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No. 6182
OMRON Corporation

Read and Understand this Manual

Please read and understand this manual before using the product. Please consult your OMRON
representative if you have any questions or comments.

Warranty and Limitations of Liability

WARRANTY

OMRON's exclusive warranty is that the products are free from defects in materials and workmanship for a
period of one year (or other period if specified) from date of sale by OMRON.

OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, REGARDING NON-
INFRINGEMENT, MERCHANTABILITY, OR FITNESS FOR PARTICULAR PURPOSE OF THE
PRODUCTS. ANY BUYER OR USER ACKNOWLEDGES THAT THE BUYER OR USER ALONE HAS
DETERMINED THAT THE PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR
INTENDED USE. OMRON DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED.

LIMITATIONS OF LIABILITY

OMRON SHALL NOT BE RESPONSIBLE FOR SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES,
LOSS OF PROFITS OR COMMERCIAL LOSS IN ANY WAY CONNECTED WITH THE PRODUCTS,
WHETHER SUCH CLAIM IS BASED ON CONTRACT, WARRANTY, NEGLIGENCE, OR STRICT
LIABILITY.

In no event shall the responsibility of OMRON for any act exceed the individual price of the product on which
liability is asserted.

IN NO EVENT SHALL OMRON BE RESPONSIBLE FOR WARRANTY, REPAIR, OR OTHER CLAIMS
REGARDING THE PRODUCTS UNLESS OMRON'S ANALYSIS CONFIRMS THAT THE PRODUCTS
WERE PROPERLY HANDLED, STORED, INSTALLED, AND MAINTAINED AND NOT SUBJECT TO
CONTAMINATION, ABUSE, MISUSE, OR INAPPROPRIATE MODIFICATION OR REPAIR.
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Application Considerations

SUITABILITY FOR USE

OMRON shall not be responsible for conformity with any standards, codes, or regulations that apply to the
combination of products in the customer's application or use of the products. :

At the customer's request, OMRON will provide applicable third party certification documents identifying
ratings and limitations of use that apply to the products. This information by itself is not sufficient for a
complete determination of the suitability of the products in combination with the end product, machine,
system, or other application or use.

The following are some examples of applications for which particular attention must be given. This is not
intended to be an exhaustive list of all possible uses of the products, nor is it intended to imply that the uses
listed may be suitable for the products:

« Outdoor use, uses involving potential chemical contamination or electrical interference, or conditions or
uses not described in this manual.

« Nuclear energy control systems, combustion systems, railroad systems, aviation systems, medical
equipment, amusement machines, vehicles, safety equipment, and installations subject to separate
industry or government regulations.

» Systems, machines, and equipment that could present a risk to life or property.

Please know and observe all prohibitions of use applicable to the products.

NEVER USE THE PRODUCTS FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE HAS BEEN DESIGNED TO
ADDRESS THE RISKS, AND THAT THE OMRON PRODUCTS ARE PROPERLY RATED AND INSTALLED
FOR THE INTENDED USE WITHIN THE OVERALL EQUIPMENT OR SYSTEM.

PROGRAMMABLE PRODUCTS

OMRON shall not be responsible for the user's programming of a programmable product, or any
consequence thereof.
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Disclaimers

CHANGE IN SPECIFICATIONS

Product specifications and accessories may be changed at any time based on improvements and other
reasons.

It is our practice to change model numbers when published ratings or features are changed, or when
significant construction changes are made. However, some specifications of the products may be changed
without any notice. When in doubt, special model numbers may be assigned to fix or establish key
specifications for your application on your request. Please consult with your OMRON representative at any
time to confirm actual specifications of purchased products.

DIMENSIONS AND WEIGHTS

Dimensions and weights are nominal and are not to be used for manufacturing purposes, even when
tolerances are shown.

PERFORMANCE DATA

Performance data given in this manual is provided as a guide for the user in determining suitability and does
not constitute a warranty. It may represent the result of OMRON's test conditions, and the users must
correlate it to actual application requirements. Actual performance is subject to the OMRON Warranty and
Limitations of Liability.

ERRORS AND OMISSIONS

The information in this manual has been carefully checked and is believed to be accurate; however, no
responsibility is assumed for clerical, typographical, or proofreading errors, or omissions.
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Notice:
OMRON products are manufactured for use according to proper procedures by a qualified operator
and only for the purposes described in this manual.
The foliowing conventions are used to indicate and classify precautions in this manual. Always heed
the information provided with them. Failure to heed precautions can result in injury to people or dam-
age to the product.

/N DANGER! Indicates information that, if notheeded, is likely to resultin loss of life or serious
injury.

&WARNING Indicates information that, if not heeded, could possibly result in loss of life or
serious injury.

&Caution Indicates information that, if not heeded, could result in relatively serious or mi-
nor injury, damage to the product, or faulty operation.

OMRON Product References

All OMRON products are capitalized in this manual. The word “Unit” is also capitalized when it refers
to an OMRON product, regardless of whether or not it appears in the proper name of the product.

The abbreviation “Ch,” which appears in some displays and on some OMRON products, often means
“word” and is abbreviated “Wd" in documentation in this sense.

The abbreviation “PC” means Programmable Controller and is not used as an abbreviation for any-
thing else.

Visual Aids

The following headings appear in the left column of the manual to help you locate different types of
information.

Note Indicates information of particular interest for efficient and convenient operation
of the product.

1,2,3.. 1. Indicates lists of one sort or another, such as procedures, checklists, etc.

© OMRON, 1995
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior written permis-
sion of OMRON.

No patent liability is assumed with respect to the use of the information contained herein. Moreover, because OMRON is
constantly striving to improve its high-quality products, the information contained in this manual is subject to change
without notice. Every precaution has been taken in the preparation of this manual. Nevertheless, OMRON assumes no
responsibility for errors or omissions. Neither is any liability assumed for damages resulting from the use of the informa-
tion contained in this publication.
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About this Manual:

This manual describes the installation and operation of the C-series/CVM1/CV-series C500-CT021 High-
speed Counter Unit and includes the sections described below.

Please read this manual carefully and be sure you understand the information provided before attempting
to install and operate the C500-CT021 High-speed Counter Unit.

Section 1describes the basic operation of the C500-CT021 High-speed Counter Unit, and shows how it
can be instalied in a basic system configuration. It also explains the operating and control modes and
outlines the basic procedure for setting up the High-speed Counter Unit for operation.

Section 2 provides the Unit's basic specifications and describes its major components.
Section 3 explains how to connect various input and output devices to the High-speed Counter Unit.

Section 4 provides the information necessary to operate the C500-CT021 High-speed Counter Unit, in-
cluding modes, types of inputs, reset conditions, and data exchange with the PC.

Section 5 describes the data configuration of the High-speed Counter Unit and provides sample pro-
grams for transferring data between the PC and the High-speed Counter Unit.

Section 6 provides the information necessary for using the simple linear mode, including information on
outputs, operating conditions, and performance specifications.

Section 7 provides the information necessary for using the linear mode, inciuding information on operat-
ing conditions, data areas, settings, and performance specifications. '

Section 8provides the information necessary for using the circular mode, including information on oper-
ating conditions, data areas, settings, and performance specifications.

Section 9 provides the information necessary for using the preset mode, including information on operat-
ing conditions, data areas, settings, and performance specifications.

Section 10provides the information necessary for using the gate mode, including information on operat-
ing conditions, data areas, settings, and performance specifications.

Section 11 provides the information necessary for using the latch mode, including information on operat-
ing conditions, data areas, settings, and performance specifications.

Section 12 provides the information necessary for using the sampling mode, including information on
. operating conditions, data areas, settings, and performance specifications.

Section 13 provides information to help identify and correct errors that might occur during operation.

&WARNING Failure to read and understand the information provided in this manual may result in
personal injury or death, damage to the product, or product failure. Please read each
section in its entirety and be sure you understand the information provided in the section
and related sections before attempting any of the procedures or operations given.
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SECTION 1
Introduction
This section describes the basic operation of the C500-CT021 High-speed Counter Unit, and shows how it can be installedina

basic system configuration. It also explains the operating and control modes and outlines the basic procedure for setting up the
High-speed Counter Unit for operation.

R D = 3 TR @ o 3 11 o) « W 2
1-1-1  Operating Modes . ... it e e e 2
1-1-2  Input SEIECHON . . o\ttt ettt et i e 3
1-1-3  Encoders and SemSOIS ... .ottt ittt iinriiaeaeeiaeneinaennennn 3
1-1-4  Control Modes ..o oottt e e e 3
1-2  Basic System Configuration . ... ...ttt e e e 4
1-3 0 Setup Procedure .. ...oiit it e e e e 5



Basic Operation

Section 1-1

1-1 Basic Operation

The C500-CT021 is a Special I/O Unitfor SYSMAC C-series, CVM1, and CV-se-
ries Programmable Controllers. It can be connected directly to devices such as
sensors to function as a high-speed, reversible counter capable of counting at a
maximum pulse input of 50 keps. In this manual, the two data words for the high-
speed counter are referred to as “axis-1” and “axis-2" to distinguish them from
the regular memory areas.

1-1-1 Operating Modes

Simple Linear Mode

Linear Mode

Circular Mode

Preset Mode

Gate Mode

Latch Mode

Sampling Mode

The High-speed Counter Unit can be operated in any of the following seven
modes. These modes are described in more detail in subsequent sections of this
manual.

Once the operating mode has been set, it cannot be readily changed. If itis nec-
essary to make a change, first turn off the power to the High-speed Counter Unit
and then reset the operating mode.

In simple linear mode, the counter value (i.e., the current count) is continually
compared with a preset comparison value, and outputs are controlled according
to the result (<, =, >).

In linear mode, outputs are controlled according to a preset range (or ranges, up
to a maximum of eight), and outputs are stopped when the upper or lower limit
(i.e., the minimum or maximum count) of the range is reached.

In circular mode, outputs are controlled according to a preset range (or ranges,
up to a maximum of eight), and the counter value restarts from zero after reach-
ing a preset maximum value, or returns to the preset maximum value when the
counter value is decremented past zero.

In preset mode, the counter value is decremented from a preset value to zero
according to pulse inputs. During this decrement phase, outputs may be
switched ON and OFF according to counter values, or turned ON for a fixed peri-
0d (set by the preset timer) when the count reaches zero. The count stops when
it reaches zero.

In gate mode, the count continues only while control input signals from the en-
coder are ON. There are two types of gate mode operation: normal and cumuila-
tive. In normal gate mode, the count always begins from zero. It is reset at the
rising edge of the control input signal. In cumulative gate mode, counting contin-
ues from the current counter value until it is reset to zero by the reset signal.

In latch mode, the counter value is stored in the internal register at the rising
edge of the control input signal, and is retained while the count continues. This
valueis always read as the current counter value. An external signal can be used
as a trigger to obtain a precise reading of the current counter value while incre-
menting or decrementing.

In sampling mode, pulses are counted for a preset interval after the control input
sighal is turned ON.
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1-1-2 Input Selection

Offset Phase Inputs

Up and Down Pulse Inputs

Pulse and Direction Inputs

Note

Any one of three input types can be selected: offset phase inputs, individual up
and down pulse inputs, and pulse and direction inputs. Depending on the input
type, various kinds of sensors can be used and the counter value can be increm-
ented or decremented.

Offset phase inputs use the difference in phase between two inputs to determine
whether the counter value will be incremented or decremented. The countis in-
cremented or decremented at the rising or falling edge of the A-phase input
when there is a 90° shift between the A-phase and B-phase inputs from the en-
coder. A X4 input multiplier is available to increase accuracy using the same en-
coder pulises.

With individual up and down pulse inputs, up and down encoders or sensors
(counter clocks) are connected and the counter value is incremented or decrem-
ented on the rising edge of each input. The counter value will not be changed if
both signals are input simultaneously.

With pulse and direction inputs, the counter value is incremented or decrem-
ented on the rising edge of the pulse input from the encoder or sensor (counter
clock).

1. Once the operational settings (operating mode, reset conditions, preset
function, input mode) have been, they cannot be readily changed. Ifitis nec-
essary to make a change, first turn off the power to the Counter Unitand then
reset the operating mode.

2. When the Counter Unit is connected to a SYSMAC BUS/2 Stave Unit, it will
be reset whenever a restart (word A001) is executed for the SYSMAC
BUS/2 Master Unit. The settings will be cleared atthat time, so they will have
to be made again.

3. Comparison set values, preset values, and so on, can be changed during
operation.

1-1-3 Encoders and Sensors

1-1-4 Control Modes

2-word Mode

4-word Mode

Open collector output-type incremental encoders or line driver output-type en-
coders or sensors can be connected. When fine driver inputs (differential inputs)
are used, an external device with an Am26LS31 or equivalent outputinterface (5
V + 5% power supply) can be connected.

The High-speed Counter Unit has two control modes: 2-word and 4-word. The
control mode will depend on the PC and the system configuration. For more de-
tailed information regarding control modes, refer to Section 5 Data Configura-
tion and Program Development.

In 2-word mode, one input word and one output word are allocated to the High-
speed Counter Unit, for a total of two words. The High-speed Counter Unit is
controlled through these two words, using the READ and WRIT instructions.
Control data can be read and written as a block.

in 4-word mode, two input words and two output words are allocated to the High-
speed Counter Unit, for a total of four words. The High-speed Counter Unit is
controlled through these four words, using the MOV instruction. Control data is
read and written one word at a time while commands are specified.

When a CVM1 CPU with an “-EV2” suffix is used, RD2(280) and WR2(281) can
be used to read and write control data as a block.
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1-2 Basic System Configuration

The High-speed Counter Unit can be mounted to C500, C1000H, C2000H,
CVM1, or CV-series CPU Racks or to Remote /O Slave Racks. The High-speed
Counter Unit’s control mode will be changed according to the mounting position.

C500, C1000H, C2000H

Mounted on CPU Rack or Expansion /O Rack.

P Controlled by READ and WRIT instructions
S (2-word mode).

Mounted on Slave Rack (SYSMAC BUS).
P Controlled by commands (4-word mode}).

CVM1, CV-series

Mounted on CPU Rack, Expansion CPU Rack, or
P Expansion I/O Rack.

S Controlled by READ and WRIT instructions
(2-word mode).

Mounted on Slave Rack (SYSMAC BUS/2).

s Controlled by READ and WRIT instructions
(2-word mode).

Mounted on Slave Rack (SYSMAC BUS).
P Control method depends on CPU model.

Models with “-EV2" suffix:
Controlled by RD2 and WR2 instructions (4-word
mode).

Models with “-EV1" or no suffix:
Controlled by commands (4-word mode}).

PS: Power Supply Unit
CPU: CPU Unit
CT. High-speed Counter Unit

RW2: SYSMAC BUS/2 Master Unit
RT/2: SYSMAC BUS/2 Slave Unit
RM: SYSMAC BUS Master Unit
RT: SYSMAC BUS Slave Unit

Note The number of High-speed Counter Units that can be mounted depends on the
power supply capacity.
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1-3 Setup Procedure

Follow the procedure outlined below for setting up the High-speed Counter Unit.

1,2, 8.

.1

. Make the DIP switch settings. The settings will differ according to the system

configuration in which the High-speed Counter Unit is used. Refer to 2-2-2
Setting Switches and Fuse.

. Selectthe operating mode according to the application. Refer to 4-1 Operat-

ing Modes.

. Refer to relevant section (Sections 6 to 12) for the operating mode, and

create the data table.

. Select the control mode. The method for writing the data table to the High-

speed Counter Unit differs depending on the CPU model and the system
configuration. Refer to 7-1-4 Control Modes and 1-2 Basic System Configu-
ration.

. Create the ladder program. The method for creating the program differs de-

pending on the control mode and the instructions that are used. Refer to
Section 5 Data Configuration and Program Development.






SECTION 2
Specifications and Components

This section provides the Unit’s basic specifications and describes its major components.
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2-1 Specifications

2-1-1 General Specifications

The general specifications conform to the C-series and CV-series specifica-
tions.

2-1-2 Characteristics

Item Specification
Number of axes 2 axes/Unit
Operating modes The 7 operating modes are listed below.

A different mode can be set for each axis on each Unit.

Simple linear mode
Linear mode
Circular mode
Preset mode

Gate mode

Latch mode
Sampling mode

Count Input signals | Encoder input A, encoder input B
inputs  I'Signal levels |5 VDC, 12 VDC, and 24 VDC (open collector/line driver)

Input modes | Offset phase inputs (X1/x4)
Up and down pulse inputs
Pulse + direction inputs

Counting rate | 50K cps max.
(The offset phase input has a X4 input multiplier func-
tion.)

External | Input signal Pulse input Z
inputs  T'signal levels |5 VDC, 12 VDC, and 24 VDC
(open collector/line driver)

Input signal One control input (Used with the preset function, reset
function, gate counter, sampling counter, preset counter,
and fatch counter.)

Signal levels {12 VDC and 24 VDC

External | Outputs External outputs 0 to 7, 8 points/Unit

outputs (Can be allocated freely to each comparison set value.)
Switching 50 mA at 5 VDC to 300 mA at 24 VDC
capacity

Internal current 350 mA max. at 5 VDC (Supplied from Backplane.)

consumption

Dimensions 250 x 34.5 x 115 mm (H x W x D) including the terminal

block’s height.
Weight 500 g max.
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2-1-3 Electrical Characteristics of I/O Signals

Input Characteristics (Open Coliector/Line Driver Inputs)

Item Encoder Input A, Encoder B, Pulse Input Z Encoder input A, Encoder B, Pulse Input Z
Input voltage 5 VDC £5% 12 VDC £10% [ 24 VDC £10% | Conform to RS-422 line driver (Am26LS31 or
input current 14mATYP. |8mATYP. equivalent) specifications.
ON voltage (min.) |4.5 VDG 10.2 VDC 20.4 VDC g{:‘:igos‘ﬂ'\%%uEgg \)loltage of the connecting
OFF voltage (max.) { 1.5 VDC 3.0VDC 4.0VDC =
Minimum response | Encoder Input A/Encoder B waveform: Encoder Input A/Encoder B (+) terminal wave-
pulse The input's rise/fall time is 3 ps max. (Equivalent| form:
to a 50-Khz signal with a 50% duty ratio.) Equivalent to a 50-Khz signal with a 50% duty
| 20 ps min. ] ratio.
20 ps min.
— e e S
ON S—
OV mmmmb e e e
OFF
3 ps max. 3 us max. [E—
A and B phases in offset phase inputs: A and B phases in ofiset phase inputs:
The variation between phases A and B The variation between phases A and B is 2.5 us
(T1/T2/T3/T4) is 2.5 ps min. min.
20 ps min. ] oN
Phase A Phase A O Ve oo ob e b e el
ON OFF .
508wl FN-4=-=====--~] A by
OFF_/ N
ON —
Phase B PhaseB QV==-=--=-=-=-}~~ 'r -------------------
OoN OFF !
/ Ao
OFF | T1 T2
T1 T2 T3 T4
Pulse input Z: Pulse input Z:
The pulse width is 0.1 ms min. A pulse width of at least 0.1 ms min. is required.
0.1 ms min, 0.1 ms min.
OoN ] —
i IR Rt EETLEEEEEE (EETEEET TP PEe
OFF — I,
Be sure to leave an input interval of at least Be sure to leave an input interval of at least
1.5 ms between Z input pulses, 1.5 ms between Z input pulses.
External Control Inputs Item External Control Input
Input voltage 1210 24 VDC £10%
Input current 410 11 mA
ON voltage (min.) 10.2VDC
OFF voltage (max.) 3.0 VDC
ON/OFF delay 1 ms max.

Minimum response pulse

1 ms min. 1 ms min.

) —l_
OFF  ——d

When accessing these signals from the PC, the sig-
nals must be ON longer than the PC's cycle time.
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Output Characteristics ltem External Outputs 0 to 7
Number and type of outputs 8 transistor outputs/Unit
Max. switching capacity 50 mA at 4.5 VDC to 300 mA at 26.4 VDC
(See the following graph.)
Leakage current 0.1 mA max.
Residual voltage 0.8 V max.
11O response time Simple linear mode: 1 ms max.
{Count comparison to external output) | Any other mode: 1.5 ms max.
External power supply 510 24 VDC +10%
The maximum switching current depends upon the power supply voltage, as
shown below.
(mA)
300 —
50—
0

4.5 20.4 26.4 (vDO)

& Caution Ifthe output current exceeds 3.2 A/common (8 points), the internal fuse will blow
and the Unit will become inoperable.

10
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2-1-4 Precautions for the Counting Rate

Clockwise (CW) Rotation

Counterclockwise (CCW)
Rotation

The maximum response pulse frequency with offset phase inputs is determined
by the specifications of the Incremental Encoder connected to the High-speed
Counter Unit. An example calculation for OMRON's E6B2-CWZ6C Encoder is
shown below.

ltem Specification
Power supply voltage 5 VDC-5% to 24 VDC+10%
Current consumption 80 mA max.
Resolution (P/R) 500 pulses/circuit
Output phases Phase A, phase B, phase Z
Output type Open collector output
Qutput capacity Applied voltage: 30 VDC max.

