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D+1is set ON, when the time in S is between the timesin Sland S2.

D+2is set ON, when the time in S is greater than the times in Sland S2.

Points to note:

a) The status of the destination devices is kept, even if the TCMP instruction is
deactivated.

b) The comparison is based on the time value specified in the source devices.
- The valid range of values for Sland S+0isOto23(Hours).

- The valid range of values for S2and S+1is0to59(Minutes).

- The valid range of values for S3and S+2is0to59(Seconds).

5.14.3 TADD (FNC 162)

Operands
Mnemonic Function Program steps

S1 S2 D

TADD Adds two time T.C,D TADD,

FNC 162 values together to TADDP:

(Time give a new time Note: 3 consecutive devices are used to represent | 7 steps

Addition) hours, minutes and seconds respectively.

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags E’:’,‘,’;‘:fg;;’z
Contents:

X13 [S1] [S2] [D] '
| TSL.IB| D10 | D20 | D30 H Each of S1,S2and D specify the

head address of 3 data devices
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to be used a time value.
ThetimevalueinSlis added to the time value in S2, the result is stored to D as a new

time value.

Points to note:
a) The addition is performed according to standard time values. Hours, minutes and

seconds are kept within correct limits. Any overflow is correctly processed.

5 = D
D10 10 hours 020: 30 hours D30: 13 hours
D11: 30 mins 021: 10 mins 031: 41 mins
D1z 27 secs 022: 49 secs D32 16 secs
10:30:29 03:10:49 13:41:16

the result is the time remaining above 24 hours.

b) If the addition of the two times results in a value greater than 24 hours, the value of

S = D
D10 10 hours D20: 18 hours D30: 13 hours
D11: 17 mins 021: 12 mins D31: 41 mins
D12 29 secs D22: 34 secs D32 16 secs
11729 18:1234 04:30:03
MB022 ON

When this happens the carry flag M8022 is set ON.

c) If the addition of the two times results in a value of zero (0:00:00: 0 hours, 0 minutes,
0 seconds) then the zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this
case the addition is continually executed; the destination value changing each
program scan. To prevent this from happening, use the pulse modifier or an interlock

program.
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5.14.4 TSUB (FNC 163)

}—Xjna——{'rsum D10 | D20 | D30 }—{

Operands

Mnemonic Function S1 D Program steps
TSUB Subtracts one T.C,D TSUB,
FNC 163 time value from TSUBP:
(Time another to give a | Note: 3 consecutive devices are used. 7 steps
Subtrac- new time
tion)

Zero MBO20
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | ZeroMeeae
Contents:
[S1] [S2] [D]

be used a time value.

The time value in S1is subtracted from the time

valueinS2, the result is stored to D as a new time value.

Points to note:

Each of S1,S2and D specify the

head address of 3 data devices to

a) The subtraction is performed according to standard time values. Hours, minutes

and seconds are kept within correct limits. Any underflow is correctly processed.

S * D
D10: 10 hours D2O: 3 hours DG0: 7 hours
D11: 30 mins 021: 10 mins D31: 19 mins
D12 27 secs | D22 49 secs DG2: 38 secs
10:30:27 03:10:49 07:19:38

b) If the subtraction of the two times results in a value less than 00:00:00 hours, the

value of the result is the time remaining below 00:00:00 hours.
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S = D
D10: 10 hours D20 18 hours DG0: 13 hours
D11: 17 mins 021: 12 mins _ D31: 41 mins
D12 29 secs " [ D22 34 secs " | D32 16 secs
10:17:29 18:12:34 16:04:55
MB021 ON

When this happens the borrow flag M8021 is set ON.

c) If the subtraction of the two times results in a value of zero (00:00:00 hours) then the

zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this

case the subtraction is continually executed; the destination value changing each

program scan. To prevent this from happening, use the pulse modifier or an interlock

program.

5.14.5 TRD (FNC 166)

M34
——— TRD | D12

devices specified by the head address D.

Operands
Mnemonic Function D Program steps
TRD Reads the current [T, C, D TRD, TRDP:
FNC 166 value of the real 5 steps
(Time time clock to a Mote: 7 consecutive devices are used.
Read) group of registers
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
[D]

The current time and date of the real time

clock are read and stored in the 7 data
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The 7 devices are set as follows:

Device Meaning Values Device Meaning
D8018 Year 00-99 = D+o Year
D8017 Month 01-12 = D+1 Month
D8016 Date 01-31 = D+2 Date
D8015 Hours 00-23 = D+3 Hours
D8014 Minutes 00-59 = D+4 Minutes
D8013 Seconds 00-59 = D+5 Seconds
D8019 Day 0-6 (Sun-Sat) = D+6 Day

Points to note:
The year is read as a two digit number. This can be change to a 4 digit number by

setting D8018 to 2000 during the first program scan; see following program extract.

——— MOV (K2000|D8018|

M8002 <{

If this is done then the clock year should not be used during the first scan as it

will be a two digit number before the instruction and a value of 2000 after the
instruction until the END instruction executes. After the first scan the year is read and

written as a 4 digit number.

5.14.6 TWR (FNC 167)

Operands
Mnemonic Function S Program steps
TWR Sets the real time |T,C, D TWR, TWRP:
FNC 167 clock to the value 5 steps
(Time stored in a group | Note: 7 consecutive devices are used.
Write) of registers
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16 BIT OPERATION

32 BIT OPERATION

PULSE-P

M34
}ﬁr—— TWR | D20 ‘{

[S]

set a new current value of the real time clock.

The seven devices

Device Meaning Values
S+0 Year 00-99
S+1 Month 01-12
S+2 Date 01-31
S+3 Hours 00-23
S+4 Minutes 00-59
S+5 Seconds 00-59
S+6 Day 0-6 (Sun-Sat)

Points to note:

Contents:

The 7 data devices specified with

the head address S are used to

Y R U U

Device Meaning
D8018 Year
D8017 Month
D8016 Date
D8015 Hours
D8014 Minutes
D8013 Seconds
D8019 Day

This instruction removes the need to use M8015 during real time clock setting. When

setting the time it is a good idea to set the source data to a time a number of minutes

ahead and then drive the instruction when the real time reaches this value.

5.14.7 Hour (FNC 169)

M F Operands p
nemonic unction rogram ste
s D, D, 9 pe
Hour Hour meter K.H, D ZY,
FNC 169 KnX, KnY, |Note: paa |M,S
Hour meter KnM, KnS, Legi:tﬁr should
e battery
T’C’D‘V’Z backed
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation 1: 16 bit

X000 [S] [D1] [D2]
}—DHOUR K300 | D200 | Y005

instruction

[S] = Period of time before

[D2]turnson (Hrs)[D1]=
Currentvalue in Hours [D 1 ]+1 = Current value, if less than 1 hour, time is specified in
seconds. [D 2] =Alarm output destination, turns on when [D 1 ] exceeds [S] In the

above example, [D 2] turns on at 300 hours and 1 second.

X000 [S] [D1] [Dz]
|—[}HDUR K4000 | D210 | Y007 Operation 2: 32 bit

instruction [S] = Period of

time in which [D 2 ] turnson (Hrs) [D 1 ]=Current value in Hours [D 1]+2 = Current
value, if less than 1 hour. In seconds [D 2] =Alarm output destination, when [D 1]

exceeds [S] In the above example, [D 2 ] turns on at 4000 hours and 1 second.

Points to note:

a)In order to continuously use the current value data, even after a power OFF and ON,
specify a data register which is backed up against power interruption.

b)The hour meter will continue operation even after the alarm output [D2 ] turns ON.

Operation will stop when the value of [D1 ] reaches the maximum for the specified 16

or 32 bit operation.
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If continuous operation id required, clear the value stored in [D 1]to[D1]+1 (16-bit) and

[D 1]to [D 1 ]+2 (32-bit).

Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,2;)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX /O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
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"
12.
13.
14.

7] s
16
17. || FNC 220-249

Symbols list:

D - Destination device.

S - Source device.

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons

m, n- Number of active devices, bits or an operational constant.

5-118

5-122

5-126

5-136

5-146

5-146

5-150

Additional numeric suffixes will be attached if there are more than one operand with

the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a

number, i.e. positive = 0, and negative = 1.
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LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e- Aninstruction operating in 16 bit mode, whereveyeysidentifies the instruction

mnemonic.

Yey¥eve P-A 16 bit mode instruction modified to use pulse (single) operation.

D Yoy ¥¢ - Aninstruction modified to operate in 32 bit operation.

D Y¢¥¢¥¢P - A32 bit mode instruction modified to use pulse (single) operation

=

unless modified by the pulse function.

hXe

or will have no effect to the value of the operand.

5.15.1 GRY (FNC 170)

~ Arepetitive instruction which will change the destination value on every scan

~ An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

equivalent and stored at D.

362

Operands
Mnemonic Function s D Program steps
GRY Calculates the K, H, KnY, KnM, KnS, GRY,GRYP:
FNC 170 gray code value KnX, KnY, KnM, KnS, |T,C,D,V, Z 5 steps
(Gray of an integer TC, DV Z DGRY,DGRYP
Code) 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
V45 [S] [D]
| GRY K1 234 K3Y10‘{ The blnary Integer valueinSis

converted to the GRAY CODE
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Points to Note:

The nature of gray code numbers allows numeric values to be quickly output without

the need for a strobing signal. For example, if the source data is continually

incremented, the new output data can be set each program scan.

5.15.2 GBIN (FNC 171)

equivalent and stored at D.

363

i ] Operands
Mnemonic Function s D Program steps
GBIN Calculates the K, H, KnY, KnM, KnS, GBIN,GBINP:
FNC 171 integer value of a |KnX, KnY, KnM, KnS, [T,C,D,V,.Z 5 steps
(Gray gray code TC, D,V Z DGBIN,
Code) DGBINP:
9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
S D
o4 [S] (D]
——— GBIN [K3X20| D10 The GRAY CODE value in Sis

converted to the normal binary
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Points to Note:

This instruction can be used to read the value from a gray code encoder.

If the source is set to inputs X0 to X17 it is possible to speed up the reading time by

adjusting the refresh filter with FNC 51 REFF.

5.15.3 RD3A (FNC 176)

j ] Operands
Mnemonic Function Program steps
M1 M2 D
RD3A Analog block read for |K,H. KnY, RD3A
FNC 176 TXon-3A, TXan-2AD KnX, KnY,KnM,KnS, KnM,KnS |7 steps
Read analog TCDVZ T.C,D\V,Z
block
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X000 [M1] [M2] [O]
}_ RD3A KO K1 Do [M 1] = Special block number,
KO to K7

[M 2] =Analog input channel number, K1/K21 or K2/K22 [D] = Read data

5.15.4 WR3A (FNC 177)

Operands
Mnemonic Function Program steps
M1 M2 S
WR3A Write data to analog K.H. KnY, WR3A
FNC 177 block TXon-3A, TXan-  |KnX, KnY,KnM,KnS, KnM,KnS |7 steps
Write to Analog | 2AD, TX2n-2DA TC.DVZ TCDV,Z
block
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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Operation:

X000 [M1] [Mz] [S]

Il This instruction writes data
| | WR3A KO K1 D2

to the [M 1] = Special block

number, KO to K7

[M 2] =Analog output channel number, K1/K21 or K22 [S] = Write data
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Applied Instructions:

1.

2.

FNC 00- 09

FNC 30- 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX 1/0O Devices

External FX Serial Devices
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5-4

5-16

-, X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94
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10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. ||Fnc1se-159 || Positioning Control 5-126
14. ||Fncieo-168 | Real Time Clock Control 5-136
15. Gray Codes 5-146
v\ 16. Additional Functions 5-146
17. FNC 220-249 || |n-line Comparisons 5-150
Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
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number, i.e.

positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e- Aninstruction operating in 16 bit mode, whereveyeycidentifies the instruction

mnemonic.

Y ¥cveP - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢- An instruction modified to operate in 32 bit operation.

Dyx¥¢ ¢ - A 32 bit mode instruction modified to use pulse (single) operation

-

unless modified by the pulse function.

" Arepetitive instruction which will change the destination value on every scan

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.16.1 EXTR (FNC 180)

| . Operands
Mnemonic Function Program steps
S SD1 SDz SD3
EXTR External ROM K, H, K, H, KnX, KnY, KnM, KnS, |EXTR
FNC 180 instruction, TC,D,V, 2Z, 9 steps
(External execution X, Y, M, S. DEXTR,
ROM) commands DEXTRP
17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
S SD1 SD2 SDs
F—— EXTR KO 0100 | D200 | MI0 H  Thevalue of S stored in the
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extension ROM (KO to K32767) defines the function number and the instruction.

SD1,SD2 and SD3 are parameters of the application instruction. S or D varies

depending on the function number. The type of operation (16 bit, 32 bit, pulse) is

determined from the instruction number.

Points to Note:

In some function numbers, the parameters SD1 to SD3 may not be required due to

specifications. In such a case KO should be written in the program. K0 is ignored in the

internal processing of the PLC.

5.16.1.1 Inverter Communication

External ROM cassette functions 10 to 13 are for reading and writing data to/from an

inverter using signal instructions. These functions are available when an BD is

attached to the PLC, for communication with a HCFA series inverter.

FurI:Ic.;c-ion Function DiPe&gt?on Reference to Inverter manual
EXTR K10 Operation monitoring |INV to PLC |Execute operation control as for computer link, and
EXTR K11 Operation Control PLC to INV | refer to ‘monitoring’ for communication functions.
EXTR K12 Parameter read INV to PLC | Refer to the parameter code list in the relevant
EXTRK13 | Parameter write PLC to INV _|Manuals appendix.

5.16.1.1.1 Restrictions

Six digit commands that are supported in the E500 and S500 series inverters are not

supported by the EXTR function.

For HC-PCS/WIN-E:

1) Select “Option” - “Serial setting (Parameter)”
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2) Click “Yes”

3) Set “Serial setting (Parameters)” as shown below

Senal setting [parameter)

RS instruction
a) Set these parameters as

R ||

show on the left.

w
g
-

DO NOT select “Link”

b) Select either 19200, 9600

Control imos

or 4800.

Contiol procedure: Format 1

This value should be the

C
oFF o
None 1]
RS-485 ]
Nore 5]
CE
Fomat1 5]
CO—
]

same as set in the parameter

of the inverter.

¢) These parameters do not

affect communication with the inverter.

For HCP-Works
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1) Select “Parameters”

2) Select “PLC Parameter”

3) Select “PLC System (2)” and set as shown below

a) Set these parameters as show on the left.

DO NOT select “Link”

b) Select either 19200, 9600 or 4800. This value should be the same as set in the
inverter.

c) These parameters do not affect communication with the inverter.

5.16.1.1.3 Inverter settings and PLC communication settings

Inverter communication specification and application to PLC

Inverter specifications Application to PLC
Transmission standard RS-485 RS-485
Number of connected units 1:N (8 units maximum) 1:N (8 units maximum)
Communication speed 19200, 9600 or 4800 bps 19200, 9600 or 4800 bps
(selectable) (selectable)
Control procedure Asynchronous system Asynchronous system
Communication method Half duplex Half duplex
Character type ASCII (7 or 8 bits) (selectable) Fixed to 7 bits
c . Stop bit length 1 or 2 bits (selectable) Fixed to 1 bit
E % Terminator 2;:; I;F (absence/presence select- Fixed to CR only
Se - - .
SE[oeo [ s enta” ™ et cven pany
3 @ |method - .
Sum check |Fixed Fixed
Waiting time setting Set by customer Set by communication data
Note:

Some of the specifications above are fixed in the PLC but variable in the inverter. This

has been done to ease set up and reduce any possible problems during configuration.
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5.16.1.1.4 EXTR K10 - Monitoring operations (Inverter to PLC)

S s2 S3 sS4 16 Bit Operation |v~
— exr [ ko [ w6 | wer [ p1oo H [32'Bit Operation |x

Pulse - P x
Parameter Device type Parameter range
51 K/H K10: function No. to monitor inverter operations
52 KH, D Inverter station number (0 to 31)
S3 KH, D Inverter instructuion code (varies with model)
54 D, KnY, KnM, KnS Read value storage destination

5.16.1.1.5 EXTR K11 - Control operations (PLC to Inverter)

51 52 s3 s4 16 Bit Operation | v
|—| EXTRl K11 | K4 | HFA | K02 32 Bit Operation | x

Pulse - P x
Parameter Device type Parameter range
S1 KIH K11: function No. to control inverter operations
S2 KH, D Inverter station number (0 to 31)
S3 KH, D| Inverter instructuion code (varies with model)
54 KH D, KnX, KnY, KnM, KnS |Value to be written to inverter

5.16.1.1.6 Consistency with other instructions

« STLinstruction

During communication, if the executed state is set to OFF, the communication port is

not
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open. As a result, communication is disabled.

+ Branch instructions CJ and CJP

During communication, if the EXTR instruction is skipped by a CJ or CJP instruction,
the communication port is not open. As a result, communication is disabled.

+ Description in subroutine

As the EXTR instruction requires the time of two or more operation cycles until
execution is complete, it is prohibited to write a subroutine where the EXTR
instruction is called twice or more in one operation cycle.

+ Inside master control

No problems are expected.

+ FOR-NEXT

It is prohibited to use an EXTR instruction together with a FOR-NEXT instruction.

+ Description in interrupt

It is prohibited to describe an EXTR instruction in any interrupt.

« Cautions on write during run

(1) Itis prohibited to rewrite the function No. of the EXTR instructions first parameter.
(If the function No. is rewritten during run, a problem will occur in the same way as
change in the application instruction No.)

(2) Itis prohibited to delete an EXTR instruction.

(If the EXTR instruction is deleted during run, communication will be disabled.)

« Communication complete

When communication is finished, the completion flag M8029 turns ON, without regard
373



HCFa

— RJIIf& 13 ——HCFA CORPORATION

to the completion status (normal or abnormal). (M8029 turns ON for one calculation
cycle at the time of completion.

M8029 is used by manu instructions and therefore the ON/OFF status of M8029 is held
only until the next instruction which utilizes M8029 is executed.)

« Communication error

Communication is executed three times in total, including two retries. If
communication is abnormally finished even after the third execution, it is regarded as
an error. Error types are classified as follows.

