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ABSTRACT

The project is about designing and developing a controller to select and
determine the switching time of multiple storage banks of an NGV refueling system.
PLC has been chosen as the device to control due to its robustness and reliability. The
controller is able to perform the switching requirements. The appropriate delays have
been programmed in the PLC using timers and auxiliary relays to provide the optimal
switching via offline. The thesis is mainly divided into five chapters which comprise
of introduction, literature review, methodology, results and discussion, and finally,
the conclusion. The introduction section highlights the importance of the approach
used in the research work. Detail reviews on the equipments used in the project are
provided. The procedure of the project and also the conceptual design for the
hardware and software used is explained. The results of the simulation and finally, the

conclusion and some recommendations to improve later on are presented.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

A dispenser controller is very impartant to transfer natural gas from higher
pressure source to lower pressure receiver i.e. natural gas from a storage vessel to
vehicle. Therefore, a suitable control strategy is required that could achieve minimum

dispensing and refueling time.

The strategy used is based on time optimal control (TOC) technique which
used the mass flowrate data from Coriolis flowmeter to acquire mass and mass
flowrate of natural gas in pipeline [1]. In this technique, the Coriolis flowmeter is
chosen because it is the only flowmeter that can measure natural gas in true mass [2].
Then, Newton’s Second Law of Motion is applied as the basis for algorithm
development [3]. From the Newton’s Second Law of Motion, it is known that F =

ma, where F is the force, m is the mass and a is the acceleration.

Figure 1 as shown below shows an implementation of present invention in a
single bank NGV refueling. It could be seen that pressure from the storage bank and
NGV vehicle attracting the load, one at the front (force from the NGV vehicle, Fngv)

and another one at the rear of the load (force from the storage cylinder, Fstorage) [4].
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Figure 1: Implementation of present invention in single bank NGV refueling

The load could be measured by Coriolis flowmeter as a mass of natural gas
that flows inside the pipeline. With higher pressure source at the rear of the load push
the load forward in a positive direction whilst higher pressure source at the front of
the load push it backwards in a negative direction, the total force in a pipeline when

both pressures have equalized is stated as below:
Fstorage + (-Fngv) = F = 0 [1]

At the stage of mass equilibrium, the force between NGV cylinder and the
storage bank would be equal. To achieve such equilibrium, longer time is required
due to pressure differential which drives the system towards equilibrium. The
implementation of the proposed technique in an actual NGV refueling system is

shown below as Figure 2.
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Figure 2: Implementation of present invention using same pressure source

Based on Figure 2, refueling of natural gas would start from low bank and
switch to another bank wisely as the natural gas vehicle tank pressure approached the
bank pressure. To apply the TOC switching algorithm developed from Figure 2, the
procedure of the refueling could be simplified as shown in following section as
Figure 3. TOC algorithm is a technique utilizing optimal control theory to solve the

problem of specifying the amount time to turn ON switching for the NGV refueling.
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Figure 4 shows measurement of mass flowrate when the NGV
refueling was tested using constant pressure source as shown in Figure 2. This result
is produced when TOC method is applied in NGV refueling method that was shown
in Figure 3. The trend could be divided into four stages of refueling process: the
initialization of refueling, the filling using low bank (LB), the filling using medium
bank (MB) and the filling using high bank (HB). There are 4 different heights of

spikes with different durations.



Figure 5: Simulation using LabVIEW

From Figure 5 shown as above, when the simulation is being done in
LabVIEW, the result shows that to make the utilization of the compressor and buffer
storage more efficient, natural gas stations usually operate using a three-stage
cascaded storage system. The buffer storage is divided into three “banks” — termed as
the low, medium and high pressure banks using valves controlled by the dispenser
system. During refueling, the vehicle is first connected to the low-pressure bank. As
the pressure in the bank falls and that in the on-board storage rises, the flow of gas
decreases. When the flow rate has declined to a pre-set level, the system switches to
the medium pressure bank, then finally to the high-pressure bank to complete the fill.
The cascaded system results in a more complete “fill” rather than if the whole buffer
storage was maintained at one pressure because it can utilize the compressor and

storage with maximum efficiency.



In this project, PLC has been chosen as the device for performing as a
controller to determine the switching time from one bank to another bank. This is
because PLC is very accurate and reliable compared to other devices. The advantages

of PLC can be listed down as follows:

e Flexible — Original Equipment Manufacturers (OEM) can provide
system updates for a process by simply sending out a new program.

o Faster response time — PLCs operate in real time which means that an
event taking place in the field will result in an operation or output
taking place.

* Less and simpler wiring — Eliminates much of the hard wiring that was
associated with conventional relay control circuits.

e Solid state — No moving parts.

e Modular design which is divided by compartments where separate
modules can be plugged — easy to repair and expand.

e Capable of handling much more complicated systems.

¢ Sophisticated instruction sets are available for references.

o Allows for diagnostics and easy to troubleshoot if any problems occur.