Sink current: 35 mA max.

Residual voltage: 0.4 V max
(when the sink current is 35 mA)

Max. response frequency 100 KHz
Output phase difference A/B phase difference 90°+45° (14+14T)
Output rise/fall time 1.0 us max. (Control output voltage 5 V, load resis-

tance 1 KQ, cord length 50 cm)

Phase A is advanced J4t}4T phase ahead of phase B.

T —> CW direction
360°
oN ( )
Phase A l
OFF
ON
Phase B :
OFF-—&——-— L
S 14T+14T (90°+45°)

Phase Ais delayed 4+ 18T phase behind phase B.

—> CCW direction

T
(360°)

ON
Phase A
OFF -

> HTERT (90°+45°)

ON
Phase B l l
OFF

The output phase difference is 90°+45°, so this Encoder’'s worst (smallest)
phase difference is 90°—45° = 45°,

At least 2.5 us is required even if the High-speed Counter Unit's phase differ-
ence is minimized. Thus:

2.5 us < 45° (When the rise and fall of the
T 360° Encoder’s output are equivalent.)
T < 20 ps (T is the minimum pulse period that

for responses.)

11



_I_I_igh-speed Counter Unit Components ) Section 2-2

Inverting the period yields the maximum frequency of 50K cps.

1 1 _ {54 revolutions/s when there
=< = 50K
T 20 ps PS are 500 pulses/revolution)
Thus, the maximum frequency that can be used with this Encoder is 50K cps.

Note Be sure that the pulse input is longer than the minimum response pulse width
when resetting the counter using pulse input Z. A pulse width of atleast 0.1 ms is
required for pulse input Z. Also, allow at least 1.5 ms spacing between puise in-
puts.

2-2 High-speed Counter Unit Components

This section describes the main components of the C500-CT021 High-speed
Counter Unit.

2-2-1 Indicators and Terminal Block

Front
N
€Tl ]
£ | » LED indicators
EARN S
N
> Terminal block
Y
Indicators The following table explains the functions of the LED indicators.
Indicator Name Function
RUN Operation Lights when the Unit is operating. Goes off when a
WDT error occurs.
4CH 4-word mode Lights when the Unit is in 4-word mode.

CH1 |A Encoder Input A | Lights when Encoder Input A for axis-1 is ON.
B Encoder Input B | Lights when Encoder Input B for axis-1 is ON.

IN External control Lights when the external control input for axis-1 is
input ON.

ERR | Error Lights when an error has occurred with axis-1.
Flashes when a WRIT instruction axis specifica-
tion error has occurred.

12




Section 2-2

_Pﬁgh-speed Counter Unit Components

Indicator Name Function
CH2 | A Encoder Input A | Lights when Encoder Input A for axis-2 is ON.

B Encoder input B | Lights when Encoder Input B for axis-2 is ON.

IN External control Lights when the external control input for axis-2 is

input ON.

ERR | Error Lights when an error has occurred with axis-2.
Flashes when a WRIT instruction axis specifica-
tion error has occurred.

01234567 | External output These indicators light when the corresponding

external output
(0 through 7) is ON.

Terminal Block

Connect output devices and input devices such as encoders to the terminal

block. Refer to 3-2 Wiring to the Terminal Block for details on wiring.

2-2-2 Setting Switches and Fuse

Back

Setting Switches

0o
y

Setting Switches

Fuse

tion of the Unit.

OFF---

The setting switches are located on the back of the Unit and contro! basic opera-

The following table explains the functions of these switches. Both switches are
set to “OFF” when the Unit is shipped from the factory.

13



Dimensions Section 2-3
Refer to 1-2 Basic System Configuration to determine the PC and Rack being
used, and set the switches accordingly. All other settings are made from the PC
with the ladder program.

Switch | Status Function
1 OFF | 2-word mode:
Leave switch 1 OFF when the Unit is mounted on a CPU Rack,
Expansion I/O Rack, or SYSMAC BUS/2 Slave Rack.
ON 4-word mode:
Turn switch 1 ON when the Unit is mounted on a SYSMAC BUS
Slave Rack.
2 OFF Leave switch 2 OFF when using the Unit with a
C1000H/C2000H PC.
ON Turn switch 2 ON when using the Unit with any other CPU.
Fuse The fuse limits power to the external outputs. The fuse will blow if the output cur-

rent exceeds 3.2 A/Common (8 points).

2-3 Dimensions

The following diagram shows the dimensions of the High-speed Counter Unit.
All dimensions are in mm. The weight of the Unit is 500 g max.

{cTo ]

>
@
N AR O
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SECTION 3
Wiring

This section explains how to connect various input and output devices to the High-speed Counter Unit.

3-1  Terminal ALIOCATION . v vvtt i et ettt iaee ittt eneanneernnasaaneeenns 16
3-2  Wiring tothe Terminal Block ....... ..ot 17
3-2-1 Recommended Power Wires ........cooiiiiiii it rnnenns 17
3-2-2  Terminal Screws and Crimp CONNECIOTS ... ...ttt iiine e rennnns 17
3-2-3  Precantions when WIring . ... ..o it i i i e 17
3-3  I/O Circuit COnfigurations . ... ......c.eeiiiueiennnrieeeraiiananarernanns 18
3-3-1  Encoder Input Circuit Configuration . ......... ..., 18
3-3-2  External Control Input Circuit Configuration ............ooiiiiiiienann, 21
3-3-3  External Output Circuit Configuration ........... ..., 21
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Terminal Allocation Section 3-1

3-1 Terminal Allocation

The following diagram shows the names and pin allocation of the High-speed
Counter Unit's terminals.

Axis 1/Q name O type. Terminal block 1O type
7/ niniiik BO 24 VDC
Phase A/Increment pulse/Count input 12 VDC A0
Bl 5 VDC/Line driver (+)
Line driver (-}/0 V Al peefromeosssosossssssomeo-eee-o-
""""""""""""""""""""""""""""""""" B2 24 VDC
. Phase B/Decrement pulse/Direction input 12 VDC A2
Asd B3 | 5VDG/Line driver (+)
Line driver (-)/0 V A3 g
---------------------------------------------------------- B4 | 24VDC
Phase Z 12VDC A4
B5 5 VDC/Line driver (+)
Line driver (=)/0 V AS [ -ooomnmomesmesmmemenees
---------------------------------------------------------- B6 12/24 VDC
External control input Y Af6 e mmmmm e ————
L, T T TS s e e m e B7 24 VDC
Phase A/increment pulse/Count input 12 VDC A7
B8 5 VDC/Line driver (+)
Line driver (-)/0 V A8 |- "--mmmmommememsmmommoeee
"""""""""""""""""""""""""""""""""""""""" B9 | 24vDC
Phase B/Decrement pulse/Direction input 12 VDG A9
Axis-2 ' B10] 5VDC/Line driver (+)
Line driver (~)/0 V AlQ [ =--mmmmmmmmmmmmmm e
""""""""""""""""""""""""""""""""""""""" Bll| 24vDC
Phase Z . 12 VDC All
B12 | 5VDC/Line driver (+)
Line driver (-)/0 V Al2 prpr e
------------------------------------------- B13| 12/24VDC
External control input oV Al3 P === ————-—=-
T T T TS T Bl4 oUT4
External outputs OUTO Al4
B15 ouT5
OUT1 Al5
Axis-1 B16 ouT6
;2;_2 oUT2 Alé
B17 OUT7
ouT3 Al7 f—f---mmmmmmmmmmmesseseonee-
---------------------------------------------------------- B18 st:grgil \%ép)ut power supply
External output common: 8 V Al8 [ s s s e

16



Wiring to the Terminal Block Section 3-2

3-2 Wiring to the Terminal Block

3-2-1 Recommended Power Wires

Wire usage Recommended wire
External outputs AWG22 (0.3 mm?)
A, B, or Z input signals Shielded twisted-pair cable

When used for line driver inputs, select a cable so that
the entire {round-trip) resistance of the wire is 7 Q max.

The rated current capacity of the power wires depends on factors such as the
ambient temperature and insulation thickness, so be sure to check these factors
when selecting power wires.

3-2-2 Terminal Screws and Crimp Connectors

The Unit is equipped with self-rising M3.5 terminal screws. Use M3.5 crimp con-
nectors like the ones shown below when connecting to these terminals.

T 7
O O

Tighten the terminal screws o 78 kgfecm max.

3-2-3 Precautions when Wiring

Noise Reduction Measures  Take the following steps to reduce noise in encoder inputs and pulse inputs.
1,2, 3... 1. Use shielded twisted-pair cable and ground the shield to a resistance of
100 Q max.

2. Make the wiring as short as possible and avoid running the wires paraliel to
lines that produce a lot of noise, such as high-power lines.

3. Try to use a separate stabilized power supply for encoders and another
power supply for other I/O.

Polarity Be sure not to reverse the polarity when wiring a line driver encoder input and
pulse input.
Signal Level Different terminals are used to wire an open collector encoder input and pulse

input for different signal levels (5 VDC, 12 VDC, or 24 VDC). Refer to 3-3 /O
Circuit Configurations for details.

17



1/0 Circuit Conﬁgumtions

_Section 3-3

3-3

I/0 Circuit Configurations

3-3-1 Encoder Input Circuit Configuration

Circuit Pin Name Comments
BO Axis-1 Encoder Input A: 24 VDC Supply power from
BO, Ao, or B1.
A0 Axis-1 Encoder Input A: 12 VDC
'''''' MY AN\ ! o B1 Axis-1 Encoder Input A: 5 VDC/Line driver (+)
f o2
- w o A1 Axis-1 Encoder Input A: 0 V/Line driver (-) ---
B2 Axis-1 Encoder Input B: 24 VDC Supply power from
B2, A2, or B3.
A2 Axis-1 Encoder Input B: 12 VDC
----- > AM— o | B3 | Axis-1 Encoder Input B: 5 VDC/Line driver (+)
2R S
S o | A3 Axis-1 Encoder Input B: 0 V/Line driver () -
B4 | Axis-1 Pulse Input Z: 24 VDC Supply power from
B4, A4, or BS,
Ad Axis-1 Pulse Input Z: 12 VDC
""" A — o |B5 | Axis-1 Pulse Input Z: 5 VDC/Line driver (+)
4 ¥ 1| 2 ‘
AN o | A5 Axis-1 Pulse Input Z: 0 V/Line driver {-) -
B7 Axis-2 Encoder Input A: 24 VDC Supply power from
B7, A7, or BS.
A7 Axis-2 Encoder Input A: 12 VDC
...... ‘\\ _ Wv : o | B8 Axis-2 Encoder Input A: § VDC/Line driver (+)
2R
— ANy o | A8 | Axis-2 Encoder Input A: 0 ViLine driver (~) ---
B9 | Axis-2 Encoder input B: 24 VDC Supply power from
B9, A9, or B10.
AS Axis-2 Encoder Input B: 12 VDC
""" A— o | B10 | Axis-2 Encoder Input B: 5 VDC/Line driver (+)
¥ 2
v g TS o { A10 | Axis-2 Encoder Input B: 0 V/Line driver (-} -
B11 | Axis-2 Pulse Input Z: 24 VDG Supply power from
Bi1, A11, or Bi2.
A11 | Axis-2 Pulse Input Z: 12 VDC
------ S A/W ! o | B12 | Axis-2 Pulse Input Z: 5 VDG/Line driver (+)
28 B
~ L o | A12 | Axis-2 Pulse Input Z: 0 V/Line driver (-)

18




I/0 Circuit Conﬁgurations

Section 3-3

Wiring Example 1: 24-VDC Open-collector Encoder

High-speed Counter Unit

Encoder Input A

f

Filter

24 VDC

24 VOC
24-VDC Power Supply

ove

12 VDC|

P> g
<

Shielded twisted-pair cable

Encoder

Power Supply to Encoder

L

O

Encoder Input B

2l

Filter

L

Pulse Input Z

2l

Filter

High-speed Counter Unit

Encoder Input A

Filter

Al

A+

Power Supply to Encoder

.

OO0

Encoder input B

Fitter

Al

Pulse Input Z

F

Filter

Ia
24 VDC Encoder cutput
Y
12VDC
|
oV, v -3
24VDC T
\ 4
12VDC o
Te
Wiring Example 2: 12-VDC Voltage-output (Sink-load) Encoder
12 VDC_@i
12-VDC Power Supply
oy 9 Encoder
24 VDC Shielded twisted-pair cable
12VDC
5VDC
1a
oV '-.' H -
24 VOC _L £ Encoder output
= L
12VDC
5VDC
! N i
ov] =2 N Is
N/
24VDC L
12VDC R
Iz
T

Note

The input at the High-speed Counter Unit goes OFF when the encoder’s output
is “H” and goes ON when the encoder’s output is “L.”
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1/0 Circuit Configurations Section 3-3

Wiring Example 3: 5-VDC Voltage-output (Source-load) Encoder

5VDC @ Encoder
5-VDC Power Supply

y

High-speed Counter Unit ov 9
Shielded twisted-pair cable

-

]

Encoder Input A

]
Filter

7 3

Encoder Input B

f

Pulse Input Z

a2l

-

J

Yy

Fitter

3
I

Fitter

Note A currentof 14 mA (rated) must flow when the encoder input is ON. Be sure that
the ON voltage is correct when the input is ON.

Wiring Example 4: Line-driver Output (Am26LS31 or equivalent) Encoder

Power Supply to Encoder
Encoder ;\ l
24 VDC O &
Shielded twisted-pair cabie
Encoder Input A i2 VDC
A,
W 5VDC
5 v
7y E ov ! A_
24 VDC _;_ E

Encoder input B

)
<
o)
]
w

g
v Y |2 B
24 VDC _é_ E
Pulse Input Z e
12VDC iy C.
¢ Y |2 C_
e

Note Wire the system so that the High-speed Counter Unit’s pulse input goes ON
when the encoder’s output goes ON.
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1/0 Circuit Configurations

Section 3-3

3-3-2 External Control Input Circuit Configuration

Circuit Pin Name
______ B6 | Axis-1 External control input: 12/24 VDC
~ - WY °
4 g A8 | Axis-1 External control input: 0 V
seees AMA B13 | Axis-2 External control input: 12/24 VDC
4 y il s
R A13 | Axis-2 External control input: 0 V
Wiring Example
12t0 24 VOC |
12t0 24 VDC
Powsr Supply ov
High-speed Counter Unit
Control Input (Axis-1)
Twisted-pair wires
------ - 12/24 VDC Sonsor
s M -
é b 4 ,: g oV >< >< 1 Sensor output :
Control Input (Axis-2)
""" I A28 vDC Sensor
. 3 e e ————— -
é T ) E oV >( >< i Sensoroutput |
______ IS

fmmemm e m—y -l

Note In order to prevent chatter at the input, use solid-state as much as possible.

3-3-3 External Output Circuit Configuration

Circuit

Pin

Name

B18

Power supply for external outputs 0 to 7:
51024 VDC +10%

Al4

External output 0

A15

External output 1

A18

External output 2

A17

External output 3

B14

External output 4

B15

External output 5

B16

External output 6

B17

External output 7

A18

Common for external outputs 0to 7: 0 V

21




I/0 Circuit Conﬁgurations

Section 3-3

Example: Connecting External Outputs 0 through 3 to Relays

22

High-~speed Counter Unit

S5to24 VDCJ B18

Drive circuit

P swasvoc
51024 VDC
Power Supply
vDC
l Output0 | A4 Output 0 6
]/ — Relay
l Outputt | A15 Output 1
l/ Relay
l Output2 | Al16 Output 2
f/ Relay
g
Qutput3 | A17

) 4

COM

oV

m% % % % Varistors

QCutput 3
® Relay

OO
3.2-A Fuse

The switching capacity varies with the voltage. Refer to 2-1-3 Electrical Charac-
teristics of I/O Signals for details.

If a load generates a surge voltage, connect a varistor to the load to protect the

output transistor.

Use the same power supply for the external power supply and output load power
supply. If different power supplies are used, be sure that a potential difference

doesn’t develop.

The output levels for external outputs 0 through 7 are as follows:

The external output is “L” when the High-speed Counter Unit's outputis ON.
The external output is “H” when the Unit's output is OFF.



SECTION 4
Operation

This section provides the information necessary to operate the C500-CT021 High-speed Counter Unit, including modes,
types of inputs, reset conditions, and data exchange with the PC.

4-1  Operating MOdes .. oovrt ittt e e e 24
4-2 BCDandBinary Modes ... ..coiiti i i i e e 24
-3 IPULMOAES .« ottt ittt e e e e e 25
4-3-1 OffsetPhase Inputs . .......coviiiiiriii i e, 25
4.3-2 UpandDownPulseInputs ........ ..ottt 26
433 Pulseand Direction Inputs . ... ....oiiitii i i i e 26
4-4 Counter Reset ConditionS . . . ..o oi ittt i it et et s e 27
4-5 DataExchange withPC .. ... e e 29
4-5-1  MEMOTY ATCAS & - . v ot ottt ettt ettt ta ittt et taeeeaeaans 29
4-5-2 Readingand Writing Data ........... i i e 30
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BCD and Binary Modes ) Section 4-2

4-1 Operating Modes

The High-speed Counter Unit can be used in any of the following seven modes.

Mode Count range Function Reference

Simple linear | —8,388,608 to 8,388,607 (BCD) Compares the present counter value to the Section 6
-2,147,483,648 to 2,147,483,647 (binary) | preset value (>, =, <) for each axis, and
controls outputs according to the results.

Linear —8,388,608 to 8,388,607 (BCD) Up to eight ranges can be set for each axis, Section 7
—2,147,483,648 to 2,147,483,647 (binary) | and outputs are continued while the counter
value is within any of those ranges. Qutputs
are stopped when the counter value is not
within any of the ranges.

Circular 0 to 65,535 (BCD, binary) Up to eight ranges can be set for each axis, Section 8
and outputs are continued while the counter
value is within any of those ranges. The
counter value restarts from zero after
reaching a preset maximum value, or returns
to the preset maximum value when the
counter value is decremented past zero.

Preset 1 t0 8,388,607 (BCD) Up to eight preset values can be set for each | Section 9
1 to 2,147,483,647 (binary) axis, and the counter value is decremented
from one of these values when the start input
is received. There are three outputs that turn
ON and OFF according to the counter value,
and one output that turns ON when the
counter value reaches zero.

Gate -8,388,608 to 8,388,607 (BCD) The count continues only while the control Section 10
—2.147,483,648 to 2,147,483,647 (binary) | input signal from the encoder is ON. When the
signal turns OFF, the count stops. When the
signal turns ON again, the count starts from
zero (in normal gate mode) ot from the
present counter value (in cumulative gate
mode).

Latch —8,388,608 to 8,388,607 (BCD) In latch mode, the counter value is stored in Section 11
—2,147,483,648 t0 2,147,483,647 (binary) | the internal register at the rising edge of the
control input signal, and is retained while the
count continues. This value is always read as
the present counter value. An external signal
can be used as a trigger to obtain a precise
reading of the present counter value while
incrementing or decrementing.

Sampling -8,388,608 to 8,388,607 (BCD) The count begins at the rising edge of the Section 12
-2.147,483,648 to 2,147,483,647 (binary) | start input, and continues for a preset fixed
interval. When the count stops, the value is
retained. The count then starts over from zero
at the rising edge of the next start input.

When power is turned on, both axes operate in linear mode (with up and down
pulse inputs), and the present counter value is read.

The operating mode is set for each axis by the ladder program at the PC. For
details, refer to Section 5 Data Configuration and Program Development.

Note Once the operating mode has been set, it cannot be readily changed. Ifitis nec-
essary to make a change, first turn off the power to the High-speed Counter Unit
and then reset the operating mode.

4-2 BCD and Binary Modes

Preset values, maximum count values, and so on, can be set in either BCD or
binary. When particularly fast response times are required, it is recommended
that the settings be made in binary mode. This mode setting is made for each
axis by the ladder program at the PC. For details, refer to Section 5 Data Config-
uration and Program Development.
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Iizput Modes

Section 4-3

4-3 Input Modes

The input mode determines the timing and the method for incrementing and
decrementing the counter. Any one of three types on inputs can be selected: off-
set phase inputs, individual up and down pulse inputs, and pulse and direction
inputs.

When power is turned on, the startup mode is up and down pulse inputs {in linear
mode). The modes for each axis can be set by the ladder program at the PC. For
details, refer to Section 5 Data Configuration and Program Development.

4-3-1 Offset Phase Inputs

Increment

Decrement

Reset

Offset phase inputs use the difference in phase between two inputs to determine
whether the counter value will be incremented or decremented. An encoder with
A-phase, B-phase, and Z-phase inputs is connected, and the count is increm-
ented or decremented at the rising or falling edge of the A-phase input when
there is a 80° shift between the A-phase and B-phase inputs from the encoder.
For details, refer to Section 5 Data Configuration and Program Development.