1) When an error code is returned from the inverter

2) When the inverter does not give any response

3) When a response is given by an unspecified station

4) When a receive error (such as overrun, parity error and framing error) occurs

5) When M8063 turns ON and error code 6301 is set to D8067

6) When the check sum of the data returned by the inverter does not match

For 1), 2) & 3) M8156 is set to ON, and an error code is set to D8156.

If a communication error occurs, it is cleared when the next EXTR K10/K11/K12/K13 is
executed.

In general when an error occurs, M8157 turns ON and remains ON (latch) until it is set

OFF.

5.16.1.1.7 Communication command error codes

The table below shows values set to D8156 after EXTR K10 K13 are executed.
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D8155 Contents of error Inverter operation

H0000 Communication is terminated normally (no error)

H0001 The inverter does not give any response

H0002 Timeout error interlocking with M8129. Error occurs
when transmission from the inverter is aborted

H0003 An unspecified station has given a response

H0004 The sum of the data returned by the inverter does not
match

H0005 In parameter read/write, parameters Nos. 400 to 899 are
specified but cannot be supported. Sets error code 6702
into D8067

H006 The communication port is being used for another
function and therefore cannot be used for the EXTR
instruction. Sets error code 6702 into D8067.

H0100 The inverter has transmitted the error code HO - If an error occurs
Computer NAK error. Communication request data beyond the permissible
includes an error beyond the permissible number of number
retries of retries, the inverter will

H0101 The inverter has transmitted the error code H1 - Parity come to an alarm st
error. The contents are different from the specified parity

H0102 The inverter has transmitted the error code H2 - Sum
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check error. The sum check code value in the computer is

different to that of the inverter

HO0103

The inverter has transmitted the error code H3 - Protocol

error. There is a grammar error in the data received by

the inverter, data receive is not completed within the

specified time, or the CR or LF is different from the

parameter setting

H0104

The inverter has transmitted the error code H4 - Framing

error. The stop bit length is different from the default set

value

H0105

The inverter has transmitted the error code H5 - Overrun

error. Data sent before previous receive transmission was

complete.

H0106

The inverter has transmitted the error code H6. Currently

undefined

HO0107

The inverter has transmitted the error code HT7 -

Character error. An unused character (any character other

than 0to 9,Ato F and control codes) is received

The inverter does not

accept the data nor does it

come to an alarm stop.

HO0108

The inverter has transmitted the error code H8. Currently

undefined

HO0109

The inverter has transmitted the error code H9. Currently
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undefined

HO10A

The inverter has transmitted the error code HA. This is a

mode error. A parameter write was tried while the

inverter was in operation or computer link mode was not

selected

HO10B

The inverter has transmitted the error code HB

-Instruction code error.

A non-existing instruction code is specified

H010C

The inverter has transmitted the error code HC -Data

range error.In a

parameter write, data outside the permissible setting

range is specified.

The inverter does not accept the data and an alarm does

not occur

The inverter does not

accept the data nor does it

cometo an alarm stop.

HO010D

The inverter has transmitted the error code HD. Currently

undefined

HO10E

The inverter has transmitted the error code HE. Currently

undefined

HO10F

The inverter has transmitted the error code HF. Currently

undefined
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5.16.1.1.8 Example program 1
This program reads parameters 0 to 99 in the inverter at station No. 6, to D1000 to

D1099 in the PLC.

X010
—1 SET M11
M11 |
E— IEXTRl K12 | K6 | v |D1OODV|—
M8029
i
\-{ > | v | K99 I RST | Mi1
END

5.16.1.1.9 Example program 2
This program reads parameters 0 to 99 in the inverters at station Nos. 6, 7,8 and 9, to
D1000 to D1099, D1100 to D1199, D1200 to D1299 and D1300 to D1399 respectively in

the PLC.
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X010
i1l SET M11
RST D10

M11

I} IE)(TRl K12 | K6 | V1 |D1DODV2|—

MB029
11

-I > | D10 | K99 I INC D10

V Station No. control
V1 Parameter No. control

V2 Read parameter storage destination

5.16.1.1.10 Example program 3

This program writes the speed parameter from PLC to inverter, performs forward
rotation by input X1, and reverse rotation by input X2.

By re-writing D10 in the peripheral equipment or the display unit, the frequency of the
inverter can be changed.

This program also monitors the frequency and output current in the inverter.
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Program which
mind spec |00 Misting tie fr
devices: from #he v e m Eﬂﬂlﬂ' o
persanal compuler Si=p M. af
Mo mm e u:acl:n.ning
o Crr code
| e [Gerer | ooma | S s ocared
[ Mo o7ma
M2  Wriles paramelers bo the mverler al stard for the frst Sme
k] Specifies
iI [ [ ki [ ws Jrwom | wo |—upemu1ﬂ lik
I EXTR | Kis | ™™ | " | K120 FLT:;
I EXTR | e | ™ | w2 | #500 Fm:'"ﬂ'l‘.:_ﬂr
EAERERERLEE fif:éﬁ:":;ﬂm 3
1]
I EXTR | e | ™ | WG | K08 anmedﬂr
EAEREREREE Fif:éﬁ:gmp
[eam ] ks | we | w [ wwe |Accelemtion fime
I EXTR | i3 | A | R | Hil |.D=:el-m1'm time
m;:m Bails the default value of the frequency e m
Ri e e
m;}:m Eumes anensy I EXTR | 2] | ™ | HOED | D1 |_
X1: Enrvard, Wi?m Gives commands io the inverisr : ey | - | = | v | mxmu|—
KE: Reverse w2000 Monitars the irverer
It [eam | kw | we | wia [wovoce | Menitors status
{emm | ko | ws | wr | Dm F:‘_‘ETI_'::‘__F
[ecm | kw | ®e | w0 | os Fmﬂ’ e
I EXTR | K0 | ™™ | HT | D&z chg:uﬂn.ﬂ
BND |-

5.16.1.1.11 Example program 4

In the previous example, monitoring and write to the inverter are always driven. If the
program changes the frequency or gives a forward/reverse rotation command,
communication with the inverter may be delayed depending on the step executing
communication.

In the example below, when a request to write is generated, a request to read is
interrupted, write is executed, then monitoring is continued again after write is

completed.
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Program which
manitars the nel -
special devices from

the persoral computes

Iﬁl!!?
1r

weas Writes parameters 1o the inverer at siart
it

T
k

Executes write only when SEIII;J'E default value of the i
D10 has changed | e e it

— T |

Exacuies write io the inverier, only when ane of X0 io XT has chanped
X1: Forward, X2: Reverss

[= [rome[oren |
AL
it (==}
U
T

— | EaEEEREETEET
m

=2 ==}

Monitors the status, only when nathing is written ba the irverier

i = e | ]
g )
_|uulu :u.'rr‘| ] | s B
EERE
Im'r.| =1 | s
EERE

5.16.1.1.12 Example program 5

Example using the STL instruction
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Waiting time for response fram
inwerier

Step in which enor has occured for
thie first time

Specifies compuler link operation

Mulli=speed sating | 3)
Multi speed setting (2]
Multi speed setting (1)
icceleration Bme

Decel=ration ime

Zals & reguest o wrile

Wiriles the frequency

Withdraws to detect change

Gives a command io the invertesr

Konitars the output ourrent
Moritors e output voltage:
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S20  MB00O
i T MOV K2 D100 | a)

i MOV | HFA | D101 | b)

| mov | Hoz | D102 | ¢)

EXTR | Ki2 | D100 | D101 | D102 | d)

MB156
I} 9) SET | S900 e)

Meozs h)
|} SET s21 f)

a) Specifies station No. 2

b) Instruction code for operation command

c) Forward rotation command

d) Transmits/receives a command to/from the inverter.

e) Changestothe ‘error processing’ state as an error has occurred.
f) Changes tothe ‘next’ state as receive is normally finished.

g) Receive is abnormally finished.

h) Receive is complete.

5.16.1.1.13 Related Error Code Lists

PLC hardware error code list (M8061, D8061)

‘K6110 |There is an abnormality in the extension ROM cassette.

Grammar error code list (M8065, D8065)

|K6512 |The FNC 180 is described while the extension ROM cassette is not mounted.

Operation error code list (M8067, D8067)
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K6760 The sum of the value read by the ABS instruction does not match.
K6761 When FNC185 was executed, the extension memory cassette was not
mounted.

Or, the firmware of the function No. specified by the first parameter does not
exist in the extension memory cassette.

Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :_,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX 1/O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
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11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
S || 17. |Fne220249 | [n-line Comparisons 5-150

@ Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e.
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positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥ede- Aninstruction operating in 16 bit mode, where Yc¥¢i identifies the

instruction mnemonic.

¥k P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢yk- Aninstruction modified to operate in 32 bit operation.

D¢y ¥e-A32 bit mode instruction modified to use pulse (single) operation.

e =

unless modified by the pulse function.

" Arepetitive instruction which will change the destination value on every scan

B4 - an operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.17.1 LD compare

(FNC 224 to 230)
. ] Operands
Mnemonic Function S 5 Program steps

LDO Initial comparison |K,H, KnX, KnY, KnM, |KH, KnX, KnY, KnM, |LDO:
(LoaD contact. KnS, T,C,D,V, Z KnS, TC,D,V, 2Z 5 steps
compare) Active when the

comparison DLDO:
where O S10 S2is true. 9 steps
iS =| >| <|
<> < =

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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[S1] [S2]
- LD = | K200 | C10 | Yo1
H{ Lb > [D200 [ K-30 |ﬁ
H LD > [ke7sa93[C200} M50
i

Operation:
The value of S1 and S2 are tested according to the comparison of the instruction. If the
comparison is true then the LD contact is active. If the comparison is false then the LD

contactis not active.

Points to note:
The LD comparison functions can be placed anywhere in a program that a standard LD

instruction can be placed. l.e., it always starts a new block.

ENC No. Mnemonic Active Inactive
16 bit 32 bit when when
224 LD = DLD = S1=S2 S1#92
225 LD > DLD > S1> 82 S1<82
226 LD < DLD < S1<8S2 S1>82
228 LD <> DLD <> S1#S2 S1=S2
229 LD < DLD < S1<S2 S1>S2
230 LD > DLD > S1>S2 S1<S2
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5.17.2 AND compare (FNC 232 to 238)

i ] Operands
Mnemonic Function S D Program steps
ANDO Serial comparison | K,H, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, [ANDJ:
(AND contact. KnS,T,C,D,V, Z KnS, T,C.D, V. Z 5 steps
compare) Active when the
comparison DANDO:
where O S13S2is true. 9 steps
is = > <
<>, <, 2
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S1] [Sz]
X000
————AND =[ k200 | C10

X001

—+#——AND >| K-10 | D0 | SET | yo11 H
L X% Sanp>[ersasd Do F——vs0

M3
it

Operation:
The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the AND contact is active. If the comparison is false then the

AND contact is not active.

Points to note:

The AND comparison functions can be placed anywhere in a program that a standard

AND instruction can be placed. i.e., it is a serial connection contact.
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Mnemonic i i
FNC No. Active Inactive
16 bit 32 bit when when

232 AND = DAND = S1=82 S1#82

233 AND > DAND > S1>352 S1<82

234 AND < DAND < S51<52 S1=82

236 AND <> DAND <= S1#82 S1=82

237 AND < DAND < S1<82 S1>82

238 AND = DAND = S1=82 S1<82
5.17.3 OR compare (FNC 240 to 246)

. ] Operands
Mnemonic Function S b Program steps

ORO Parallel KH, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, |ORD:
(OR comparison KnS, T, C,D,V, KnS, T,C,D,V,Z 5 steps
compare) contact.

Active when the DOR:
where O comparison 9 steps
is =, >, <, S108S82is true.
<, <, 2

16 BIT OPERATION 32 BIT OPERATION PULSE-P
X001
It Y000
[S1] [S2]
H orR=| k200| c10 }
X002 M30
1} Ik M60
H OR | D100 [k100000}
Operation:

The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the OR contact is active. If the comparison is false then the OR

contactis not active.

Points to note:
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The OR comparison functions can be placed anywhere in a program that a standard

ORinstruction can be placed. i.e., itis a parallel connection contact.

—e Mnemonic Active Inactive
16 bit 32 bit when when
240 OR = DOR = S1=S2 S1#S2
241 OR > DOR > S1>S2 S1<S2
242 OR < DOR < S1<S2 S1=92
244 OR <> DOR <> S1#92 S1=S2
245 OR < DOR < S1<S2 S1> S2
246 OR > DOR > S1>S2 S1<S2

6. Diagnostic Devices

The following special devices are used by the PLC to highlight the current operational
status and identify any faults or errors that may be occurring. There are some
variations in the application of these devices to members of the PLC family, these are
noted where appropriate.

The Internal diagnostic devices consist of both auxiliary (M) coils and data (D) registers.
Often there is a correlation between both M and D diagnostic devices for example
M8039 identifies that the PLC is in constant scan mode but D8039 contains the value

or length of the set constant scan.

Devices unable to be set by user:

Any device of type M or D that is marked with a “()” cannot be set by a users program.
In the case of M devices this means the associated coil cannot be driven BUT all

contacts can be read. For data devices (D) new values cannot be written to the register
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by a user BUT the register contents can be used in a data comparison.

Default Resetting Devices:

+ Certain devices reset to their default status when the PLC is turned from OFF to ON.
These are identified by the following symbol “(=)”

Symbol summary:

X not able to be set by user

« " automatically reset to default at power ON.

. “R Also reset to default when CPU is switched to RUN.

=S Also reset to default when CPU is switched to STOP.

6.1 Device Lists

Device HCALP HCA2P/HCA2C
M8000 | % *

M8001 | % *

M8002 | % *

M8003 | % *

M8004 | % *

M8005 | - -

M8006 | - -

M8007 | - -
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M8008 | - -
M8009 | - -
M8010 Reserved
M8011 * *
M8012 | % *
M8013 | % *
M8014 * *
M8015 * *
M8016 | % *
M8017 | % *
M8018 | % *
M8019 | % *
M8020 | % *
M8021 * *
M8022 | % *
M8023 Reserved
M8024 | - -
M8025 | - -
M8026 | - -
M8027 | - -
M8028 | %*1 -
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M8029 | % *
M8030 | - -

M8031 | % *
M8032 | % *
M8033 | % *
M8034 | % *
M8035 | % *
M8036 | % *
M8037 | % *
M8038 | % *
M8039 | % *
M8040 | % *
M8041 | % *
M8042 | % *
M8043 | % *
M8044 | % *
M8045 | % *
M8046 | % *
M8047 | % *
M8048 | - -

M8049 | - -
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Device HCA1P HCA2P/HCA2C
D8000 * *
D8001 * *
D8002 * *
D8003 * *
D8004 * *
D8005 - -
D8006 - -
D8007 - -
D8008 - -
D8009 - -
D8010 * *
D8011 * *
D8012 * *
D8013 * *
D8014 * *
D8015 * *
D8016 * *
D8017 * *
D8018 * *
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D8019

* *

D8020

D8021

D8022

D8023

D8024

D8025

D8026

D8027

Reserved

D8028

D8029

D8030

D8031

D8032

D8033

D8034

D8035

D8036

D8037

D8038

Reserved

D8039
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D8040 * *
D8041 * *
D8042 * *
D8043 * *
D8044 * *
D8045 * *
D8046 * *
D8047 * *
D8048 Reserved
D8049 - -
Device HCALP HCA2P/HCA2C
M8050 * *
M8051 * *
M8052 * *
M8053 * *
M8054 * *
M8055 * *
M8056 - -
M8057 - -
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M8058 - -
M8059 - -
M8060 - -
M8061 * *
M8062 - -
M8063 * *
M8064 * *
M8065 * *
M8066 * *
M8067 * *
M8068 * *
M8069 - -
M8070 * *
M8071 * *
M8072 * *
M8073 * *
M8074 Reserved
M8075 - -
M8076 - -
M8077 - -
M8078 - -
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M8079 -

M8080

M8081

M8082

M8083

M8084

M8085

M8086

M8087

M8088

M8089

Reserved

M8090

M8091

M8092

M8093

M8094

M8095

M8096

M8097

M8098

Reserved

M8099 -
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Device HCALP HCA2P/HCA2C
D8050
D8051
D8052
D8053
D8054

Reserved
D8055
D8056
D8057
D8058
D8059
D8060 - -
D8061 * *
D8062 - -
D8063 * *
D8064 * *
D8065 * *
D8066 * *
D8067 * *
D8068 * *
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D8069

*

D8070

*

D8071

D8072

D8073

D8074

Reserved

D8075

D8076

D8077

D8078

D8079

D8080

D8081

D8082

D8083

D8084

D8085

D8086

D8087

D8088

D8089
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D8090

D8091

D8092

D8093

D8094

D8095

D8096

D8097

D8098

D8099

Device

HCA1P

HCA2P/HCA2C

M8100

M8101

M8102

M8103

M8104

M8105

M8106

M8107

M8108

Reserved
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M8109 - -
M8110
M8111
M8112
M8113
M8114

Reserved
M8115
M8116
M8117
M8118
M8119
M8120 Reserved
M8121 * *
M8122 * *
M8123 * *
M8124 * *
M8125 Reserved
M8126 * *
M8127 * *
M8128 * *
M8129 * *
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M8130

M8131

M8132

M8133

M8134

M8135

M8136

M8137

M8138

M8139

Reserved

M8140

M8141

M8142

M8143

M8144

Reserved

M8145

M8146

M8147

M8148

M8149

Reserved

Device

HCA1P

HCA2P/HCA2C
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D8100

D8101

Reserved

D8102

D8103

D8104

D8105

D8106

D8107

D8108

Reserved

D8109

D8110

D8111

D8112

D8113

D8114

D8115

D8116

D8117

D8118

D8119

Reserved

D8120
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D8121 * *
D8122 * *
D8123 * *
D8124 * *
D8125 * *
D8126 Reserved
D8127 * *
D8128 * *
D8129 * *
D8130 - -
D8131 - -
D8132 - -
D8133 - -
D8134 - -
D8135 - -
D8136 * *
D8137 * *
D8138

Reserved
D8139
D8140 * *
D8141 * *
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D8142 * *
D8143 * *
D8144 Reserved
D8145 * *
D8146 * *
D8147 * *
D8148 * *
D8149 Reserved
Device HCALP HCA2P/HCA2C
M8150
M8151
M8152
M8153
M8154

Reserved
M8155
M8156
M8157
M8158
M8159
M8160 - -
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M8161 * *
M8162 * *
M8163 Reserved
M8164 - -
M8165 Reserved
M8166
M8167 - -
M8168 - -
M8169 Reserved
M8170 * *
M8171 * *
M8172 * *
M8173 * *
M8174 * *
M8175 * *
M8176
M8177
M8178

Reserved
M8179
M8180
M8181
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M8182
M8183 *M504 | %
M8184 *M505 | %
M8185 *M506 | %
M8186 *M507 | %
M8187 *M508 | %
M8188 *M509 | %
M8189 *M510 | %
M8190 *xM511 | %
M8191 *M503 | %
M8192
M8193
M8194
M8195

Reserved
M8196
M8197
M8198
M8199
Device HCALP HCA2P/HCA2C
D8150 Reserved
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D8151

D8152

D8153

D8154

D8155

D8156

D8157

D8158 *

D8159 *

D8160

D8161

D8162

D8163

Reserved

D8164 -

D8165

D8166

D8167

D8168

D8169

D8170

D8171

Reserved
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D8172

D8173 * *
D8174 * *
D8175 * *
D8176 * *
D8177 * *
D8178 * *
D8179 * *
D8180 * *
D8181 Reserved
D8182 * *
D8183 * *
D8184 * *
D8185 * *
D8186 * *
D8187 * *
D8188 * *
D8189 * *
D8190 * *
D8191 * *
D8192 * *
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D8193 * *
D8194 * *
D8195 * *
D8196
D8197
Reserved
D8198
D8199
Note;

When using an N:N network configuration with the HCA1P, M503 to M511 are used in
place of the regular M devices as shown above. D208 to D218 are used in place of the

regular D devices shown below.

