independant elements.
Awailable i different switching
configuretions. Pole and throw

pole single throw (SPST) or
double pole single throw
DPST).
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E: g MO { ne 1 1NC
S il H J L s e
2 ND i mmmc?,'l i
32126 , '
i2. For special Teatures and/or Custumizaton, pease ask 10 our sakes network. 240509




Datasheet for bimetallic strip

This is an airpax circuit protector datasheet which works on the principle of a bimetallic strip.

(http://www.farnell.com/datasheets/1604972.pdf)

AIRPAX

Application: Typical applications inclede power strips,
single-phase motors, transformers, solenoids, LUPS, ato.

Operation: The trip mechanism of the circuit protector is
designed to open the contacts in the event of & current flow
in excess of the rated cument and in accordance with the
timefcurrent characteristics of the device. A bimetal strip
deflects and releasss the latch mechanism when heated by
an everload. The strip has the advantage of being immunea
to high inrush currents and line transients. The contacts
open and close with a posifive snap action, and the tnipped
state is clearly indicated by the protruding ressat button.

Shunt Terminal {Option N): Avadsbde on wnite of up to 6
amps equipped with a heater winding, an opticnal additional

Specifications: terminal can be provided as a paralled circut to the main
Current Ratings: 0.5A - 16A, Standard Ratings Available current-sanaing circuit. The shunt circult between terminals
Rated Voltage: 240 Vac, S0M60HZ. 32vdc, 24Vdc (VDE) 1 and 3 may be used for any signal that may be required in
Resattable Overload Capacity:  8x |, for < BA, addition ko the main circuit. However, since the cirouit makes

Bx I, or G0A max. = BA use of the bimetal strip as a current-carrying path, the trip
Operating Temperature: BO'C Max. Ambient time of the circuit protector may be slightly influenced.
Max. Interru Capacity: 10004
upieiiniph gy Csan Time/Current Characteristics: The standard charactaristic
Dielectric Strength: 1.5 KV for 1 min. (per [EC S0034) i= valid for an ambéent temperatura of 23°C. Howewver, if the
Operstional Life: ‘iﬂﬁﬂﬂ}rdan@?gtl device is to be used in an ambéent temperature other than
: n 23°C, an sllowance must be mads whan selecting the
Designed to meet: Shock: par MIL-STD-202, method 213, current rating. See the following guidelines:
test condition |

Vibration: par MIL-STD-302, method 204

test condition A
Amibiert Temperabare Comrection Facior

Warranty: 24 months from date of
manufacture, a3 markad on unit T T o
%‘“ o8 GBE 09 098§ LOY LEX £2 L3
E naimip: Dparating Characteristics:
Heoemal Comfinunus Curreni:
A’irp.x 1BA A 1
= Ambient Temp.:
Expands Offering arc »
Muiplicatic, Facior- :’:
142 L
Alrpax, a al leadar in tha supply of Ascommended Raing: 5 |
poWwWar pro ; has axpanded its SAE T I
offering to | ; ATR therma it E“;c;m' feaniat Falng: o
TR is & single il i
serater oad protector with a Appravais: el R T
ip mechanism thal pr 5 relfiable, % @ 15 2] N
tnp-frea oparation on curmant o 2 1 5 | | e o
Up to 184 I | bl
The ATR comes with an unequaled 24-month warranty. = i n1' L “t
& ioh ~
Please it Alrpax for assistance in applying the ATR — s I
thermal circuit prolector to meel your power prolection neads. Up to 124 G LRl
- T
10518 2 % 45 B 10
FRoHs Mt of Cument Rating. — = (X I}
Compliont ———
mbridge, Maryland ?_"'""'..-.-.,._ﬂ_.. :g-c
www.alrpax.net 1o anzs .. 3456
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Datasheet for proximity sensor

Datasheet for E2E small diameter proximity sensor

(https://www.mouser.com/datasheet/2/307/0mron-E2E-Small-Diameter-ProxSensor-Datasheet-
1100481.pdf)