High-speed Counter Unit

Aphase oemmemmmmeaeaan Encoder
Encoder : Connect to match ! © inputA
h ) direction of ‘
Bphase operation. ' |, Encoder
[ H input B
Z phase (Reset input) Encoder
0 input Z

When the A-phase is 90° in advance of the B phase, the count is incremented at
the rising edge of the A-phase input. (The encoder normally rotates forward.)

When the A-phase is 90° behind the B phase, the count is decremented at the
falling edge of the A-phase input. (The encoder normally rotates in reverse.)

Resets are made possible by connecting the encoder’s Z phase to pulse input Z.

A phase

B phase

L

— 90 %—

:

")
ey

0 9

L] L1

Wm”[:meLLLmemmen

2 3 4 3 6 7 8 8 101112 40 39 38 37 36 35 34 33 32 31 30 29

O

A X4 input multiplier is available to increase accuracy using the same encoder
pulses.

25



Input Modes Section 4-3

4-3-2 Up and Down Pulse Inputs

Up and down pulse inputs can be used by connecting separate encoders or sen-
sors for incrementing and decrementing, and then counting up and down in re-
sponse to these separate inputs. If up and down inputs are received simulta-
neously, the count remains unchanged. For details, refer to Section 5 Data Con-
figuration and Program Development.

Encoder or sensor for incrementing High-speed Counter Unit

Up pulses
Encoder
input A

Encoder or sensor for incrementing Down pulses
o Encoder
= f
Reset inputs, etc. Encoder
input 2
Sensor or switch
B
Increment The count is incremented at the rising edge of each pulse from the encoder for
incrementing.
Decrement The count is decremented at the rising edge of each pulse from the encoder for
decrementing.
Reset Resets are made possible by connecting the sensor or switch to pulse input Z.

(For details, refer to 4-4 Counter Reset Conditions.)

1 2 3

ON l—-l ‘—I !—}
Up pulses
PP OFF
Down pulses ON I

OFF

4-3-3 Pulse and Direction Inputs

Pulse and direction inputs can be used by connecting an encoder or sensor and
then incrementing or decrementing according to a direction switch. For details,
refer to Section 5 Data Configuration and Program Development.

adil Il AN}

1

Encoder or sensor High-speed Counter Unit

Input pulses Encoder
] © input A
Direction switch N .
Direction signal Encoder
_|__°/° ©  inputB
T Reset inputs, etc. Encoder
O jnputZ
Sensor or switch
[ |
Increment The countis incremented at the rising edge of each pulse from the encoder when
the direction signal is OFF.
Decrement The count is decremented at the rising edge of each pulse from the encoder

when the direction signal is ON.
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Counter Reset Conditions Section 4-4

Reset Resets are made possible by connecting the sensor or switch to pulse input Z.
(For details, refer to 4-4 Counter Reset Conditions.)

i ON | :::5
nput pulses oﬂlllllllll!]!l!l

ON

Direction signal
OFF

Up Down Up

4-4 Counter Reset Conditions

There are eight types Counter reset conditions that can be set according to vari-
ous combinations of Z pulse inputs, external control inputs, and the Internal
Reset Bit. The actual settings are made by the PC’s ladder program. For details,
refer to Section 5 Data Configuration and Program Development.

The following abbreviations are used in this table:

Z: Pulse input Z
E: External control input
I: Internal Reset Bit
R: Reset
Combination Reset no. Reset condition Counter reset condition and timing
Pulse input Z + external control 0 Rising edge of Z ZM.E 1 oN
input + Internal Reset Bit when E and | are ON. T Z o
ON ‘_l
E o I—
OFF l
ON
R o !
1 Falling edge of Z Z() E. | ON
when E and | are ON. o & Z o -
oN 1
Bor L
ON
b orr 1
ON
R ore
Pulse input Z + Internal Reset 2 Rising edge of Z
Bit when 1is ON. 2N ! z o 1
N I
OFF i
ON
R o
3 Falling edge of Z
when |is ON. 2(h). 1 Z SEF
;| oN ]
OFF i
ON
R o
External control input + Internal 4 Rising edge of Z EM). |
Reset Bit when E is ON. 0 E ggF 1
| ON I I
OFF i
ON
R ore
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Counter Reset Conditions Section 4-4
Combination Reset no. Reset condition : Counter reset condition and timing
Pulse input Z 5 Rising edge of Z. z ON
Z orf ———-{_l—
ON
-
R orr
6 Falling edge of Z. z() ON
Z o {J
ON
R o |
Internal Reset Bit 7 Rising edge of 1. %) ON M
boorr i
ON
R o '
Power ON initial status - Rising edge of Z or Z(M or I(T) oN
rising edge of 1. Z o | l
ON :
b oo ——1——_‘—
ON
R —L 1

Note

28

1. Reset numbers 0, 1, and 4 cannot be used under the following circum-

stances:

e In simple linear mode, linear mode, circular mode, or preset mode, when
the external control input is set for the preset operation.

« In gate mode or sampling mode, when the external control input is set for
the start signal or the preset operation.

e In latch mode under any circumstances.

. The reset input interval must be at least 1.5 ms.
. In the table above, when two or more conditions are combined they are

treated as alogical AND in order for the reset operation to be carried out. For
example, “Z(1), E, I” means that the reset will be executed at the rising edge
of the Z pulse input when both the external control input and the Internal
Reset Bit are ON.



Data Exchange with PC Section 4-5

4-5 Data Exchange with PC

4-5-1 Memory Areas

The High-speed Counter Unit exchanges I/O Area information with the PC with
every /O refresh. This timing applies even when data is exchanged by means of
the MOV instruction in 4-word mode. (For details, refer to 5-4 Programming in
4-word Mode.)

Cycle Cycle Cycle Cycle Cycle
K- time K~ time —k— time K- tme - time -

/O refresh ,"

Resets, efc. E——

AtPC

Error flags, etc.

Resets, etc. —_— /
At High-speed /

Counter Unit |/

Error flags, etc.

Note When the High-speed Counter Unit is mounted to a Slave Unit, there may be
delays due to data transfers between the Master and the Slave. For details, refer
to the relevant Remote /O Unit documentation.
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Data Exchang with PC

Section 4-5

4-5-2 Reading and Writing Data

The following diagrams show how data is exchanged using the READ and WRIT
instructions (in 2-word mode) and the RD2(280) and WR2(281) instructions (in
4-word mode).

READ/WRIT (2-word Mode)

If the READ execution interval
is less than 10 ms, the same

data may be read again.

If an attempt is made to execute READ or WRIT
while READ data is being refreshed or WRIT
data is being processed, the EQ Flag (A50006)
will not be turned ON and the instruction will not
be executed.

| Cycle time R |
| L L I
(1) (A) @ (B)
R W R W| {R R
E R E R E E
cup A l A 1] ]A A
D T D T D D
XK X
Counter Unit (A) (B)
data buffer
WRIT
PC—~CT ) :’aﬁ‘f\ ) ) data —\
[ T 7
T~ PC READ data (1) ) READ data (2) READ data (3) / READ data (4)
() (A) 2 {3) B {4)
,Counter Umt READ WRIT READ READ WRIT READ
internal data data data data data data
processing | """ Procoe] refresh refresh proces- e
10 msec * 10 msec 10 msec
I READ data is refreshed once every 10 ms. |

30
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READ/WRIT (4-word Mode)

The diagram below shows the timing for WR2(281) execution. When RD2(280)
is executed, the data read during echo-back is transferred.

| Cycletime | Cycletime |

I 1 1
(1) 2 / / ()
=
5 F g g g g
o wR2 o 2 o WR2 2 O |wre
- =4 = dn| (@] \ -=--- D d
CPU|® S| |® e o G| |2 ooty
0 0 0 0 9 S
7 /
Counter Unit
data buffer 3 / J4
st lond
CPU — Counter  org word
Kata idata
[ Echol Echol
Counter — CPU ack back
7/ /
Unit service by CPU
(executed at refresh) /
8 8 & ] 8 8 3 3 8
2 2 4 2 = 4 e 4 2
o 3 @ o D o @ D k<3
w W o w v v w o v
= = = = = = = (""" B B4
c f=3 c =4 = = (=4 e =4
S- =1 > S S s} S ) ) S >
/ 4
Counter Unit
internal processing | | | [\
. AN lf y.d
1st word da!a\—J Echo back 2nd word data ) ) Word n daMcho back
processing processing processing processing processing

1,

The operation is carried out as follows:

2 3.. 1. WR2(281) transfers the data in the first word to the High-speed Counter
Unit. (RD2(280) sends the read command to the High-speed Counter Unit.)

2. WR2(281) checks the echo-back from the data that was transferred in step
no. 1 above, and transfers the data in the second word to the High-speed
Counter Unit. ((RD2(280) receives the first word data and sends the read
command for the second word data to the High-speed Counter Unit.)

3. WR2(281) checks the echo-back from the final data and completes the
instruction execution. (RD2(280) reads the final data and completes the

instruction execution.)

Note RD2(280) and WR2(281) can only be used with “-EV2” or later CVM1 CPUs.
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SECTION §
Data Configuration and Program Development

This section describes the data configuration of the High-speed Counter Unit and provides sample programs for transferring
data between the PC and the High-speed Counter Unit.
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I/0 Allocation and Memory Conﬁguration ) Section 5-1

5-1 1/O Allocation and Memory Configuration

5-1-1 2-word Mode

Data Transfer to/from the
IR Area

Data Transfer using
WRIT/READ Instructions

110 words are aliocated to the High-speed Counter Unit automatically. Two or
four words will be allocated, depending on the control mode setting:

2-word mode: 1 output word and 1 input word (2 words total)
4-word mode: 2 output words and 2 input words (4 words total)

This section explains the relationship between the allocated words and the
Unit’s memory configuration.

The READ and WRIT instructions can be used notonly for reading from and writ-
ing to the input and output words, but also for reading and writing within the High-
speed Counter Unit data areas.

The contents of the input and output words depends on the High-speed Counter
Unit's operating mode. For details, refer to the descriptions of the Unit's operat-
ing modes in Sections 6 through 12.

Qutput (PC—>CT){ Word n Qutput word
input (CT—-)PC){ Word n+1 Input word

CT: High-Speed Counter Unit
n: First allocated word

To write data to the High-speed Counter Unit's WRIT data area, specify the
source word, destination word {(word n), and number of words in the WRIT
instruction. To read data from the High-speed Counter Unit's READ data area,
specify the source word (word n+1), destination word, and number of words in
the READ instruction. For details, refer to 5-3 Programming in 2-word Mode Us-
ing READ/WRIT.

Memory within the High-
speed Counter Unit

(Memory for writing)

Address $00
WRIT WRIT
instruction [_data | Written WRIT data area
| together Address $5D
Output (PC—)CT){ Word n '
input (CT-—)PC){ Wordn+1 ] } {(Memory for reading)
| Address $00
READ READ
instruction | _data | Read READ data area
together Address $09

CT: High-Speed Counter Unit
n: First allocated word

Note Bit 01 of word n+1 (the Special I/O Read Completion Flag) is turned OFF after
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5-1-2 4-word Mode

Output
(PC—CT)

Input
(CT—PC)

In 4-word mode data cannot be transferred directly to or from the memory in the
High-speed Counter Unit, so the command and address are specified in word
n+1 and data is transferred one word at a time. (Write data is specified in word n
and read data is stored in word n+2.) For details, refer to 5-4 Programming in
4-word Mode Using MOV.

Memory within the High-
speed Counter Unit

(Memory for writing)

Read/write command specifies Address $00
one word at a time. WRIT data area
Writes one
- word at a time. . Address $5D
Word n Write data area Output word Address SFF
Word n+1 Command/address area
Word n+2 Read data area
Memory for reading)
Word n+3 Response data area { Y g
orant < Address $00
Reads one
word at a time. READ data area
CT: High-Speed Counter Unit Address $09
: -Speed Counter Uni
allos Inputword Address $FF

n: First allocated word

The output word and input word are located in address FF of the Unit's writing
area and reading area, respectively. The output and input words can be used for
data transfer just like the 2-word mode, by reading/writing data to address FF
with read/write commands.

If the WR2/RD2 instructions are used, several read/write operations can be per-
formed automatically in 4-word mode, too. For details, refer to 5-5 Programming
in 4-word Mode Using WR2/RD2.

5-2 Data Configuration

The High-speed Counter Unit controls the writing of data (WRIT data) according
to a determined format. Also, the status of the High-speed Counter Unit can be
learned from the data read from the Unit (READ data).

In 2-word mode, data is transferred all at once with the WRIT/READ instructions.
in 4-word mode, data is transferred one word at a time with the MOV instruction
while responses from the High-speed Counter Unit are checked. Normally the
2-word mode is used, but it cannot be used if the Unit is mounted on a SYSMAC
BUS Slave Rack; in this case the 4-word mode is used.

if the PC uses a CVM1 CPU with “-EV2”in its model number, data can be trans-
ferred all at once even in 4-word mode by executing the WR2 and RD2 instruc-
tions.

The WRIT and READ data have the same configuration in both 2-word and
4-word modes.
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5-2-1 WRIT Data

Axis Designation

Operational Settings

36

Note

The axis settings are made by creating the following data table in a CPU data
area (such as DM) and writing the table to the High-speed Counter Unit’s
memory.

Bit 15 Bit0
First word : Axis des:ignation : ]
First word + 1 IOperation'all seningé
1 ¥ I
First wolrd +2 Characteristic operating mode data Data for
' (The amount of data depends on one axis
: the operating mode and settings.)
1
[l [

L 1

' Axis designation
4= ---F--- .
Operational settings J'
bt Ealadid r——""r="--"
)
Characteristic operating mode data !
:
]
]
]
]
[}
4
]

(The amount of data depends on
the operating mode and settings.)

The following ladder diagram example shows the WRIT instruction used o write
a data table.

T WRIT  Number of words in data table
First word in data table

High-speed Counter Unit's
output word

When making settings for only one axis, write the data for only one axis.

The axis designation indicates which axis (axes) the settings are for, as shown
below:

0000: Settings for axis-1 and axis-2

0001: Settings for axis-1 only

0002: Settings for axis-2 only
When “0001” or “0002” has been specified, the data will apply to that axis only.

When the first axis specifier is “0000,” the data will apply to both axes. In this
case, the second axis specifier (for axis-2) must be set to “0002.” Be sure to set
all of the data for axis-1.

There are 4 digits in the operational settings, as shown below. Once the opera-
tional settings have been made for an axis, they can’'t be changed until the power
is turned OFF.

Bit 15 Bit0

|

A

t—— Preset function selection
input mode setting
Reset condition setting
Operating mode setting
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Operating Mode Setting
The operating mode and BCD/Binary mode are sef as shown in the following
table.

Setting Operating mode BCD/Binary mode
Cannot be specified. (Initial status at startup) BCD mode
Simple linear mode

Linear mode
Circular mode
Preset mode
Gate mode
Latch mode
Sampling mode
Can't be specified. Binary mode
Simple linear mode
Linear mode
Circular mode
Preset mode

Gate mode

Latch mode
Sampling mode

TMOo|w| PN A{WOIND]I+|O

Reset Condition Setting

The reset condition settings are shown below. The abbreviations Z, E, and |
stand for pulse input Z, external control input, and Internal Reset Flag respec-
tively. See 4-4 Counter Reset Conditions for details on reset conditions.

NoarLD-to
NNMNNN

Input Mode Setting
The input mode settings are shown below. See 4-3 input Modes for details.

0: Offset Phase Inputs (X4 multiplier)
1: Offset Phase Inputs (X1 multiplier)
2: Up and Down Pulse Inputs
3: Pulse and Direction Inputs

See 4-4 Counter Reset Conditions for details regarding the meaning of the set-
tings.

Preset Function Selection

When the operating mode is set to simple linear mode, linear mode, or circular
mode, the preset operation will be executed on the rising edge of the Preset Flag
or external control input. A “0” specifies the Preset Flag and a “4” specifies the
externai control input.

0: The counter PV is changed to the preset value when the Preset Flag in
the output word goes from OFF to ON.

4: The counter PV is changed to the preset value when the external control
input goes from OFF to ON.

When “4” has been specified, the external contro! input cannotbe used as are-
set.
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5-2-2 READ Data

Counter Present Value

Comparison Results
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The following data can be read from the High-speed Counter Unit.

Bit 15 Bit0

Firstword + 0
Counter Present Vaiue (PV)

First word + 1 . .

/1
1 T ] .
First word + 2 Pomparislon resultsl Axis-1data

t 1] L]
(')perationlal settings
1 i

Firstword + 3

t
First word + 4 Error inf<l>rmation

_ f } } <
Firstword + 5
Counter Present Value (PV)
First word + 6 . . .
i I I
First word + 7 Comparison results Axis-2 data
. } 1 1
Firstword + 8 Operational settings
. I ¥ 1
Firstword + 9  Error information |
.

The following ladder diagram example shows the READ instruction used to read
all of the data for 2 axes.

READ #0010

High-speed Counter Unit's input
word

First word of the data storage area

The counter PV is stored in the first two words, as shown below:

Bit 15 Bit 0
Word n 4t digit | 31d digit | 2nd digit | 15t digit
Word n+1 | 8th digit | 7 digit | 6" digit | 5'" digit

The numerical value of words n and n+1 is different for BCD and binary modes:

BCD Mode
Digits 1 through 7 contain the PVin BCD and digit 8 indicates the sign. (F is nega-
tive and 0 is positive.)

The PV range is F8388608 to 08388607 (—8,388,608 o 8.388,607).

Binary Mode
Digits 1 through 8 contain the PV in hexadecimal, and negative values are indi-
cated by the two’s complement.

The PV range is 80000000 to 7FFFFFFF (—2,147,483,648 to 2,147,483,647).

The results of the comparison between the counter present value and the com-
parison set value for each axis (the output pattern) is stored in the third word, as
shown below:

Bit 15 87 0

T L— Internal/External output pattern

Internal output pattern
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Bits 0 through 15 of the comparison results correspond to internal output pat-
terns 0 through 15. When the External Output Enable Flag in the output word is
ON, bits 0 through 7 correspond to external output patterns 0 through 7, t00. The
outputs on the status of the output pattern bits as follows:

0: Qutput OFF
1: Qutput ON

The status of each external output (OUTO to OUT7) is determined by logical OR
between the output of each axis and each comparison set value.

Operational Settings The “operational settings” set in the WRIT data are stored in the fourth word.

The Unit wilt operate in linear mode with the default startup settings, but the op-
erational settings will be 0000.

Error Information The following error information is provided for each axis:

Bit 15 10987 0

LLLILELT

i

Detailed information

ON when a WRIT data error has occurred.

ON when an overflow or underflow has occurred.

ON when a WRIT axis specification error has occurred.

Refer to Section 13 Error Processing and Troubleshooting for more details.

5-3 Programming in 2-word Mode Using READ/WRIT

This section explains how to make programs to control the High-speed Counter
Unit in 2-word mode. The sample programs are for CVM1/CV-series PCs.

5-3-1 Writing Operating Settings
The following procedure is used to write the WRIT data to the High-speed Count-

er Unit. In this case, CIO 0006 has been allocated to the Unit as the output word
and CIO 0007 has been allocated as the input word.

1, 2,3... 1. Prepare the WRIT data. For details, refer to the descriptions of the Unit's op-
erating modes in Sections 6 through 12.
2. Use the WRIT instruction to write the WRIT data o the High-speed Counter

Unit. A self-holding bit is used to ensure that the WRIT instruction is
executed completely.

Total number of words of WRIT data

(Execution condition) First word of WRIT data
/ _ Output word allocated to the
0100 0200 ngh-speed Counter Unit
00 01 191)

_H} }{' WRIT #0047 DO00D00C 0006 }—
0200
; I O— «— Self-holding bit holds until the WRIT
ASO0 () 0200 instruction is completed.
! <«— This bit goes ON when the WRIT
I
instruction is completed and clears
Goes ON when the WRIT the selfholding bit

instruction is completed.

&WARNING The WRIT instruction won't be executed when the High-speed Counter Unit is
busy. Be sure to incorporate a self-holding circuit, check the status of A50006
(the Equals Flag), and repeat execution until execution is completed.
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The WRIT instruction will influence the High-speed Counter Unit’s /O response
time, so be sure to use the differentiated version.

Check the status of bit 01 of the input word (the Special I/O Read Completed
Flag) to verify that the WRIT instruction has been completed. This flag is turned
OFF the cycle after the WRIT instruction is completed.

5-3-2 Reading Unit Status

The following procedure is used to read the READ data from the High-speed
Counter Unit. In this case, CIO 0006 has been allocated to the Unit as the output
word and CIO 0007 has been allocated as the input word.

1,2,3.. 1. Select aregion of memory where the READ data will be stored.

2. Use the READ instruction to read the READ data from the High-speed
Counter Unit and store it in the selected region. A self-holding bit is used to
ensure that the READ instruction is executed completely.

Total number of words of READ data
Output word allocated to the

(Execution condition) High-speed Counter Unit
First word of READ data
0005 0200
00 03 {190)
__|ﬂ H’ —{ READ #0010 0007 D00100 —
0200 0200
02 02
! I —(O— «— Self-holding bit holds until the
v ASO0 () 0200 READ instruction is completed.
=l (O—] = This bit goes ON when the READ
instruction is completed and clears
the self-holding bit.
Goes ON when the READ

instruction is completed.