Device HCA1P HCA2P/HCA2C
M8200 - *
M8201 - *
M8202 - *
M8203 - *
M8204 - *
M8205 - *
M8206 - *
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M8207 - *
M8208 - *
M8209 - *
M8210 - *
M8211 - *
M8212 - *
M8213 - *
M8214 - *
M8215 - *
M8216 - *
M8217 - *
M8218 - *
M8219 - *
M8220 - *
M8221 - *
M8222 - *
M8223 - *
M8224 - *
M8225 - *
M8226 - *
M8227 - *
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M8228 - *
M8229 - *
M8230 - *
M8231 - *
M8232 - *
M8233 - *
M8234 - *
M8235 * *
M8236 * *
M8237 * *
M8238 * *
M8239 * *
M8240 * *
M8241 * *
M8242 * *
M8243 * *
M8244 * *
M8245 * *
M8246 * *
M8247 * *
M8248 * *
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M8249 * *
M8250 * *
M8251 * *
M8252 * *
M8253 * *
M8254 * *
M8255 * *
Device HCALP | HCA2P/HCA2C
D8200 Reserved
D8201 *D201 | %
D8202 *D202 | %
D8203 %*D203 | %
D8204 *D204 | %
D8205 *D205 | %
D8206 *D206 | %
D8207 *D207 | %
D8208 *D208 | %
D8209 *D209 | %
D8210 *D210 | %
D8211 *D211 | %
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D8212 *D212 | %
D8213 *D213 | %
D8214 *D214 | %
D8215 *D215 | %
D8216 *D216 | %
D8217 *D217 | %
D8218 *D218 | %
D8219 Reserved
D8220
D8221
D8222
D8223
D8224

Reserved
D8225
D8226
D8227
D8228
D8229
D8230
D8231 Reserved
D8232
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D8233

D8234

D8235

D8236

D8237

D8238

D8239

D8240

D8241

D8242

D8243

D8244

D8245

D8246

D8247

D8248

D8249

Reserved

D8250

D8251

D8252

D8253

Reserved
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D8254

D8255

6.2 PLC Status (M8000 to M8009 and D8000 to D8009)

Diagnostic Operation
Device
RUN
MM
M8000 (X ) Input
M8061 E‘Ior ol;chené
RUN monitor Msogo [ERL R
meodi] [ [7
NO contact meooz M
Ve ][
_l L_Prograrn scan time
M8001 (X )
RUN monitor
NC contact
M8002 (X )
Initial pulse
NO contact
M8003 (X )
Initial pulse
NC contact
M8004 (x ) ON when one or more
Error error
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occurrence flags from the range
M8060
to M8067 are ON
M8005 (x) On when the battery
Battery voltage | voltage is below the
Low value
(Not HCALP/ set in D8006
HCA2P/HCA2C)
M8006 (x) Latches the battery
Battery error Low error
latch (Not
HCA1P/
HCA2P/HCA2C)
M8007 (x) See note 2
Momentary

power failure

(Not HCA1P/

HCA2P/HCA2C)

M8008 (X )
Power failure

(Not HCALP/

Power loss has

occurred

See note 2
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HCA2P/HCA2C)
M8009 (X) Power failure of 24V
24V DC Down DC
(Not HCALP/ service supply
HCA2P/HCA2C)
Diagnostic Operation
Device
D8000 (1)) HCALP/ HCA2P/
Watchdog HCA2C
timer 200ms
Seenote 1
D8001 (X)) HCA1P:22
PLC type and HCA2P/HCA2C:26
version E.g. 26100 =
HCA2P/HCA2C, V1.00
D8002 (X)) 0002: 2K steps
Memory (HCALP only)
capacity 0008: 8K or 16k steps
(see also (HCA2P/ HCA2C)

418



HCFa

— RJI|f%43 ——HCFA CORPORATION

D8102)

D8003 (X )

Memory type

00H = Option RAM,

01H =Option

EPROM,

02H = Option

EEPROM,

0AH = Option

EEPROM(protected)

10H = Built-in MPU

memory

D8004 (X )
Error number

My Yok

The contents of this

registeryevs ey

identifies which error

flagis active, i.e.

if Yodeeve=8060

identifies M8060

D8005 (X )
Battery voltage
(Not HCALP/

HCA2P/HCA2C)

E.g. 36 =3.6 volts

D8006 (X )

The level at which a
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Low battery low battery voltage is
voltage detected

(Not HCA1P/

HCA2P/HCA2C)

D8007 (X) The number of times

Power failure

a momentary power

count(Not failure has occurred
HCA1P/ since power ON
HCA2P/HCA2C)

D8008 The time period

Power failure

before shut down

detection. when a power failure
(Not HCALP/ occurs (default
HCA2P/HCA2C) | 10ms) See note 2
D8009 (x ) Lowest device

24V DC failed affected by 24V DC

device((Not

HCALP/

HCA2P/HCA2C)

power failure

@ Note 1:
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+ The contents of this register can be changed

AC

. . Power
by the user. Settings in 1 msec steps are MB000
Approx. Smsec

N D R
M8007

Bl
Momentry power failure

M8008 [

Power failure

possible. The value should

be set greater than the maximum scan time

—
D8008 (Power failure
10msec detection period)

(D8012) to ensure constant scan operation.

: Note 2:

+ When the power supply used is 200V AC, the power down detection period is

determined by the value of

D8008. This can be altered by the user within the allowable range of 10 to 100msec.

6.3 Clock Devices (M8010 to M8019 and D8010 to D8019)

Diagnostic

Diagnostic

Device Operation Device Operation
Current operation cycle / scan

M8010 Reserved Efe?sla?ﬂ(xsgan time in units of 0.1 msec

fime (waiting time for constant scan

mode is included)

M8011 (x ) — —
10 msec Oscillates in 10 msec cycles D8011 (X ) M'F'mum cycle/ scan time in
clock pulse Minimum units of 0.1 msec

scan time (waiting time for constant scan
M8012 (x ) . . mode is included)
100 msec Oscillates in 100 msec ¥ o

aximum cycle/ scan time in

clock pulse cycles D8012 (x ) . y

Maximum units of 0.1 msec
M8013 (X ) ti (waiting time for constant scan
1 sec Oscillates in 1 sec cycles Scan ime mode is included)
clock pulse
M8014 (X )
1 min Oscillates in 1 min cycles
clock pulse

The following devices apply to HCA2C,HCA2P and HCALP PLC’ s as standard when a

real time clock option board installed.

421



HCFa

— KJII#&43 ——HCFA CORPORATION

Register data

MB015 When ON - clock stops, ON
Time setting < OFF restarts clock
M8016 When ON D8013 to 19 are

frozen for display but clock
continues

M8017
Min. rounding

When pulsed ON set RTC
to nearest minute

Setting error

M8018 (x ) When ON Real Time Clock
RTC available |is installed
MB8019 Clock data has been set out

of range

D8013 Seconds data for use with an
Seconds RTC (0 - 59)
D8014 Minute data for use with an
Minute data RTC (0-59)
D8015 Hour data for use with an RTC
Hour data (0-23)
D8016 Day data for use with an RTC
Day data (1-31)
D8017 Month data for use with an
Month data RTC (1-12)
D8018 Year data for use with an RTC
(00-99 or 1980-2079, can be
Year data
selected)
D8019 Weekday data for use with an
Weekday data |RTC (0-6)

6.4 Operation Flags (M8020 to M8029 and D8020 to D8029)

Diagnostic Device | Operation

M8020 (x ) Set when the result of

Zero anADD (FNC 20) or
SUB (FNC 21)is “0”

M8021 (x ) Set when the result of

Borrow aSUB (FNC 21) is less
than the min. negative
number

M8022 (%) Setwhen ‘carry’

Carry occurs

during an ADD (FNC

20) or when an

overflow occurs as a
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result of a data shift

operation

M8024 BMOV (FNC 15) reverse
(Not HCALP/ mode. See note 3
HCA2P/HCA2C)
M8025 When ON
(Not HCALP/ HSC(FNC53-55)
HCA2P/HCA2C) instructions are
processed even when
the external HSC
reset input is activated
M8026 RAMP (FNC 67) hold
(Not HCALP/ mode
HCA2P/HCA2C)
M8027 PR (FNC 77) 16
(Not HCALP/ element data string
HCA2P/HCA2C)
M8028 HCA1P: Change timers
T32~T62to10mstype
M8029 (x ) Set on the completion
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Instruction

execution

complete

of operations such as

DSW(FNC 72), RAMP

(FNC 67) etc.

Diagnostic Device

Operation

D8020(*¥)

See note 4

Input filter setting for

devices; X000 to X017

default value=10

msec, zero value =

50usec

(X000, X001: 20psec)

X000 to X007(HCA1P/

HCA2P/HCA2C)

default value = 10msec

zero value = 50pusec

(X000, X001: 10pusec)

D8021 (1)

(Not HCA2P/HCA2C,)

See note 4

Input filter setting for

devices;

X010 to X017 (HCALP)

default value=10

msec,
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zero value = 50usec

D8022 -D8027 Reserved

D8028 (X ) Current value of the Z0
index register

See note 5

D8029 (X) Current value of the VO
index register

See note 5

Note 3

« 1f M8024 is used with a BMOV (FNC 15) instruction, it will operate as follows; M8024
OFF - Normal operation (Forwarding direction is [S] to [D]) M8024 ON - Reverse
operation (Forwarding direction becomes [D] to [S]) This device is not supported in
HCA1P and HCA2P/HCA2C.

Note 4

« The settings for input filters only apply to the main processing units which use 24V

DC inputs. AC input filters are not adjustable.

425



HCFa

— RJIB%43 ——HCFA CORPORATION

6.5 PLC Operation Mode (M8030 to M8039 and D8030 to D8039)

D:?"";:!hn Operation Dl;g:;:::m Operation
MB030 | ex)
Battary LED Battery woltage is low but DB030 (X ) Walua read from first setting
OFF BATT.V LED naot lit | “pot” in msec, (0 to 255)
MBD3T | ) Currant device settings ara
Non-latch reset at next END, i.e. Dao31(x) | value ad from second
. satting “pot” in msac, (0 o
memory all contacts, coils and current | 255)
clear data values for ¥, M, 5, T,C
and D devices respactively.
MB03Z [ =4) Special devices and file
Latch memory | registars which have default
all clear setlings are refreshad with
those defaults
MB033 (=) ThEr. davica 5tah.|.sa5 and
Menmory hold settings are retained when
in “stop’ mode the PLC changes from RUN
o STOP and back into RUMN
All of the physical switch
MEB034 | ex) gear for activating outputs is
All autputs disabled. However, tha
dizable program still operatas
nomally DB032 -DB03E | Reserved
MB035 [ «5)
FD’DE':? By using forced oparation
operation mode, i.a.MB035 is turmed
mode OM, it is possible to perform
MB03E | «a35) remoate RUNSTOFR or
Forced RUM pulsed RUN! STOP
signal opearation.
MBO3T [ ~5) Flease sea Chapler 10 for
Forced STOP | example oparation
signal
ME038 For the satting of devices
Mta N when using an N o N
networking natwork
When ON tha PLC axecules This register can be wrtten to
the user program within a by the user to define the
constant scan duration. The duration of the constant scan.
RB02S (=) difference betwaen the 06038 (=) Rasolutions of 1mseac are
Constant Constant .
sean made actual .EI'Id of the program eran duration pne.islhla..
operation and the sat This register has a default
constant scan duration satting 0 msec which will be
causes the PLC o ‘pause’. initiated during power ON.
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6.6 Step Ladder (STL) Flags (M8040 to M8049 and D8040 to D8049)

Diagnostic " i Diagnostic i
Devica Operation Davica Operation
RABOAD (=) When ON STL state transfer 00040 (X }
STL transfer is disahlad r=||[Lowast active
dizable STL step
When OM STL transfer from
MED41 [=3) initial state is enabled during . gﬁl&fa}
Transfer start | aulomatic operation STL state
{ref. IST FMC &0)
A pulse output is given in DB042 (X )
Mst:?_;u E;;} response to a start input b1 |3rd active
pu {ref. IST FNC 50) STL state
ME043 [ =3) On during the last state of CB043 (X )
Zero raturn ZERD RETURN mode t=([4th active STL |Up to B active STL states,
complate (ref. IST FNG 60} state from the range S0 to 5899,
M&044 [«3) [ OMN whan tha machine zero DB044 (X ) are stored in DA040 to DBO4T
Zero paint is datectad ™||sth active STL |in ascending numerical arder.
condition {ref. IST FNC 60) state {Updated at END)
MBS () | e e operatn || |-[[22045 )
g::ltdl:il:_;ug mada is changed Bmt:clnla 5TL
{ref. IST FNC 50) el
OM whan STL moniforing
MEO4E (X ) has baen enabled (MB0AT) L Em* }STL
STL state ON | and there is an aclive STL E
siate
siate
MBDAT =) When OM DBO40 to DB04T CIB04T (X )
Enable STL are enabled for aclive STL Sth active STL
manitaring step monitaring state
ME0AE (X ) OM whan Annunciator
Annunciator manitaring has bean
On enabled (MBO49) and there Do048 Fhisanvsd
(Mot Fxrs, Fxg | 1S an active Annunciator flag
ME04D [ =)
Enatle When ON DB048 is enabled DB043 (x ) | Stores tha lowest currently
. A ; Loweast aclive | active Annunciator from the
Annunciator for active Annunciator state h
manitarin man 'rluring Annunciator range S900 to 59549
it Fcre Em} ihiot Exis, Fxw) | {Updated at END)

General note:

+ M8046 to M8049 STL states are updated when the END instruction is executed.
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6.7 Interrupt Control Flags (M8050 to M8059 and D8050 to D8059)

Diagnostic B Diagnostic B
Device Operation Device Operation
MB80S50 (=)
003 disable
M8031 (=)
1100 disable D8050 -D8059 |Reserved
MB0S52 (=)
12000 disable When the EI (FNC 04)
M8053 (=1) instruction is driven in the
1300 disable user program, all interrupts
are enabled unless the
m%ﬁg.{rgl special M devices noted
1sable here are driven ON. In that
ME'U55L (=) case for each special M coil
1500 disable that is ON, the associated
MBOSE (=) interrupt is disabled, i.e. will
6001 disable not operate.
i MNote Ol denctes all types of
MBO5ST {ﬂ} that intermpl
I7 disable
MB0S5E (=)
1830 disable
1010 ~ 1060 is disabled for
MBO59( =) high speed counter interrupt
1010 to 1060 (FNC53)
disabled asa |When this flag is ON, the
single group associated interrupt is
disabled and therefore will
not operate.
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6.8 Error Detection Devices (M8060 to M8069 and D8060 to D6069)

Operation
Diagnostic Detection Diagnostic e
- . Operation
Device LLE|| Sls Device
g\:ll_: B.:; Other LED |sTaTUS

MB0E0 (X )
o The first /O number of
configuration W ofF | run [[—|PB0B0 ) the unit or block causing
Error While: the the arror - Sea note 6

PLC is in

RUN
MB0G1 (X ) Errar code for hardware
PLC hardware | ¥ | - ON | STOP || —||DE0ET (X ) error - Sae appropriate
Brror error code fable
MEDE2 (X ) When a
PC/HPP =ignal fram Errar code for PC/HPP
COMMIMS ermar on the DE0E2 (X ) Communications error -
programming programming Sae appropriate arror
port port & code table

received
! - OFF | RUN
MBOBIX ) =R)
Parallel link/ WWhen : Error code for parallel
RS232-C and =gnal from link arror - See
R5485 (422) Lh:.::mm' DANGIX X-R) communication users
COMMS error an received — manual
optional port
st ) o
Parametar D&064 (X ) parame’

appropriate ermor code

error ‘Whaan the

program is table

changed Errar code identifying
MB0ES (X ) {FLE in synitax amror - Sea
Syntax error ¥ | ¥ ﬂflmu Flash | STOP DB0es (x ) appropriate ermor code

pragram is — table

transferred '-I Error code identifying
MB0EE (X ) E'gp'" ! program construction
Frogram ! | |losoee @y |errar

L &
Brror Wl Sae appropriate arror
W code table

BoBTx ) Er e
Operation —-#- DBO67|x )(=F) appropriate ermor code
enror While in PLC OFF BUM : table

= in RUM “
MIBOES (=) - Operation armor step
Operation DB06EE (=) number latchad
error latch
MBOGD [ =) Step numbers for found
WO bus arror See nole T - DEDEHX )| =R) |ermors corresponding to

flags MB0G5 to MBOET

®- Please see the following page for the notes referenced in this table.