1.2 Problem Statement

A minimum refueling time technique is required to transfer natural gas safely
from higher pressure source to lower pressure receiver. NGV refueling system using
multi-level pressure has been regarded better in terms of energy saving and
efficiency, as compared to fixed-level pressure source. In this research, the main
focus is to design and develop a controller using TOC algorithm to select and
determine the switching time of a fixed-level pressure sources for refueling natural
gas. The algorithm is based on time optimal control (TOC) technique which uses

mass and mass flowrate signals acquired from Coriolis flowmeter.



1.3 Objectives

The objective of this project is to design a controller to determine switching

time using TOC technique for refueling natural gas.

The objectives of the project could be summarized as follows:

To implement TOC algorithm in programmable logic controller.
To design TOC circuit and integrate it with programmable logic controller.
To develop TOC program and embedded it in the programmable logic

controller.

1.4 Scope of Study

ln accomplishing the project, there are some scopes that need to be fallowed

which could be summarized as follows:

Study the control theory and its mathematical derivation of time optimal
control for refueling.

Understand the natural gas transferring process which is from higher pressure
source to lower pressure receiver (using differential pressure concept).
Develop a program based on the time optimal control theory implemented
onto a PLC.

Simulate the electronic circuit board using software i.e. PSpice, LabVIEW
and Omron CX.

In this chapter, the background of study of the project, followed by the

problem statement of the project, objectives of the project and the scope of studies

have been discussed. In the next chapter will be discussing on the circuit designs

based on the literature reviews.



CHAPTER 2
LITERATURE REVIEW

This chapter will discuss the development of a circuit design that could
implement TOC for refueling natural gas and also discusses about the Optimal
Control Theory. There are few elements that are important and should be considered

in designing the circuit. However, the process flow of the system should be explained

first before discussing the design part.

2.1 Elements

There are 4 basic elements that need to be considered when designing the circuit

as shown in Figure 6 below:

1. Flowmeter sensor

2. Current-to-voltage converter
3. Programmable logic controller
4. Relay
Flowmeter
SENSOY | Relay __i/—;)
Proprammahle S
SN Cm’m]-if" e I.Og',;(‘ ) Rﬂa}, - \))
voltage converter "
Connroller =
Relay —;{ 23 \5
Y ’,‘
Storage Bank
Figure 6: Overall circuit design



2.2 Flowmeter Sensor

Coriolis flowmeters are available in a number of different designs. A popular
configuration consists of one or two U-shaped, horseshoe-shaped, or tennis-racket-
shaped (generalized U-shaped) flow tube with inlet on one side and outlet on the

other enclosed in a sensor housing connected to an electronics unit [5].

Figure 7: Micro Motion Coriolis flowmeter [6]

The Coriolis flowmeter operates based on the Coriolis force principle. A sine-
wave voltage is applied to an electromagnetic drive which causes the internal flow
tube of the Coriolis meter to oscillate in a direction perpendicular to the direction of
the flow. When the process fluid flows through the tube, the vibration of the tube

gives a slight angular rotation about its center [5].

From the process, two resultant Coriolis forces would be developed in the
flow tube. On the tube where the fluid flow is away from the centre of the vibration,
the resultant Coriolis force would oppose the rotational motion whilst the flow
movement towards the centre would produce a Coriolis force that could aid the tube
rotation. The resultant force then would produce sine wave which is measured and
converted to mass flow signal. The signal could be transferred into two types i.e.,
amplitude and frequency. The amplitude is related to the mass flow whilst the
frequency is related to the product density [5].

10



An advantage of Coriolis flowmeters is that it measures the mass flow rate
directly which eliminates the need to compensate for changing temperature, viscosity,
and pressure conditions. The vibration of Coriolis flowmeters has very small
amplitude, usually less than 2.5 mm (0.1 in), and the frequency is near the natural
frequency of the device, usually around 80 Hz. The vibration is commonly introduced

by electric coils and measured by magnetic sensors [5].

2.3 Current-to-voltage Converter Circuit

A current-to-voltage converter is a circuit that performs current to voltage
transformation. In electronic circuitry operating at signal voltages, it usually changes
the electric attribute carrying information from current to voltage. Three kinds of
devices are used in electronics: generators (having only outputs), converters (having
inputs and outputs) and loads (having only inputs). Most frequently, voltage is used
as input/output quantity [7].

Some typical applications of current-to-voltage converter are current
measurements using voltage inputs, current-controlled voltage sources, and various
passive and active voltage-to-voltage converters. In some cases, the simple passive
current-to-voltage converter works well; but in other cases, there is a need of using
active current-to-voltage converters. There is a close interrelation between the two

versions - the active version has come from the passive one [7].

Ideal current-to-voltage converters have zero input resistance (impedance), so,
that they actually short the input source. Therefore, in this case, the input source has
to have some resistance. Ideally, it has to behave as a constant current source.