E2E
Ratings and Specifications

Size 3 dia. 4 dia. BS dia M2 5
T Ehiclded T Urahieioed | Bhickded | Unaticided | Ehigded TUrahickied | Ehickdad [ Ursriaded | Blisdsd | Urshickded
Hem Model | E2E-C38RE0 | ERE-COMNGO | EE-0120 | EAE-COMEAD | ESE-COBSID) | EXE-COSNMD | EXE-S0M5RR0 | EXE-GMNDED | EE-S0SE0 | E3E-Boimaa
?_‘;“;a“""“' Omm =10 |2mme10% [ 12mmettn |Smmaitn |2mme10n |dmmattts |08mmettn |2mme10% | 12mm et |3 mm 210
Setting distance 1
{Bensing distance w 07) 0o 0.56 mm | 010 1.4 mm | 0o 088 mm |02 mm 0o 1dmm |0Mo28mm 0w 056mm (0o 1.4mm (00088 mm (021 mm
Differential travel 15% max. of sensing distance
Detectable object Fermous metal [The sensing distancs decreases with non-lermous metal. Refes to Engineenng Dala on page 7.)
Standard sensing Inar, Iran, Inori, Iron, [ ron, Ira, Iren, o Iron,
object Auduimm |Exbximm|dcdctmm |9udx tmm | ESxbbnimm | 2x12xiom [3xduimm [Gxbuimm|[4cdxcimm |[Sxdximm
Response frequency | 5 kHz A5 kHz 4 khHz 2 kiHz 3 iz A kHz & kHz A8 kHz 4 iz 2 kiHz
Power supply voltage 2
‘2 10 to 30 VDI (incuding 107 ripple (p-p))
Current consumption | 10 mA max.
Caontred | Load current | 50 mA max 100 mé max. ﬁg?{,ﬂcm.lm A} 50 mA max. 100 Ff mae.
S il
‘3 2V max 5
waltage
Operation indcator: Yelow jcomplies with Europaan standard ENG0S47-6-2) Lights during output.
Operation mode Bi/B2 PNP o
5 pen collectar, TUCE: NP open collector
{with sensing object | 5y gdeis: ND, B2 modals: NG
PP
F circuils Culput reverse polarity probection, Poaes sourss cincult reverse polarity protection, Sunpe suppréssor, Load short-cinat pralecson
Ambient
Operation and storage: =25 o 70°C {with no ice or condensation)
lemperature range b
Al:nl.:{h;.vrlrw COperation and storage: 35% 10 95% (with no condensagan)
I;l““m“" +15% manc. of sensing distance at Z1°C within lemparature range of =25 o 70°C
Voltage +2.5% man. of sansing distance al rabed voltage in the rated vollags =15% range
Insulation resistance | 50 M} min. [at 500 VDC) batween current-carrging parts and case
Dielectric strength B0 VAL, BOBA Hz for 1 minute between current-camying pasts and case
Wibration Destruction: 10ta &5 Mz, 1.5-mm double ampitude for 2 hours eaach in X, Y, and Z directions
Shock resistance Diestruction: 500 mis® 10 times each in X, Y, and Z directions
Degres ol protection | IEC 80529 IPET, in-house standards: oil-resistant *8
Pre-wired
Mo s Yas Yes Yeas g
W Pre-wired
muml ™ | Commectar | Yes Yes Yes Yes Yes
Mot
M Comnictor
Mo Yas Yas Ho ag
e R— Approx. 28 g | Approx 30 g | Approx. 35 | Appnox 35 g | Appros. 55 g | Apprax. 85 g | Approx 30 g | Apprax 30 g | dpproo 38 5 | Approx. 40 g
Weight W Pre-wied
(packed  |Conmecior | Approx. 200 g | Approw 30 | Appros. 159 | Appnax 209 | Approx. 209 | Apprax. 25 g ( Agoma. 20 g | Apprax. 20 g | Agproe. 20 g  Apprax. 209
stme) Mcdets
[ — - Appeax. 109 | Apprax. 10 g | Approx. 10.g | Apprax. 15 g [ -~ s MAppron 18g | Approx. 15g
Caser SUZ303 [EN1 4305 °T)
Eansing
s Heat-resistant ABS
Clamping & "
e | Mo SUS£30 (EN1.401ET)
Toothed -
washer'd | SUSI3 (EN1 4305 )
Cable PVC
Ins#ruciion Yas
marsal
Apcessonies | Modsl label | Yes
Mowsting
ey Sald separabely

1. Oparating within the set distance enables high-speed responsivensss and a mone stable repeat acouracy.

"2 WWhen used with a2 12V power sowrce, the Sensor is less susceptible o the effects of internal heat generation. Thensfone a more skable répeal accuracy can
be chilsined.