@ Note 6:

«If the unit or block corresponding to a programmed | / O number is not actually

loaded, M8060 is set to ON and the first device number of the erroneous block is

written to D8060.
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Note 7:
Contents of
D8080
«An /O bus check is executed when M8069 is turned ON. [i]o]2]0] =x20
L Dovics numbar:
If an 1/0O bus error occurs, error code 6103 is written to 5 ° _
evice type:

1= Input X

0 - Qutput ¥
D8069 and M8061 is turned ON.

If an Extension unit 24V failure occurs, error code 6104 is written to D8061 and M8061
is turned ON. M8009 will then be turned ON and the 1/O address of the lowest

numbered device affected by the 24V DC power failure is written to D8009

General note:

*HPP refers to Handy programming panel.
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6.9 Link and Special Operation Devices (M8070 to M8099 and D8070 to

Diagnostic . Diagnostic q
D Operation Device Operation
Oriven when the PLC i a Parallel link walchdog time -
MB0T0 (=R) master station in a parallel DBOTO (X ) 500 msss
link application
Driven when tha PLC is a
MBDT1 (=R) slave station in a parallel
link application
MBOTZ (X ) CONwhilathe LG T8 DBOT1 - DBOTS | Resarved
operaling in a parallal link
OM whan MBOTOS MBOT1
MB0DT3 (X ) are incorrectly sat during
parallel link operations
Ma0T4 Reservad e
MBDT5 When execuling Sampling DBOTS
trace in HCP-Works
, thase
LIR076 davices ara usad by the DAt
PLC internal systam
MBO7T OM during sampling trace Degrr
MBOTE OM when sampling trace DBOTE ;‘iﬁ”i:“ﬁ'ﬂ% mf:p"”ﬂ
complete 1 ! thess
When executing Sampling devices are used by the PLC
MBO79 trace in HCP-Wo r_ks _ DB0TS internal systam
., this device .
| is usad by the PLC internal
system
DE0ED to
Da0es
MB080 -MB098 |Re d
sene DB0%E to
Da0ss
High speed free timar Fresa ring timer, range: 0-
operation 32,767 in units of 0.1 msec
MBDID |« . Da0nss '
(=1} 'I-"'-I'hErI'I_ ON, '-'-ﬂl'l_ill'lul_il (for use in measuring high
counting free ring timer spead pulse input durations)
(DBOag) Soa saction 10.9.2

6.10 Miscellaneous Devices

(M8100 to M8119 and D8100 to D8119)
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Dlagnf:-stlc Operation
Device
M8109 (x ) Output refresh error
Not HCA1/HCA2(C)

Diagnostic Operation
Device
0002: 2K steps { yca1 )
518102 x) 0004: 4K steps ( HcA5 )
CemOT:’ 0008: 8K steps (HCA2(C) )
apacity 0016: 16K steps ( HCAS )
D8109 (X ) Output refresh error, lowest
device number; 0, 10, 20, etc.

6.11 Communication Adapter

Devices, i.e. 232ADP, 485ADP (M8120 to M8129 and D8120 to D8129)

Diagnostic -
Device Operation

Ma120 Reserved

Data transmission delayed
MB121(X )(=R) (RS instruction)

Data transmission flag
M8122 (<) (RS instruction)

Finished receiving data
MB8123 (<R (RS instruction)

Carrier detection flag
MB124(X ) (RS instruction)
M8125 Reserved

Global flag
8126 {Computer link)

On Demand handshake flag
MB127 (=) {Computer link)

On Demand error flag
MB128 (<) {Computer link)

On Demand Byte/Word

change over
MB128 (=) (Computer link),

Time out evaluation flag

(RS instruction)

Diagnostic
Device

Operation

Communications format

D8120 (RS instruction, Computer
link)
D8121 Station number setting

(Computer link)

D8122(X )(=R)

Amount of remaining data to
be transmitted
(RS instruction)

D8123(X )(=R)

Amount of data already
received
(RS instruction)

D8124 (=)

Data header, default STX
(02H)
(RS instruction)

D8125 (=)

Data terminator, default ETX
(03H)
(RS instruction)

D8128

Reserved

D8127 (1)

On Demand head device
register
(Computer link)

D8128 (=)

On Demand data length
register
(Computer link)

D8129

Data network 'time-out’ timer
value

(RS instruction, Computer
link)

6.12 High Speed Zone Compare Table Comparison Flags

(M8130 to M8148 and D8130 to D8148)
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DIEE:;?:': Operation D'EE:?:;M Operation
. Contains the number of the
ME130 Selects comparison tables DB130 (X )(=+) |current record being
I to be used with the HSZ rocessed in the HSZ
See note 8 instruction Enmparison table
Contains the number of the
current record being
MB131 (x )=y \ONwhenthe BSZ || —=|p8131 (x )=o) |processed in the HSZ
See note 8 oompilaele d : comparison table when the
P ’ PLSY operation has been
enabled
M8132 Selects the use of the PLSY
) instruction with the HSZ - .
See note 8 comparison tables D8132 Contains the source (output
D8133 pulse frequency) data for the
ON when the HSZ PLSY instruction when used
MB133 (X )(=v) |comparison table (when (X ) =) with the HSZ comparison
* |used with the PLSY table
See note 8 instruction) has been
completed.
Contains a copy of the value
D&134 for the current comparison
D8135 when the HSZ comparison
=l ) (1) table and combined PLSY
output are used. This data is
only available in 32 bit or
double word format.
mg:} g;_ Reserved Contains the total number of
D8136 pulses that have been output
D8137 using the PLSY (or PLSR)
X ) (1) instruction on Y000 and Y001.
This data is only available in
32 bit or double word format
D8138 -
D8139 Reserved
Note 8

« See section 5.6.6 for full explanation and use.
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Diagnostic
Device

Operation

MB140 (X )(=1)

When ON, clears pulse
output in FNC156(ZRN)
instruction

M8141 to
Ma144

Reserved

8145 (=)

Y000 Pulse output stop
command

18145 (=)

Y001 Pulsc ouiput stop
command

M8147 (X ) Y000 Pulse output monitor
(Busy/Ready)
MB1438 (X ) Y001 Pulse output monitor

(Busy/Ready)

Diagnostic .
Device Operation
Contains the total number of
D8140 pulses that have been output
D8141 to Y0 using the PLSY or PLSR
X ) (=) instructions. This data is only
e available in 32 bit or double
word format.
Contains the total number of
DR142 pulses that have be1en Dutpi:lt
to ¥1 using the PLSY or PLSR
D8&143 . . - :
(X ) {=2) insfructions. This data is only
' available in 32 bit or double
word format.
FNC156{ZRN),
D8145 (=) FNC158(DRVI),
P FNC159(DRVA) Bias value
setling (default:0)
D8146 (=) FNC156{ZRN),
[ FNC158(DRVI),
FNC159|DRVA)
D147 (=) Max. speed setting
(default:100,000)
FNC156{ZRN),
FNC158(DRVI),

D8148 (=1)

FNC159(DRVA) Acceleration/
Deceleration time setting
(default:100)
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6.13 Miscellaneous Devices (M8160 to M8199)

Wn Operation Wn Dperation
Devica Device
Selection of XCH operation
MB160 (<) fo swap bytes in a single
data word
Selection of B bit operations
MB161 [=) for applied instructions
ASC, RS, ASCI, HEX, CCD
High speed mode for
MB162 [ =) Parallal link, 2 data words
Readiwrite anly
When OM, a valua in DB164
i5 usad as the numbsar of
ME184 (=) FROM/TD axchange points.
(FRanree CPU Version 2.00
and above)
Selaction of haxadecimal
MB16T (=) input mode for the HKY
instruction
Selection of BCD mode for
MB168 =) use with the SMOV MB17E -M8199 |Resarved
instruction
MB168 Reserved
ME170 [=R) When the leading adge of a
X0 pulse catch | pulss is received at an input
ME1T1 (=) from the range X0 to X5 the
¥1 pulse catch | @ssociated M device
ME172 (=R} detailed hare is sat ON. By
X7 pulse catch FE.EEjtl.ir'lg tha same davice
MB173 (=R) within the usar program !he
X3 pulse catch naxl_ pulse pECurrence wiill
again sat tha M coil ON.
MB174 (=iR) Hence, fast input pulses are
X4 pulse catch ‘caught’ and stored. This
operation requires tha E|
MEITS (=R) | (FMCO4) instruction to be
X5 pulse catch | active. For detsils see page
B-12
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6.14 Miscellaneous devices (D8158 to D8164) and Index Registers

(D8182 to D8199)

Dl;g:;?c Operation D';ﬂ:ﬁnc Operation
Control device for
D8158 () HCA2-5DM*1 DB187 (X ) Value of V3 index register
' Default: k-1
Control device for
D8158 (=) HCA2 -5DM*1 D8188 (X ) | Value of 24 index register
Default: k-1
Mumber of FROM/TO
F}sm"' (=) ?K:::]:gggé'}a'ﬂ:sicn 2 00and DB189 (X ) Value of V4 index register
above)
D8181 (X ) Reserved DB190 (X ) Value of 25 index register
DB182 (X ) Value of Z1 index register D8191 (X ) Value of V5 index register
DB183 (X ) Value of V1 index register DB192 (X ) Value of 26 index register
DB184 (X ) Value of Z2 index register DB193 (X ) Value of V6 index register
D8185 (X ) Value of V2 index register D8194 (X ) Value of Z7 index register
DB186 (X ) Value of Z3 index register D8195 (X ) Value of V7 index register

*1 See Chapter 10.19.2 for more information
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6.15 N:N Network Related Flags and Data Registers

Diagnostic Operation
Device
D8173 ('X) Station number
D8174 (IX) Total number of slave
stations
D8175 (IX) Refresh range
D8176 Station number setting
See notel0 Default value kO
D8177 Total number of slave
See notel0 stations
setting
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Default value k7

D8178 Refresh range setting
See notel0 Default value k0O

D8179 Retry count setting

See notel0 Default value k3

D8180 Comms time-out setting
See notel0 Default value k5

8201 (X)) (For

HCA1Puse D201)

Current network scan time

D8202 (X) (For

HCA1Puse D202)

Maximum network scan

time

D8203 (X)) (For

HCA1Puse D203)

Number of communication

error at master station

D8204 to
D8210 (X)) (For
HCALPuse D204

to D210)

Number of communication

error at respective slave

station

D8211 (X) (For

HCAlPuse D2113

Code of communication

error

at master station

D8212 to D8218 (X))

Code of communication
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(For HCA1Puse D212 to

D218)

error

at respective slave station

439

Diagnostic Operation

Device

M8183 (X) | ON when

(For communication error
HCAlPuse in master station
M504

M8184 (X) ON when

(For communication error
HCAlPuse in 1 st slave station
M505

M8185 (X) ON when

(For communication error
HCAlPuse in 2 nd slave station
M506)

M8186 (X)) ON when

(For communication error
HCAlPuse in 3 rd slave station
M507

M8187 (X)) ON when

(For communication error
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Oores

HCAlPuse in 4 th slave station
M508

M8188 (X) | ON when

(For communication error
HCAlPuse in 5 th slave station
M509)

M8189 (X) ON when

(For communication error
HCAlPuse in 6 th slave station
M510)

M8190 (X)) ON when

(For communication error
HCAlPuse in 7 th slave station
M511)

M8191 (X)) ON when

(For communicating to
HCAlPuse another station
M503)
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+ Devices M503-M511 and D201-D255 in the HCA1P cannot be applied to other

functions in the user program. These devices are used exclusively for the N:N Network.

Note 10
+ When these devices are not being used for an N:N Network their respective default

values areall ‘0’ .Therelevant default values are assumed at each power ON.

6.16 Up/Down Counter Control (M8200 to M8234 and D8219 to D8234)

Diagnostic . Diagnostic .
Device Operation Device Operation

When M8+ r¥ is operated,
counter C<¢7¢<¢ functions as

M8200 - a down counter. When

D8219 -D8234 |Reserved

MB8234 (=) MB8<rvr<¥ is not operated the
associated counter operates
as an up counter

6.17 High Speed Counter Control (M8235 to M8255 and D8235 to D8255)

Diagnostic . Dia T
- Operation gnostic i
Device p Device Operation

When M8 ¢ 7r is operated,
the 1 phase high speed
counter C7e¢r functions as
a down counter. When
M87¢J¢ < is not operated the
associated counter operates
as an up counter.

The available counters
depends upon the PLC type.
When M8<¢r ¥ is operated,
the 2 phase high speed
counter C<rvr7r functions as
a down counter. When
M8+ 7t 7 is not operated the
associated counter operates
as an up counter.

The available counters
depends upon the PLC type.

M8235 -M8245
(=2)

D8235 -D8255 |Reserved

M8246 - M8255
(X )(=1)
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6.18 Error Code Tables

Error Detection

Stored Error

Device Number Associated Meaning Action
0000 No error
6101 RAM error Check t|:16‘ cable
6102 Qperation circuit error g}.i;nne;gﬁr:]:fi};iikn ;:E;i
D8061 6103 I/O bus error (M8069 = ON) the PLC
PLC Hardware 6104 Extension unit 24V failure (M8069=0N)
error Scan time has exceeded
6105 Watch Dog Timer error the WDT time value set

in D8000. Check user
program.

Error Detection

Stored Error

Associated Meaning

Action

Device Number
0000 No error
Eg?&ip 223; (P:arityl ov.ern.ml framing error Check ﬂje cable
o ommunications character error connection between the
:tr)rr::numcatlon 6203 Communication data sum check error | programming device and
6204 Data format error the PLC
6205 Command error

Error Detection

Stored Error

Associated Meaning

Note

Device Number

0000 No error

6301 Parity/ overrun/ framing error

6302 Comms character error Check communication

6303 Comms data sum check error seftings, parameters and

6304 c data f t applicable devices.
D8063 Comms da orma error (Computer link, N:N
Serial ommand error . network, Parallel link
communication 6305 Computer link - received commarlnd etc.)
errors other than GW (global) when station Referto

number was FF Communication Users

6306 Watchdog timer error Manual for wiring

6312 Parallel link character error techniques

6313 Parallel link data sum check error

6314 Parallel link data format error
L De_te cHion | Storsd Eror Associated Meaning Action

Device Number

0000 No error

6401 Program sum check error

6402 Memory capacity setting error STOP the PLC. check
Eg:}asrieter 6403 Latched device area setting error parameter, if incorrect
error 6404 Comment area setting error change to a suitable

6405 File register area setting error value

6406 - 6408 |Reserved
6409 Other setting error
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= De_tectlon AR Associated Meaning Action
Device Number
0000 Mo error
Incorrect instruction/ device symbol/
6501 . -
device number combination
6502 No timer or counter coil before setting
value
1)Mo setting value following either a timer
6503 or a counter coil
2)Insufficient number of operands for an
applied instruction
1)The same label number is used more During programming,
6504 thanonce . . each instruction is
DBOES 2)The same interrupt input or high speed |.1acked as it is entered.
Syntax error counter input is used more than once If a syntax error is
6505 Device number is outside the allowable |detected, re-enter the
range instruction correctly
6506 Invalid applied instruction
Invalid Pointer device [P] assignment for
6507 . .
Jump or Call instruction
6508 Invglid Interrupt pointer device [l]
assignment
6509 Other error
6510 MC nesting (N) number error
The same interrupt input or high speed
6511 . .
counter input is used more than once
Error Stored Error Associated Meaning Action
Detection Number
Device
D8066 0000 No error Acircuit error occurs if
Circuit error | 6601 LD and LDl is used continuously 9 or a combination of
more times in succession instructions is
6602 1)No LD/ LDl instruction. The use of incorrect or badly

LD/LDI or ANB/ORB instruction is

incorrect.

2)The following instructions are not

connected to the active bus line: STL,

RET, MCR, (P)ointer, (I)nterrupt, El, DI,

specified.

Select programming

mode and correct the

identified error.
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SRET, IRET, FOR, NEXT, FEND and END

3)When MPP is missing

6603

MPS is used continuously more than

12 times

6604

The use of MPS, MRD, MPP instruction

is incorrect

6605

1)The STL instruction is continuously

used 9 times or more

2)MC, MCR instruction, (I)nterrupt

pointer

orSRETinstructionisusedwithinanSTL

program area

3)RET has not been used in the

program

oris not connected to an STL

instruction

6606

1)No (P)ointer, (I)nterrupt pointer

2)No SRET/ IRET

3)An (I)nterrupt pointer, SRET or IRET

has been used within the main

program
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4)STL, RET, MC or MCR have been used

within either a subroutine or an

interrupt routine

6607

1)The use of FOR and NEXT is incorrect

2)The following instructions have been

used within a FOR -NEXT loop: STL,

RET, MC, MCR, IRET, SRET, FEND or END

6608

1)The use of MC/ MCR is incorrect

2)Missing MCR NO

3)SRET, IRET instruction or an

(I)nterrupt pointer has been used

within an MC/ MCR instruction area

6609

Other error

Error Stored Error Associated Meaning Action
Detection Number
Device
D8066 6610 LD, LDl is used continuously 9 or more | Acircuit error occurs if
Circuit error times in succession a combination of
6611 Number of LD/LDI instructions is more | instructionsis

than ANB/ORB instructions

incorrect or badly
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6612

Number of LD/LDI instructions is less

than ANB/ORB instructions

6613

MPS is used continuously more than

12 times

6614

MPS instruction missing

6515

MPP instruction missing

6616

Unauthorized use of the MPS/ MRD/

MPP instructions; possible coil missing

6616

Unauthorized use of the MPS/ MRD/

MPP instructions; possible coil missing

6617

One of the following instructions is not

connected to the active bus line: STL,

RET, MCR, (P)ointer, (I)nterrupt pointer,

El, DI, SRET, IRET, FOR, NEXT, FEND and

END

6618

STL, RET, MC or MCR programmed

within either a subroutine or an

interrupt routine

6619

Invalid instruction programmed within

a FOR - NEXT loop: STL, RET, MC, MCR,

(I)nterrupt pointer, IRET and SRET

specified.