Otherwise, the input source and the current-to-voltage converter can saturate.

11
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Figure 8: Circuit derives a 0-5V output from a 4-20mA current loop signal (8]

This is a simple circuit that converts a 4mA-20mA signal to a 0V-5V analog
voltage ideal for conversion to digital with an analog-to-digital converter (ADC). The
4mA level from the transducer produces a 0V output and the 20mA level produces a
5V output. A current sense amplifier generates this analog OV to 5V output. In
addition, the circuit provides a comparator output that can be used to detect a zero

current condition [8].

In standard process-monitoring equipment, the outputs of 4-20mA transducers
must be converted to signal voltages suitable for measurement by an A/D converter.
4mA in the loop is usually calibrated as 0V for the quantity being monitored, and
should therefore produce OV at the ADC input. (Non-zero current enables the system

to distinguish a broken loop from the zero-signal condition) [8].
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2.4 Programmable Logic Controller

A Programmable Logic Controller (PLC) is basically a computer or Central
Processing Unit (CPU) containing a program and connected to input and output (1/0)
devices. The program controls the PLC so that when an input signal from an input
device turns ON, the appropriate response is made. The response normally involves
turning ON an output signal to some sort of output device. The input devices could be
photoelectric sensors, pushbuttons on control panels, limit switches, or any other
device that can produce a signal that can be input into the PLC. The output devices
could be solenoids, switches activating indicator lamps, relays turning on motors or

any other devices that can be activated by signals output from the PLC [9].
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Figure 9: Programmable Logic Controller EH-150 Hitachi [10]

Figure 9 shows an example of a PLC. PLCs originate in relay-based control
systems. The purpose of a PLC is to eliminate the high-cost associated with inflexible
relay-controlled systems. Although the integrated circuits and internal logic of the
PLC have taken place of the discrete relays, timers, counters and other devices, actual

PLC operation proceeds as if those discrete devices were still in place.

13



PLC control provides computer capabilities and accuracy to achieve great deal
more flexibility and reliability than is possible with relays [9]. It is also simple to
install and troubleshoot. It requires low space requirements and power consumption.

Rapid modification can be done to the program and can be carried out in parallel.

The symbols and other control concepts used to describe PLC operation come
from relay-based control and form the basis of the ladder diagram programming
method [9].

2.5 Relay

A relay is an electrically operated switch. Electric current through the coil of
the relay creates a magnetic field which attracts a lever and changes the switch
contacts. The coil current can be on or off so relays have two switch positions and
they are double-throw (changeover) switches. Figure 10 shows an example of a relay

whilst Figure 11 shows the circuit symbol for a relay {11].

Figure 10: Relay [12]

14
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Figure 11: Circuit symbol for relay [13]

The relay’s switch connections are usually labeled COM, NC and NO:

= COM = Common, always been connected, it is the moving part of the switch.
= NC = Normally Closed, COM is connected to this when the relay coil is off.

=  NO = Normally Open, COM is connected to this when the relay coil is on.

Connect to COM and NO if you want the switched circuit to be on when the
relay coil is on. Connect to COM and NC if you want the switched circuit to be on

when the relay coil is off [13].

2.6 Optimal Control Theory

Optimal Control Theory is an extension of the calculus of variations for
dynamic systems with one independent variable, usually time, in which control
(input) variables are determined to maximize (or minimize) some measure of the
performance (output) of a system while satisfying specified constraints. Theory is
conveniently divided into two parts: optimal programming, where the control
variables are determined as functions of time for a specified initial state of the system,
and optimal feedback control, where the control variables are determined as functions

of the current state of the system [14].

Examples of optimal control problems are: (1) determining paths of vehicles

between two points to minimize fuel or time, and (2) determining feedback control

15



logic for vehicles or industrial processes to keep them near a desired operating point

in the presence of disturbances with acceptable control magnitudes [14].

Dynamic systems are conveniently divided into two categories: continuous
dynamic systems, where the control and state variables are functions of a continuous
independent variable, such as time or distance, and discrete dynamic systems, where
the independent variable changes in discrete increments. Many discrete systems are
discretized versions of continuous systems; the discretization is often made so that (1)
the system can be analyzed or controlled by digital computers (or both), or (2)
measurements of continuous outputs are made at discrete intervals of time (sampled-

data systems) in order to share data transmission channels [14].

In this chapter, the four important elements of the circuit design based on the
literature reviews which are flowmeter sensor, current-to-voltage converter,
programmable logic controller, relay and Optimal Control Theory have been
discussed in details. For next chapter will be discussing the methodology approaches

for this project and the work plan of the project.