/\WARNING The READ instruction won't be executed when the High-speed Counter Unitis
busy. Be sure to incorporate a self-holding circuit, check the status of AS0006
(the Equals Flag), and repeat execution until execution is completed.

5-4 Programming in 4-word Mode Using MOV

This section explains how to make programs to control the High-speed Counter
Unitin 4-word mode when the WR2 and RD2 instructions can’tbe used. Referto
5-5 Programming in 4-word Mode (Using WR2/RD2) if a version -EV2 or later
CVM1/CV-series PC is being used.

5-4-1 4-word Mode Word Allocation

In 4-word mode, 2 words are allocated as cutput words and 2 words are allo-
cated as input words. The function of these words is shown below.

Bit 15 Bit0
Outout { Word n ; Write data )
Word n+1 | Command code | Address Reserved
Input { Word n+2 ; Read data (“See note.) \
Word n+3 . Response data | | l Reserved
n: First allocated word Errotr flag

Note The address specifies the WRIT/READ instruction’s data address in hexadeci-
mal. Allocate address FF for a function equivalent to the 2-word mode’s input/
output words. The function is used by reading/writing address FF with random
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READ/WRITE commands. Refer to 5-1 /O Allocation and Memory Configura-
tion for details on the memaory configuration.

5-4-2 4-word Mode Commands

Initialize

(Command Code: 0)

Qutput

Input {

Bit 15

The following 4 commands can be used to make settings and control operation
of the Unit in 4-word mode. Write the command code (1 hexadecimal digit) in
word n+1 and write “0” in the reserved digit.

Except for the “end” command, the command code and address are returned
unchanged as response data. The response data can be checked to verify that
the command was read by the High-speed Counter Unit.

The command code and address will be returned unchanged even when there is
an error in the command or an invalid command has been issued. If there is an
error in the command, it can be checked when the “end” command is executed.
Specify the command’s data in the following order: first the write data and then
the command code and address.

Command Function Usage
Initialize Turns the external outputs Use this command when you want to
(0) OFF. turn off all external outputs.
Reads the input word (This is the same status that occurs at
contents. startup or when operation is stopped.)
Random Transfers 1 word of settings | Use this command to set data in the
write data to the Unit. Unit.

(1) Use this command to output to the
output word in 2-word mode.

Random Transfers 1 word from the Use this command to read data from

read Unit. the Unit.

(2) Use this command to read the input
word in 2-word mode.

Monitoring | Reads the specified word Use this command to read the

(3) every cycle. selected data area contents
continuously.

End Notifies of the end of a Use this command to end a random

3] random write and reflects the | write or random read.

data to be set in the the Unit.

Notifies of the end of a
random read and performs a
command error check.

Turns OFF all external outputs and reflects the contents of the 2-word mode in-
put word in the read data. (The contents depend on the operating mode being
used. For details, refer to the descriptions of the Unit's operating modes in Sec-
tions 6 through 12.)

This status willoccur when power is turned on, the PC is switched to PROGRAM
mode, a PC stop error occurs, or the Output OFF bit is on.

Only the command code needs {o be specified. Any values can be entered for
the write data and address.

Word n

Word n+1

Word n+2

Word n+3

Random Write
(Command Code: 1)

Bit0 Bit 15 Bit0
c | d . b o d
0 o | e £] o0 n: First allocated word
. : , IN DATA a through f: Any value O.K.
l Command 0 | e £ I IN DATA: input data in 2-word mode
execution . ---: Variable

Writes the 4-digit hexadecimal “write data” to the specified address in the High-
speed Counter Unit. The specified address is 2-digit hexadecimal: 00 to 5D, or
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FF. Data written to the Unit is valid after execution of the end command (com-
mand code: F).

The command is executed just once whenever the command and address in
word n+1 are changed. When the command is completed, the contents of word n
are returned to word n+2 unchanged as a response.

Bit 15 Bit0 Bit 15 Bit 0
Word n WRITE DATA WRITE DATA
Output Wordned | 1 ADRS o 1 ADRS o | n:First allocated word
Word o —> p— — WRITE DATA: Data to be written to Unit.
Input * ! } 1 Command } ADRS: Unit address where data is written.
Word n+3 I \ I execution 1 ADFS - ---: Variable
Random Read Reads the 4-digit hexadecimal “read data” from the specified address in the
(Command Code: 2) High-speed Counter Unit.
The command is executed just once whenever the command and address in
word n+1 are changed.
Bit 15 Bit0 Biti5 __Bito
o Word n a b c , d a b c d n: First allocated word
ot Word n+1 |2 ADRS 0 2 ADRS 0 | athroughd: Arbitrary data
Word I_:_:> READ DATA ADRS: Unit address where data is located.
nput { O n+2 ' | ' Command : READ DATA: Data read from Unit.
Word n+3 ) l execution 2 I ADRS I -— | - Variable
Monitoring Reads the 4-digit hexadecimal “read data” from the specified address in the
(Command Code: 3) High-speed Counter Unit. The specified address is 2-digit hexadecimal: 00 to
5D, or FF. This command is executed continuously.
The monitoring command can be used to monitor the input and output words
when the Unit is in 2-word mode.
Bit 15 Bit0 Bit 15 Bit 0
Word n a b ¢ 4 a ' b ¢  d n: First allocated word
Output .
Wordn+1 1| 3 ADRS 0 3 ADRS 0 a through d: Arbitrary data (Ignored.)
Word ns2 |—___—: > READ DATA ADRS: Unit gddress where data]s located.
Input ) : ) Command L } : READ _DATA. Data read from Unit.
Word n+3 . l execution 3 | ADRS ‘ -~ | - Variable
End Notifies that the data transfer to or from the High-speed Counter Unit by a ran-

(Command Code: F)
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domwrite or random read command has been completed. A random write com-
mand will become invalid if there isn’t an end command in the write command’s
display. The “write data” written with arandom write command will be reflected in
High-speed Counter Unit operation when the data is returned as a response.

if an error has occurred in the High-speed Counter Unit, an 2-digit hexadecimal
error code will be stored in bits 4 through 11 of word n+3. The error codes are
listed in the following table.

Error code Meaning
00 Normal completion
01 Command code error
02 Address overflow error
03 WRIT data error
04 Other error
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Note Enter 00 for the address in the command.

Bit 15 BitC Bit 15 BitO
{ Word n = b < 4 = ' b ' < ' g | n:Firstallocated word
Qutput } f a through d: Arbitrary data (ignored.)
Word -1 ul 0 0 0 [:> ul 0 0 0 ERR CODE: 4-word mode error code
Input { Word n+2 Command = | — | — | AX | AX: Axis where error occurred.
Word n+3 . execution F |ERR CODE| - i Variabl::o : Axis-1, 2: Axis-2, 3: Both axes

5-4-3 Writing Operating Settings

The following procedure is used to write the WRIT data to the High-speed Count-
er Unit. In this case, CIO 0006 and C1O 0007 have been allocated to the Unit as
output words and CIO 0008 and CIO 0008 have been allocated as input words.

1,2, 3... 1. Prepare the WRIT data. For details, refer to the descriptions of the Unit’s op-
erating modes in Sections 6 through 12.
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2. Use MOV instructions to write the WRIT data to the High-speed Counter

Unit.
o (Execution condition) First word of WRIT data
0050 0100 1
00 01 (036)
4} W —{ tMOVR D00100 IR0 J——
0100 fn Last word of WRIT data
00 |,_(036)
} [tMOVRDOD126  IR1 J—mrd
o Command code (1) of the
(030) random write command
{iMOV #1000  DRO Jer
-{030)
[mov JRO 0006 }— ‘ ‘
] Random write command execution
(030) (Writes 1 word.)
MOV~ DRO 0007 J—m
0100
00
{O—— «— Self-holiding bit holds until ali
commands are completed.
(130)
[ANDW 0009  #FFFO 0020 }— —
"
(020) . Checks for normal completion
[cvP DRO 0! o]—-—| |-—.
Le 002 of the command.
A500
(020) 06 {=)
& fcwe  ooos 0008 }— p—ml —_
(092 '
B [NCB RO Joeed
{080) Prepares to write the next word.
[ADB #0010  DRO}—of —
AS500 0100 o
(020) 05 () 00 This bit goes ON when all of the
1 ) :
[ fowe R0 R1J—]} O WRIT data has been written and
0100 0100 clears the self-holding bit.
01 03 (030)
F £ MOV #0000 0006 }—
0190 (030) :I End command execution
i} MOV #F000 0007 J—n
0100
02
(O——{ <— Self-holding bit holds until the
commands are completed.
(130)
-
[ANDW 0009 #F000 0021 Checks for normal completion of
020 ARO., o0 the command.
Turns ON the bit that clears the
b CMP #F000 0021 ]—-{ A
self-holding bit if the command
has been completed.
- (130
B [ ANDW 0003  #0FFO 0022 J—o
A58%
(020) 3 Checks the error code and
{omP #0000 0022 ] l“ a generates a non-fatal error if
008 an error has occurred.
B {FAL 002 #0000 J—o

Note Index Registers or Data Registers are used in this example, but the same pro-
cessing can be achieved using Indirect DM for C-series PCs.

5-4-4 Reading Unit Status

The following procedure is used to read the READ data from the High-speed
Counter Unit. In this case, CIO 0006 and CIO 0007 have been allocated to the
Unit as output words and C1O 0008 and CiO 0009 have been allocated as input

words.
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1,2, 3.

(Execution condition)

1. Select a region of memory where the READ data will be stored.

2. Use the MOV instruction to read the READ data from the High-speed Count-
er Unit and store it in the selected region.

First word of READ data
0005 0101 1
00 01 (036)
I} , [ tMOVR D00200 1Ro }—
0101 i Last word of READ data
00 (036)
_' : [ tMOVR D00209 1R1 }—
i Command code (2) of the
(030) random read command
[tMOV #2000  DRO ot
(030) .
[ MoV DRO 0007 }=~{ »—— Random read command execution
0101 (Writes 1 WOrd.)
00
(O— <= Self-holding bit holds until all
commands are completed.
(130)
[ ANDW 0008  #FFFO 0030 J—of )
A500 Checks for normal completion
-(029) 06 (=) of the command.
[cmP DRO 0030 Jmer—ro] |——&
(030)
B {MOV 0008 IROJ— «<— Stores the word that was read.
- (092)
[INcR IR0 J—
(080 :l Prepares to read the next word.
{ACB #0010 DRO }—r :
A500 0101
(020) 05 &) 0i This bit goes ON when all of the
Lowe IR0 IRt J——— ———0O—— <=— READ data has been written and
0101 0101 clears the self-holding bit.
01 03 (030)
lﬁ }f {Mov #0000 0006 }—
%' (030) :l End command execution
I} [ mov #F000 0007 T
oto1
O Self-holding bit holds until the
commands are completed.
(130)
-
L ANDW 0009 #F000 0031 ] Checks for normal completion of
020) A0, the command.
Turns ON the bit that clears the
L [oMP  #Fo00 0031 }—o A
self-holding bit if the command
has been completed.
(130)
B { ANDW 0008  #OFFO 0032 J—roil
A500
S’ﬁ? o oo 08 (=) Checks the error code and
L # J_}‘H‘. generates a non-fatal error if
an error has occurred.
(-{006)
B [FAL 002 #0000 J—

5-5 Programming in 4-word Mode Using WR2/RD2

This section describes sample programs for a version -EV2 or later CVM1/CV-
series PC. The WR2 and RD2 instructions can be used to make programs that
control the High-speed Counter Unit in 4-word mode just like 2-word mode.
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5-5-1 Writing Operating Settings

The following procedure is used to write the WRIT data to the High-speed Count-
er Unit. In this case, CIO 0006 and CIO 0007 have been allocated to the Unit as
output words and CIO 0008 and CIO 0009 have been allocated as input words.

1,2,3.. 1. Preparethe WRIT data. For details, refer to the descriptions of the Unit's op-
erating modes in Sections 6 through 12.

2. Use the WR2 instruction to write the WRIT data to the High-speed Counter
Unit. A self-holding bitis used to ensure thatthe WR2 instruction is executed
completely.

Write-destination address and total
number of words of WRIT data

(First Cycle Flag) First word of WRIT data
/ First output word allocated to
AS00 0200 ] the High-speed Counter Unit
15 01 (281)

—-| ; ,'rf [WRz  #002F DO0000 0006 }—
0200 0200
00 00
__| l[ {O——| +«— Self-holding bit holds until the WR2
AS0 0200 instruction is completed.
220 (=
- | —O—— = This bit goes ON when the WR2
instruction is completed and clears
the self-holding bit.
Goes ON when the WR2

instruction is completed.

The first operand of the WR2 instruction is different from the WRIT instruction.
With WR2, the first operand specifies the write-destination address and total
number of words 10 be written, as shown below.

Bit 15 87 0
T T

I

AN /\ /

T L—— Number of words to write (01 to FF = 1 to 255 words)

First write-destination address (00 to FF)

Note The WR2 instructions are executed over several PC cycles.
Set up a self-holding circuit during execution and repeat execution until comple-
tion of execution is verified by the status of A50006 (the Equals Flag).

5-5-2 Reading Unit Status

The following procedure is used to read the READ data from the High-speed
Counter Unit. In this case, CIO 0006 and CIO 0007 have been allocated to the
Unit as output words and CIO 0008 and CIO 0009 have been allocated as input
words.

1,2,3.. 1. Select aregion of memory where the READ data will be stored.
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(Execution condition)

2. Use the RD2 instruction to read the READ data from the High-speed Count-
er Unit and store it in the selected region. A self-holding bitis used to ensure
that the RD2 instruction is executed completely.

Read-source address and total
number of words of READ data

First input word allocated to the
High-speed Counter Unit

e First word of READ data
0005 0200
Qoo o3 (280)
RD2  #000A 0008 DOO100
— ¥ : I
0200 0200
02 02
- {(O— <— Self-holding bit holds untit the RD2
AB0O 0200 instruction is completed.
06 (=) 03
] : O «— This bit goes ON when the RD2
instruction is completed and clears
G ON whon the RD2 the self-holding bit.
oes when the

instruction is completed.

The first operand of the RD2 instruction is different from the READ instruction.
With RD2, the first operand specifies the read-source address and total number
of words to be read, as shown below.

Bit 15 87 0
T T

I

AN 7/ \ _/

T L—— Number of words to read (01 to FF = 1 to 255 words)

First read-source address (00 to FF)

Note The RD2 instructions are executed over several PC cycles.
Be sure to set up a self-holding circuit and repeat execution untit completion of
execution is verified by the status of A50006 (the Equals Flag).
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SECTION 6
Simple Linear Mode

This section provides the information necessary for using the simple linear mode, including information on outputs, operating
conditions, and performance specifications.
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50
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Operation

Section 6-1

6-1 Operation

Outputs

Operating Conditions

50

Note

In simple linear mode, the count from the encoder is compared with a preset val-
ue and outputs corresponding to the results (>, = <) are turned ON. Output num-
bers 0 to 2 and 4 to 6 correspond to external and internal outputs of the same
numbers, and they are simultaneously reflected in the data areas and READ
data bits. (External outputs are only output while the External Output Enable Bit
is ON.)

In the following diagram, the output numbers in the parentheses are for two
axes.

Preset comparison value

Count

Internal/external output 0 (4)

>

Internal/external output 1 (5)

(=)

Internal/external output 2 (8)

(<)

Output clear bit

Insimple linear mode, the respective outputs are turned ON and OFF as follows,
according to the results of the comparison between the encoder count and the
comparison value. (The output numbers in the parentheses are for axis two.)

Internal/external output 0 (4):  On when present count > comparison value
Internal/external output 1 (5);  On when present count = comparison value
Internal/external output 2 (6):  On when present count < comparison value

1. Internal/external output 1 (5), which is used when the present count equals
the comparison set value, is turned OFF at the rising edge of the Output
Clear Bit. Once thatoutputhas beenturned ON, that status is retained either
until the rising edge of the Output Clear Bit or until the set or preset operation
is executed. When the output is turned OFF by the Qutput Clear Bit, it will
turn ON again the next time the result of the comparison is “equal.” Be care-
ful about cases where the count does not change after the outputis original-
ly turned ON.

2. Wire internal/external outputs 0 (4) and 2 (6) so that the ON/OFF interval is
at least 1.5 ms. Suppose, for example, that the present count exceeds the
comparison set value. If the comparison set value is lowered within 1.5 ms,
those outputs may not be changed.

Counter initial value: 0
Count range: -8,388,608 to +8,388,607 (BCD)

80000000 to 7FFFFFFF (binary)

(—2,417,483,648 10 +2,417,483,647 in decimal)
The count stops when it reaches the maximum or minimum value. Also, the
present count can be changed to the preset value. The count can be either in-
cremented or decremented.

Insimple linear mode, the count always continues except when itis stopped as a
result of an error. (There is no count start signal.)
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The value set for comparison purposes can be changed even during counting.
Reset and preset functions are also possible during counting. When “reset” is
executed, the count is reset t0 zero; when “preset” is executed, the count is
changed to the preset value. When either “reset” or “preset” is executed, inter-
nal/external output 1 (5) is cleared.

For details regarding reset conditions, refer to 4-4 Counter Reset Conditions.

6-2 Performance Specifications

Item

Specifications

Coefficient input signais:
Offset phase inputs
Up and down pulse inputs
Pulse and direction inputs

Encoder input A:
A phase

Encoder input B:
B phase
Increment pulse Decrement pulse

Pulse Direction

External input signals

Pulse input Z (reset signal), external control input (reset signal)

External output signals

External cutputs 0to 2,410 6

Coefficient range

BCD mode: -8,388,608 to0 +8,388,607
Binary mode; -2,417,483,648 10 +2,417,483,647

Muttiplier function

X1, X4 (offset phase inputs only)

Setting data Data content Comparison set value, preset value
Number of settings One combination per axis
Response speed (counter input — external output) | = output: 1.0 ms max.
< or > output: 1.5 ms max.
Reset interval 1.5 ms min.
Preset interval 1.5 ms min.

6-3 Data Areas and Settings

6-3-1 Operating Mode Data Settings

Axis Designation

The following data is set for each axis in simple linear mode.

BCD Bin Bit15 Bito
Wd +0 40 Axis, designation
Wd  +1 +1 Ope:rational settings
Wd +2 42 L
Wd 43 +3 Corr:pans?n setlvalue
Wd +4 +4 ' K !
Wd 45 5 Pres'etval‘ue .

Designate either or both axes by means of the following settings:
0000: Both axis-1 and axis-2.

0001: Axis-1 only.

0002: Axis-2 only.

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002” must be set at the beginning of the data for axis-2, and
the data must be completely set for axis-1.
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Operational Settings

Preset Function Selection

Input Mode

Reset Condition

Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed until the power is turned off.

Bit 15 Bit0

BCDmode | 1 | « | « | « |
. ! N

r

A 4

*

Binary mode | o
A

Lt

Preset function selection
Input mode

Reset condition .
Operating mode

0: Count present value is changed to preset value at the rising edge of the
Preset Flag in the data area.

4: Count present value is changed to preset value at the rising edge of the
external control input signal.

Offset phase inputs (x4 multiplier)

Offset phase inputs (x1 muitiplier)

Up and down pulse inputs

Pulse and direction inputs

Z(M, E, |
Z(), E, |
(M, 1
W), 1
(
(

N

E(M, |
Z(M
z{)
I(T)

When the preset function setting is “4,” reset condition settings “0,” “1,” and “4”
are not possible. The abbreviations Z, E, and | stand for pulse input Z, external
control input, and internal reset flag respectively. For details regarding reset
conditions, including refer to 4-4 Counter Reset Conditions.

No ahh 2o O
N

Compatrison Value and Preset Value

52

Bit 15 Bit0
Wd n Digit4 | Digit3 | Digit2 | Digit 1
Wdn+1 | Digit8 | Digit7 | Digité | Digit5

n: Rightmost word

Set the numbers for the eight digits as shown below, according to the mode.

BCD Mode

F8388608 to 8388607 (—8,388,608 t0 +8,388,607)

Set numbers for digits 1 through 7, and set the sign (0: positive; F: negative) for
digit 8.

Binary Mode

80000000 to 7FFFFFFF (-2,417,483,648 to +2,417,483,647)

Set numbers (hexadecimal) for digits 1 through 8. Negative numbers are desig-
nated by 2’s complement.
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6-3-2 Data Areas

The following table shows the functions allocated to the High-speed Counter
Unitdata areas when in simple linear mode. The explanation here is in terms of
the 2-word mode. For information concerning the 4-word mode, refer to 5-17 /O
Allocation and Memory Configuration.