Select programming

mode and correct the

identified error.
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6620

FOR - NEXT instruction nesting levels

(5) exceeded

6621

The number of FOR and NEXT

instructions does not match

6622

NEXT instruction not found

6623

MC instruction not found

6624

MCR instruction not found

6625

The STL instruction is continually used

9 times or more

6626

Invalid instruction programmed within

an STL- RET program area: MC, MCR,

(Dnterrupt pointer, IRET and SRET

6627

RET instruction not found

6628

(I)nterrupt pointer, SRET and IRET

incorrectly programmed within main

program

6629

(P)ointer or (I)nterrupt pointer label

not found

6630

SRET or IRET not found

6631

SRET programmed in invalid location

6632

IRET programmed in invalid location
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Error Stored Error Associated Meaning Action
Detection Number
Device
D8067 0000 No error These error occur
Operation | 6701 1)No jump destination (pointer) for CJ | during the execution
error or CALL instructions of an

2)(P)ointer is designated in a block operation. When an
that comes after the END instruction operation error occurs,
3)An independent label is designated STOP the PLC enter
in a FOR-NEXT loop or a subroutine programming ode and

6702 6 or more CALL instruction nesting correct the fault.
levels have been used Note: operation errors

6703 3 or more interrupt nesting levels have | can occur even when
been used the syntax or circuit

6704 6 or more FOR - NEXT instruction design is correct, e.g.
nesting levels have been used D500Z is a valid

6705 An incompatible device has been statement within an
specified as an operand for an applied | HCA2P/HCA2C PLC.
instruction But if Z had a value of

6706 Adevice has been specified outside of | 10000, the data
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the allowable range for an applied

instruction operand

register D10500 would

be attempted to be

6707 Afile register has been accessed which | accessed. This will
is outside of the users specified range | cause an operation
6708 FROM/ TO instruction error error as there is no
6709 Othererror,i.e.missing|RE/SRET, D10500 device
unauthorized FOR - NEXT relationship | available.
D8067 6730 Sampling time TS(TS<0 or >32767) The identified
PID 6732 Input filter valuea(a<0 or >=101) parameter
Operation 6733 Proportional gain KP(KP<0 or >32767) | is specified outside of
error 6734 Integral time constant Tl (TI<0 its allowable range
or>32767) Execution ceases PID
6735 Derivative gain KD(KD<0 or >=101) instruction must be
6736 Derivative time constant TD (TD<0 reset before execution
or >32767) will resume
6740 Sampling time TS is less than the TS is set to program
program scan time scan time -Execution
will continue
6742 Current value A exceeds its limits Data affected resets to
6743 Calculated errorgexceeds its limits the nearest limit value.
6744 Integral result exceeds its limits For all errors except
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Set Process

6745 Derivative gain over, or differential 6745, this will either be
value exceeds allowable range a minimum of -32768
6746 Derivative result exceeds its limits or a maximum of
6747 Total PID result exceeds its limits +32767. Execution will
continue, but user
should reset PID
instruction.
6750 SV - PVnf< 150, or system is unstable The error fluctuation is
(SV - PV nf has wide, fast variations) outside the normal
6751 Large Overshoot of the Set Value operation limits for the
6752 Large fluctuations during Autotuning PID instruction.

Execution ceases. PID

instruction must be

reset.

7. Execution Times And Instructional Hierarchy

7.1 Basic Instructions

Mnemonic

Object

Devices

Steps

Execution Time inusec
HCA1P HCA2P/HCA2C
ON OFF ON OFF
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LD X,Y,M,S,T,C 1 0.7

LDI and special

AND M 0.65

ANI

OR

ORI

LDP XY,M,S.T,C 1 11.7 - 11.7 -

LDF - -

ANDP - -

ANDF - -

ORP - -

ORF - -

ANB Not 1 0.55

ORB applicable

MPS 0.5

MRD 0.55

MPP 0.5

INV

MC Nest level, 3 8.6 8.0 8.6 8.0
MY

MCR Nest leve 2 4.1 - 4.1 -
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NOP Not 1 0.45
END applicable 450 - 450 B
STL S 1 158+ | - 15.8+ -
(see note 1) 8.2n 8.2n
RET Not 4.8 - 4.8 -
applicable
Mnemonic | Object Steps Execution Time inusec
Devices HCA1P HCA2P/HCA2C
ON OFF ON OFF
ouT Y,M 1 0.7
S 2 4.4
Special M 2 2.8
T-K 3 11.2 10.2 11.2 10.2
T-D 3 12.2 11.2 12.2 11.2
C-K(16bit) |3 8.1 6.9 8.1 6.9
C-D(16bit) |3 9.5 8.0 9.5 8.0
C-K(32bhit) |5 8.1 6.8 8.1 6.8
C-D(32bit) |5 9.5 8.0 9.5 8.0
SET Y,M 1 0.85
S 2 42 24 42 2.4
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S when used 18.6+ 2.4 18.6+ 24
in 6.8n 6.8n
an STL step
(see note 1)
Special M 2.8

RST Y, M 1 0.85
S 2 3.8 2.4 3.8 2.4
Special M 2 2.8
T,C 2 8.7 7.3 8.7 7.3
D,V, Z and 3 3.8 1.1 3.8 1.1
special D

PLS Y,M 2 10.8

PLF Y,M 2

P 0TO6 1 0.45

[ (i 1

..: Note 1:

[ {39

+“n” in the formulae to calculate the ON/OFF execution time, refers to the number of
STL instructions at the current parallel/merge branch. Thus the value of “n” will fall

in the range 1 to 8.
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7.2 Hierarchical Relationships Of Basic Program Instructions

The following table identifies an 'inclusive relationship".
FOR_| __ Primary
El program construction
This means the secondary program construction is DI - Secondary ‘
NEXT program construction

included within the complete operating boundaries of

the primary program construction, e.g.:
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Primary Secondary program consfruction
Program FOR - STL - FEND -
Constgr]uction MC-MCR| CJ-P El - DI NEXT RET P -SRET| I -IRET END
v -8
MC - MCR nest v v v v X - (6608)|x -(B6608)|x -(6608)
levels
CJ-P v Iy vy v [] [ ] X -(6701)
El - DI v v v v v v v v
v -5
FOR - NEXT | x -(6607) v v nest X - (6607) | x - (6607)|x - (6607)|x - (6607)
levels
7 -
STL -RET |x -(6605) [ ] "y (within 1 v X -(6605)|x -(6605)|Xx -(6605)
STL step)
P -SRET X - (6608) v v v X - (6606)| x -(6606)|x -(B606)|Xx -(6709)
I-IRET X - (66086) v v v’ X - (6606)| x -(6606)|x -(B60O6)|Xx -(6606)
FEND - END v v Iy "y [] Iy v v@
0 - FEND v Iy vy v X -(6606)|x -(6606) vz
(ni-IEENNDD] v v v J v X -(6606)|x -(6606) ¥ g

v Instruction combination is acceptable - for restrictions see appropriate note.

X * Instruction combination is not allowed - bracketed number is the error code.

o: Instruction combination is not recommended for use even though there is no

operational error.

The combination of instructions with an 'inclusive relationship' is allowable. However
please be aware of the following exceptions:

1) MC-MCR and STL-RET constructions cannot be used within FOR-NEXT loops, P-SRET
or I-IRET subroutines.

2) Program flow may not be discontinued by using any of the following methods while

inside MC-MCR, FOR-NEXT, P-SRET, I-IRET program

FOR —|__ Primary
El program construction
. . . ] Secondal
constructions, i.e. using interrupts (1), IRET, SRET, Nt |,/ Program Sonstruction

DI

FEND or the END instruction is not allowed.

The following table identifies an 'overlapping relationship'. This means the secondary
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program

construction starts within the complete operating boundaries of the primary program

construction but finishes outside of the primary construction, e.g.:

Primary Secondary program construction
Program FOR - STL - FEND -
Constgruction MC-MCR| CJ-P El - DI NEXT RET P -SRET| I-IRET END
MC - MCR L L] v X -(6607)|x -(6605)| x -(6606)|Xx -(6606)| X -(6608)
CJ-P L L] v ® L] L J ] v
El - DI v v v v v v 4 v
FOR - NEXT |x - (6607) M) v /- |x -(6601)| x -(6607)| x - (6607) | x - (6607)
STL -RET | X - (6605) ® v X - (6607) 7 X - (6606) | X - (6606)|X - (6605)
P-SRET |x -(6608) M) v X - (6607)| X - (6605)|x - (6606)]| x - (6606) | X - (6709)
I-IRET X - (66086) L] v X -(6607)|x -(6606)| x - (6606)| X -(6606)| X - (66086)
FEND - END (x -(6608)|x - (6601)| «@ |Xx -(6607)|x -(6605)|x -(6709)|x -(6709)| J@
0-FEND |x - (6608) 7 v X - (6607) | X - (6605)] X - (6709) | X - (6606) | <2
(n[::).IEENNDD] X -(6608)|x -(6601) SO X -(6607)|x -(6605)| x -(6709)|x -(6606) Sz

Q:@Enters a state as if the Dl instruction was missing. An error is not generated.

@The first occurrence of either an FEND or the END instruction takes priority.

This would then end the program scan prematurely.

(®The sequence will not process as expected, e.g.:

7.3 Batch Processing

Desired

FOR
FORI

Actual
FOR

Operating

FOR

NEXT | boundries|y =yt
NEXT

NEXT

This is the system used by all members of the HC family of PLC’ s. The basic concept

is that there are three stages to any program scan. In other words, every time the
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program is processed form start to end the following sequence of events occur.

Input processing:

All of the current input statuses are read in to a

4_> Input Processing J
p.

Program Processing W

temporary memory area; sometimes called an

-

image memory. The PLC is now ready for the next

.

@ program processing.......

:L Output Processing } Program processing:

All of the updated inputs are checked as the
program is processed. If the new input statuses change the status of driven outputs,
then these are
noted in the image memory for the......

Output processing:

The new, current statuses of the outputs which have just be processed are physically
updated, i.e relays are turned ON or OFF as required. The

program scan starts again............ The system is known as 'Batch processing' because

all of the inputs, program operation and finally the outputs are processed as batches.

7.4 Summary of Device Memory Allocations

The memory allocations of the programmable are very complex, but from a users
point of view there are three main areas:

a) The Program Memory:
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This memory area holds all of the data regarding: parameters, sequence program,
constant values K and H, pointer information for P and | devices, nest level
information, file register contents/allocations and also the program comment area.

- This memory area is latched either by battery backup or by use of EEPROM program
management (dependent on the PLC being used). Any data stored in this area is kept
even when the PLC is powered down. The duration and reliability of the data storage is
dependent upon the condition of the battery or EEPROM being used to perform the
backup process.

b) Data Memory

This memory area contains, as the title suggests, all of the data values associated with:
data registers (normal and special), Index registers, current timer values, retentive
timer values (if available) and current counter values.

- All of the devices which are designated as being latched (including retentive timers)
are backed up in a similar method to the one mentioned under point a).

- Index registers and special data registers (D8000 to D8255) operate in the specified

manner under the following circumstances.

Circumstance Reaction
PLC's power is turned OFF All data is cleared
PLC's power is turned ON Certain devices are reset to their defaults see chapter 6

PLC is switched from STOP to RUN
PLC is switched from RUN to STOP

Certain devices are reset to their defaults see chapter 6

- All other devices such as current values of non latched data registers, timers and

counters behave in the following manner.
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Circumstance Reaction

PLC's power is turned OFF
PLC's power is turned ON

All data is cleared

PLC is switched from STOP to RUN No change

PLC is switched from RUN to STOP Cleared (unless special M coil MB033 is active)

c) Bit Memory

This memory area contains the contact status of all inputs, outputs, auxiliary relays,
state coils, timers and counters.

- All of the devices which are designated as being latched (including retentive timers)
are backed up in a similar method to the one mentioned under point a).

- Special auxiliary relays (M8000 to M8255) act in a similar way to the special data
registers mentioned under point b).

- All other devices are subject to the same changes as the current values of data

registers, timers and counter (see the last point and table under section b).

Summary
Memorv tvpe Power PLC
v P OFF | OFF~ON |STOP = RUN | RUN ~STOP
All devices backed by battery Not changed
Special M and D devices (8000 to
8255) and index registers V and Z Cleared Default Not changed
. Not changed |  Cleared
All other devices Cleared Not changed when M8033 is set

7.5 Limits Of Instruction Usage

7.5.1 Instructions Which Can Only Be Used Once In The Main Program Area

The following instructions can only be used once in the main program area. For PLC

applicability please check either the detailed explanations of the instructions or the
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instruction execution tables list earlier.

- Instructions which can only be used once are:

FNC 52 MTR FNC 60 IST FNC 70 TKY
FNC 57 PLSY FNC 61 SORT FNC 71 HKY
FNC 58 PWM FNC 62 ABSD FNC 72 DSW
FNC 59 PLSR FNC 63 INCD FNC 74 SEGL

FNC 68 ROTC FNC 75 ARWS

- Only one of either FNC 57 PLSY or FNC 59 PLSR can be programmed at once.

Both instructions can not be present in the same active program.
7.5.2 Instructions Which Are Not Suitable

For Use With 110V AC Input Units
When using 110V AC input units certain operations, functions and instructions are not
recommended for use due to long energize/de-energize (ON/OFF) times of the 110V

input devices.

« Program operations not recommended for use are:

- Interrupt routines
- High speed counters
« Instructions not recommended for use are:

FNC 51 REFF FNC 68 ROTC FNC 72 DSW
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FNC 52 MTR FNC 70 TKY FNC 75 ARWS

FNC 56 SPD FNC 71 HKY

8. PLC Device Tables

8.1 Performance Specification Of The HCA1P

Item

Specification

Remarks

Operation control method

Cyclic operation by stored program

I/0 control method

Batch processing method (when

END instruction is executed

I/O refresh instruction is

available

Operation processing time

Basic instructions: 0.55to 0.7us

Applied instructions: 1.65 to several 100us

Programming language

Relay symbolic language + step

Step ladder can be used to

ladder produce an
SFC style program
Program capacity 2K steps Provided by built in EEPROM

memory

Number of instructions

Basic sequence instructions: 29

Step ladder instructions: 2

Applied instructions: 85

AMaximum 116 applied

instructions

are available including all

variations

I/O configuration

Max total I/O set by Main Processing Unit
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Auxiliary General 384 points MO to M383
relay(M Latched 128 points (subset) M384 to M511
coils) Special 256 points From the range M8000 to M8255
State General 128 points SO to S127
relays Initial 10 points (subset) SO0 to S9
(S coils)
Timers (T) | 100 msec Range: 0 to 3,276.7 sec 63 points TOtoT55
10 msec Range: 0 to 327.67 sec 31 points T32 to T62 when special M coil
M8028 is driven ON
1msec Range: 0.001 to 32.767 sec 1point T63
Counters General Range: 1to 32,767 counts 16 points | C0Oto C15
(@) Type: 16 bit up counter
Latched 16 points(subset) Cleto C31
Type: 16 bit up counter
High lphase Range: -2,147,483,648 to C235to C240 (note C235is
speed +2,147,483,647 counts latched) 6points
counters lphase c/w C241(latched), C242 and C244
(C) start stop (latched) 3 points
input
2phase C246, C247 and C249 (all

latched) 3 points
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A/B phase C251, C252 and C254 (all
latched) 3
points
Data General 128 points DO to D127
registers Type:16 bit data storage register
(D) pair for 32 bit device
Latched 128 points (subset) D128 to D255
Type:16 bit data storage register
pair for 32 bit device
Externally Range: 0 to 255 2 points D8013 or D8030 & D8031
adjusted Data is entered indirectly
through the external setting
potentiometer
Special 256 points (inclusive of D8013) From the range D8000 to D8255
Type: 16 bit data storage register
Index 16 points VandZ
Type: 16 bit data storage register
Pointers For use with | 64 points PO to P63
(P) CALL
For use with | 6 points 100Jto 130
interrupts (rising trigger[1=1,
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falling trigger((]=0)

Nest levels 8 points for use with MC and MCR NO to N7

Constants | Decimal K 16 bit: -32,768 to +32,767

32 bit: -2,147,483,648 to +2,147,483,647

Hexadecimal | 16 bit: 0000 to FFFF

H 32 bit: 00000000 to FFFFFFFF

8.2 Performance Specification Of The HCA2P/HCA2C

Item Specification Remarks

Operation control Cyclic operation by stored program

method

I/O control method Batch processing method I/O refresh instruction is available
(when END
instruction is executed)

Operation processing Basic instructions: 0.55 to 0.7us

time Applied instructions: 1.65 to several 100us

Programming language Relay symbolic language + Step ladder can be used to produce an
step ladder SFC style program

Program capacity 8K steps Provided by built in EEPROM memory

Number of instructions Basic sequence instructions: AMaximum 120 applied instructions
29 are available including all variations
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Step ladder instructions: 2
Applied instructions: 89
I/O configuration Max hardware I/O configuration points 128, dependent on user selection
(Max. software addressable Inputs 128, Outputs 128)
Auxiliary | Genera 384 points MO to M383
relay Latched 1152 points (subset) M384 to M1535
(Mcoils) | Special 256 points From the range M8000 to M8255
State Latched 1000 points S0 to S999
relays Initial 10 points (subset) SO to S9
(S coils)
Timers (T) | 100 msec Range: 0to 3,276.7sec 200 TOtoT199
points
10 msec Range: 0 to 327.67 sec 46 T200 to T245
points
Imsec Range: 0 to 32.767 sec T246 to T249
4point
100 msec Range: 0to 3,276.7sec 6 T250 to T255
retentive points
Counters | General Range: 1to 32,767 counts 16 CO0to C15 Type: 16 bit up counter
(@ points
Latched 184 points (subset) C16toC199 Type: 16 bit up counter
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General Range: 1t0 32,767 counts 20 | C200to C219 Type: 32 bit
points bi-directional counter
Latched 15 points (subset) €220 to C234 Type: 32 bit bi-directional
counter

High lphase Range: -2,147,483,648 to C235t0 C240  6points
speed lphasec/w | +2,147,483,647 counts C241,C242 and C244 3points
counters | start stop Select upto four 1 phase
(@) input counters with a combined

2phase counting frequency of 5SkHz or | €246, C247 and C249 3points

A/B phase less. Alternatively select one 2 | €251, C252 and C254 3points

phase or A/B phase counter

with a counting frequency of

2kHz or less. Note all counters

are latched
Data General 7128 points DO to D127 & D1000 to D7999
registers Type: 16 bit data storage register pair
(D) for 32 bit device
Latched 872 points (subset) D128 to D999
Type: 16 bit data storage register pair
for 32 bit device
File 7000 points D1000 to D6999 set by parameterin 3
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blocks of 500 program steps

Type: 16 bit data storage register

Externally Range: 0 to 255 Data is move from external setting
adjusted 2 points potentiometers to registers D8030 and
D8031)
Special 256 points (inclusive of D8013, | From the range D8000 to D8255
D8030 Type: 16 bit data storage register
and D8031)
Index 16 points VandZ

Type: 16 bit data storage register

Pointers For use 128 points PO to P127

(P) with CALL
For use with | 6 points 100[Jto 130[]
interrupts (rising trigger[1=1,

falling trigger((1=0)

Nest levels 8 points for use with MC and NO to N7

MCR

Constants | Decimal K 16 bit: -32,768 to +32,767

32 bit: -2,147,483,648 to +2,147,483,647

Hexadecimal | 16 bit: 0000 to FFFF

H 32 bit: 00000000 to FFFFFFFF
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9. Assigning System Devices

9.1 Addressing Extension Modules

Most of the HC family of PLC’ s have the ability to connect additional discreet 1/0
and/or special function modules. To benefit from these additional units the user must
address each block independently.