3. When the control output is 20 mA or less, the Sansor is less susceptile to the efiacts of iremal heal generation. Thereiore a more Slable repeat accuracy can be
ohtsined.

"4 Nuts: 2 piecas, foothed washer- 1 pieca

6. 3 dia, M4: load current 50 ma, cable length 2 m
4 dia, M5: load current 100 mA, cable length 2m

ance et

e
Afer Tha best livhe elapses the charscenstios

B.5 dia.. load cument 200 mA, card length 2 m 4 protes
*6. Oil resistance n-house standard: Perfarmance with respact e g che et hl_ e 1 Testol: Water insoluble oil
ta water insakible of 11 Miminl Scpumrariot {re damigs it Velocite No. 3
Tost o gy affects product characberistics) SO°C w 250 hours
7. Mahirial rame in EN standards {23 D aton stk {ONDFF) | Dapth 10.&m
: . [y Imsulation resistance (50 ML min. at
504 VDC)
(4} Dislactric strangth (B00 VAC, 1 min.) - Sersar
[5)p Wiater resistancs [IPET)
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Datasheet for increment encoder

This is a datasheet from the E6C3-C model of the increment encoder.

(https://assets.omron.eu/downloads/datasheet/en/v2/e6c3-

c rugged incremental rotary encoder datasheet en.pdf)

Ratings and Specifications

E6C3-C

lem Model

EBCI-CWISGH

EBCI-CWZIEH

12 VDT —10% 1o 24 VDG +15%,

5VDC 5% 1o 12 VDT +10%,

Fower supply voitage Fipgle (p-p): 5% max, fippile (p-p): 5% max.
Currenl consumplion®1 100 mA max.
Resolution (pulsesirotation) | 100, 200, 300, 380, 500, 800, 720, 800, 1,000, 1,024, 1,200, 1,500, 1,800, 2,000, 2,048, 2,500, 3,600
Oulput phases Phases A B, and Z°5 Phases A, A B B Z and Z
Ouiput configuration Camplemeaniary cupuls™2 Vallage oulpul (PN oulput) Line driver oulput™3
Dutput vollage: VH = Ve -3 W min, AM2ELS31 equivalent
(1D = 30 mA) Ouibpul resistance: 2 kil Outpud current: High kevel: 10 = -10 ma
Oulput capacity VL = 2V max Ouipul current: 35 mA mas. Law leval: 1S = 10 mA
(10 = =30 ) Residual vollage: 0.7V max. Dulput vollage: V0 = 2.5 W fman.

Duitput cummanl: +30 mA

WVE =05V max.

MAKImLm response
w"

125 kHz {65 kHz when using phase Z resed)

Phase dilferents balwsen
outpuls

90" 245° beiwean A and B (14 T= 18 T)

Rize and fall imes of oulpul

1 s rra.
(Cabbe length: 2 m, Output current: 30 mA)

T HS max.

(Cable length: 2 m, Outpul curnant: 35
mhj

1 ps mas.
{Cable langth: 2 m, 10: -10 mA,
IS 10 mA)

Starling torgue 10 mM-en frax. al room lemperaiure, B0 mlm max. al low lemperature
Mamenl of inertia 2.0 = 107° kg-mr® max.: 1.8 1075 kg masx. ai 500 F/A max.
e Radial BON
S ITHI'I.:II BON
Maximum permissible speed | 5,000 «/min
Protection circuits Power supply reverse polarily prolection, Oulpul lead short-circuil protection -
Ambienl lemperalure range | Operaling: —10 e 70°C (wilh fo ieng), Slorage: —25 1o B5°C (with fe wng)
Ambient humidity range Operaling/Storage: 35% 10 BE (wilth no condensabon)
Inzulation resistance 20 MO min. (a1 500 VDC) belween currént-carrying paris and case
Dieleclrie strenglh 500 VAC, SI/B0 Hz for 1 fmn belween cumrent-carrying pars and case

Vibration resistancs

Desbrucion: 10 b 500 Hz, 150 mis? o 2-mm double amplitude Tor 11 man 3 limes sach in X, ¥, and 7 dirsclions

Shock resistance

Drestruction: 1,000 m/s® 3 limes aach in X, Y, and Z directions

Degree of prolection IEC B0R20 IPBS, in-house slandards: oilprool
Connection methad Pre-wired Modeds (Standard sable englh: 1 m)

Klaterial Cage: Aluminum, kain unil: Aluminum, Shaf: SUS303

Weight (packed stale) Approx. 300 g

Accessories Instruction manual Note: Coupling, mounling brackel and hex-head spamnar ane sald saparalaly.