16



CHAPTER 3
METHODOLOGY

This chapter covers the flowchart of the procedures undertaken, followed by
the circuit conceptual design for hardware and software, and finally the work plan for
accomplishing the project. Based on the procedure flowchart as shown in Figure 12,
for FYP 1, the project is mainly on research. It starts with the problem identification
then, a literature review research on equipments used. Analyzing, designing and study
the programmable logic controller (PLC) are coordinated after that. For FYP 2, the
work consists of learning and familiarizing on software named Omron CX to program

the PLC. The procedure can be simplified as shown in Figure 12.

17
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START
(

.

Problem Identification

]

Literature Review
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Figure 12: Flowchart of procedures
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3.2 Conceptual Design

3.2.1 Hardware

Hardware used for the design of the circuit is as listed below:

Table 1: Hardware Item

Equipment/component Purpose Status

Converter 4-20mA to |- To convert the analog Available in the

5V circuit input signal 1o analog laboratory
output signal

COMIH-CPU To control the input and | Available in the

Programmable Logic output of devices for laboratory

Controller appropriate response

Relay To activate the valve (at | Available and can be
least 24V) used in the laboratory

3.2.2 Software

Software that been used for this project are PSpice, LabVIEW and OMRON
CX. At first, I planned to use Microcontroller 16F84A but, I have decided to use
CQMIH Programmable Logic Controller (PLC). This is because of the accuracy and
reliability of PLC compared to Microcontroller. PSpice is used for the simulation of
the current-to-voltage converter circuit whilst LabVIEW is used to show the
simulation for the refueling of natural gas from the storage bank to the vehicle.
Omron CX is used to program the PLC to read the current from the simulator

(pressure sensor) and also to determine the switching time for refueling natural gas.

19




3.3 WorkPlan

After preparing the equipments and devices needed, the next step is to
program the PLC using software named Omron CX. After the programming part is
completed, | will test the programming to check if it is working as in the NGV

refueling algorithm.

In this chapter, the methodology used in this project followed by the circuit
conceptual design for hardware and software, and, lastly the work plan have been
discussed. The next chapter will be discussing on the results obtained and discussions

of the project.

20



CHAPTER 4
RESULTS AND DISCUSSIONS

This chapter concentrates on results and discussion of the programming of
switching controller circuit in PLC.
4.1 Programmable Logic Controller

The equipment used for programming the Programmable Logic Controller

(PLC) is using the Programmable Controllers model CQM1H as shown in Figure 13.

Figure 13: Programmable Controller CQMIH

Software used in programming this PLC is Omron CX. The symbols and other
control concepts used to describe PLC operation are by using the ladder diagram

programming method which is much similar to relay-based control diagram.

21



The CQM1H has an analog input output module (AIOM). The AIOM series
number is MAB42. The input module has four channels while the output module has

two channels.

The input module ranges is selectable either -10V to +10V, 0 to +10V or 0 to
5V/0 to 20mA. A modification to the input terminals is required if the signal to be
converted is current from 0 to 20mA. It is not required for voltage conversion. The
word-length of converted data is 12-bit. An initialization to the control word register

is required before reading the input module.

The output module range is selectable either -10V to +10V or 0 to 20mA. The
word-length of converter data for voltage and current conversions are 12 bit and 11

bit respectively. There is no initialization required to use the output module function.

Before start using the PLC, firstly, identify the inputs and outputs for the PLC.
For this project, the inputs and outputs are identified as follows: The first input is a
Switch button to activate the refueling of the NGV. The second input is the pressure
sensor. In this case, 4-20mA simulator can be used as the pressure sensor to read the
current flows from the simulator. While the output for the PLC are three relays that

represents the LB, MB and HB. This is schematically as shown in Figure 14:

Relay 1
Switch
PIC
Relay 2
Pressure Sensor
= Relay 3

Figure 14: Diagram shows the inputs and outputs of PLC
22



4.1.1 Ladder Diagram

After identifying the inputs and outputs for the PLC, then, a Jadder diagram
programming to read current and the flowchart of TOC refueling can be developed as
shown earlier in Figure 3. Figure 15 below shows the ladder diagram that has been
developed to program the PLC.

In the first rung of the ladder diagram, when the START button is pushed, it
will trigger Timer 1 to start counting for 3 seconds. All relays that represents the three
banks: LB, MB and HB will on for 3 seconds. After 3 seconds, all relays will be off
and LB will open to start filling. Timer 3 is assigned for the valve to open for 10
seconds and Timer 4 is assigned for the valve to close for 5 seconds. Since Timer 3
and Timer 4 are triggered at the same time, time delay of 10 seconds is assigned for
Timer 3 and time delay of 15 seconds is assigned for Timer 4. LB will close when
Timer 3 has finished counting and HRT34 will close after Timer 4 finished counting.
This will switch MB to open and start filling. This process will continue until finally

HB to complete the fill.
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The TOC algorithm is used to determine the time delay for T1, T2 and T3. In
practical, these values will be downloading online with a modification to the ladder

diagram as shown in Figure 15.

4.1.2 Boolean Equation

Boolean equations can be developed after ladder diagram programming has

completed.