Addressing Additional Discrete /O

This type of /O is the standard input and output modules. As each extension block or
powered extension unit is added to the system they assume the next available
addresses. Hence, the units closest to the base unit will have the lowest I/O numbers
or addresses. I/O numbers are always counted in octal. This means from 0 to 7 and 10
to 17 etc. Within a users program the additional addresses are used as normal.
Discreet I/O can be added at the users discretion as long as

the rules of system configuration for each PLC type are obeyed. This information can
be found in the appropriate hardware manual. For easy use and identification, each
additional I/0 unit should be labeled with the appropriate I/O numbers using the

provided number labels.

Caution when using an system with 8ER, 24MR units

« When an 8ER or an 24MR are used an additional 8 points (as 4 inputs, 4 outputs) of
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I/O must be allowed for. This is because both units split blocks of 8 inputs and 8
outputs to obtain a physical 4 input/ 4 output configuration. Hence, an 8ER unit
actually occupies 8 input points and 8 output points even though there are only 4

physical inputs and 4 physical outputs.

Addressing Special Function Blocks

Special function blocks are allocated a logical ‘station/block number’ from 0to 7.
This is used by the FROM/TO instructions to directly access each independent special
function module.

The lower the ‘station/block number’ s, the closer to the base unit it can be found.
Special function blocks can be added at the users discretion but the rules of
configuration for each type of PLC must be obeyed at all times. The configuration
notes can be found in the appropriate hardware manual for each programmable

controller.

9.2 Real Time Clock Function

The time data of a RTC cassette or chip (built in to HCALP and HCA2P/HCA2C) is
battery backed. This means when the PLC is turned OFF the time data and settings are
not lost or corrupted. The duration or storage life of the timedatails dependent upon
the condition of the battery.

The real time clock has a worst case accuracy of * 45 seconds per month at an

ambient temperature of 25°C. The calendar function of the RTC caters for leap years

469



HCFa

— KJII#&43 ——HCFA CORPORATION

during the period 1980 through 2079.

9.2.1 Setting the real time clock

The RTC can be set using the special data registers and control flags as follows:

Device .
Number Function Range
D8013 Seconds |0 to59
D8014 Minutes |0 to 59
D8015 Hours Oto 23

1 to 31 (correct for
D016 Date current Month)
D8017 Month 1to12

00 to 99 (1980 to
D8018 Year 2079)

Day of 0 to 6 (Sunday to Sat-

D8o19 Week urday

Device Comments
Number
Set ON to stop the clock.
M8015 When the clock is stopped the
Time time values can be reset.
setting The clock restarts when the flag
is reset to OFF.

M8016 The F:Iock data in the dat_a regis-
Reaister ters is held. The clock still runs.
9 Use this to pause the data to

Hold .
read the current time.
M.SO” When on rounds the time up or
Minute .
. down to the nearest minute.
Rounding
M8018 Automatically set to indicate the
Clock . .
. RTC is available.
Available
g;?i;g ON when the values for the RTC
9 |are out of range.
Error

9.3 Analog Expansion Boards

The HCA2P/HCA2C expansion boards can be installed on the HCA1P Series PLCs to

provide extra analog I/0 channels. Please see the respective expansion board User’ s

Manual for more information on configuration and hardware specifications.

The expansion boards are not equipped with a Gain/Offset setting so that these values

must be calculated in the PLC ladder program. Example programs are provided below.
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9.3.1 TXIN-1DA-BD

This expansion board is used to convert a digital value in the range of 0 ~ 4000 that is
stored in D8114 to an analog output value. The analog output can be in the Voltage

range of 0-10 Volts DC or 4-20mA.

Voltage Output Mode
The following program example sets the Voltage Output mode. A digital value in DO is

converted to the analog equivalent for output.

MB001
{l M8114 Sets the Voltatge Output mode (0 to 10V default).
Msﬁ’m FNC 12 DO D8114 The value of DO is converted "D to A" and is
MOV output as an analog value.
Current Output Mode

The following program example sets the Current Output mode. A digital value in DO is
converted to the analog equivalent for output.

M8000

Ma114 Sets the Current Output mode (4 to 20mA default).

FNC 12 D2 D8114 The value of D2 is converted "D to A" and is
MOV output as an analog value.

Example Application Programs
The user can use any digital value range that is convenient in the program but must
convert the value to the 0 ~ 4000 range before the correct analog value can be output.

In the same way, the analog outputs can be modified via PLC programming to give
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outputs within a certain range. Please note that outputs outside the given range are

not possible.

The Please see programming examples below.

Example Application Program #1

Output an analog value in the range of 0 to 10 Volts when the digital value in the user

program is 0 ~ 10000.

M8001
T M8112
M8000
it M8113
M8000
- FNC 12 |
T oy | D812 [ Do
FNC 12 |
Moy | 08113 | D2

conversion of Ch1lis stored at DO.

Chlis set for the voltage input (0 to 10V).

Ch2 is set for the current input (4 to 20mA).

The digital value gained through AD

The digital value gained through AD conversion of Ch2 is stored at D2

DO ranges from 0 ~10000. To convert DO to the 0 ~ 4000 value needed for D8114:

D8114 = [DO x 4000] / 10000 or [D x 2] /5

MB8001
—t

MB8000
—

M8114

FNC 22
MUL K2 DO D2
FNC 23
D2 K5 D4
DIV
FNC 12
MOV D4 | D8114
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Example Application Program #2

An output of 0 ~A[ 0 <A<10] is desired in the program that is using a digital range of

0~4000 that is stored in register D10.

- T ———
Digital value
(D8114) for practical ;
analog output |
0 H

0 4000
Digital value (D10) for output

1OV $
Analog Ar——2 f .
output value i |
i |
i !
0 : &
0—= A 4000
Digital value (D8114) for output

Because Ais smaller than 10 Volts, the digital value of 0~4000 must be converted to a

value of 0~A" as shown in the graphs above. 4000/10V=A" /AorA =[4000/10] xA=

400 xA

D8114=[A" ]x (D10 /4000) = [400xA] x [D10/4000) = (Ax D10) / 10.

Me114

‘KS‘D10‘D12‘

‘ D12 ‘ K10 ‘ D14

IfA=8
M8001
l I
M8000
7 FNC 22
MUL
FNC 23
DIV
FNC 12
MOV

D14

D8114 ‘

Example Application Program #3

The desired analog output is from values Ato B where 0 <A< B < 10 and the digital

values range from 0 ~ 4000 in D20.
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B A0V gr-mmmmmmmmmmmmnneee ,
B ¢————————— ! E
Digital value b
(D8114) for practical Nﬁogvd : |
analog output A auputvalue , | I o
i oo
0 0 : i H

0 4000 0 A—— s> B 4000

Digital value (D20) for output Digital value (D8114) for output

This example is equivalent to setting an offset and gain for the analog output.
The digital values must be convertedtoA’” and B’ per the graphs above.
[B-A]/[10-0]=[B" -A ]/[4000-0], therefore[B" -A" ]=[B-A]x400.
D8114=[B" -A" ]x(D20/4000)+A

B’ =400xBandA =400 xA (see previous example programs for calculation)
D8114 = [400 x (B - A)/4000] x D20 + (400 x A)

D8114 = [(B-A)/10] x D20 + (400 x A)

IfA=2and B =5, see the programming example below

M8001
'l M8114

M8000
. FNC 22
' MUL

K3 D20 D22

FNC 23
— D22 | K10 | D24
DIN

FNC 20
— D24 | K800 | D26
R ADD

FNC 12
— D26 | D8114
MOV

Example Application Program #4
In Voltage Output Mode, a digital range of values A~ B is used in the program for an
analog output of 0 ~ 10 Volts. The digital range of A~ B stored in D30 must be

converted to 0 ~ 4000 before the correct analog value can be output.
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Digital value Analog
(D8114) for practical | output |
analog output | value !
0 i 0 i
0O A———= B 0 4000
Digital value (D30) for output Digital value (D8114) for output

[(4000 - 0) / (B-A)] = D8114 / (D30 - A)
D8114 =[4000 x D30/ (B -A)] - [(4000 xA) / (B -A)]
If A=500 and B = 5500, then

D8114 = (4/5) X D30 - 400

MB001
—k MB114

NMB000
FNC 22
—— — K4 D30 Da2
e e oo | o=

FNC 23
DE2 | K5 | D34
—lmoe| T2 | e | o

FNC 21
D34 | K400 | D38
2] oo [ o | o |

FNC 12
PICN| Da8 |DB114‘

Example Application Program #5

If using a digital range of C ~ D in the program to output an analog value of A~ B, the
digital value must be converted to the 0 ~ 4000 equivalent and the analog value must
be converted to 0 ~ 10 Volt equivalent.

Digital Values for conversion to analog are stored in D8114

4000 10V ,
B ¢---eeemeeem e | B i
Digital vaue
(DB114) for mm} ! A‘“Ogvd T |
analog output P — : output value i
0 ' ‘ 0 i
0 C—— D 0 A— B 400
Digital value (D40) for output Digital value (D8114) for output
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Please see prior programming examples for sample equations for the conversion of
data ranges.

D8114=[(B’ -A" )xD40]/(D-C)+[(A" xD)-(B> xC)/(D-C)

D8114 = [(400 x B - 400 x A) x D20] / (D-C) + [(400 xAx D) - (400x Bx C)] / (D - C) (from
prior

examplesA =400xAand B’ =400xB
D8114=[400x(B-A)]/(D-C)+400x[(AxD)-(BxC)]/(D-C)

IfA=1,B=5.5 C=1000,and D =5500, then

D8114=(2xD40)/5

MB001
L @

—{NC2| o | pap | D2

FNC 23
S D42 K5 Da4
B Div

L_{FNC12| p4g | D114

Example Application Program #6

In the Current Output Mode, the 1DA converts values from 0 ~ 2000 to the analog
output of 4 ~ 20 mA. If using a digital range of 0 ~ 20000 in the program, the range must
be converted to 0 ~ 2000 as shown in the programming example below. Digital values

for conversion to analog are stored in D8114.
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2000 $------=mmmmmmmm e ' 20mA
Digital value ' Analog
(D8114) for practical | output value
analog output i 4mA
0 - 0
0 20000 0 2000
Digital value (D50) for output Digital value (D8114) for output

D8114 = [(2000 - 0) x D50] / (20000 - 0)
D8114=D50/ 10

MB000
I MB114

FNC 23
oV K50 K10 D52

FNC12| pso | pe114

Example Application Program #7
In Current Output Mode, a user wants to use a range of 0 ~Ain the program to output
the analog current of 4 ~ 20mA. The user range 0 ~ Astored in D60 must be converted

to the range of 0 ~ 2000 as shown below.

Digital value
(D8114) for practical |
analog output | 4ma,
0 ‘ 0 ‘
0 A 0 2000
Digital value (D60) for output Digital value (D8114) for output

D8114 =[(2000 -0) x D60] / (A - 0)
D8114 = (2000 x D60) /A, if A= 10000

D8114=D60/5

477



HCFa

— KJII#&43 ——HCFA CORPORATION

MB000
1 MB114

FNC22| o D60 DE2

FNC23| o K10 D64
[E DIv

L | FNC12) sy | DB114

Example Application Program #8
In Current Output mode, the user digital range of A~ B is used to output a current of 4 -
20 mA. The range of A~ B stored in D70 must be converted to a range of 0 ~ 2000 per

the example program below.

Digital value Analog -
(D8114) for practical culput value
analog output 4mA
0 : 0
0 A— >B 0 2000
Digital value (D70) for output Digital value (D8114) for output

D8114/(D70 - A) = (2000 - 0)/ (B - A)

D8114 ={[(2000 - 0) x D70] / (B - A)} - {[(2000 -0) X A] / (B - A)}

If A= 4000 and B = 20000, then [(2000 x D70 /(20000 - 4000)] - [2000 x 4000 / (20000 -
4000)]

D8114=(D70/8)-500
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f MB114

FNC 23
D70 K8 D72
DIv

FNC 21
D72 | K500 | D74
BEsuB

FNC12\ p74 | D8114

Example Application Program #9

In Current Output mode, a current in the range of A~ B (4mA<A<B <20 mA) is output
by using a digital range of C ~ D that is stored in D80. The current range A~ B must be
converted to the 4 ~20mA equivalent value and the digital range C ~ D must be

converted to the 0 ~ 2000 range equivalent value.

2000
B |
i
Digital value T |
(D8114) for practical g
analog output !
R — |
i i
0 = :

Obig't:: mtj Digital value (D8114) for output
Please see previous programming examples for sample range conversion calculations.
D8114=(B" -A )xD80/(D-C)+{(A" xD)-(B" xC)}/(D-C)
A =125xA-500,B" =125xB-500,
D8114 =[(125x B -500) - (125 x A-500)] x D80/ (D - C) +[(125 x A- 500) x D - (125 x B -500)
xCl/(D-C)
IfA=5,B=15,C=5000,and D = 15000
=[125x (15-5)] x D80/ (15000 - 5000) + 125 x [(5-4) x 15000 - (15-4) x 5000]/ (15000 -

5000)
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D8114=(D80/8)-500

i MB114

FNC23 gy K8 De2

FING 20
De2 | K500 | Ds4
EADD

FNC12 pgs | pg114

9.3.2 TXIN-2AD-BD

This expansion board is used to convert up to two channels of analog input into digital
values for use by the HCA1P Series PLCs. Voltage input (0 ~ 10 Volts) or Current input (4
to 20 mA) for analog to digital conversion can be set by switching the auxiliary relays
assigned to each channel. The output values can be adjusted after the conversion via

PLC program code but resolution cannot be improved.

Basic Program #1
The following program sets Channel 1 in the Voltage Input mode and Channel 2 in the
Current Input mode with the A/D converted digital value of each channel stored in DO

and D2 respectively.

Me‘ﬁm @ Chlis set for the voltage input (0 to

ME000 10V).
It M8113

M8000
It FNC 12
It MOV D8112 DO

Ch2is set for the current input (4 to

FNC 12
D8113 D2 H
MOV
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20maA).

The digital value gained through AD conversion of Ch1l is stored at DO.

The digital value gained through AD conversion of Ch2 is stored at D2.

Basic Program #2

Chlissetto Currentinput, Ch2 is set to Voltage input, and the average converted

digital value over a set time period is stored in D10 and D14.

W30
3— | C W13 )
MB000
3 [ [ZRST DO D17 3
MOvP D812 DID 3
MOvP D813 Di4 3
[y ] Do J
fhiov D813 D2 J
[D4DD [0 D4 D4 3
[D&DD D2 D8 D8 3
[INC DE 3
Bl D8 K10 j E— ) 7 b6 DD 3
—— U i3 D14 3
[ZRST D4 D9 3
a7 [ END ]

Basic Program 3
Chlissetto Currentinput, Ch2 is set to Voltage input, and the average converted
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digital value over a set time period is stored in D30 and D34, respectively.

% oM

=

F: } HE11E N
HED?D {ZR3TP [20 047 il
THOvP r8112 a0 1
[HOYP ce113 024 i
Ty Cat12 020 H
THoY [:ARE bez K
{DADD 20 024 L24 il
[D&DD 022 026 026 1
[Iuc Des i
EIJ—JTEF T K1
T
¥ m—-— o1y b4 b2g 230 il
{uo1y Wl D28 a4 ]
[ZRsT D24 ] 1
a7 [ EWD ]

Example Application Programs

Because the 2AD does not have Offset and Gain capabilities, if values are required
outside the standard specification range, additional program commands are required
to either multiply or divide the conversion values.

When adjusting the conversion values, some of the resolution will be lost. The original

range of the analog input does not change.

Example Application Program #1
In Voltage input mode, the 2AD converts analog values from 0 ~ 10 Volts to a digital
output of 0 ~4000. If using a digital range of 0 ~ 10000 in the program, the 0 ~ 4000
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output value must be converted as shown in the programming example below. Digital

values that are converted from analog values are stored in D8112 or D8113.

4000 ¢ 10000 ¢ .
Digital output i Digital value (D10)
(D8112, D8113) | used in the program
0 ‘ 0
0 ———=10v 0 4000
Analog input D8112 or D8113 original AD conversion value

D10=10xD8112 /4, (D8113 would be used for Ch2)

The programming code for the Equation above is given below.