Word Bit Function
Beginning word (output) 00 | Reserved for system use. Write-protected.
01
02
03 Internal Reset Flag Axis-1
04 Preset Flag
05 Output Clear Bit
086 Not used.
07
08
09 Internal Reset Flag Axis-2
10 Preset Flag
11 Output Clear Bit
12 Not used.
13
14
15 | External Qutput Enable Bit Axis-1 and axis-2
Beginning word + 1 (input) 00 | Reserved for system use.
01 Special /O Read Completion Flag
02 Reserved for system use.
03 Not used.
04
05 Control input Axis-1
06 Control input Axis-2
07 | Error Flag Axis-1 and axis-2
08 Internal/external output O (present value > set value) Axis-1
09 internal/external output 1 (present vaiue = set value)
10 Internal/external output 2 (present value < set value)
11 Not used.
12 | Internal/external output 4 (present value > set value) Axis-2
13 Internal/external output 5 (present value = set value)
14 Internal/external output 6 (present value < set value)
15 Not used.

Internal Reset Flag

Preset Flag

This bitis used as an Internal Reset Flag, butwhetheror notitis actually used for
resetting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.) When the reset operation is executed by means of the Internal
Reset Flag alone, it is executed at the rising edge.

This bit changes the present countto the preset value setby the WRIT data. The
operation is carried out according to the preset function selection explained in
6-3-1 Operating Mode Data Settings.

ifthe preset function selection is set so that the present value (PV) is changed by
means of the Preset Flag, then the PV will be changed to the preset value at the
rising edge of the Preset Fiag (i.e. when the Preset Flag is turned ON). ifthe Pre-
set Flag and the Internal Reset Flag turn ON simultaneously (in cases where the
Internal Reset Flag is used for resetting), the reset operation will not be
executed.
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Output Clear Bit

External Output Enable Bit

Special /O Read
Completion Flag

Control Input Sighals
Error Flag

internal and External
Outputs

54

If the preset function selection is set so that the PV is changed by means of the
external control input signal, then the PV will be changed to the preset value at
the rising edge of the external control input signal.

This bit turns OFF internal/external output 1 (5), the output which indicates that
the present count equals the comparison set value.

This bit determines whether or not external outputs will actually be enabled. The
status of this bit controls both axes together, and it is not possible to make the
setting for just one axis or the other. When this bit is ON, outputs are enabled;
when OFF, outputs are disabled.

This bit remains ON while the High-speed Counter Unit is processing WRIT
instruction settings. The results will not be reflected in the data area until this bit
turns OFF. After the WRIT instruction has been executed, this bit will not turn ON
again until the next execution cycle.

These signals reflect the status of external control inputs.

This bit turns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.

Bits 8t0 10 and 12 to 14 reflectthe status of internal/external outputs 0 to 2 and 4
to 6 respectively, even when actual external outputs are disabled by the External
Output Enable Bit.



SECTION 7
Linear Mode

This section provides the information necessary for using the linear mode, including information on operating conditions,
data areas, scttings, and performance specifications. An application example is provided at the end of the section.
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7-1 Operation

Example

Operating Conditions
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The linear mode is used when changing the count between the minimum and
maximum values. The count is compared with eight ranges (i.e., comparison set
values) with specified upper and lower limits, and specified outputs correspond-
ing to the ranges are turned ON when it is within those ranges.

Output numbers 0 to 7 correspond to external and internal outputs of the same
numbers, and they are simultaneously reflected in the memory areas and READ
data bits. (External outputs are only output while enabled.) Output numbers 8 to
15 are reflected in input bits 8 to 15 and READ data bits (but not in external out-
puts and the memory areas.

Lower limit 0 Upper limit
Count
| l T
‘ ‘ Present count
R
Range 0 ange 1
Range 2 Range 3

The following table provides an example of setting upper and lower limits for
comparison ranges.

Axis Range Lower limit Upper Limit Outputs
Axis-1 Range 0 —7,000 -5,000 1,3
Range 1 -1,000 +4,500 6,7
Range 2 -4,000 +3,000 0,5,6
Range 3 +6,000 +9,000 1,2,5,7
Axis-2 Range 0 0 +2,000 o, 1
Range 1 +10,000 +12,000 4
Range 2 -10,000 -{-8,000 7,10, 15

Suppose the comparison ranges are set as shown in this table, and the present
count for both axes is +2,000. The countwould thus be within ranges 1 and 2 for
axis-1 and within range 0 for axis-2. Therefore outputs 0, 1, 5, 6, and 7 would be
turned ON (i.e., the OR condition for outputs 6 and 7; 0, 5, and 6; and 0 and 1).

Counter initiat value: 0

SV range: -8,388,608 to0 +8,388,607 (BCD)
80000000 to 7FFFFFFF (binary)
(—2,417,483,648 0 +2,417,483,647 in decimal)

The count stops when it reaches the maximum or minimum value. Also, the
present count can be changed to the set value. The count can be either increm-
ented or decremented.

If the present count is within multiple comparison ranges, the OR condition for
the respective outputs will be output.

Besides the eight internal/external outputs, eight internal outputs can also be
specified to turn ON.

Up to a total of eight comparison ranges can be set for each axis, and they can be
enabled or disabled according to requirements during counting. The compari-
son ranges can also be changed even while counting is in progress.

For details regarding reset conditions, refer to 4-4 Counter Reset Conditions.
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' 7-2  Performance Specifications

ltem

Specifications

Coefficient input signals:
Offset phase inputs
Up and down pulse inputs
Pulse and direction inputs

Enceder input A: Encoder input B:

A phase B phase
Increment pulse Decrement pulse

Pulse Direction

External input signals

Pulse input Z, counter reset signal, external control input

External output signals

External outputs Oto 7

Coefficient range

BCD mode: —8,388,608 to +8,388,607
Binary mode: -2,417,483,648 t0 +2,417,483,647

Muitiplier function

X1, X4 (offset phase inputs only)

Setting data Data contents

Lower limit, upper limit, eight internal/external outputs, eight
internal inputs

Number of settings Eight combinations per axis
Response speed (counter input — external output) | 1.5 ms max.
| | Resetinterval 1.5 ms min.
Preset interval 1.5 ms min.

7-3 Data Settings and Memory Areas

7-3-1 Operating Mode Data Settings

The following data is set for each axis in linear mode.

Wd
Wd
Wd
Wd
Wd
Wd
Wd
Wd
Wd
Wd
Wd
Wd

wd
Wd
Wd
Wd

Wd

Axis Designation

BCD Bin Bit15 Bit0
+0 +0 [ Axis,desigpation,
+1 +1 | Operational settings
+2 +2 Conjparis?n range
+3 +3 Preset value 1
+4 +4 . . ,
+5 +5 Preset value 2
+6 +8 , \ .
1 T T -~
+7 +7 | Lower limit 0
+8 +8 : : ;
+9 +9 Upper limit 0 Comparison range 0
+10 +A , . .
+11 +B Outéut pag'tern 0; B
+42  +2A R b
+43 +2B Low:ar hml't 7 '
+44 - +2C u ' i ‘t 2 ' Comparison range 7
+45 42D | CPPETIMES
+46  +2E Outﬁut pa;'tern 7: B

Designate either or both axes by means of the foliowing settings:

0000: Both axis-1 and axis-2.

0001:

Axis-1 only.

0002: Axis-2 only.

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002" must be set at the beginning of the data for axis-2, and
the data must be completely set for axis-1.
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Operational Settings

Preset Function Selection

Input Mode

Reset Condition

Comparison Range Setting

Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed until the power is turned off.

Bit 15 Bito
BCDmode [ 2 [ . [ . [ .|
Binarymode [ 2 [ + [ « [« |
" " i L—- Preset function selection
Input mode
Reset condition
Operating mode
0: Count present value is changed to preset value at the rising edge of the
Preset Flag in the memory area.
4: Count present value is changed to preset value at the rising edge of the
external control input signal.
0: Offset phase inputs (X4 multiplier)
1: Offset phase inputs (X1 multiplier)
2: Up and down pulse inputs
3: Pulse and direction inputs

The initial setting from the time power is turned on until the operation data set-
tings are made will be “2: Up and down pulse inputs.”

0: Z(M, E, |

oA eh 2
Nm N

7 1)
The initial setting from the time power is turned on until the operation data set-
tings are made will be either “E(T)” or “I(T).”

When the preset function setting is “4,” reset condition settings “0,” “1,” and “4”
are not possible. The abbreviations Z, E, and | stand for pulse input Z, external
control input, and internal Reset Flag respectively. For details regarding reset
conditions, refer to 4-4 Counter Reset Conditions.

Bits 0 to 7 correspond to the eight comparison ranges, and each of those ranges
is enabled or disabled according to the setting of its respective bit. When the bit
status for a given comparison range is 0 (OFF), that range will be disabled and
will not be used for comparison with the count. When the status of that bit is 1
(ON), the range will be enabled and will be used for comparison with the count.

Bit 15 BitO

Preset Value, Lower Limit, and Upper Limit
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[o ,of , |
—
L— Comparison enable bits
Bit15 Bit0
Wdn Digit4 | Digit3 | Digit2 | Digit1
Wd n+1 Digit8 | Digit 7 | Digité | Digit5 n: Rightmost word
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Output Pattern

Note

Set the numbers for the eight digits as shown below, according to the mode.
BCD Mode

F8388608 to 8388607 (—8,388,608 o +8,388,607)

Set numbers for digits 1 through 7, and set the sign (0: positive; F: negative) for
digit 8.

Binary Mode

80000000 to 7FFFFFFF (—2,417,483,648 t0 +2,417,483,647)

Set numbers (hexadecimal) for digits 1 through 8. Negative numbers are desig-
nated by 2's complement.

1. The lower limit of any range must always be less than or equal to the upper
timit of that range.

2. Ifthe count is within a given range for no more than 1.5 ms, the outputs may
notrespond. For example, at 50 kcps the interval between the lower and up-
per limits should be at least 75 counts.

The results of the comparison between the counter present value and the com-
parison set value for each axis (the output pattern) is stored in the third word, as
shown below:

Bit 15 87 : 0
i
L. [ . |

\ /\ /

T L Internal/External output pattern

Internal output pattern

Bits 0 through 15 of the comparison results correspond to internal output pat-
terns 0 through 15. When the External Output Enable Flag in the output word is
ON, bits 0 through 7 correspond to external output patterns 0 through 7, 100. The
outputs on the status of the output pattern bits as follows:

0: Output OFF
1: Output ON

The status of each external output (OUTO0 to OUT7) is determined by logical OR
between the output of each axis and each comparison set value.
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7-3-2 Data Areas

The following table shows the functions allocated to the High-speed Counter
Unit data areas when in linear mode. The explanation here is in terms of the
2-word mode. For information concerning the 4-word mode, refer to 5-1 //O Al-
focation and Memory Configuration.

Word Bit Function
Beginning word (output) 00 Reserved for system use. Write-protected.
01
02
03 Internal Resst Flag Axis-1

04 Preset Flag 1
05 Preset Flag 2

06 Not used.

07

08

09 Internal Reset Flag Axis-2

10 Preset Flag 1
11 Preset Flag 2

12
13
14
15 External Qutput Enable Bit | Axis-1 and
axis-2
Beginning word + 1 (input) 00 Reserved for system use.

o1 Special I/0 Read Completion Flag
02 Reserved for system use.

03 Not used.
04
05 Control input Axis-1
06 Control input Axis-2
07 | ErrorFlag Axis-1 and
08 | Internal/external output 0 | aXis2
09 Internal/external output 1
10 Internal/external output 2
11 Internal/external output 3
12 Internal/external output 4
13 Internal/external output 5
14 Internal/external output 8
15 Internal/external output 7
Internal Reset Flag This bitis used as an Internal Reset Flag, butwhether or notitis actually used for

resetting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.) When the reset operation is executed by means of the Internal
Reset Flag alone, it is executed at the rising edge.

Preset Fiags 1 and 2 These bits determine which of preset values 1 and 2 set by the WRIT data are to
be used for the preset operation. The operation is carried out according to the
preset function selection explained in 6-3-1 Operating Mode Data Settings.

If the preset function selection is set so that the count’s present value (PV) is
changed by means of the Preset Flag, then the PV will be changed to preset val-
ue 1 when Preset Flag 1 turns ON, or to preset value 2 when Preset Flag 2 turns
ON. Ifboth turn ON simultaneously, then preset value 1 willbe used. If the Preset
Flag and the Internal Reset Flag turn ON simultaneously (in cases where the
Internal Reset Flag is used for resetting), the reset operation will not be
executed.
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If the preset function selection is set so that the PV is changed by means of the
external control input signal, then the PV will be changed to one of the preset
values (if one of the flags is ON) at the rising edge of the external control input
signal. If Preset Flag 1 is ON, then the PV will be changed to preset value 1; if
Preset Fiag 2 is ON, then the PV wiil be changed to preset value 2.

External Output Enable Bit  This bit determines whether or not external outputs will actually be enabled
when the count PV is within a given range. The status of this bit controls both
axes together, and it is not possible to make the setting for just one axis or the
other. When this bit is ON, outputs are enabled; when OFF, outputs are disabled.

Special I/0 Read This bit remains ON while the High-speed Counter Unit is processing WRIT

Completion Flag instruction settings. The results will not be reflected in the data area until this bit
turns OFF. After the WRIT instruction has been executed, this bitwill not turn ON
again until the next execution cycle.

Control Input Signals These signals reflect the status of external control inputs.

Error Flag This bit turns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.

Internal and External Bits 8 to 15 reflect the status of internal/external outputs 0 to 7 respectively, even

Outputs when actual exiernal outputs are disabled by the External Output Enable Bit.

7-4 Application Example

This example shows how the High-speed Counter Unit can be used for process
control on a conveyer belt. Assume that the High-speed Counter Unit has been
assigned words 0006 and 0007. The following itiustration shows the system con-

figuration.
C500-OC223
Contact Output &SOO-CT021
Unit igh-speed

Counter Unit

Process display lamps

(AAA

SYSMAC
CVM1/CV-series

External outputs O to 3
Encoder inputs A, B External control input IN1
~ N
7z / /
Gripper /
hand
Mot Photoelectric
otor switch ~—
Process station Process station E'
2 1
G Workpiece
Conveyer belt

o4 N

\

Incremental encoder
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Application Example

Operation

Wiring

WRIT Data Settings
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The positions of workpieces on a conveyer belt are detected by means of pulse
inputs from an encoder, and processes are carried out at the required positions.

(1) Aphotoelectric switch detects that a workpiece has been placed on the con-
veyer belt, and the count is reset.

(2) Processes are carried out at each process station according to the count.

(3) The stopping and starting of the motor and the movement of the gripper hand
are controlled at the PC.

The photoelectric switch outputs are connected to the external control inputs.
The incremental encoder outputs are connected to encoder inputs A and B. Ex-
ternal oufputs 0 to 3 are connected to the process display lamps. The
C500-0C223 Output Unit outputs are connected to the motor, the gripper hand,
and so on.

D00000 0001 Axis-1

D00001 2410 | Linear mode (BCD mode);

: Reset: external control input (T);
Offset phase pulse inputs (x1 muttiplier);
Preset by Preset Flag in data area.

Doooo2 000F | Comparison ranges 0, 1, 2, and 3 enabled.

D00003 0000 |Presetvaluei: 0

D00004 0000

D00005 0000 |[Presetvalue2: 0

D00006 0000

Do0o007 1000 | Comparison range O

D00008 0000 | 1,000 to 2,000 (when within process station 1)

D00009 1200

Dooo10 0000

D00011 0001 Internal/external output 0: ON

Dooo12 2500 | Comparison range 1

D00013 0000 | 2,500 to 2,900 (when within process station 2)

Dooo14 2900
- D00015 0000

Do00186 0002 | Internal/external output 1: ON

Do0017 5000 | Comparison range 2

D00018 0000 | 5,000 to 9,500 (when at conveyance position)

D00019 9500

Doo020 0000

D00021 0004 | Internal/external output 2: ON

D00022 9501 Comparison range 3

D00023 0000 | 9,501 to 8,388,607 (when ahead of conveyance position)

D00024 8607

D00025 0838

D00026 0008 | Internal/external output 3: ON

Note Confirmthat the processing of the settings has been completed by checking that
the Special /O Read Compiletion Flag (bit 01 of word n+1) is OFF in the next
cycle after the WRIT instruction has been executed.
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Program Example

A500 0110
15 01

191)

(
1 LY. il 006
_.| i [[WRIT #0027 DOOOOO O 3—
o011
o110 A
0110
g g
: —O0—
0006
15
L3 O~ O—
0006
03
%08’
1 Station 1
! rocessin
o —
! Station 2
[ rocessin
0(1)87 p g
Y Gripper
I processing
0007
n Cycle end
I processing

Makes settings at PC startup.

While the switch is ON, external outputs are
enabled and the Internal Reset Flag (000603) is
ON.

Internal Reset Flag ON.

When the count PV is within comparison range 0,
processing is carried out at station 1.

When the count PV is within comparison range 1,
processing is carried out at station 2.

When the count PV is within comparison range 2,
the gripper hand operations are carried out.

When the count PV is within comparison range 3,
the processing at the end of the cycle is carried
out.

The process display lamps are directly turned on and off by external outputs 0 to

3.
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SECTION 8
Circular Mode

This section provides the information necessary for using the circular mode, including information on operating conditions,
data areas, settings, and performance specifications. An application example is provided at the end of the section.
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8-1

Example

Operation

Operating Conditions

66

The circular mode is used when changing the count between 0 and a preset
maximum value, based on encoder inputs. The count restarts from zero after
reaching the preset maximum value, or returns to the preset maximum value
when the count is decremented past zero. The count is compared with eight
ranges (i.e., comparison sef values) with specified upper and lower limits, and
specified outputs corresponding to the ranges are turned ON when it is within
those ranges.

Output numbers 0 to 7 correspond to external and internal outputs of the same
numbers, and they are simultaneously reflected in the memory areas and READ
data bits. (External outputs are only output while enabled.) Output numbers 8 to
15 are reflected in input bits 8 to 15 and READ data bits (but not in external out-
puts and the memory areas.

The following table provides an example of setting upper and lower limits for
comparison ranges.

Axis Range Lower limit Upper Limit Outputs
Axis-1 Range 0 4,000 4,500 0,4
Range 1 200 3,000 1,2,7
Range 2 9,000 1,000 0,2,6
Range 3 5,000 7,000 5,8
Axis-2 Range 0 4,700 8,000 3,10

Suppose the comparison ranges are set as shown in this table, and the present
count for both axes is 600. The count would thus be within ranges 1 and 2 for
axis-1, sooutpuis 0, 1,2, 6, and 7 would be turned ON (i.e., the OR condition for
outputs 1, 2, and 7, and oulputs 0, 2 and 6). If, on the other hand, the present
count is 7,000 for both axes, the count would be within range 3 for axis-1 and
within range 0 for axis-2. This outputs 3, 5, 8, and 10 would be turned ON (i.e.,
the OR condition for outputs 5 and 8, and outputs 3 and 10).

Counter initial value: 0
Count range: 0 to +65,535 (BCD)
0000 to FFFF (binary)

The count restarts from zero after it reaches a preset maximum value, or returns
to the preset maximum value when the counter value is decremented past zero.
Also, the present count can be changed to the preset value. The count can be
either incremented or decremented.

If the present count is within multiple comparison ranges, the OR condition for
the respective outputs will be output.
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Besides the eight internal/external outputs, eight internal outputs can also be
specified to turn ON.

Up to a total of eight comparisonranges can be set for each axis, and they can be
enabled or disabled according to requirements during counting. The compari-
son ranges can also be changed even while counting is in progress.

When the maximum value is changed, the change becomes effective after the
next reset/preset.

For details regarding reset conditions, refer to 4-4 Counter Reset Conditions.

8-2 Performance Specifications

item

Specifications

Coefficient input signals:
Offset phase inputs
Up and down pulse inputs
Pulse and direction inputs

Encoder input A: Encoder input B:
A phase B phase
Increment pulse Decrement pulse
Pulse Direction

External input signals

Pulse input Z, counter reset signal, external control input

External output signals

External outputs 0to 7

Coefficient range

0 to +65,535

Muttiplier function

X1, X4 (offset phase inputs only)

Setting data Data content

Lower limit, upper limit, eight internal/external outputs, eight
internal inputs

Number of settings

Eight combinations per axis

Response speed (counter input — external output) | 1.5 ms max.
Reset interval 1.5 ms min.
Preset interval 1.5 ms min.

8-3 Data Settings and Memory Areas
8-3-1 Operating Mode Data Settings

The following data is set for each axis in circular mode.

BCD Bin Bit15 Bit0
Wd +0  +0 [ Axis designation,
Wd  +1 +1 | Opeyational settings
Wd +2 +2 [ Comparison range
Wd +3 43 oAl g

Preset value 1
Wo s a | e
aj :2 :Z Preslet vaIlIJe 2 '
Wd - +7 *7 | Lowerlimit© ]
Wd +8 +8 ! . .
Wd 49 +9 Lo ' Comparison range 0
U
Wd +10  sp | CPPETimito
Wd  +11 +B Outr}ut pa;'tern O: B
Wd +42  +2A T T h
Wd 43 428 Low:er hmlf 7 '
Wd +44  +2C U ' i T ; ! Comparison range 7
Wd +45 +2D | CPPETIMET
Wd +46  +2E Outéut pa;'tern 7: B
Axis Designation Designate either or both axes by means of the following settings:

0000: Both axis-1 and axis-2.
0001: Axis-1 only.
0002: Axis-2 only.