HRBI = (START + HRB1).52’

TIMO1 = LB + MB + HB

LB = (TIMO1 + LB).TIM03’

HRT34 = (S2 + HRT34).83’. TIM04’
TIMO3 + TIM04 = HRT34

MB = (TIM04 + MB).TIM05’

HRTS56 = (S3 + HRT56).84*. TIM06’
TIMO5 + TIMO06 = HRT56

HB = (TIM06 + HB).TIM07’

HRT?78 = (54 + HRT78).START . TIM0S’

TIMO07 + TIM08 = HRT78

In this chapter, the results and discussion obtained while doing this project
which are the ladder diagram and Boolean equation obtained from programming
using the PLC has been discussed. Next chapter will discuss the conclusions and the

recommendations for further improvement in the future.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

As mentioned earlier in the objective, the main purpose is to design a suitable
controller that implement TOC algorithm for natural gas refueling. It is important to
identify and consider many aspects before conducting appropriate lab testing. Firstly,
switching algorithm is first studied; followed by development of programming the
PLC for controlling the switching time of same pressure sources. Finally, the circuit

would be tested.

In conclusion, the three-stage cascaded system can utilize the compressor and
buffer storage with maximum efficiency. The TOC algorithm is feasible in

minimizing the refueling time for NGV refueling.

5.2 Recommendations

Recommendation to complete the project is to use programmable logic
controllers CQMI1H which offers an advanced flexibility, powerful communication
options, and has features traditionally found only in full rack PLC systems. This PLC
also has advanced inner-boards, specialized 1/0, and communication modules allow

flexibility that no other PLC system in this class can offer.

Besides PLC, PIC microcontroller 16F84A also can be used to replace the
PLC as a controller. This PIC is a powerful (200 nanosecond instruction execution)
and yet easy-to-program (only 35 single word instructions) CMOS Flash/EEPROM-
based 8-bit microcontroller into an 18-pin package. The microcontroller can be used

for prototyping and updated without removing the device from the end product.
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Another recommendation is to implement multi-level pressure sources that
using different pressure for each storage tank. This can improve the energy efficiency

and help to get faster refueling time compared to fixed-level pressure sources.
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Table 2: Milestones for First Semester of Final Year Project

No. | Detail/Week 3 5 10 | 11 12 13 | 14
1 | Selection of Project Topic
2 | Preliminary Research Work H M
1 |
3 | Submission of Preliminary Report N D
1
4 | Project Work - Research S
: E
5 | Submission of Progress Report B o M
6 | Seminar R B
R
7 Project Work - Analyze and study of E E
PLC
A
Submission of Interim Report Final
8 Draft 2 E o
9 | Oral Presentation K o
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Table 3: Milestones for Second Semester of Final Year Project

No. | Detail/Week 4 10 11 12 113[{14(15
I | Project Work - Study on PLC
2 | Submission of Progress Report 1 M
|
3 | Project Work - Programming D
4 | Submission of Progress Report 2 S
E
5 | Project Work - Programming M
6 | Poster Exhibition B o
R
7 | Submission of Draft Report E o
A
8 | Oral Presentation K [o)
9 | Submission of Hard Bound Dissertation
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APPENDIX B
DATASHEET PLC CQM1H

Programmable Controller

CQM1H

The COMIH'S mck-less modular design lets
you customze your control system by adding
“inner boards™ for agvanced functions, as well
as specialzed I/O and cormmunications
modules. COMIH offers the most fiexibility of
all PLC systems inits class.

« {adfierent pase CPUs 1 choose from; 16 DC inputs
Suill in; expands LD 10512 points

« No sepamte ber«plene mouied

= Inneroaras aliow ‘customzed’ configuration of the
CPU

= Senzl communicatons inner hoard sunpons protoso]
Moo fe Bk 1 COMMUNICELoN with third-pany serisl
devioes

= Supports all exigting and new COM1 VO end
pecaized 'O modules

Optional memory casseties liow batwp of senstne

oy, Drovides B reelme ootk

« Contolie ik network ransmis B kword datla patkes

& 1D o 2%bps; 32 nodes

Advanoed instruction s&t includes PLD, fosting point

math, protocol mecro instnxdtions and more

« CompoBus/S, SYSMAC BUS end AS-interface masters
support remote 10

= Up 10 15.2 ¥words of program memory

Basic Configuration

Setict the CPU and VO madubs (discrete, sndog and dedeated specisl Rincion types) Sen delmine Sie power sipgy based o e
curent corsumggion. The VO Cangal and Intedace sdaptess give you e apion of dividing S CPU #1d 1/0 sy stsm into Swe narower

unds g e oampies shoan baow. The COM1H CPUS1/CPUS1 nodels ofks space saving pasSon and maton omird sokSons gy
wedll 5 additonal sgog and sedal communt o cagaliiies right al e