*1. An inrush curment of appraximataly 9 A will Bow lor approximately 0.1 ms when the pewer is lumad ON.

2. Complementarny Oulpu

The complémantany culpil has hao aulputl
bransistors (MPN and PNP) as shown Delow. These
twa oulpud ransistors allemabely urn ON and OFF
depending on e high or low aulput Signal. When
using them, pull up 1o the posilive power supply
wollage kel or pull down 1o 0 V. The
complementany culpul allows Bow-in of llow-oul of
the output current and thus the Aeing and laling
speeds of signals are fast. This allows & long cable
digiance. They can be connecled 1o open-colleclar

inpul davicas [NPN, PNP).

*3. The line driver oulpul is & data transmission circuil compatible with RS-422A and long-distance ransmission is possible with 8 twisled-pair cable. (AM26LE31

equivalent)

*4. The maximum electrical response speed is detarmined by the resolution and maximum response lrequency &s follows:

Maximusn ebectical response speed (Fpm) =

Maximum respanse frequency o

Fesalution

This means that the Rolary Encoder will ol cperate slectically i its speed exceeds the maximum electrical response speed.
*5. The phase Z signal is outpul when cul faee D on the shalt and the cable connection direction are as shown in the Tollowing diagram (ouput posiion range: 15°).
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Datasheet for small D.C motor

This datasheet is for a 24V D.C motor

(https://www.kollmorgen.cn/sites/default/files/legacy%20-
%20idc/documentation/%e2%80%93/D 24VDC Brushed IDC Motor 810-101 Spec Drawing.pdf)

D 24 Volt DC Motor Specifications
Standard (Single Shaft)
03128 (7 454)
03118 7 912)8a
$ 10-32 UNF 28 theu
P Qu::o?ng 50 80)
P _ das
- 5 —r’
\ aw{l~
0.12 4135 L 0.040 1487 2 0.000
QA08) (105.00 T 1.524) | patstism)
Inline (Double Shaft)
1
EéM AT (1196
b 08817 OB 08 f=—
T exsonzem A2900240
g ABeAnT 16,3508 %37)
- I '
A
I 021 (5.3 ey
B i a D be
Electrical Data
Rated Voltage v 4
Max. Continuous Current A 4.5
Max. Operating Voltage v 6
Inductance mH 2.0
| K. Torgue Constant (£ L0%) oz-m/A [NawA] | B9 [0.062]
K. Volage Constant (x 10%%) V/kRPM 6.5
Winding Resistance @ Ambaent Ohms 1.0
Mechanical Data
C Stall Torgue oz-in [N-m] | 40 [0.28]
No-boad Speed at Rated Voltage RPM 3600
No-bkud Current A 0.5
Rator Inertsa oxines” [kg.cm’] | 0018[1.3]
Max. W Te ature f*C1 180 [82]
Motor Wiring
i . Motor
Motor Motor Positive Lead @ Red (White with -Q Cable)
Supply Black |
Voltage Motor Negative Lead (M-)
Green Case Ground
Earth Ground @
INDUSTRIAL DEVICES CORPORATION Internet: hitp_ifwww_idcmotion.com = info@idomotion.com May-97
64 Digital Drive Novato, CA 940495704  800D-747-D064 U.S. « 415-883-3535 INTL « 415-883-2084 FAX D Motor Data Sheet. PCW-4885
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Datasheet for 12 volt relay

This is a datasheet for a 12 volt omron relay.

(https://www.parallax.com/sites/default/files/downloads/400-00052-Omron-12V-Relay-
Datasheet.pdf)

H Coils Ratings for High-sensitivity Models

Rated voliage 5WVDC 12VDC 24 VDC
Rated current 500 mA 20D.EmA 1042 mA
Coil resistance 10012 ETED 2,304 )
Must operate vollage 75% max. of the raied vollage

Must release voltage 107 min_ of the rated veltage

Max. voliage 180% ol rated woltage (al 23°C)

Power consumplion Apgprax. 250 W

Nola: The rated current and ooil resislance ane measured al a ooil lemparalune of 23°C with a telerancs of =10%.