67




Data Settings and Memory Areas Section 8-3

Operational Settings

Preset Function Selection

input Mode

Reset Condition

Comparison Range Setting

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002” must be set at the beginning of the data for axis-2, and
the data must be completely set for axis-1.

Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed until the power is turned off.

Bit 15 Bit0
BCDmode [ 3 | « ] « | « |
Binarymode | 8 [ « [ + [ + ]
A A 2
L Preset function selection
Input mode

Reset condition
Operating mode

0: Count present value is changed to preset value at the rising edge of the
Preset Flag in the memory area.
4: Count present value is changed to preset value at the rising edge of the

external control input signal.

Offset phase inputs (x4 muitiplier)
Offset phase inputs (x1 muitiplier)
Up and down pulse inputs
Pulse and direction inputs

Z(M,E
ZW), E |
(M. 1
¢
E(T
Z(T

zW)

i(T

When the preset function setting is “4,” reset condition settings “0,” “1,” and “4”
are not possible. The abbreviations Z, E, and | stand for pulse input Z, external
control input, and Internal Reset Flag respectively. For details regarding reset
conditions, refer to 4-4 Counter Reset Conditions.

)
), 1
)

NoOoaRONM2O O 2O
N

Bits 0 to 7 correspond to the eight comparison ranges, and each of those ranges
is enabled or disabled according to the setting of its respective bit. When the bit
status for a given comparison range is 0 (OFF), that range will be disabled and
will not be used for comparison with the count. When the status of that bit is 1
(ON), the range will be enabled and will be used for comparison with the count.

Bit 15 Bito
Lo,o] ., |

1 H

| S |

$— Comparison enable bits

Maximum Count Value, Preset Value, Lower Limit, and Upper Limit

68

Bit 15 Bit 0
Wdn Digit 4 | Digit3 | Digit2 | Digit 1
Wdn+1 | Digit8 | Digit7 | Digité | Digit5

n: Rightmost word
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Output Pattern

Note

Set the numbers for the eight digits as shown below, according to the mode.

BCD Mode
00000000 to 00065535 (0 to +65,535)

Binary Mode
00000000 to 0000FFFF (0 to +65,535)

1. Setf the preset value, lower limit, and upper limit from zero to the maximum
count value.

2. f the count is within a given range for no more than 1.5 ms, the outputs may
not respond. For example, at 50 kcps the interval between the lower and up-
per {imits should be at least 75 counts.

3. Ifthe lower limit is set to a value greater than the upper limit, it will not result
not in the upper limit being less than or equal to the lower limit. Rather, the
effective ranges will be from the lower limit fo the maximum count value, and
from zero to the upper limit.

The results of the comparison between the counter present value and the com-
parison set value for each axis (the output pattern) is stored in the third word, as
shown below:

Bit 15 87 0

T L—— Internal/external output pattern

Internal output pattern

Bits 0 through 15 of the comparison results correspond to internal output pat-
terns 0 through 15. When the External Output Enable Flag in the output word is
ON, bits 0 through 7 correspond to external output patterns 0 through 7, too. The
outputs on the status of the output pattern bits as follows:

0: Output OFF
1: Output ON

The status of each external output (OUTO0 to OUT7) is determined by logical OR
between the output of each axis and each comparison set value.
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8-3-2 Data Areas

Internal Reset Flag

Preset Flag

70

The following table shows the functions allocated to the High-speed Counter
Unit data areas when in circular mode. The explanation here is in terms of the

2-word mode. For information concerning the 4-word mode refer to 5-1 /O Al-
location and Memory Configuration.

Word Bit Function
Beginning word {output) -1 00 |Reserved for system use. Write-protected.
01
02
03 | lInternal Reset Flag Axis-1
04 | Not used.
05 Preset Flag
06 Not used.
07
08
09 | Internal Reset Flag Axis-2
10 | Not used.
11 Preset Flag
12
13
14
15 | External Output Enable Bit | Axis-1 and
axis-2
Beginning word + 1 (input) 00 Reserved for system use.

01 Special /0 Read Compiletion Flag
02 | Reserved for system use.

03 | Not used.

04

05 | Control input Axis-1

06 | Control input Axis-2

07 | Error Flag Axis-1 and

08 |Internallexternal output 0 | Xis-2
09 Internal/external output 1
10 | Internal/external output 2
11 Internal/external output 3
12 | Internal/external output 4
13 Internal/external output 5
14 | Internal/external output 6

15 | Internal/external output 7

This bit is used as an Internal Reset Flag, butwhether or notitis actually used for
resetting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.) When the reset operation is executed by means of the internal
Reset Flag alone, it is executed at the rising edge.

This bit changes the present count to the preset value setby the WRIT data. The
operation is carried out according to the preset function selection explained in
6-3-1 Operating Mode Data Settings.

If the presetfunction selection is setso that the present value (PV) is changed by
means of the Preset Flag, then the PV will be changed to the preset value at the
rising edge of the Preset Flag (i.e. when the Preset Flagis turned ON). lfthe Pre-
set Flag and the Internat Reset Flag turn ON simultaneously (in cases where the
Internal Reset Flag is used for resetting), the reset operation will not be
executed.
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External Output Enable Bit

Special /0 Read
Completion Flag

Control Input Sighals

Error Flag

internal and External
Outputs

If the preset function selection is set so that the PV is changed by means of the
external control input signal, then the PV will be changed to the preset value at
the rising edge of the external control input signal.

This bit determines whether or not external outputs will actually be enabled
when the count PV is within a given range. The status of this bit controls both
axes together, and it is not possible to make the setting for just one axis or the
other. When this bit is ON, outputs are enabled; when OFF, outputs are disabled.

This bit remains ON while the High-speed Counter Unit is processing WRIT
instruction settings. The results will not be reflected in the data area until this bit
turns OFF. After the WRIT instruction has been executed, this bit will not turn ON
again until the next execution cycle.

These signals reflect the status of external control inputs.

This bit turns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.

Bits 8to 15 reflect the status of internal/external outputs 0 to 7 respectively, even
when actual external outputs are disabled by the External Output Enable Bit.

8-4 Application Example

External outputs 1,6, 7 %

Encoder inputs A, B, Z

This example shows how the High-speed Counter Unit can be used for cam tim-
er control. Assume that the High-speed Counter Unit has been assigned words
0006 and 0007. The following illustration shows the system configuration.

C500-CT021
High-speed
Counter Unit

SYSMAC
CVM1/CV-series

Incremental encoder

Operation

Wiring

Motor

The control timing of a device connected to a shaft driven by a motor is detected
by an incremental encoder, and oufputs are controlled according to the angle of
rotation.

The incremental encoder outputs are connected to encoder inputs A, B, and Z of
axis-2. The reset switch is connected to the external control inputs. External out-
puts 1, 6, and 7 are connected to the control unit of the device.
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WRIT Data Settings D00000 0002 | Axis-2

D00001 3000 | Circular mode (BCD mode);

Reset: pulse input Z (T), Internal Reset Flag, external
control input;

Offset phase pulse inputs (x4 multiplier);

Preset by Preset Flag in data area.

D00002 0007 | Comparison ranges 0, 1, 2, and 3 enabled.

D00003 4999 | Maximum count value: 4,999 (i.e., count progresses as
D00004 0000 follows: 0, 1, 2,...4998, 4999, 0, 1,...)

D0000S5 0000 |Presetvalue: O

D00006 0000
D0o0007 1000 | Comparison range 0
D00008 0000 1,000t0 1,010
D00009 1010
D00010 0000
D00011 0080 | Internal/external output 7: ON
Do00o12 4300 | Comparison range 1

D00013 0000 | 4,300 to 200 (with 0 in between)
Dooo14 0200
D00015 0000
D00016 0042 Internal/external outputs 1, 6: ON
D00017 0600 | Comparison range 2

Dooo18 0000 |600t0 3,100

Do0019 3100
D00020 0000
D00021 00CO | Internal/external outputs 6, 7: ON

Note Confirmthatthe processing of the settings has been completed by checking that
the Special I/0 Read Completion Flag (bit 01 of word n+1) is OFF in the next
cycle after the WRIT instruction has been executed.

Program Example

ASQO 0110
(191) .
! 14 r Makes settings.at PC startup.
— [WRIT #0022 DO0OOO 0006 J—u g P
0110 0110
00
A500 0110
06 01
| O—
0006
| 55 While the switch is ON, external outputs are
enabled.
0006
09
'r While the Internal Reset Flag is ON, the count
is reset by the rising edge of the pulse input Z
directly after the counter reset switch is

pressed (i.e., directly after the external control
input turns ON).

External outputs 1, 6, and 7 are directly controlled from the High-speed Counter
Unit.
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- SECTION 9
Preset Mode

This section provides the information necessary for using the preset mode, including information on operating conditions,
data areas, settings, and performance specifications. An application example is provided at the end of the section.
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9-1

Operation

Note

When the counter start bit turns ON in preset mode, one of the eight preset val-
ues is set for each axis and the count begins to be decremented according to
encoder inputs. During this decrement phase, outputs may be switched ON and
OFF according to counter values, or turned ON for a fixed period (set by the pre-
set timer) when the count reaches zero.

External outputs are actually only turned ON and OFF when they are enabled by
the External Output Flag.

Counter preset value

Start
{word n, bit 00}

Internal/external output O (4)

internal/external output 1 (5)

Internal/external output 2 (8)

Internal/external output 3 (7)

Note

Outputs

74

X)

—

o

(A)
0 I *

1 (B) (©)
0 *

1 (D) (E)

— M —

1. In presetmode, make sure thatencoder inputs are applied in the decrement
direction.

2. Be sure to allow intervals of at least 1.5 ms between ON and OFF values for
outputs (i.e., for the intervals indicated by asterisks in the timing chart
above). lf the intervals are less than 1.5 ms, the output may not be executed
correctly. B and D are relative values from the counter preset value.

In preset mode, the patterns vary for turning outputs ON and OFF. {The output
numbers in the parentheses are for axis-2.) If no outputs are desired, set the
maximum value to an OFF value.

External Output 0 (4)
The output turns ON at the beginning of the count, and turns OFF at the preset
OFF value (A).

External Outputs 1, 2 (5, 6)
After the count begins, outputs are turned ON at the “preset value — B” and the
“preset value — D,” and turned OFF at the OFF values (C and E).

External Qutput 3 (7)

The output turns ON when the count reaches zero, and turns OF F automatically
after a fixed period has elapsed. The fixed period is represented in the diagram
by (T).
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Output Control Data

Output control data can be set within the ranges shown in the following table.

Symbol Contents Range
A Count value for turning OFF external 0 to 8,388,607 (BCD);
output 0 (4). (OFF value) 00000000 to 7FFFFFFF (binary) '
Band D | Value for turning ON external outputs 1 (010 2,147,483,647 in decimal)

and 2 (5 and 6). (ON value)

Cand E Count value for turning OFF external
outputs 1 and 2 (5 and 6). (OFF value)

remain ON.

T Time period for external output 3 (7) to 0 to 99.99 seconds, or remain ON (BCD);

0000 to FFFE (0 to 655.34 seconds) or remain ON (binary)

Operating Conditions

Note

Preset value: 1 to 8,388,607 (BCD)
00000001 to 7FFFFFFF (binary)
(0to 2,147,483,647 in decimal)

Count range: 0 to 8,388,607 (BCD)
00000000 to 7FFFFFFF (binary)

Atotal of up to eight preset values can be set for each axis, and the ones that are
to be used can be specified. These preset values can be changed even after
they have been set.

The output control data (i.e., the values at which the internal/external outputs are
to be turned ON and OFF) must be set in advance before the count begins. Ex-
cept for the retention time (T), these values cannot be changed while the count is
in progress. Likewise, the retention time (T) cannot be changed once the output
status is actually being retained (i.e., once the time period is actually in effect).

The count can only be decremented, and not incremented.

If a reset is executed during the count, all outputs and the count value will be
cleared. For details regarding reset conditions, refer to 4-4 Counter Reset
Conditions.
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9-2 Performance Specifications

ltem Specifications
Coefficient input signals: Encoder input A: Encoder input B:
Oifset phase inputs A phase B phase
Up and down pulse inputs Increment pulse Decrement pulse
Pulse and direction inputs Pulse Direction
External input signals Pulse input Z, external control input
External output signals External output 0 (4): ON after beginning of count; OFF at (A).
External outputs 1, 2 (5, 6): ON at (B)/(D) after beginning of count;
OFF at (C)/(E).

External output 3 (7): OFF when the count is up and the retention
time (T) has elapsed; The ON status can also be retained until the
beginning of the next count.

Coefficient range BCD mode: 0 to 8,388,607
Binary mode: 0to 2,147,483,647
Muttiplier function X1, X4 (offset phase inputs only)
Counter preset values Eight ranges can be set, within the following limits:

1 o 8,388,607 (BCD)
110 2,147,483,647. (binary)

Holding time for external output 3 (7) (time ON BCD mode: 0 to 99.99 s or continuously ON
status is held) Binary mode: 0 to 655.34 s or continuously ON
Response speed (counter input — external output) | 1.5 ms max.

Reset interval 1.5 ms min.
Preset interval 1.5 ms min.
X)
0
Count —
K—
(A)
External output 0 (4)  ~—v
>
(B) (C)
External output 1 (5)
©) Er
External output 2 (6)
x— (T —

External output 3 (7)

& Caution The ON/OFF interval for outputs (i.e., the time period for a given output), must be
at least 1.5 ms. If the interval is less than that, the output may not be correctly
executed.
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i

9-3 Data Settings and Memory Areas

9-3-1 Operating Mode Data Settings

Axis Designation

Operational Settings

The following data is set for each axis in preset mode.

BCD Bin Bitis Bit0
Wd +0 +0 X X X Axis designation
Wd  +1 +1 o Operational settings
Wd w2 2 o External 0 (4) OFF val
xternal output value
Wd +3 +3 : ' }
x: +g +: External output 1 (5) ON value
we w6 e [t
Wd 47 ; External output 1 (5) OFF value
+ + I ] 3
1 T i
ag +g +g External output 2 (6) ON value
+ + i 1 1
VWV: +:$ +g External output 2 (6) OFF value
+ + 1 3 1
Wd +12 +C , : . External output 3 (7) retention time
Wd +13  +D l ' l Preset value 0
Wd +14  +E , L
L} ]
Wd +27 +1B ' ' ' Proset value 7
reset value
Wd +28 +1C , , ,

Designate either or both axes by means of the following settings:
0000: Both axis-1 and axis-2.

0001: Axis-1 only.

0002: Axis-2 only.

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002” must be set at the beginning of the data for axis-2, and
the data must be completely set for axis-1.

Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed untit the power is turned off.

Bit 15 Bit 0
BCDmode | 4 | . [ «].
Binarymode | ¢ | + | « | « |
A LA
Preset function selection
input mode
Reset condition

Operating mode

Preset Function Selection

0: Preset is executed and the count begins at the rising edge of the Start
Count Flag in the memory area.

4. Preset is executed and the count begins at the rising edge of the exter-
nal control input signal.

Input Mode

0: Offset phase inputs (x4 multiplier)

1: Offset phase inputs (x1 multiplier)

2: Up and down pulse inputs

3 Pulse and direction inputs
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Reset Condition
: zZ(M, E, |

Noeasoodb 2@
m

: (M .
When the preset function setting is “4,” reset condition settings “0,” “1,” and “4”
are not possible. The abbreviations Z, E, and 1 stand for pulse input Z, external
control input, and Internal Reset Flag respectively. For details regarding reset
conditions, refer to 4-4 Counter Reset Conditions.

External Output OFF and ON Values

Bit15 Bit0
Wdn Digit 4 | Digit3 | Digit2 | Digit 1
Wdn+1 | Digit8 | Digit7 | Digite | Digit5

n: Rightmost word

Set the numbers for the eight digits as shown below, according to the mode.
BCD Mode

00000000 to 08388607 (0 to +8,388,607)

Binary Mode

00000000 to 7FFFFFFF (0 to +2,147,483,647)

Note Be sure to set all three output external OFF values and both external output ON

values.

External Output Retention Time

Preset Values
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Note

Bit 15 Bit0
| Digit4 | Digit3 | Digit2 | Digit1 |

Set the numbers for the four digits (unit: 10 ms) as shown below, according to the
mode.

BCD Mode
0000 to 9999 (0 to 99.99 seconds)
or FFFF (remain ON)

Binary Mode
0000 to FFFF (0 to 655.34 seconds)
or FFFF (remain ON)

This setting must be made.

Bit 15 Bit0
Wdn Digit4 | Digit3 | Digit2 | Digit1
Wdn+1 | Digit8 | Digit7 | Digit6 | Digit5

n: Rightmost word

Set the numbers for the eight digits as shown below, according to the mode.
BCD Mode

00000000 to 08388607 (0 to 8,388,607)

If 0 is set, nothing will be output.

Binary Mode

00000000 to 7FFFFFFF (0 to 2,147,483,647)

If 0 is set, nothing will be output.
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9-3-2 Data Areas

Internal Reset Flag

Start Count Flag

The following table shows the functions allocated to the High-speed Counter
Unit data areas when in preset mode. The explanation here is in terms of the
2-word mode. For information concerning the 4-word mode, refer to 5-1 I/O Al-
location and Memory Configuration.

Word Bit Function
Beginning word (output) 00 Reserved for system use. Write-protected.
01
02
03 | Internal Reset Flag Axis-1
04 | Start Count Flag
05 | Not used.
06 Preset value no.
07
08
09 | Internal Reset Flag Axis-2
10 | Start Count Flag
11 Not used.
12 Preset value no.
i3
14
15 | External Output Enable Bit | Axis-1 and
axis-2
Beginning word + 1 (input) 00 | Reserved for system use.

01 Special 'O Read Completion Flag
02 | Reserved for system use.

03 | Not used.

04

05 | Control input Axis-1

06 | Control input Axis-2

07 | Etror Flag Axis-1 and

08 | Internal/external output 0| 2Xis-2

09 | Internal/external output 1
10 Internal/external output 2
11 Internal/external output 3
12 | Internal/external output 4
13 Internal/external output 5
14 | Internal/external output 6
15 | Internal/external output 7

This bitis used as an Internal Reset Flag, butwhether or notit is actually used for
resetting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.) When the reset operation is executed by means of the Internal
Reset Flag alone, it is executed at the rising edge.

This bit specifies the start of the count. The operation is carried out according to
the preset function selection explained in 9-3-1 Operating Mode Data Settings.

If the preset function selection is set so that the count is started by means of the
Start Count Flag, then the preset will be executed and the count started at the
rising edge of the Start Count Flag (i.e. when the Start Count Flag is turned ON).
If the Start Count Flag and the Internal Reset Flag turn ON simultaneously (in
cases where the Internal Reset Flag is used for resetting), the count will not be
started.
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Preset Value Number

External Output Enable Bit

Special /0 Read
Completion Flag

Contro! Input Signals
Error Flag

Internal and External
Outputs

80

If the preset function selection is set so that the count is started by means of the
external control input signal, then the preset will be executed and the count
started at the rising edge of the external control input signal.

These bits specify the preset values to be used when the count is begun.

Axis-1 08 07 06 Preset value used
Axis-2 14 13 12
Designation 0 0 0 Preset value 0
0 0 1 Preset value 1
0 1 0 Preset value 2
0 1 1 Preset value 3
1 0 0 Preset value 4
1 0 1 Preset value 5
1 1 0 Preset value 6
1 1 1 Preset value 7

This bit determines whether or not external outputs will actually be enabled. The
status of this bit controls both axes together, and it is not possible to make the
setting for just one axis or the other. When this bit is ON, outputs are enabled;
when OFF, outputs are disabled.

This bit remains ON while the High-speed Counter Unit is processing WRIT
instruction settings. The results will not be reflected in the data area untit this bit
turns OFF. After the WRIT instruction has been executed, this bitwilinotturn ON
again until the next execution cycle.

These signals reflect the status of external control inputs.

This bitturns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.

Bits 8to 15 reflect the status of internal/external outputs 0 to 7 respectively, even
when actual external outputs are disabled by the External Output Enable Bit.
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9-4 Application Example

This example shows how the High-speed Counter Unit can be used for cutting
measured lengths of material. Assume that the High-speed Counter Unit has
been assigned words 0007 and 0008. The following illustration shows the sys-
tem configuration.

C500-CT021 High-speed
Counter Unit

SYSMAC
CVM1/CV-series

External outputs 1,6, 7

Encoder inputs A, B Motor controller

Motor ON External cutput 0 External
Outputs . External output 1 output 3
Speed (high/low)
Encoder Brake External output 2
Cutter l
O Motor

O NO) At

Operation In this operation, only the prescribed length of cable is fed, and a cutter is acti-
vated to cut the cable at the target position.

Control Procedure (1) The brake is released and the motor is started at low speed.
(2) The motor speed is increased.
(3) Before reaching the target position, the motor is slowed back to low speed.