COMIH modubes an assembied with comectors on ther sides. | 25601 512 VO points max |
) ! CPU Lk Il: |
e o 2 ner BN 1 nodues 16 modutes m
i E"“’“ ;‘ il % S 10 Modules End usng VO Bpans Lz:sagliﬁ
Suppl W s pus . = e
v Wodle : I’;"?‘;‘x"’ Cover terkoe sdapgers) The fotsl nungiier
D Wodules

olwards cannat excesd 16,
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CPUs mem—

The four madels of CPUs can be roadly dvided nlo Swo groups: Modds that sumant Imes Dasrds and tie Corgrolber Link Unit, snd
madeds thal dondt. The CPUs dso vary i har pogam capacSes, U0 cagacls, salnary cagactes, and the gresance of an RS-232C
pord, 35 shown in Se Basic Speditgions Lk, bdow

B NOMENCLATURE

The lulowing flstalion shows $ie main componerts o 3 COMTHCP UG CPU.

Sliders

Used o secure sdacent Unks

Batery Comparimen! Cover
Open Hiis coves 1 sooes S by,
DIP switch, and Memay Cassule

i ! Commecton
Add an Unis hodzoreslly
by pinng comeackes

Wini-Pevipheval Port
Used 1o comedt 0 Pragramming De
vicessach s aProgramming Cansae or
8 commuter running CX Programmer
Aso sumnarss Host Link and no protocol
COMMUINICAsas.

1ED indicators

Built-in Inpuds
Theere are 16 fnpuls bult
ints CPU Uit

i

RS20 Pont (excet COMIH CPUT) Inner Boand Covers
Used for Host Link, mogmitcod, 1:1 Dat Tenove fese covers when natsing
Lin, o7 8T i {11 node) communicgions or removing lmnes Dausds.
with extermal devices or ather PLGs

Inner Board Sind 2 figh! suf)

Use $his sict to maurt 3 High sseed Courtes Daad, Puise
1/0 Daard, Absalute Trcoder Intrkice Board AndogSetsng
Bourd, or Arseg 10 Bosrd

= Inmey Board Siod 1 (lef sid)

Use this slot to mourt 3 High speed Counter Baard,

Angog Seting Bosd, o Seid Conmunicatans Board.

B OVERVIEW

WMods VOcapacly |Progam | DM ™ Cru Dull-in said parks ima | Cortrolen
Beatote) |capacly |canacily |csmcly |UA e Boards | Lirk
W) | words) | fwords)  [bdilp  |Peineal | RS22C Wodute
g ' gty | won port

COM1H-CPUG1 §12 152K 6K 6K DC:16 |Yes Yes Spparted
COM1H-CPUSY 12K 6K Nome

COM1H-CPU21 255 32K IK o suppotted
COM1H-CPUN o

B MAKUKM NUMBER OF MODULES

cru Cantraller Lirk Module | nnerBoards VOModues and
Dadicded 10 Vodues
COM1H-CPUE1 1 max 2 npax. 11 max

. 16 max. v 1D Tpansan and
COM1H-CPUS1T Control I erlece Moduies

COMIH-CPU21 | Nt sipportad Nat supgofied.
COM1H-CPUN

Note (O cypacily - Number of it poirnds (s 256) + Numies of outpu! painks (= 258)

36



B CPU UNIT SPECIACATIONS

Craracterislics

l&m

Speafieatons

Control method

Stored program method

VO control method

Cysic stan and diect butnut/immediats emupt processing

Programming language

L sdder-disgram programming

VO cepacty

COMIH-CPUN/21: 256
COM1H-CPU51/61:512

Program capacy

COMH-CPUN21 - 32%vwords
COMIHCPUS!  :72%words
COMIHCPUSI  :1524words

User cats memory cepacty

COMIH-CPUN21 ;3 swords
COMIH-CPUS! 6 #words
COMH-CPUS! 12 «words (DM € «words; £M. 6« worts)

Ingtruction length

| sfep per ingtruction, 1 1D 4 words per instructon

Number of instructions

162 (14 basic, 148 specal nstuctons)

Ingtrustion ecumontimes

gsC nsTudons: 03751011258
Specizl instructons: 17.7 us (MOV instruction)

Overseingme 0.70 me
Mounting stucts No bakplane (Modules ar jpined horzontally Lsing connectons)
Hounging DIN Track moungng (screw maunting not possidis)

CPY nuit-in DC input poins

19

Mzamum number of modules

$aximum of 11 modules wtal for (/0 modukes and Dedisstad 10 modules

InrerSoards

COMIH-CPUN/21: None
COMH-CPUS1/41: 2 Boards

Communicasions modules
(Corgrolier Link Yods)

COMIH-CPU/21: None
COMIH-CPUSI A1 1 modues

Typesof | Input infermupts
internpis | (4 inputs max)

Input Irgerrupt Mode:

Interrunts 8 exetued I RSDONSR10 iU from exemal sounes 1o e CPUY's buit-in input
points.