M&001
—t M&112

M8000
|

FNC 22
MUL K10 | D8112 | D14

FNC 23| pig K4 D10
EDIV

Example Application Program #2

In Voltage input mode, the 2AD converts analog values from 0 ~ 10 Volts to a digital
output of 0 ~4000. If using an analog range of 0 ~A (where 0 <A< 10) by a digital
output range of 0 ~ 4000, the range must be converted from 0 ~A" to 0 ~ 4000 as

shown in the programming code below.
4000 f------mmrmmemmmmeeee , 4000 f------mmrmmemmeemenees

Digital AD L

i used on the program

| |
conversion | Digital value (D20) |
value | i
(D8112,08113) : !
0 ! 0 :
0———>=A 10V 00— A 4000
Analog input 08112 and D8113 original AD conversion value

If a digital value of 0 ~ 4000 is used in D20,

D20 = (4000) x (D8112 or D8113) /A’
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4000/ (10 volts) =A" /(Avolts), thereforeA =400 xA
D20 =4000 x (D8112 or D8113) / 400 x A
D20=10x(D81120rD8113)/AandifA=5

D20 =2 x (D8112 or D8113)

It MB112

FNC22| o | ps112| D2o

Example Application Program #3
If using an analog range from A~ B by a digital range of 0 ~ 4000, the range must be

converted fromA” ~B’ 0~ 4000 in the program as shown in the example below.

4000 $---—rmmrmmmmmmme—y 4000 +
'O 7
| |
T [ Digital value (D30)
[ used in the program
A y— I b
H | 1
| I | |
0 i " 0 i .
0 A ——= B 10V 0 A——FPB 4000
Analoa inout D8112 or D8113 original AD conversion value

If the digital range 0 ~ 4000 is desired in D30, please see the program below.

D30 =4000x (D8112 or D8113) / (B* -A" )-4000xA" /(B" -A )

A =400xA,B"° =400x B so that

D30 = [4000 x (D8112 or D8113) / (400 x B - 400 x A)] - 4000 x (400 x A) / (400 x B - 400 x A)
D30=[10x (D8112 or D8113) / (B-A)]-4000xA/ (B-A)

IfA=1andB=5

D30 =[5x(D8112 or D8113) /2] - 1000
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MB0O1

ME112

FNC2| w5 | ps112| D3

FNC 23
Eon D32 K2 Dz4

FNC 21
ESLB D34 | K1000 | D30

Example Application Program #4
If using an analog range from 4 ~ 20mA to obtain an output range from 0 to A, the

normal output range of 0 ~ 2000 be converted to the new range.

2000 S SO ——— .
Digital value . i
Digital value (D70) :
?D%ﬁgﬁgffﬁj used on the program i
0 + 0 i

0 4mA———> 20mA 0 ——— > 2000

Analog input Digital values (DB112 and D8113) practically AD-converted

Please perform the conversion as below.
D70=Ax (D8112 or D8113) / 2000. If A= 5000 then,
D70 =5000 x (D8112 or D8113) / 2000
D70=5x(D8112 or D8113) /2

MB00O
7 MB113

FNC2| s | pe113| D74

FMNC 23
D7z K2 D70
EDiN

Example Application Program #5

If using an analog range from 4 ~ 20mA to obtain an output range from A~ B, the
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normal output range of 0 ~ 2000 must be converted to the new range.

2000

Digital value
AD-converted
(D8112,08113)

0
0 4mA—— = 20mA

Analog input

S ——

Digital value (D80)
used on the program

-

o I —a3

0 ——— 2000
Digital values (D8112 and D8113) practically AD-converted

To convert the normal output range of 0 ~ 2000 to the range of A~ B, please see below.

D80 =(B-A)x(D8112 or D8113) / (2000 - 0) +A; if A=4000 and B = 20000

D80 = (20000 - 4000) x (D8112 or D8113) / (2000) + 4000

D80 =8 x (D8112 or D8113) + 4000

MB000

| L
10

MB113
FNC 22
ML K8 D8113 | D&z
FINC 20
D82 | K4000 | D80
B ADD

Example Application Program #6

If using an analog range from A~ B to obtain an output range from C ~ D, both the

current and the digital ranges must be converted from the standard ranges.

4000
B

Digital value
AD-converted

(D8112,08113) ,,

| -
0 4mA A —> B 20mA
Analog input

0

Digital value (D90)
used on the program

c

r- /
/|
7
0 A'—s B' 2000
Digital values (D8112 and D8113) practically AD-converted

To convert both ranges, please see the programming example below. More details can
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be found from the previous examples.

D90=(D-C)x(D8112orD8113)/(B* -A" )+(B" xC-A xD)/(B" -A )

D90 =(D-C)x(D8112 or D8113) / [(125x B - 500) - (125 xA-500)] + [(125x B - 500) x C
~(125 X A- 500) x D] / [(125 x B - 500) - {125 X A - 500)]

(N =125xA-500;B =125xB-500)
D90=(D-C)x(D81120rD8113)/[125x(B-A)]+[(B-A)xC-(A-4)xD]/(B-A)
IfA=5,B=15,C=5000,and D = 15000

D90 = (15000 - 5000) x (D8112 or D8113) / [125x (15-5)] +

[(15-4)x 5000 - (5-4)x15000]/ (15-5)

D90 = 8 x (D8112 or D8113) + 4000

MBOOO
{l MB8113

FNC22| 5 | pB113| Do

FNC 20
E ADD Do | k4000 | De0

10. Points Of Technique

10.1 Advanced Programming Points

The HC family of programmable controllers has a very easy to learn, easy to use
instruction set which enables simple programs to perform complex functions. This
chapter will point out one or two useful techniques while also providing the user with

valuable reference programs
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If some of these techniques are applied to user programs the user must ensure
that they will perform the task or operation that they require. HCFA Corporation can
take no responsibility for user programs containing any of the examples within this
manual.

Each program will include a brief explanation of the system. Please note that the
method of 'how to program' and 'what parameters are available' for each instruction

will not be discussed. For this information please see the relevant, previous chapters.
10.2 Using The Forced RUN/STOP Flags
10.2.1 ARUN/STOP push button configuration

The HCFA programmable controller has a single RUN terminal. When power is applied
to this terminal the PLC changes into a RUN state, i.e. the program contained is
executed. Consequently when there is no power 'on' the RUN terminal the PLCisin a
STOP state. This feature can be utilized to provide the HC PLC with an external
RUN/STOP - push button control. The following PLC wiring and program addition are

required.

Forced RUN m ode

Forced RUN
com m and

Fored STOP
comm and

488



HCFa

— RJIIf& 13 ——HCFA CORPORATION

Explanation:

Pressing the RUN push button sets the PLC into the RUN state. This means M8000 is
ON.

Following the program, M8000 activates both M8035 and M8036. These two special
auxiliary devices set the PLC in to forced RUN mode. Releasing the RUN push button
would normally return the PLC to the STOP state, but because the two auxiliary coils,
M8035 and 36 are ON, the PLC remains in RUN. To stop the, PLC pressing the STOP
push button drives an input ON

and consequently M8037 turns ON. This then automatically forces OFF both M8035
and 36 and resets itself. Hence, the PLC is in its STOP status and awaits the cycle to

begin again.

Input priority:

» The STOPinputis only processed after the programs END statement has been
reached -this is because the physical input used, i.e. an X device is normally updated
and processed at that time. Therefor, the RUN input is given priority when both RUN
and STOP inputs are given simultaneously.

+ To give priority to the STOP input and provide a 'safer' system, some form of
mechanical/ circuitry interlock should be constructed between both RUN and STOP

inputs. Avery simple example is shown in the wiring diagram above.

489



HCFa

— KJII#&43 ——HCFA CORPORATION

10.2.2 Remote RUN/STOP control

The HCFA programmable controllers can be controlled, i.e. switched into RUN or STOP
modes and have devices monitored by use of intelligent external control devices.
These includes such items as computers, the HCFA data access units and Graphic
Operator Terminals.

The following example utilizes a graphic unit:

Explanation:
SWITCH for...
The programmable controller needs no 1. Remote Mode MBO35
2. Remote Start MBO36
o . . 3. Remote Stop MBO37
special wiring or additional programming

for this example.
The only condition required is that the PLC would not normally be in a RUN state, i.e.,
there is no connection to the RUN terminal and the RUN/STOP switch on PLC’ s that

have one is set in the STOP position.

The HMI should be programmed with 'SWITCH' devices SWITCH
INPUT: &[0 ]
driving the three special M codes M8035,36 and 37. By OUTPUT: PLC MBOSS

MODE: ALTERNATE

activating the 'SWITCH' devices for M8035 and M8036 the

PLC can be switched into a RUN state, while driving the 'SWITCH' device M8037 will
put the PLC into a STOP state.

Example 'SWITCH' device setting opposite.

Use an 'Alternate’ switch for M8035 and M8036 and use a '"Momentary' switch for

M8037. (see DU operation manual for SWITCH operation and programming)
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@ Note: While M8035 and M8036 are ON the MPU can not be changed to STOP

mode using the RUN terminal or RUN/STOP switch. Either set M8037 ON, or reset
M8035 and M8036, to return to the normal operating state.

HCA2P,HCA2C Remote STOP

With HCA2P,HCA2C units, even if the RUN terminal or RUN/STOP switch is in the RUN
position, itis still possible to do a remote STOP by forcing M8037 ON. Return to RUN

by resetting M8037.
10.3 Constant Scan Mode

Some times the timing of operations can be a problem, especially if some
co-ordination is being attempted with a second control system. In cases like this itis
very useful to fix the PLC’ s scan time. Under normal conditions the

PLC’ sscantimewillvaryfromonescantothe next. This is simply because the natural
PLC scan time is dependent on the number of and type of the active instructions. As
these are continually changing between program scans the actual scan time is also a
varying. Hence, by using the additional program function identified below, the PLC" s
scan time can be fixed so that it will be the same duration on every program scan. The
actual scan duration is set by writing a scan time in excess of the current longest

scan duration to special data register D8039 (in the example the value K150 is used). If
the PLC scans the program quicker than the set scan time, a 'pause' will occur until

the set scan duration is reached.
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This program example should be placed at the beginning of a users program.

M8000
'r M8039

——Imov| K150 |D803g

MNewly set
constant scan
time = 150 msec

10.4 Alternating ON/OFF States

It is often useful to have a single input control or toggle a situation. A basic, yet typical
example is the switching ON/OFF of a Light. This can be easily achieved by using
standard ladder program to load an input and switch an output. However, this system
requires an input which is latchable. If basic ladder steps are used to latch the
program then it soon becomes complex

and prone to mis-programming by the user. Using the ALT instruction to toggle the
ON/OFF (SET/RESET, START/STOP, SLOW/FAST) state is much simpler, quicker and
more efficient.

Explanation:

—XHD ALT| Y 1] ALT|MO]
X0 Y1 Yo
Y1
Program
example 1 Program example 2

Pressing the momentary push button X1 once will switch the lamp ON. Pressing the
push button for a second time will cause the lamp to turn OFF. And if the push button

is again pressed for a third time, the lamp is turned ON again and so the toggled status
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continues. The second program shown identifies a possible motor interlock/control,

possibly a start/stop situation.
10.5 Using Battery Backed Devices

For Maximum Advantage Battery backed devices retain their status during a PLC
power down. These devices can be

used for maximum advantage by allowing the PLC to continue from its last operation
status just before the power failure.

For example: Atable traverse system is operating, moving alternatively between two
limit switches. If a PLC power failure occurs during the traversing the machine will
stop. Ideally, once the PLC regains its power the system should continue from where it
left off, i.e. if the movement direction was to the left before the power down, it should
continue to the left after the restoration of the power.

Explanation

Right X? ﬂ’, ™ Limit switch X0 Limit switch X1

traverse ME00
—

; 4 Igl
X1 X0 Motor driven
Left [ =4 ME01 indirectly by
traverse | MS01 Reciprocating M600 and MB01

table

The status of the latched devices (in this example M coils M600 and M601) is retained
during the power down. Once the power is restored the battery backed M coils latch

themselves in again, i.e. the load M600 is used to drive M600
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10.6 Indexing Through Multiple Display Data Values

Many users unwarily fall in to the trap of only using a single seven segment display to
display only a single data value. This very simple combination of applied instructions

shows how a user can 'page' through multiple data values displaying each in turn.

Explanation:

The contents of 10 counters are displayed in a sequential, 'paged’ operation.

The paging action occurs every time the input X11 is

received. What actually happens is that the index register Z is continually incremented
until it equals 9. When this happens the comparison instruction drives M1 ON which in
turn resets the current value of Z to 0 (zero). Hence, a loop effect is created with Z
varying between fixed values of 0 and 9 (10 values). The Z value is used to select the
next counter to be displayed on the seven segment display.

This is because the Z index modifier is used to offset the counter being read by the

BCD output instruction.

Operation
version of program
Z=0 co
Z=1__ ci
10 S
Z=3  C3
it ove[ ko] Z | =L
p =5 €5
=5 CH
X1 0 z=7 c7
——— BCOP[C 0 Z[K4 YO 78 ca
=0 c3
INC P
K4 Y0
cmPR[ ko | 2 [Mo] HEE El
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10.7 Reading And Manipulating Thumbwheel Data

Data can be easily read into a programmable controller through the use of the BIN
instruction. When data is read from multiple sources the data is often stored at
different locations. It may be required that certain data values are combined or mixed
to produce a new value. Alternatively, a certain data digit may need to be parsed from
a larger data word. This kind of data handling and manipulation can be carried out by
using the SMOV instruction. The example below shows how two data values (a single

digit and a double digit number) are combined to make a final data value.

Digit Digit
MB000 10 1010
F—————{ BIN [Kax20] D2 — )
D1=7 B B oz2=s5
—————— BIN | K1X0| D1 — | —
[ L
smov| b1 | k1| K1 | D2 | K3 X0 to X3 X0WX%  horammable
controller
D1- 2 M. pr-765

Explanation:

The two BIN instructions each read in one of the data values. The first value, the single
digit stored in D1, is combined with the second data value D2 (currently containing 2
digits). This is performed by the SMOV instruction. The result is that the contents of D1
is written to the third digit of the contents of D2. The result is then stored back into

register D2.
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10.8 Measuring a High Speed Pulse Input

10.8.1 A1 msec timer pulse measurement

Some times due to system requirements or even as a result of maintenance activities
it is necessary to 'find out' how long certain input pulses are lasting for. The following
program utilizes two interrupt routines to capture a pulse width and measure it with a
1 msec timer. The timer used in the example is one of the timers. However, T63 on the

HCA2P/HCA2C would be used for a similar situation on that PLC.

Explanation:

The 1 msec timer T246 is driven when interrupt 1001 is activated. When the input to X1
is removed the current value of the timer T246 is moved to data register DO by
interrupt program 1100. The operation complete flag MO is then set ON.

Note: X10 acts as an enable/disable flag.

General wiring-pluse
. ‘mﬁﬂ‘ to be measured is
10.8.2 A0.1 msec timer pulse measurement mznﬁted to both X0
an
X1 [ Pulse to be
M measured
This is a very accurate measuring process for 10 2 Elinstruction

1o01| 03— MUST be

included in main

e
1 H H program
pulse inputs. The use of a standard timer is not | X0 =
RsT[ W0 | Special device
s . D8099
accurate enough in this case as the highest o
1100
. . . S0 | ———Measured time
resolution is Imsec. Therefor, this example : stored inDO
™~

Pulse has been

{EnD] measured

shows how the special high accuracy devices
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M8099 and D8099 are used to capture the 0.1 msec resolution pulse data.
Explanation:

The incoming pulse is captured between two interrupt routines. These routines
operate independently of each other, one on the rising edge of the pulse input and
one on the falling edge of the same input. During the pulse input the contents of
special register D8099 are continually moved into data register DO. Once the pulse has
completed the contents of DO can be viewed at leisure.

Please note for this high speed/accuracy mode to be active for D8099, the

corresponding special auxiliary bit device M8099 must be driven ON in the main

program.
nMaooz
— (mMov] ko [DO]
10.9 Using The Execution Complete Flag,
it (Fis oy
M8029 Eu"x'
Trapped
—||—|F'LSY| k10 [k100] vo instruction
S fth lied instructi tak th [_”—_—HST [ vs |
ome of the applied instructions take more than one
, , Eu“”
program scan to complete their operation. Y6 Trapoed
- RAMFDo [D2 [D3 kaoog—| ' "APPEC
ME0ZS instruction
This makes identification of the current operating state |_| ==

difficult. As an aid to the programmer, certainappliedinstructionsidentify
theircompletionbysettinganoperationcompleteflag, M8029.
Because this flag can be used by several different instructions at the same time, a

method similar to the following should be used to trap the M8029 status at each of the
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instructions using it:

Explanation:

The M8029 'trapping’ sequence takes advantage of the batch refresh of the PLC’ s.
As the program scan passes each instruction using M8029 the status of M8029 changes
to reflect the current status of the instruction. Hence, by immediately resetting (or
setting) the drive flag for the instruction the current operational status of the
instruction is

trapped. So when the batch refresh takes place only the completed instructions are
reset. The example above uses a pulse to set the drive flags so that it is easy to
monitor and see when each instruction finishes (if the instructions are continuously

driven it will be difficult to see when they finish!).

moﬂimMmohmhmq K4 j:L )
. . Equivalent
10.10 Creating a User Defined MTR | MTR instruction

| EN
The interrupt

Instruction FEND routine is scanned
16:20| MEN0D every 20 msec
'—“
—|Y [REF] xa0 [ ke |

e
Y31 n each scan o
] = this routine a
[ mov Jkzxad kem1zg) differentinput
block is read
the MTR instruction for HCFA users who - [ PLS [ana}
This program
v area controls
P which input block
will be read

(Fs[vao !

LY X

For users who want to have the benefits of

want to specify more than one MTR area,

—
Y3I0Y3I1Y3I2¥3a

this user defined MTR function will be | Mg X30-37 is
MB000 refreshed at the
————{RreF[vao [ k& | start of the
very useful. [ReT}—{ routine while

Y¥30-37 are
@_ refreshed here
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Explanation:

The main control of this program rests in the timer interrupt 1620. This interrupt
triggers every 20msec regardless of what the main program is doing. On each
interruption one bank of the user defined matrix is read. The program simply consists
of

reading the inputs triggered by each of the multiplexed outputs.
Thereaddataisthenstoredinsequentialsetsof auxiliary registers. Each MOV instruction
reads a new bank of multiplexed inputs.

The equivalent MTR instruction is shown immediately before the 'user defined' MTR.

10.11 An Example System

Application Using STLANd IST Program Control
The following illustration shows a simple 'pick and place' system utilizing a small
robotic arm. The zero point has been de-fined as the uppermost and left most
position accessible by the robot arm.

Anormal sequence of events

A product is carried from point 'A’ to point 'B' by the
robot arm. To achieve this operation the
following sequence of events takes place:

Initial position: the robot arm is at its zero point.