H Contact Ratings
Ttem General-purpose Models High-capacity Models High-sensitivity Models

Number of poles 1 pole |2 poles 1 pale 1 pole

Contacl material Ag Allay (Cd Tree]

Load Resistive bad (cogd=1)

Rated load 12 A a1 250 VAC: 8 A al 250 VAC 16 A at 250 VAC 10 A al 250 VAC
12 A a1 24 VDO 8 A al 30 VDC 16 A at 30 VDC 10 A al 24 VDC
[Sea note.) |See nole.) (See nobe) | See nobe._ )

Rated carry current 12 A (See nold.) 8 A [(T0°CHE A (BB C) 16 A (See mobe.) 10 A ([ Se&e nabe._}

{See nole.)

Max. switching voltage |440 VAC, 300 VDG

Max. switching current |12 A B A 16 A DA

Max. switching power | 3,000 VA (4,000 VA) 2,000 VA 4,000 VA 2,500 VA

Nole: Comacl your OMRON repragantative fof the ratings on Tully sealed models.

B Characteristics
Item [mmw;;j?ﬁauam General-purpose Modals High-sensitivity Models
Number of poles 1 poke 2 pale 1 pale
Contacl resislancse A0 T} AN
Operate (set) time 15 Md Mmax.
HEIE&B&“!‘B&!, tiFme 5 ma M.

Max. aperating frequency |Mechanical 18,000 operations
Electrical: 1,800 oparationhr al rated load

Insulation resistance 1,000 M2 i (@1 500 VDC)
Dielectric strength 5,000 VAC, 1 min between coll and | 5,000 VAC, 1 min bebween coil and 5.000 VAC, 1 min batwean coil and
comacis contacis contacis
1,000 VAC, 1 min between contaciz | 2,500 VAC, 1 min between comacts of [1,000 VAC, 1 min babwean contacts
of sarne polatity different podarity o sarme polarty
1,000 VAC, 1 man batwesn comacts of
eame palarity
Impulee withstand voltage (10 kY (1.2:50 us) between coil and contact
Vibration resistance Destruction:10 1o 55 o 10 Hz, 0.75 mm single amplilude (1.5 mm double ampliluda)
Malunction: 10 to 55 to 10 Hz, 0.75 mem single amgpitude (1.5 mm double amplitude)
Shock resistance Deatruetion:1,000 mis® {appro: 100 G)

Matunetion: 100 mis® (apprx. 10 G}
Endurance (Mechanieal) (20,000,000 operalions (31 18,000 operationsT)

Ambient temperature Operating—40°C 1o 85°C (with no icing)
Siorage:—40°C b 85°C (with no icing)

Ambient humidity E% o B5%
Weight Agprow. 129

Nole: Valies in the abowe table are the infial values.

204 PCE Relay G2RL

20



Datasheet for stepper motor

This is a datasheet from dynetics for a stepper motor

(http://www.dynetics.eu/media/2678/stepper-motors.pdf)

o5 5,

215 85

6.5
o
08

e iy et

4-00.3

Specification PFC10-2088

Type of Winding Bipalar Torque Curve Characteristics
Excitation Mode® Full step [2-2) =

StepaRevalution 0 ll l.,\

Step Angie 18 \\\

Halding Tongue mil-m 10 o33

Rated Voltage W 7 E \ |t ot e
Rated Current miiphais 135 B ) \,:’J
Resistance i 20 E’ o i

Inductance mH / 32 \ \

Codl B oM

Starting Puise Rats ppe 960 - I "’\ \
Sempring Pulss Rate e 1600 Y
Rotor inertia kgm? 003 x 10 a e “} = IID:I e
Operating Temp. Range < -10%0+50 Fraquancy (pes}
Storage Temp. Range [ -30 ko +80

Insul aticn Class E

Fempecihue Ruts ] i Pin Cail Phase

RiHS Coamphiant e i 48

Weight g 5 2 1hA

Al tin-can maotoe specications ane Based on full-step constant voltage operation. 3 248