Counter Mode:

Intermus &R execuRd N REponse 10 RoRDtN of & 581 rumber of pulses (countsd cown) va e
CPU's irsemal bult-in input points (4 points).

Intena | timer
Inemups
(3timers max)

Seneduled Inermupt Mode:
P rogram is intermupted & requisr ntervals measurd by one of te CPUs imemsl amers,

Orne-shot Intemnt Mode:
Anintermnt i execuied sters 2t 9me, measurd by one of the CPUS inemal tmers,

Hohepsed munsr
inemupts

Target Value Comparison:

Intermint is exented when me high-spesd sounter PV is squalto & speefied vale.

Range Comparson:

Intermupt s execsed when e high-speed counter PV les within s specfied range.

Caunting is possDle for nigh-speed counter inputs from e CPU's intemal input points, Puise 10

$oards, or Absolute £ncoder Interizoe Soards. (The High-speed Courter Suard has vo infe ot
funcsion, but can output bt patiems intemally and extemally)

V0 aliozatons

/0 s automancally aliocaied in orer from the Unt nearest o the CPU. Because e am no 10
1abies, 1 is not necessary to create LD 1abies from & Programming Deviee.)
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Kenory Area Struchure

Detaares S Words f1s tUncTon
Rama |lnpst |25%501s IR000 %0 IRO0000% | Input bits &R aliocs®d B Input Unds br Dedickted 10 Unis. The
Bl IRD15 IRO1515 16 bts 1n IR 000 s aMeys aliocasd ©1he CPUS utn in-
pus. 8% i IR 00110 IR 015 am aliocesd © 10 orDedeasd
10 Ungs conrecedinine CPU.
Raea | Ompe | 255018 IR100 IR 10000 10 Oift pets & alipcaied © Outnit Ungs or Dedisited /0 Unss
B IR 15 IR 11515 connecied 1o 1he CPU.
Wo |2528bss |IRDIED IROIE00 %0 | Work B8 & not have any speofic fun@ion andthey tanbe fee-
smaEs | min I o8 IR 088915 ly uRd Wihin N9 program.
IR 1810 IR 1150010 | (A minimum 2528 bis are avalene &6 whm big. M08t bis in e
IR 189 IR 18915 IR and LR arees can be ised 25 vor D whitn Snky & not
216 IR 21600 o uzed for meir aliocated fundions, 50 e 1081 numbér of aval-
:Eﬁ,:m "1;,:',’5 ahle wor bifs depends on the configuration ofthe PLC)
IR224 10 IR22400
IR22% IR 22915
Gontrolier Link Y6 hts IR D IRO2000% | Situs Ams 1: Soms e Gontrolier Lins deta lind stets
SELE BREE IR 085 IR 08515 inform=ton.,
IR1%0 % IR1%0000 | SEus Ama 2 Soms e Gontrolier Link £mor and newos
IR 185 IR 18515 parcipaton information.
MACRO Jinput |6dbis IR 086 o IROS6001% | Usedwhen e MACRO instrugion, MCRO(2S), s usd.
perend | ERE IR 028 IR 02915
fren Outpit | 64ts IR 196 1 IR 19600 D
) IH 188 IR 19815
Inner Board 25 bis 2001 IR2000010 | Thes=bis ar alibceted o me InnerBoard mounted in siot 1 ofa
50l | asa IR215 IR 21515 COMIHCPUSB1.
Highspeed CounterBioard: IR2001 IR 213
Senal Communications Board: 1R200® IR 207
Analog settngs 64bis IR 220 %0 IRZ2000% | Usedin somthe analog setings whena COMHHAVEL
) IR 223 IR22315 Anaiog Setting Board is mounted.
Horapeed 32bis IR230 IR23000% | Usedtospmihe pesent values of high-speed sounter (.
Counter, 0 PV IR 231 IR23115
Inner Board 192 bitg IR232 1 [R23200% | Thesebts ere alioceied D he InnerBoard mounted in s 2.
W2 o IR243 IR24315 | 4ignspeed Gounter Soard: IR 232 0 IR 243
Angolute £ nander Inerface Board: IR232 0 IR 239
Putse VOB oard: IR232mIR239
Anaiog |0 Board: IR232 o IR 239
SHama 184 bits SHR24410 SA 2440010 | These bits sene speceic functons such s fags and contol bits.
SH255 SR 25507
HR rea 18000 |HRMO® HRO000t | These bits stor dats snd reain their ON/OFF stetus when pow-
HR® HR 8915 2r &g turmed OFF or when the opsring mode s changed.
AR zrea 448pts | AROO10 AR 000010 | Thesebits sene specific tinctons such as fiags and conrol bis.
AR27 AR2715
THares Bbts - TRO® TR7 | Thesebits e used totemporerly store ONOFF status & po-
gram branches.
IR 1@4bts FLROOM0 LRO00O10 | Usedfor 1 dam link throwgh he RS-232 port orthrough &
LR&3 LR&315 Controlier Link moduts.
TimerCounter area | 512018 TR/CNT 000 1o TBACNT 511 | The same numbers &R used for b $mers and Couners.
(timertounter numbsrs)