(4) The motor is stopped ahead of the target position, taking into account the
travel distance due to momentum.

(5) The brake is turned on just before the target position.
(6) When the target position is reached, the cutter is activated.
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Counter preset value

Count
ON
Motor operation (A)
(External output 0) OFF JE—
ON (high) :
Speed (high/low) (B) ()
{External output 1) OFF (low)
Brake ON (B)
(External output 2) OFF SE——
(D)y=0
— (M~
ON
Cutter
(External output 3) OFF
Example Settings ltem Set value (SV)
Counter preset value 10,000
External output 0 OFF value (A) 100
External output 1 ON value (B) 150
External cutput 1 OFF value (C) 200
External output 2 ON value (D) 0
External output 2 OFF value (E) 50
External output 3 OFF value (T) 500 ms
Wiring The incrementat encoder outputs are connected to encoder inputs A and B.

External output 0 is connected to the motor ON terminal at the motor controller.
External output 1 is connected to the speed switch at the motor controller.
External output 2 is connected to the brake signal input at the motor controller.
External output 3 is connected to the input for the cutter drive device.

WRIT Data Settings D00000 | 0001 [ Axis-1

D00001 4700 | Preset mode (BCD mode);

Reset: Internal Reset Flag (T);

Offset phase pulse inputs (x4 multiplier);
Preset by Preset Flag in data area.

D00002 0100 | External output 0 OFF value: 100
D00003 0000
Do0004 0150 | External output 1 ON value: 150
D00005 0000
D00006 0200 | External output 1 OFF value: 200
Doo007 0000
D00008 0000 | External output 2 ON value: 0
D0o0009 0000
D00010 0050 | External output 2 OFF value: 50
D0oo011 0000
Do0012 0050 [ External output 3 retention time: 50 (500 ms)
D00013 0000 | Preset value 0; 10,000

D00014 0001

Note Confirmthatthe processing of the settings has been completed by checking that
the Special /O Read Completion Flag (bit 01 of word n+1) is OFF in the next
cycle after the WRIT instruction has been executed.
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Program Example

Mo opo
(191) .
] b [WRIT #0015 D00000 0007 == Makes settings at PC startup.
0110
o 00
0110
g0 A
it O—
A500 0007
14 (Always OFF) 06 3
_| } Specifies preset value 0.
007
0007
08
A500 0007
13" (Atways ON) 15
— b —(O—— External outputs always enabled.
007
Reset switch
.80 Internal Reset Flag ON.
0007
Start switch 04
=T, O Start Count Flag ON.
0008
__.” {{DIFD 003000 }—~ Cutter operation completion
0620 0827 08?0 (falling edge) detected.
H T3F {O—— Cutcompleted indicator output
0030
01
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SECTION 10
Gate Mode

This section provides the information necessary for using the gate mode, including information on operating conditions, data
areas, settings, and performance specifications. An application example is provided at the end of the section.

10-1 OPEIALIOM .ttt eee ettt et et et ane s e ettt an e eanaeenas 86

10-1-1 Normal Count Operation . .. ........viurtenirieeenrarannnnaeeeneeeons 86
10-1-2 Cumulative Count Operation . ........ottiirriiiiiiinarranreanoeseenns 87
10-2 Performance SPecifications . ..........ouiriiririr i 87
10-3 Data Settings and MemOTY ATEaS . . oot ovttterreveenrreesonseernieeraiaeeeens 88
10-3-1 Operating Mode Data Settings . .. ......ovniiiiiii i 88
10-3-2 DaAtBATEAS .« v vvvevt s enee et iaarasorentaeaeneensaeennns 89
10-4 Application EXample ..........oiinntit i e 91
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Operation

Section 10-1

10-1 Operation

In gate mode, the count continues only while the start count signal (either an ex-
ternal control input or the Internal Input Flag) is ON. When the signal turns OFF,
the count stops. When the signal turns ON again, the count restarts from zero (in
normai gate mode) or from the present counter value (in cumulative gate mode).
In cumulative gate mode, the count is reset by means of reset inputs.

For details regarding reset conditions, refer to 4-4 Counter Reset Conditions.

10-1-1 Normal Count Operation

Operating Conditions

86

Encoder inputs are counted while the start count signal is ON. When the signal
turns OFF, the count at that point is retained. When the signal next turns ON
again (at the rising edge), the count is reset and begins again from zero.

Encoder nput LTS

ON
Count start signal

OFF N e
Count

0

ON Begin count Stop count  Begin count Stop count
Gate Flag

OFF

Counter initial value: 0

Count range: -8,388,608 to +8,388,607 (BCD)
80000000 to 7FFFFFFF (binary)
(-2,147,483,648 to +2,147,483,647 in decimal)

If the count exceeds either the minimum or maximum value, underfiow or over-
flow error will be generated and the count will be stopped.

The count can be incremented and decremented.

Either an external control signal or the Internal Input Flag can be selected for use
as the start count signal.

External outputs are not performed.
The count is reset according to the reset conditions.



Performance Specifications

Section 10-2

10-1-2 Cumulative Count Operation

Operating Conditions

Encoder inputs are counted while the start count signal is ON. When the signal
turns OFF, the count at that point is retained. When the signal next turns ON
again {at the rising edge), the count is begins again from the present value. The
count can be returned 1o zero by executing a reset according to the reset condi-
tions.

Encoder nput ISR RATHERANTRAERRATRTHINY

ON A
Reset input v’

OFF

ON
Count start signal

OFF N ——
Count

Reset Stop count  Stop count Stop count
Begin count Begin count Begin count

ON [
Gate Flag L_ I
OFF

Counter initial vaiue: 0

Countrange: -8,388,608 t0 +8,388,607 (BCD)
80000000 to 7FFFFFFF (binary)
{(—2,147,483,648 10 +2,147,483,647 in decimal)

If the count exceeds either the minimum or maximum value, underflow or over-
flow error will be generated and the count will be stopped.

The count can be incremented and decremented.

Either an external control signal orthe Internal Input Flag can be selected for use
as the start count signal.

External outputs are not possible.

10-2 Performance Specifications

Item

Specifications

Coefficient input signals:
Offset phase inputs
Up and down pulse inputs
Pulse and direction inputs

Encoder input A: Encoder input B:
A phase B phase
Increment pulse Decrement pulse
Pulse Direction

External input signals

External control inputs:
Start count signal, reset signal (cumulative mode only)

Pulse input Z: Reset signal

External output signals

None

Coefficient range

BCD mode: -8,388,608 to +8,388,607
Binary mode: -2,147,483,648 to +2,147,483,647

Mutltiplier function

X1, X4 (offset phase inputs only)

Reset interval

1.5 ms min.
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10-3 Data Settings and Memory Areas

10-3-1 Operating Mode Data Settings

Axis Designation

Operational Settings

88

The following data is set for each axis in gate mode.

BCD Bin pit1s Bit0
Wd  +0 +0 T Axis designation
Wd  +1 +1 T Operational settings
Wd 2 +2 . Sub-mode, start input

Designate either or both axes by means of the following settings:
0000: Both axis-1 and axis-2.

0001: Axis-1 only.

0002: Axis-2 only.

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002” must be set at the beginning of the data for axis-2, and
the data must be completely set for axis-1.

Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed until the power is turned off.

Bit 15 Bit0
BCD mode [5 | Nk

Binarymode | p |
Y

o |

[ o |

t—— Preset function selection
Input mode

Reset condition
Operating mode

P *

Preset Function Selection
The preset function cannot be used in gate mode, so set this to “0.”

Input Mode

0: Offset phase inputs (x4 multiplier)
1: Offset phase inputs (x1 multiplier)
2: Up and down pulse inputs

3: Pulse and direction inpuis

Reset Condition

0: zZ(M, E, I

1 Z(), E |

2: zZ(M, !

3: Z{), 1

4: E(M, I

5: Z(h

8: Z({)

7 (M

When the start input designation is “00,” reset condition settings “0,”*“1,” and “4”
are not possible. The abbreviations Z, E, and | stand for pulse input Z, external
control input, and Internal Reset Flag respectively. For details regarding reset
conditions, refer to 4-4 Counter Reset Conditions.
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Sub-mode, Start Input

10-3-2 Data Areas

Bit 15 Bit0
I
\ A /
T L———— Startinput
Sub-mode

Sub-mode
Designate the sub-mode by means of the following settings:

00: Normal count mode
01: Cumulative count mode

Start Input
Desighate the start input by means of the following settings:

00: External control input
01: internal Input Flag

The following table shows the functions allocated to the High-speed Counter
Unit data areas when in gate mode. The explanation here is in terms of the
2-word mode. For information concerning the 4-word mode, refer to 5-7 I/O Al-
location and Memory Configuration.
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internal Reset Flag

Internal Input Flag

Special /O Read
Completion Flag

Gate Flag
Control Input Signals
Error Flag

90

Note

Word Bit Function
Beginning word (output) 00 Reserved for system use. Write-protected.

03 Internal Reset Flag Axis-1
04 Internal Input Flag
05 Not used.

09 Internal Reset Flag Axis-2
10 Internal Input Flag
11 Not used.

Beginning word + 1 (input) 00 Reserved for system use.
01 Special I/O Read Completion Flag
02 Reserved for system use.

03 Gate Flag Axis-1

04 | Gate Flag Axis-2

05 Control input Axis-1

06 Control input Axis-2

07 Error Flag Axis-1 and
axis-2

08

09

10

11 Not used.

12

13

14

15

Thisbitis used as an Internal Reset Flag, butwhether or notitis actually used for
resetting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.) When the reset operation is executed by means of the Internal
Reset Flag alone, it is executed at the rising edge.

This bit executes the count when Internal Input Flag is specified as the start
countsignal. it has no function when “external control input” is specified. (Refer
to “Start Input” under 70-3-1 Operating Mode Data Settings.)

This bit remains ON while the High-speed Counter Unit is processing WRIT
instruction settings. The results will not be reflected in the data area until this bit
turns OFF. After the WRIT instruction has been executed, this bit will not turn ON
again until the next execution cycle.

This bit turns ON during gate processing.
These signals reflect the status of external control inputs.

This bit turns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.

When the count is stopped due to an error, it cannot be restarted simply by clear-
ing the error. After the error has been cleared, the start count signal must be
turned ON again.
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10-4 Application Example

This example shows how the High-speed Counter Unit can be used for measur-
ing product dimensions. Assume that the High-speed Counter Unit has been as-
signedwords 0002 and 0003. The following illustration shows the system config-
uration.

C500-CT021
High-speed
Counter Unit

inputs

Photoelectric switch - Encoder inputs A, B
for detection £~
/ 5 Incremental encoder

j e Product

04 04 04 g o4 04

—

Operation Encoder inputs are counted while the photoelectric switch is ON, and the dimen-
sions of products moving along the conveyer belt are measured. The PC deter-
mines whether or not those dimensions are acceptable.

Pulse inputs [T

ON
External control inputs
(Start/Stop) OFF
Count present vaiue 0
ON
Gate Flag
OFF
- ON
AtPC
OFF
Wiring The incremental encoder outputs are connected to encoder inputs A and B. The
photoelectric switch output is connected to the external control input.
WRIT Data Settings D00000 | 0001 | Axis-1

D00001 5700 | Gate mode (BCD mode);

Reset: Internal Reset Flag (1);

Oftset phase puise inputs (x4 multiplier);
Preset operation cannot be used.
D00002 0000 | Normal count mode;

Start count signal: External control input

Note Confirm thatthe processing of the settings has been completed by checking that
the Special /O Read Completion Fiag (bit 01 of word n+1) is OFF in the next
cycle after the WRIT instruction has been executed.
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Program Example

Comparison Data Areas

(191)

1 1LV r
e [ WRIT #0003 D0OQOCO 0002 =l
0200
%8° 5
0200
88 5
f -O—
0003
0? - 014
| { DIFD 003006 }—
0003 0200
ocl’ ?ay r (190) D00010
1
} U {_READ #0002 0003 0202_
%0 50
A500 0200
06 03
| O—
0200
0? - (013)
} [ DIFU 003001 B
0030
o: - (079)
| { cec
- 078
{{suBL Doootc  D00100 Domoa:}_
AS500
°‘: - 01
} {" KEEP 000000 i
0003
05
1
I
0030
01l ~ 079
_| [ ce
- 979)
[ SuBL DO0O10  D00102 DO0106 J—rt
A500
°4y CID)
y i I KEEP 000002 et
0003
05
L
I
0000 0000 0003
Yy Y o
KEEP 000001 e
r4) A P4 L
0003
05

Output Results
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Makes settings at PC startup.

Reads count value when photoelectric switch
turns OFF.

Checks count value when the read is complete.

Checks whether count value is = lower limit.

Outputs if dimensions are too small.

Checks whether count value is = upper limit.

Cutputs if dimensions are too large.

Outputs if dimensions are within standards.

The following data areas are used for comparison of values.

DO00100 to DO0101:
D00102 to DO0103:
D00104 to DO0105:
D00106 to DOO107:

Dimensions too small:
Dimensions correct:
Dimensions {oo large:

Lower limit

Upper limit

Difference with lower limit

Difference with upper limit

00000 ON
00001 ON
00002 ON




SECTION 11
Latch Mode

This section provides the information necessary for using the latch mode, including information on operating conditions, data
areas, settings, and performance specifications.
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11-3-1 Operating Mode Data Settings . .. ... ..ottt e ie e e 95

11-3-2 Data Areas
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11-1 Operation

Encoder input

ON A
Count start/reset signal \—|

Latch signal

Internal count value

© Countvalue

Latch Completed Flag

Operating Conditions

94

Note

In latch mode, the High-speed Counter Unit begins counting encoder inputs
when the High-speed Counter Unit is reset after the mode setting is made. This
internal count continues until the High-speed Counter Unit is reset again, but the
count doesn’t change until the latch signal is received.

The count is set to the internal count value when the latch signal goes from OFF
to ON (the latch signal’s rising edge) and the new count value is maintained until
the next time the latch signal goes ON.

AR RTSRATN

OFF —

. Tl
OFF — -:

T Latch Latch Latch 1 Latch

Counter reset Counter reset
and count starts and count starts

OFF

Counter initial value: 0

Count range: —8,388,608 to +8,388,607 (BCD)
80000000 to 7FFFFFFF (binary)
(-2,417,483,648 10 +2,417,483,647 in decimal)

The count stops when it reaches the maximum/minimum value and an overflow/
underflow error occurs.

The count can be incremented and decremented.
External outputs are not performed.

The count present value is refreshed with the internal count value when the latch
signal goes ON (the rising edge). Both the external control input and Internal
Latch Bit can be used for the latch signal.

A reset can be performed with the reset condition while the Unit is counting.
For details regarding reset conditions, refer to 4-4 Counter Reset Conditions.

The count present value is refreshed every 10 ms from the start of counting until
the first time the latch signal goes ON.
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Section 11-3

11-2 Performance Specifications

ltem Specifications
Coefficient input signals: Encoder input A: Enceder input B;
Offset phase inputs A phase B phase
Up and down pulse inputs Increment pulse Decrement pulse
Pulse and direction inputs Pulse Direction
External input signals Pulse input Z (count start signal)
External control input (Jatch signal)
External output signals None
Coefficient range BCD mode: —-8,388,608 to +8,388,607
Binary mode:
—2,417,483,648 to +2,417,483,647
Multiptier function X1, X4 (offset phase inputs only)
Reset interval 1.5 ms min.

11-3 Data Areas and Settings

11-3-1 Operating Mode Data Settings

Axis Designation

Operational Settings

The following data is set for each axis in latch mode.
Bit 15 Bit0

Wd +0 Axis:desigfwationT
Wd +1 Ope;rationél settirﬁgs

Both the external confrol input and Internal Latch Bit can be used for the latch
signal. The countis started by resetting the counter after the mode has been set.
Designate either or both axes by means of the foliowing settings:

0000: Both axis-1 and axis-2.

0001: Axis-1 only.

0002: Axis-2 only.

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002” must be set at the beginning of the data for axis-2, and
the data must be completely set for axis-1.

Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed until the power is turned off.

Bit 15 BitO
BDmode | 6 | . | . [ o]

Binarymode | £ | .~ | « | o]
X 7\

' Preset function selection
Input mode

Reset condition
Operating mode

Preset Function Selection
The preset function can’t be used in latch mode. Set this digit to “0.”

Input Mode

0: Offset phase inputs (x4 multiplier)
1: Offset phase inputs (x1 multiplier)
2 Up and down pulse inputs

3: Pulse and direction inputs
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Section 11-3

11-3-2 Data Areas

internal Reset Flag

Internal Latch Bit

96

Reset Condition

2: Z(M, 1
3: Z(), 1
5: zZ(M
6: Z()
7 (T

The abbreviations Z,E, and I stand for pulse input Z, external control input, and
internal reset flag respectively. Refer to 4-4 Counter Reset Conditions for details
regarding reset conditions.

The following table shows the functions allocated to the High-speed Counter
Unit data areas when in laich mode. The explanation here is in terms of the
2-word mode. For information concerning the 4-word mode, refer to 5-1 [/0 Al-
location and Memory Configuration.

Word Bit Function
Beginning word 00 | Reserved for system use. Write-protected.
(output) 01

02
03 Internal Reset Flag Axis-1
04 Internal Latch Bit
05 Not used.
06
07
08
09 internal Reset Flag Axis-2
10 Internal Latch Bit
11 Not used.
12
13
14
15
B_eginning word + 1 00 Reserved for system use.
(input) 01 | Special I’O Read Completion Flag
02 Reserved for system use.
03 | Latch Completed Flag Axis-1
04 | Latch Completed Flag Axis-2
05 | Control input Axis-1
06 | Control input Axis-2
07 | Error Flag Axis-1 and axis-2
08 Not used.
09
10
11
12
13
14
15

This bitis used as an Internal Reset Flag, butwhether or not it is actually used for
reseiting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.)

The countvalueis setto the internal count on the rising edge ofthe Internal Latch
Bit or external control input.
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Section 11-3

Latch Completed Flag

Special /O Read
Compiletion Flag

Control Input Signals
Error Flag

The status of the Latch Completed Flag is toggled (OFF —» ON or ON — OFF)
each time the latch signal is input and the count value is reflected in the READ
data area. The latched count value is reflected in the READ data area once ev-
ery 10 ms. The Latch Completed Flag will be toggled only once if more than one
latch signal is input in 10 ms.

If the CPU’s cycle time is longer than 10 ms, it might not be possible to detect
changes in the Latch Completed Flag from the program. The following program
section can be used to determine latch timing (for axis-2 in this case).

0000
k3 ]
lfl i READ #0010 [I0O0OO

[m[m[miw]
04

i

This bit remains ON while the High-speed Counter Unit is processing WRIT
instruction settings. The results will not be reflected in the data area until this bit
turns OFF. After the WRIT instruction has been executed, this bit wilf not turn ON
again until the next execution cycle.

These signals reflect the status of external control inputs.

This bit turns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.
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SECTION 12
Sampling Mode

This section provides the information necessary for using the sampling mode, including information on operating conditions,
data areas, settings, and performance specifications. Two application examples are provided at the end of the section.
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Section 12-1

12-1 Operation

Operating Conditions

100

In sampling mode, the High-speed Counter Unit begins counting encoder inputs
when the start count signal goes ON (the signal’s rising edge). Counting stops
after the preset sampling time has elapsed. If the start count signal goes from
OFF to ON again while the Unitis counting, the counter will be reset and resume
counting from 0.

Encodernput LRy

Control input ON “" ’*‘|
ignal
(start signal) OFF

ON

Sampling time

OFF
— T — — 7 —

Internal count value

0 :
} Countstops Count stops
Counter reset Counter reset
and count starts and count starts
ON
Sampling Flag
OFF D

Counter initial value: 0

Count range: —-8,388,608 to +8,388,607 (BCD)
80000000 to 7FFFFFFF (binary)
(~2,147,483,648 t0 +2,147,483,647 in decimal)

The count stops when it reaches the maximum or minimum value.

Sampling time settings: 10 to 9,999 ms (BCD)
10 to 65,535 ms (binary)

The count can be incremented and decremented.

After the sampling time elapses, the counter value will be maintained until the
start count signal goes ON again or the reset condition is met.

The type of start count signal and the sampling time can be changed even after
the operating mode has been set. When the sampling time is changed while the
Unit is counting, the new sampling time will be valid the next time that the count
starts.

Either the external control input or a bit can be selected as the start count signal.
External outputs are not performed.
A reset can be performed with the reset condition while the Unit is counting.

For details regarding reset conditions, refer to 4-4 Counter Reset Conditions.
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12-2 Performance Specifications

ltem Specifications
Coefficient input signals: Encoder input A: Encoder input B:
Offset phase inputs Aphase B phase
Up and down pulse inputs Increment pulse Decrement pulse
Pulse and direction inputs Pulse Direction
External input signals Pulse input Z (reset signal)
External control input (reset/start count signal)
External output signals None
Coefficient range BCD mode: -8,388,608 to +8,388,607
Binary mode:
-2,147,483,648 to +2,147,483,647
Multiplier function X1, X4 (offset phase inputs only)
Settings Sampling time (1-ms units)
10 10 9,999 ms (BCD)
10 to 65,535 ms (binary)
Accuracy Sampling time +0/_y ms
Reset interval 1.5 ms min.