When the rated voltage Is ¥, thi berminal voltage i 94 3 Y% 3

i M i this prosciuct s manimum operating terepesature {100°C)

Mippon

Pulse

10




Datasheet for transistor

This datasheet is for a 2N4401 transistor, this is a type of transistor that could be used instead of a

relay.

http://www.farnell.com/datasheets/661741.pdf

2N4401

ELECTRICAL CHARACTERISTICS [Ta = 25°C unless oharsise nobed)

Characteristic symbol | Min | Max | umat
OFF CHARACTERISTICS
Collactor-Emilter Braakdown Vollage (Note 1) flg=1.0mAde, lg=D | Vigmczo 40 - Ve
Collactor-Base Bragkdown Vaollage flg =01 mAde, le= 0 | Vigmcao &0 - Ve
Ernities - Base Breakoown Voltage flE=01mAde lc=0) |  Vermeo 60 - Ve
Base Culoll Current (Ve = 35 Vdc, Vg = 04 Vde) lagy . 0.1 wAde
Callector Cutof Current (V= = 35 Ve, Vg = L4 Vde) leEx - 0.1 whAde
ON CHARACTERISTICS [Mabe 1)
DC Curren Gain hep -
fg = 0.1 madz, Vs = 1.0 Vde) 20 -
flg = 1.0 made, Vz = 1.0 Vde) 40 -
fl = 10 mAde, Viz = 1.0 Vde) a0 -
fig = 150 mAde, Vo = 1.0Vde) 100 300
fic = 500 rfde, Vo = 2.0 Vde) a0 =
Collectar-Emitter Saturation Vollage (Il = 150 mAde. Ig = 15 mAde) Ve s - 0.4 Ve
(g = 500 mAde, g = 50 mAdc) - 075
Base - Emilter Saturation Voltage {lc = 150 mAde. Ig = 15 mAdc) VaEsat 0.75 0.85 Ve
{lc = 500 mAde, Ig = 50 mAde) - 12
SMALL-SIGNAL CHARACTERISTICS
Curent - Gain - Bandwidih Product flg = 20 mAde, Vg = 10 Ve, 1= 100 MHz) I 250 - MHz
Callecior-Base Capacitance Vg = 5.0 Ve, Ip = 0, 1 = 1.0 MHz) Ge - E.5 pF
Emitter-Base Capaciance {ViR = 0.5 Ve, kc =0, I = 1.0 MHz) Cab - 30 pF
Ingut brgedance (o = 1.0 made, Vg = 10Vde, 1= 1.0kHz) hig 1.0 15 ko
oltage Fesdback Ratio (o = 1.0 made, Vg = 10Vde, 1= 1.0 kHz) [ 01 B.0 X 10-#
Srnall-Signal Current Gain {lc = 1.0 made, Vg = 10Vde, 1 = 1.0 kHz) P 40 500 -
Ouilput Adrnittanes (g = 1.0 made, Voe = 10 Ve, 1= 1.0 kHz) Mo 1.0 30 urnthes
SWITCHING CHARACTERISTICS
Dielay Time (Ve = 30 Vde, Vg = 2.0 Ve, ly ™ 15 s
FRese Time kg = 150 mAGdE, lgy = 15 mde) I - 20 s
Storage Time (Voo = 30 Vde, Ig = 150 mAde, [ x 223 s
Fall Time Igy = lgz = 15 mAdc) t - 30 s
1. Pulse Test: Pulse Widlh < 300 s, Duty Cycle < 2.0%.
ORDERING INFORMATION
Device Package Shipping’
ZH4401 TO-g2 5000 Units | Bulk
ZNA401G TO-82 5000 Units | Bulk
(Pb-Free}
ZNA401RLRA TO-g2 2000 | Tape & Reel
2ZNA401RLRAG TO-82 2000 | Tape & Aeel
(Pb-Free}
ZNA4D1RLRMG TO-82 2000 | Tape & Ammo Box
(Pb-Fres}
ZN4401RLRP TO-g2 2000 | Tape & Ammo Box
ZN4401RLRPG TO-82 2000 | Tape & Ammo Box
(Po-Free}

TFor information on tape and reel specibzations, including part omanlation and 1ape sires, please reler 1o our Tape and Aeel Packeging
Specfications Brochure, BROBO11/D.
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