Timer numbers 000 © 015 tan be used with THAH (15) for ineer-
rupt-rfreshed FVs 1 ensure proper timing vathout inaccursey
being caused by the cyce tme.
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Dataarem Size Worls Tunction
DM wes |Read/ 2072 DM 00w DM arey daty canbe accessed in ward units only. Word viues
Wity aads DM N gre e bined when hie power is urmed OTT.
3,072 DMXR Y Avglgilo in COMTHLPUS161 CPLE mly
wards DM 614
Read (42X wwds | DMK L Carmet e wrifien from the rogrsm (anly fom 3 Pragramning
iy DM &6 Devics).
DMEC 1w DM 6. Cortmolle Link paraneters
DM 64500 DM 6499:  Routing tabdes
DMESS0 0w DM ES:  Seial Communc o Daurd Seup
Eror | Mwonts DM@ Camat be written (mm te rogram (only kom aProgumnig
hestory DM 659 Device). Stones the Sme ol socumence and e codeof ermrs
ama that coowr.
PLC S6wonds | DMEBO0 W Camat be w mm the program (anly kom 3 Programning
selup DM 655 Device). Stores varows pargmeters that control PLC apenisan.
M are 6,144 M 0000 o LM sesdtacen be scomsed inword units anly Wosd values
wards DME14d are retanad when the power is lumed OTT o the opemSing
mode is changed. (COM1H-CPUG1 CPU Unit anly)
Other Functions
Fem Speafction

Maoro structans

Subrousnes calid by instructions contsining aguments

Min. cydle time

1%599 ms (Unt 1 ne)

Cydle tine
m;ﬂ:';’.l;:sg

When e cyde Sme exceeds 100 ms, Se Cyde Time Over Tlag tums ON, and operiSon contiues. (A sefing
can be made in e PLC Setup sothatthis eror i not generated)

When e cyde Sme exceeds the cyde mantar Sme, opesaton is stapped.
Cyde monike time seSngs: 010990 msin 10-ms unis, 0109900 msin 100ms unts, 0 B sin 1-sunds

The mraimum and cument values of the cyde Sme gre siored in e AT ana

1O redmesting

Cydiic rebeshing, refmeshing by |ORF(97), direct outpdt redmeshing (setin e PLC Sewp), interngptingul refresh
ing [The inpus ha ore mdeshed can be sel sepumtely o npd nleupts, hgh speed counte intenpets, and
interval mer inlerupts in e PLC Selup)

10 memary stabe
when danging
ey sng made

Depends on he ONOTT stgus of the VO Had BE (51 25212)

Lesd OTT

All outputs an Ouiput Units can be tumed OFF when the CPU is operaing in RUN, MONITOR, or PROGRAM
made. (Usad lor stopping ouput in emargenciess, kr debugging, eic)

User -custamized

A pin se8ng on he DIP swilch onthe kantol the CPU & stored in AR 0712 This seling can be used 3s 3

DIP swilch sting | ONOIT candiion (e.g., o swilch betwen Yid opardon and sctual pedion).

Mode sfing 2 Passble

PONES

Daiugging Toroad setveset, differsntd montodng, dats Sacng (scheduled, cydiic, or when nstrucon is executed).

Onine aditng User grograms can be overarifienin program-bibok units when the CPU & inMONITOR made. Withthe CX
Progmmner, nore than ane progeam bisok can be edited al the sane Sme.

Program protecon | Wrike rodecion o e pogram snd dats nemary (DM 6144 10 DM 6655 read orly DM):

Set using gin 1 of e DIP switch.

Trror check

Userdefined enors (e, we candeline fatd erors and non-fatsl erors using the FAL(08) snd TALS07)in
stucsons.) (K is possibé fo stap aeralon usng TALS07) lor feyl erars.

Userdefined ermr logs canbe ceatad in specfic its [gging) when wsing TAL (08).

e log Up %0 10 ermrs incuding use-defined arars) ge stored inthe srar log. Infrmasion indudes e eror code,
err detads, and the time he anr ocourad.

Seriyl Duilt-in nini perighera| port: Progranming Devics (induding Programming Cansole) connecons, lost Links,

conrnuncasuns no-proiocd commune Sos

Built-in F5-202C part Programming Devee (scuding Programming Consale) omneclions, ost Links,
no-prlocd communicaions, NT Links (1:1mode), 1:1 Data Links

TS-232C part and RS 422A/485 podt an Seridd Comnunications Bound (sobd separdely): Progiamming Devee
(excuding Programming Consule) canneclions, Host Links, no protocal communicasons, 8T Links (11 mode,
1N mode), 1:1Data Links, protood macmos
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