12-3 Data Areas and Settings
12-3-1 Operating Mode Data Settings

The following data is set for each axis in sampling mode.

Bit 15 Bito

Wwd +0 A>:<is des?gnatio:n
Wd  +1 Opération%xl senirbgs
wd 2 lng'ut spe:ciﬁcati'pn
Wd  +3 Sampling time

Axis Designation Designate either or both axes by means of the following settings:
0000: Both axis-1 and axis-2.
0001: Axis-1 only.
0002: Axis-2 only.

When either 0001 or 0002 is specified, the axis data will apply to that axis only.
When 0000 is specified, the axis data for axis-1 and axis-2 is specified in that
order. Inthat case, “0002” must be set at the beginning of the data for axis-2, and
the data must be compietely set for axis-1.

Operational Settings Set the operational data for each digit as shown below. Once the settings have
been made for an axis, they cannot be changed until the power is turned off.

Bit 15 Bit0
BCDmode | 7

Binarymode | ¢ | + [ -
& & A\

[ o |

[ o]

L Preset function selection
Input mode

Reset condition
Operating mode

T

Preset Function Selection
The preset function can't be used in sampling mode. Set this digit to “0.”
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Input Specification

Sampling Time
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Input Mode

0: Offset phase inputs (x4 multiplier)
1: Offset phase inputs (x1 multiplier)
2: Up and down pulse inputs

3: Pulse and direction inputs

Reset Condition

0: Z(M, E, I

1 Z(), E, I

2: zZ(M, !

3: Z(), 1

4: E(M), |

5: Z(M

6: Z(4)

7 (T

When the preset function setting is “4,” reset condition settings “0,” “1,” and “4"
are not possible. The abbreviations Z, E, and | stand for pulse input Z, external
control input, and Internal Reset Flag respectively. Refer to 4-4 Counter Reset
Conditions for details regarding reset conditions.

Specify the bitthat will be used as the start count signal by means of the following
settings:

0000: External control input

0001: Internal input bit

Specify the 4-digit sampling time, as shown below.

Bit 15 Bit0
[ Digit4 | Digit3 | Digit2 | Digit1 ]

The foliowing ranges are possible:

BCD mode: 0010 to 9999 (10 to 9,999 ms)
Binary mode: 000A to FFFF (10 to 65,535 ms)
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Section 12-3

12-3-2 Data Areas

Internal Reset Flag

Count Start Flag

Special /0O Read
Completion Flag

Sampling Flag
Control Input Signals

Error Flag

The following table shows the functions allocated to the High-speed Counter
Unit data areas when in sampling mode. The explanation here is in terms of the
2-word mode. For information concerning the 4-word mode, refer to 5-1 /O Al-
location and Mermory Configuration.

Word Bit Function
Beginning word 00 Reserved for system use. Write-protected.
(output) 01

02
03 | Internal Reset Flag Axis-1
04 | Count Start Flag
05 Not used.
086
07
08
09 Internal Reset Flag Axis-2
10 | Start Count Bit
11 Not used.
12
13
14
15
Beginning word + 1 00 Reserved for system use.
(input) 01 | Special /O Read Completion Flag
02 | Reserved for system use.
03 Sampling Fiag Axis-1
04 | Sampling Flag Axis-2
05 | Control input Axis-1
06 | Control input Axis-2
07 | ErrorFlag Axis-1 and axis-2
08 Not used.
09
10
11
12
13
14
15

This bitis used as an Internal Reset Flag, butwhether or notit is actually used for
resetting is determined by the reset condition setting. (Refer to 4-4 Counter Re-
set Conditions.) When the reset operation is executed by means of the Internal
Reset Flag alone, it is executed at the rising edge.

Depending on the input specificat‘ion in the WRIT data, this bit can be used as
the count start signal.

This bit remains ON while the High-speed Counter Unit is processing WRIT
instruction settings. The results will not be reflected in the data area until this bit
turns OFF. After the WRIT instruction has been executed, this bitwill not turn ON
again until the next execution cycle.

This flag is turned ON when the Unit is counting (sampling).
These signals reflect the status of external control inputs.

This bit turns ON when an error occurs at either axis. For details, refer to Section
13 Error Processing and Troubleshooting.
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Note When the countis stopped due to an error, itcannot be restarted simply by clear-
ing the error. After the error has been cleared, the start count signal must be
turned ON again.

12-4 Application Examples
12-4-1 Example 1: Weight Measurement

This example shows how the High-speed Counter Unit can be used to weigh a
workpiece. Assume that the High-speed Counter Unit has been assigned words
0004 and 0005. The following illustration shows the system configuration.

C500-CT021
High-speed
Counter Unit

External control input

Workpiece

Proximity switch SYSMAC
| for starting CVM1/CV-series

Encoder inputs A, B

Incremental
encoder

Operation After loading the workpiece on the scale, wait a short time and read the count
value. By waiting a short time, the oscillations from the scale’s springs will die out
and an accurate count value can be obtained.

Encoder input L

External control input

Sampling Flag <— Sampling tile —>

Count present value

PC operation Transfer

Wiring The incremental encoder outputs are connected to encoder inputs A and B. The
proximity switch’s output is connected to the external control input.
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WRIT Data Settings DO0000 | 0001 | Axis-1

D00001 F700 | Sampling mode (binary mode);

Reset: Internal Reset Flag (1);

Offset phase pulse inputs (x4 multiplier);
Preset function can't be used.

Do0002 0000 | Count start signal: External control input
D00003 0BB8 | Sampling time: 3,000 ms

Note Confirmthatthe processing of the settings has been completed by checking that
the Special I/O Read Completion Flag (bit 01 of word n+1) is OFF in the next
cycle after the WRIT instruction has been executed.

Program Example

o oo
(191)
1 ¥4 - i
— [WRIT #0004 D00000 0004 }— Makes settings at PC startup.
0200 0200
00 [ele]
A500 0200
06 o1
; O—
0005
03 .
! r g)[::'g 003000 } Detects completion of the measurement when
oo;o 5200 = the sampling flag goes OFF.
00 03 . .
(180) The count present value is stored in D00010 and
1 V4 [ READ #0002 0005 D00010 J—o .
_{ 1 41 L RE # DO0011 after the measurement is completed.
0200 0200
02 02
s O—
A500 0200
06 03
I
ml O—

12-4-2 Example 2: Speed Measurement (Tachometer)

This example shows how the High-speed Cotnter Unit can be used to measure
the speed of a motor. Assume that the High-speed Counter Unit has been as-
signedwords 0004 and 0005. The following illustration shows the system config-
uration.

C500-CT021

High-speed

Counter Unit

== al.a

[}

000G

SYSMAC
CVM1/CV-series

Encoder input A

[ianesinninsaIRisingy

Incremental Encoder
(Resolution: 200 pulses/revolution)
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Operation

Wiring

Encoder input

Pulses from the incremental encoder coupled to the rotating axis are measured
at fixed intervals and the PC converts these measurements to rotational speed
(RPMs).

L L LT P TP T T T

Internal input bit
(an output from the

T1 11

PC's viewpoint)

Sampling Flag

Count present value

Sampling time Sampling time

Number of revolutions
conversion value

18! sample X 2nd sample

WRIT Data Settings
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Number of Revolutions Conversion
The incremental encoder’s resolution is 200 pulses/revolution, so the revolu-
tions per minute are:

_ Number of pulses/second (P) X 60 pxB0 _py3 rom

Number of pulses/revolution B 200 10

RPMs

The incremental encoder output is connected to encoder input A. Nothing is con-
nected to encoder input B. Only the positive direction is used.

D00000 0002 | Axis-2

D00001 7730 | Sampling mode (BCD mode);
Reset: Internal reset flag (T);
Pulse and direction inputs;
Preset function can’t be used.

D00002 0001 | Count start signal: Internal input bit
D00003 1000 | Sampling time: 1,000 ms
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Program Example

AS00 0200
i i
IT #0004 DOOOOD 0004 J—mnd
— 4 L WA o20m
0200
00 00
0200
"8 o1
; O—
A500
13 (032
— | {MOVL#00000003 DO0010 e
-(032)
[ MOVL#00000010 D00012 “J—rl
Tooo1
=
AF- {TM 0000 #0020 }—
T0000
r
} {T™ 0001 #0010 J—d
0004
! 04
0005
03 {014)
| —{ DIFD 003000 }——
0030 0200
i rhe 1
READ #0002 0005  DOCO14
| a1 L
0200
& 62
ASQ0 0200
08 03
| O—

(013)

-
[[DIFU 003001 ]

(076)

EMULL D00014 #0003 D00020]-—

(077)
-
{ DV D00020 #0010 00020 T

Makes settings at PC startup.

Sets the values “0000" and “0003" in D0O0011 and
D00010.

Sets the values “0000” and “0010" in DO0013 and
Dooo12.

Turns ON the internal input bit every 3 s.
(Goes OFF again after 1 s.)

Detects completion of the measurement when
the sampling flag goes OFF.

The count present value is stored in D00014 and
D00015 after the measurement is completed.

After the value is stored, it is muitiplied by 3/10
and stored in DO0020 and D00021.
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SECTION 13
Error Processing and Troubleshooting

This section provides information to help identify and correct errors that might occur during operation.

13-1 EarOr PrOCESSINE oo vttt ittt e et ittt ittt et e e i naaaanan e aes 110
13-1-1 Error Indicators and QUIPULS . ... .ottt i iiiie i iniianaenaans 110
ST T 5 s o o o U= J AU 110
13-1-3 Enorsin4-word Mode (Using MOV) .. ...t i 111
13-2 TroubleShOOUNE ..ttt ittt ittt ittt i nie e e e 112
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Error Processing

Section 13-1

13-1 Error Processing

This section describes the error indicators and outputs that show when an error
has occurred in the High-speed Counter Unit and explains how to correct those
errors.

13-1-1 Error Indicators and Outputs

LED Indicators

Error Flag

Error Codes

13-1-2 Error Codes

The LED indicators will show when an error has occurred in the High-speed
Counter Unit.

Indicator status

Both ERR indicators (axes 1 and 2) will
flash.

The affected axis’ ERR indicator is lit.

Error
WRIT instruction axis specification error

Other errors

The High-speed Counter Unit’s Error Flag will be turned ON when an error oc-
curs. The method for checking the Error Flag is different in 2-word mode and
4-word mode.

2-word Mode
The Error Flag is bit 07 of the input word (n+1) allocated to the Unit. Check the
status of the flag normally (I/O refresh).

4-word Mode

A function corresponding to the 2-word mode’s input word is allocated to ad-
dress FF inthe High-speed Counter Unit's read memory. Bit 07 of this word is the
Error Flag. Read the status of this word from the High-speed Counter Unit with
the random read command (when the MOV instruction is used) or the RD2
instruction. For details, refer to Section 5 Data Configuration and Program De-
velopment.

The cause of an error can be determined from the error code stored inthe READ
data (address 04 for axis-1, address 09 for axis-2). Referto Section 5 Data Con-
figuration and Program Developmentfor details on reading the READ data. Re-
fer to 13-1-2 Error Codes for more details on error codes.

The following table lists the error codes and provides probable remedies to the
causes of the errors. The “XX" at the end of an error code will contain the 2-digit
hexadecimal address where the error occurred.

Error
code

Meaning

Unit’s status Remedy

01XX

There was a mistake in the
transmitted data.

(WRIT instruction data error)

Retransmit the instruction
with correct data.

ERR indicator: Lit (affected axis only)
External outputs: OFF (affected axis only)
Count: Stopped (affected axis only)

transmitted axis specification data.
(WRIT axis specification error)

External outputs: O.K. (Both axes)
Count: Continues (Both axes)

0201 [ The count exceeded the maximum | ERR indicator: Lit (affected axis only) Reset or preset.
for the operating mode. External outputs: OFF (affected axis only)
(Overflow error) Count: Stopped (affected axis only)
0202 | The count fell below the minimum | ERR indicator: Lit (affected axis only) Reset or preset.
for the operating mode. External outputs: OFF (affected axis only)
(Underfiow error) Count: Stopped (affected axis only)
03XX | A WRIT instruction data error and | ERR indicator: Lit (affected axes only) Retransmit the instruction
overflow/underflow error cccurred. | External outputs: OFF (affected axes only) | with correct data, and reset
Count: Stopped (affected axes only) or preset.
0400 | There was a mistake in the ERR indicator: Flashing (Both axes) Retransmit the instruction

with correct data, including
the axis specifier.
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Error Meaning Unit’s status Remedy
code

05XX | A WRIT instruction data error and
a WRIT axis specification error
occurred.

ERR indicator: Lit (data error axis)
Flashing (the other axis)

External outputs: OFF (data error axis)
O.K. {the other axis)

Count: Stopped (data error axis)
Continues (the other axis)

Retransmit the instruction
with correct data.

0601 | An overflow error and a WRIT axis | ERR indicator: Lit (overflow axis)

specification error occurred. Flashing (the other axis)

External outputs: OFF (overflow axis)
O.K. (the other axis)

Count: Stopped (overflow axis)
Continues (the other axis})

Retransmit with correct data,
including the axis specifier,
and reset or preset.

0602 | An underflow error and a WRIT
axis specification error occurred.

ERR indicator: Lit (underflow axis)
Fiashing (the other axis)

External outputs: OFF (underflow axis)
O.K. (the other axis)

Count: Stopped (undetflow axis)
Continues (the other axis)

Retransmit with correct data,
including the axis specifief,
and reset or preset.

07XX | A WRIT instruction data error, Some combination of the status given
WRIT axis specification error, and | above.
overflow/underflow error occurred.

Retransmit with correct data,
and reset or preset.

13-1-3 Errors in 4-word Mode (Using MOV)

When the Unit is in 4-word mode and the MOV instruction has been used, an
error is indicated by a 2-digit hexadecimal error code written to bits 4 through 11
of word n+3 when the “end command” is executed.

Bit 15 Bito
Output {Word n
Word n+1
Word n+2 AX
Input T
Word n+3 ERR CODE

n: First allocated word

ERR CODE: Error code
AX: Axis where error occurred.

The 5 possible error codes are listed in the following table.

Error Name Meaning

code
00 Normal completion Normal completion
01 Command code error | The command code wasn't 0, 1, 2, or F.

02 Address overflow error | The specified address was greater than 5D for
random write or greater than 09 for random read.

03 WRIT data error

There was a mistake in the settings data
transmitted for a random write command.

04 Other error
command.

The error caused by something other than the

The value “AX" in bits 0 to 3 of word n+2 indicates the axis in which the error oc-

curred.
AX=1: Error occurred in axis-1.
AX=2: Error occurred in axis-2.
AX=3: Errors occurred in both axes.

Command code errors and Address overflow errors are checked regularly and
bit 3 of word n+3 is turned ON if there is an error. Other errors are checked only

when the end command is executed.

Ifthe end command is executed and several errors have occurred since the last
end command was executed, only the most recent error will be displayed. The
previous error code will be cleared when the end command is executed.
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13-2 Troubleshooting

Use the following troubleshooting table if the High-speed Counter Unitisn'toper-
ating normally or isn’t operating as expected.

Symptom

Possible causes

The RUN indicator doesn't light.

Check whether the power supply voltage is wrong.

Check whether the total current consumption of Units mounted to the backplane
exceeds the current capacity of the Power Supply Unit.

Check whether an error has occurred in the CPU.
Check whether there is a source of noise near the Unit.

There might be a malfunction in the hardware if none of the items above are
causing the problem.

External outputs won’t go ON.
(indicators won’t go ON, either.)

Check whether the External Output Enable Bit is ON.

If the Unit is in linear mode or circular mode, check whether the output pattern has
been set in the operating mode settings.

External outputs won't go ON.
(indicators go ON, though.)

Check whether power is being supplied to the external outputs at terminal B18.

Check whether the voltage supplied to terminal B18 is different from the output load
voltage.

Check whether the fuse in the back of the Unit has blown.
Check whether the fuse in the back of the Unit is installed all the way into its holder.

There might be a malfunction in the hardware if none of the items above are
causing the problem.

The counter counts incotrectly.

Check whether there is a power line close to the signal wiring.

Make sure that the twisted-pair cable’s shield is grounded to 100 €2 or less. If the
ground is bad, it might be best to disconnect the shield from the ground.
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Numbers D

2-word mode, 3, 14, 30, 34 data configuration, 35
programming, 39 data exchange, 29
4-word mode, 3, 14, 31, 35 data transfer, READ/WRIT, 34

commands, 41

programming using MOV, 40
programming using WR2/RD2, 45 decrement, 25, 26
word allocation, 40

4CH indicator, 12

data words, 2

dimensions, 14

E

A encoder input, circuit configuration, 18

A indicator, 12 encoder input A, 9

encoder mput B, 9
Am?261L.831, 20

encoders, 3

End, 42

ERR indicator, 12
Error Flag, 110

errors, 39
4-word mode using MOV, 111
B codes, 110
indicators, 110
B indicator, 12 outputs, 110

BCD. 24 external output indicators, 13

axis designation, 36
axis-1, 2, 18, 21
axis-2, 2, 18,21

binary mode, 24

F-G
C fuse, 14

gate mode, 2, 24

) CH1 indicator, 12 application example, 91
' Lo count range
CH2 indicator, 13 curmulative count, 87

normal count, 86

counter initial value
cumulative count, 87
normal count, 86

cumulative count operation, 87

circuit configuration
encoder input, 18
external, 21
output circuit, external, 21

circular mode, 2, 24 data areas, 89
application example, 71 normal count operation, 86
count range, 66 operating mode data settings, 88
counter initial value, 66 operation, 86
data areas, 70 specifications, 87

operating mode data settings, 67

operation, 66

specifications, 67 I
upper and lower limits, 66

control inputs, external, 9 T/O area, 29
circuit configuration, 21 1/0 signals, electrical characteristics, 9
control modes, 3, 34 1/0O words, 34
) crimp connectors, 17 IN indicator, 12
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increment, 25, 26
Incremental Encoder, 11

indicators
errors, 110
LED, 12

Initialize, 41
input characteristics, 9
input mode setting, 37

input modes, 25
offset phase inputs, 25
pulse and direction inputs, 26
up and down pulse inputs, 26

input types, 3
IR area, 34

L

latch mode, 2, 24
count range, 94
counter initial value, 94
data areas, 96
operating mode data settings, 95
operation, 94
specifications, 95

LED indicators, 12

linear mode, 2, 24
application example, 61
counter initial value, 56
data areas, 60
operating mode data settings, 57
operation, 56
specifications, 57
SV range, 56
upper and lower limits, 56

M-N

memory areas, 29
Monitoring, 42

noise, 17

o)

offset phase inputs, 3, 25

operating mode setting, 37

operating modes, 2, 24

output characteristics, 10

output circuit, external, circuit configuration, 21

output phase difference, 11
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P

PCs
C1000H, 4
C2000H, 4
C500H, 4
CV Series, 4
CVM1,4
data exchange, 29

polarity, 17
precautions, wiring, 17
preset function selection, 37

preset mode, 2, 24
application example, 81
count range, 75
data areas, 79
operating mode data settings, 77
operation, 74
output control data, 75
outputs, 74
preset value, 75
specifications, 76

Programmable Controllers. See PCs
pulse and direction inputs, 3, 26

pulse input Z, 9

R

Random Read, 42
Random Write, 41
RD2(280), 3, 30

READ, 30
comparison results, 38
counter present value, 38
data configuration, 38
error information, 39
operational settings, 39
Unit status, 40, 44, 46

reset, 25, 26, 27
reset condition setting, 37
reset conditions, 27

RUN indicator, 12

S

sampling mode, 2, 24

application examples
speed measurement, 105
weight measurement, 104

count range, 100

counter initial value, 100

data areas, 103

operating mode data settings, 101

operation, 100

specifications, 101
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self-holding circuit, 39, 40 T — U

sensors, 3

setting switches, 13 terminal block, 13, 17

setup procedure, 5 terminal screws, 17

signal levels, 17 troubleshooting, 112

simple linear mode, 2, 24 up and down pulse inputs, 3, 26

count range, 50
counter initial value, 50
data areas, 53

operating mode data settings, 51 W

operation, 50

outputs, 50 wiring

specifications, 51 12-VDC voltage-output encoder, sink load, 19
Slave Unit, 29 24-VDC open-collector encoder, 19

5-VDC voltage-output encoder, source load, 20
line-driver output encoder, Am26LS31, 20
recommended wires, 17

terminal block, 17

specifications, 8
circular mode, 67
gate mode, 87
latch mode, 95

linear mode, 57 WR2(281), 3, 30
preset mode, 76

sampling mode, 101 WRIT, 30

simple linear mode, 51 axis designation, 36

data configuration, 36
operating settings, 39, 43, 46
system configuration, 4 operational settings, 36

switches, setting, 13
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