1) The Robots grip is lowered to it lowest limit

-output YO: ON, input X1: ON, output YO: OFF.
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2) The grip clamped around the product at point A

- output Y1: ON.

3) The grip, now holding the product, is raised to its upper limit
-outputY2: ON, input X2: ON, output Y2: OFF.

4) The robot arm traverses to its right most position

-output Y3: ON, input X3: ON, output Y3: OFF.

5) The grip and product are lowered to the bottom limit
-output YO: ON, input X1: ON, output YO: OFF.

6) The grip is unclamped and the product is released at point B
- outputY1: OFF.

7) The grip is retrieved back to its upper limit

-output YO: ON, input X2: ON, output YO: OFF.

8) The arm traverses back to its zero point by moving to the left most limit
-output Y4: ON, input X4: ON, output Y4: OFF.

The cycle can then start again.

System parameters
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Left most arm position -’? X4 Operation 8

- Y4
0 Operation 4
Zero point O—R)(z Y3 § o]
A 1 x2
X3
Upper Left most
Yo vz grip limit arm position Yo yo
Operation 1 Operation 3 Operation 5 Operation 7
X‘I/I;H: Y X1
Lower
grip limit Y1 Y1
Operation 2 Operation 6 :l
Raobot Arm
1) Double solenoid valves are used to control the up Control Center
Press to continue
(Y2)/down (Y0) and right (Y3)/left (Y4) motion. i ] © (& B

2) Asingle solenoid valve is used for the clamp

(Y1)/unclamp operation.

When all conditions
are met robot grip is
at zero point -
M8044 = ON

This example uses the IST instruction (FNC 60) | x4 x2 v1
H

to control the operation mode of the robot

IST control - setup

arm. The program shown opposite identifies how the IST instruction is written into the

main program.

Mode Selection | 1. Manual
. . . 2. Automatic
WhenthelSTinstructionisusedthereare5 selectable modes m 3 2 Return
501 ,—A-‘ —A OB

Touch screen keys

An example DU screen design
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which access three separate programs. This example has the following programs
associated with its modes. Each mode is selected. The screen shown opposite is the
initial mode menu. Each of the menu options causes a screen jump to the
selectedmode.Menuoptionsland3alsosetON

auxiliary devices M30 and M31 respectively.

The active bits then trigger a screen change to the selected mode. Please note
'Automatic' has three further modes which are selected from a following

screen/display.

Manual Mode: M22
@ d Clamp is active
. . M17
In this mode ALL operations of the robot arm _ RSTVA Clamp is not
M15 YO active
are controlled by the operator. An operation — I—Vl—@ Move grip up
M20 Y2
— |_V Move grip down
or movement is selected by pressing the M16 X2 Y3
—H |_L/| Move grip left
M21 X2 Y4
corresponding option on the DUs screen (see FHHA—G3) Move grip right

below). These options then trigger DU SWITCH objects which drive associated

auxiliary relays within the programmable controller. The SWITCH objects should be
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set to momentary so that they

only operate when the key is pressed.

The status of the clamping action could be identified by two INDICATOR (SCR)
functions on the DU unit. They could be monitoring the ON and OFF status of the
clamp output Y1. Hence, when the clamp was ON a single black box opposite the ON
button could appear. When the clamp is OFF the box would appear in front of the OFF
button. At any one time only one box would be active.

Key assignment for DU screen opposite:

Up =M15 Down =M20

Left=M16 Right = M21 Up_|Down] Left | Right ]
Manual Mode

Clamp ON =M22 m[OFF]
Clamp
Clamp OFF =M17 —A Q8 O[oN]

Menu =reset M30

Once manual operation is completed the operator can return to the main mode
selection screen by touching the 'Menu' key. This causes the manual mode bit flag,
M30, to be reset. Once M30 is reset the DU screen then changes back to the desired

mode selection screen.
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Zero Return Mode 51 I Clamp is not activeand the return

yvie cperalion has been started
This mode fulfills an initialization M35+ Ensure 'dowm’ and ‘clamp
E@_ RST_Y1 | options remain reset
function by returning the robot arm ' EE
w2 - (Y2 = Move grip up
to a known position. (511 RST_¥3 ] Ensure 'right' option is reset
@m Move grip left
Once 'Z Return' has been selected X4 1
s512 Set zero return
. complete flag (MB8043)

from the mode selection screen the
bit device M35 is ON. At this point the DU screen changes to the 'zero return' screen.
The actual zero return operation will then start when the 'Return’ push button is
pressed (activating M25) and the robots grip is not active, i.e. Y1 is OFF (on the STL

flow diagram opposite Y1 OFF is shown as Y1*).

The DU unit could be used to report back the Additional user
messages "
At Zero point
status of the current returning operation. The Return] Status: [Now returning
Zero point

example screen shown opposite uses 3 variable

Zero Return Mode

messages to indicate this status. The messages — _A Qg

could be text strings stored in the PLC which are

read and displayed by the DUs ASCII option.

Once the zero point has been returned to, the operator would also return to the mode
selection screen. This is achieved by pressing the 'Menu' touch key. This then resets
the zero return bit device M31 which allows the DU screen change to take place.

Key assignment for DU screen above:

Return =M25
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Menu = reset M31

Automatic Mode

Under this option there are three further mode selections. The available modes are:
Step Mode:

- The automatic program is stepped through - operation by operation, on command
by the user pressing the 'Start' button.

Cycle Mode:

- The automatic program is processed for one complete operational cycle. Each cycle
is initiated by pressing the 'Start' button. If the 'Stop' button is pressed, the program is
stopped immediately. To resume the cycle, the 'Start’ button is pressed again.
Automatic Mode:

- Afully automatic, continuously cycling mode. The modes operation can be stopped
by pressing the 'stop' button. However, this will only take effect after completion of
the current cycle.

In this example these three modes are selected

Automatic Mode
. . . ESlepped Operation | | | Automatic Operation |
by an external rotary switch. The rotary switchis  [sigie cycie Operation |~ (Menu]
-
Current
not connected to the PLC but to the I/O bus on Operation A QB DiSe

messages
the rear of the DU unit. The use of the rotary //\/\\%

Rotary switch input to

CYCLE
STEP AUTO
DU through I/O bus
switch means that the selected modes are @"/1 (used t select mode).

mutually exclusive in their operation. For an operator friendly environment the
currently selected mode is displayed on the DU screen (again this could be by use of

the DUs ASCII function). The start/ stop controls are touch keys on the DU screen.
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When a mode is selected the input received at the DU unit momentarily activates one
of the following auxiliary relays:

Rotary switch:

position 1 'Step' - Step operation: DU input 10, controls bit device M32 position 2
'Cycle' -Single cycle operation:

DU input I1, controls bit device M33 position 3

'Auto’ - Automatic operation: DU input 12, controls bit device M34

Key assignment for DU screen above:

Start=M36

Stop = M37

The program run in all three mode choices is shown opposite. As noted earlier, the
'Step' mode will require an operator to press the 'Start' key to start each new STL
block. This could be viewed as an additional transfer condition between each state.
However, the user is not required to program this as the IST instruction controls this
operation

automatically.

Move grip down
The 'Cycle' mode will process the program from STL
Clamp is active

step S2, all the way through until

Move grip up

STLstepS2isencounteredagain.Once
Move grip right

more the IST instruction ensures that only one cycle

Move grip down

Clamp is not
active

506
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is completed for each initial activation of the 'Start' input.

Finally as suggested by the name, 'Auto’ mode will continuously cycle through the
program until the 'Stop' button is pressed.

The actual halting of the program cycling will occur when the currently active cycle is

completed.

Points of interest:

a) Users of the IST instruction will be aware that only one of the operation modes
should be active at one time. In this example program the isolation of ‘Manual' and
'Zero return' modes by the use of separate DU control screens, and the use of a rotary
switch to isolate the three automatic modes achieves this objective. Alternatively all of
the operation modes could be selected by a rotary switch.

b) For users who would like to test this example using simulator switches (i.e., without
using a data access unit) the appropriate program changes are noted next to the full

program listing later in this section. Alternatively, the original program could be used
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with all of the input conditions being given by forcing ON the contacts with a
programming device e.g. a hand held programmer, Medoc etc.

c) Special flags used in this program are:

+ M8040: State transfer inhibit

- Manual mode: Always ON.

Zero return and Cycle modes: Once the 'Stop' input is given the current state is
retained until the 'Start' input is received.

Step mode: This flag is OFF when the 'Start' input is ON. At all other times M8040 is ON,
this enables the single STL step operation to be achieved.

Auto mode: M8040 is ON initially when the PLC is switched into RUN. It is reset when
the 'Start' input is given.

+ M8041: State transfer start

- Manual and Zero return modes: This flag is not used.

Step and Cycle modes: This flag is only active while the 'Start' input is received.
Auto mode: The flag is set ON after the 'Start' input is received. It is reset after the
'Stop' input is received.

« M8042: Start pulse

- This is momentarily active after the 'Start' input is received.

« M8043: Zero return complete

- Thisis a user activated device which should be controlled within the users program.
« M8044: At Zero position/ condition

- This is a user activated device which should be controlled within the users program.
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Full program listing:

a LD x s | 5TL 5 1 72 STL s M
1 AND x 2 36 LD M 35 73 | SET ¥ 1
2 AMI Y 37 | RST M | 8043 T4 | OUT T o
3 ouUT | M | Bld4 39 | AN b 1 K 10
5 LD M | BODOD 40 | SET 5 10 T LD T i
g IST G0 42 5TL 5 10 78 | SET 5 22
M 30 43 | RST ki 1 B0 STL 5 22
5 20 44 | RST ki a Bl jouT| ¥ 2
5 27 45 (OuUT bl 2 B2 LD X 2
13 | 5TL 5 o 46 LD X 2 B3 | SET =1 23
14 L M | BDu4 47 | SET 5 1 B5 STL s 23
15 | OUT M| BO43 48 | 5TL 5 11 BE (OUT| ¥ 3
17 LD M 22 50 | RST ¥ 3 8T LD X 3
18 | SET ¥ 1 51 (OuUT ¥ 4 B8 | SET 5 24
19 LD M 17 52 LD X 4 a0 STL 5 24
20 | RET Y 1 53 | SET 5 12 81 |ouT| ¥ i
21 LD M 15 55 | STL 5 12 a2 LD X 1
22 AMI Y o 56 | SET M | 8043 a3 | SET =1 25
23 | ouT Y 2 58 | RST 5 12 a5 STL s 25
24 LD M 20 [RET) 86 | RET A 1
25 AMI ¥ 2 60 | STL 5 2 ar | ouT T 1
26 | OUT ¥ 61 LD M | 8041 K 10
27 LD M 168 62 | RST M | 8043 100 LD T 1
28 | AND x 2 G4 [AND| M |B044 101 | SET s 26
28 ANI Y 65 | SET 5 20 103 | STL = 26
30 | ouT Y £l 67 | STL 5 20 i JOUT] Y 2
31 LD M 21 68 |OuUT b a 105 LD X 2
32 | AND x 2 [::] LD X 1 106 | SET s 27
33 AMI ¥ 0 | SET 5 21 108 | STL 5 27
34 | ouT ¥ 3 | |OUT| Y 4
[RETF 0 | D | X 1
T This instruction relums the — [111 [OoUT| 5 2
- Instructions in { ) are not program flow to STL step S2. 8 | RET
NECEESaTy
MECEsSary 114 | END
Program options:
6 IST 60 7 LD X 12 27 LD X 6 |
X 20 19 LD X 7 31 LD X 1
S 20 21 LD X 5 36 LD X 25
S 27 24 LD X 10

10.12 Using The PWM Instruction For Motor Control

The PWM instruction may be used directly with an inverter to drive a motor. If this

configuration is used the following ripple circuit will be required between the PLC’ s
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PWM output and the inverters input terminals.

Programmable
controller
il Motor
E
. a o -
- Inverter | —
Cc1 o
—

Circuit configuration for a PLC with source outputs

Key to component values:

R1-510Q(1/2 W) R2 - 3.3kQ(1/2 W)

R3to R8- 1kQ(1/4 W) R9-220Q(1/4 W)

R10 - variable dependent on configuration. In this example 1kQ (1 W)
C1-470uF

Note: the values of R10 and C1 are dependent on the system configuration

X10 t T

0
I—H—IPWM[ D10 K50 IYDDD}—‘

Establishing system parameters and values
It is assumed that the input impedance of the inverter is of a high order. Having
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established this, the values of C1 and R10 are calculated to giveta time result (in msec)
approximately 10 times bigger than the value used for TOin the PWM instruction:
1=R10(kQ)ALC1(UF)

During this calculation the value of R10 must be vastly greater than the value of R9. In
the example, R9 is equal to 22Q, where as R10 is equal to 1k Q. This proportion is
approximately 1:50 in favor of R10.

The maximum output voltage (to the inverter) including ripple voltage, can be found

by using the following equation:

en=E——

Where:

em= Maximum output voltage

E= pulse (square wave) output voltage (see circuit on the previous page)

t = PWM pulse duration (see previous page for reference)

TO=PWM cycle time for pulse (see previous page for reference)

The average output voltage (to the inverter) including ripple voltage, can be found by

using the following equation:

Ae To-t{ To
e T ~ 1

Where:

Ae=the voltage value of the ripple
e =ripple output voltage

TO=PWM cycle time for pulse
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t=PWM pulse duration

T =ripple circuit delay

See previous page for references.

Operation

Once the system configuration has been selected and the ripple circuit has been built
to suit, the motor speed may be varied by adjusting the value of 't in the PWM
instruction.

The larger the value of 't' the faster the motor speed will rotate. However, this should
be balanced with the knowledge that the faster the output signal changes the greater
the ripple voltage will be. On the other hand a slowly changing output signal will have
a more controlled, yet smaller ripple effect. The speed of the signal change is
determined by the size of C1. Alarge capacitive value for C1 would give a smaller

ripple effect as charge is stored and released over a longer time period.

Programmable
controller

Motor

Inverter

|

Circuit configuration for a PLC with sink outputs.

The component values are the same as stated previously

The following characteristics were noticed when the identified circuit was tested
The PWM instruction had TO set to K50. The value for t was varied and also the load

impedance was varied to provide the following characteristics graph (see over page).
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12.0+ té
10.04 L3 Tested load impedance
L4 (e.g. inverter impedance)
8.0 L1-100k
e (volts) ¢ o] L2-10k
L3-47k
4.07 Ld4-22k
2.0
kss 10 20 30 40 50

The duration of the T0, time base also affects the ripple voltage. This can be clearly

seen in the next set of test data:

PWM parameter setting Measured ripple
t To t/To voltage
100 200 1.27V
50 100 668mY
25 50 0.5 350mv
10 20 154mV
5 10 82mv

The behavior of the Sink switched circuit detailed above will be similar to that of the

Source switched circuit detailed earlier.

10.13 Communication Format

10.13.1 Specification of the communication parameters:

Items such as baud rates, stop bits and parities must be identically set between the
two communicating devices. The communication parameters are selected by a bit

pattern which is stored in data register D8120.
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D8120
L Bit (bn)status
De t
serption 0 (OFF) 1(ON)
b0 Data length 7 bits 8 bits
b1 {00): No parity
b2 Parity (b2, b1) {01): Odd parity

{11): Even parity
b3 Stop bits 1 bit | Zbits
(b7, b6, b5, bd)

e oy 20 07,0000
b6 Baud rate - bps (0100): 600 bps (1000].' 9600 bps
b7 (0101): 1200 bps (1001): 19200 bps
{(0110): 2400 bps ’
b8 Header character MNone D8124, Default: STX (02H)
b9 Terminator character MNone 08125, Default: ETX (03H)

No Protocol

(b12, b11, b10)

(0, 0, 0): RS Instruction is not being used (RS232C interface)

(0, 0, 1): Terminal mode -RS232C interface

o (0, 1, 0): Interlink mode - RS232C interface

b10 | Communication Control | (g q 1): Normal mode 1- R$232C, RS485(422) interfaces (RS485
b11 (see timing diagrams HCAS (C) only)

b12 | page 10-20 onwards) |4 g 1), Normal Mode 2 - RS232C interface

Computer Link

(b12, b11, b10)

(0, 0, 0): RS485(422) interface
(0, 1, 0): RS232C interface

General note regarding the use of Data register D8120: This data registerisa

general set-up register for all ADP type communications. Bits 13 to 15 in the 232ADP

units should not be used. When using the network with 485ADP units bits 13 to 15

should be used instead of bits 8 to 12.

10.13.2 Header and Terminator Characters

The header and terminator characters can be changed by the user to suit their
requirements.

The default setting for the header stored in D8124 is 'STX' (or 02H)and the terminator
default setting stored in D8125 is 'ETX' (or 03H). The header and terminator characters

are automatically added to the 'send’ message at the time of transmission. During a
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receive cycle, data will be ignored until the header is received. Data will be continually
read until either the termination character is received or the receive buffer is filled. If
the buffer is filled before the termination character is received then the message is
considered incomplete.

If no termination character is used, then reading will continue until the receive data
buffer is full. Only at this point will a message have been accepted and complete.
There is no further buffering of any communications, hence if more data is sent than
the available destination buffer size then the excess will be lost once the buffer is full.
It is therefore very important to specify the receive buffer length the same size as the

longest message to be received.

Events to complete a transmission:

M8000
The RS instruction should be set up and — +{ Rs |Ds0][ D49 [D200] K 10
X3
active. — ————BMoV|D100| D50 | K6 H
— MOV | K6 | D49 H
Th i h
e data to be transmitted should be

moved into the transmission data buffer. If

a variable is being used to identify the message length in the RS instruction this
should be set to the new message length. The send flag M8122 should then be SET ON.
This will automatically reset once the message has been sent. Please see the example

program right.

Events encountered when receiving a message:
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The RS instruction should be set up and active. Once data is being received and an

attempt is made to send out data, the special M

M8000
— RS | D50 | D49 |D200| K 10

i indi M8123
flagM8121 is set ON to indicate the __ Evovozo[ 570 K0
transmission will be delayed. Once the

'incoming' message is completely received the message received flag M8123 is set ON.
At the same time if M8121 was ON it is automatically reset allowing further messages
(delayed or otherwise) to be transmitted.

It is advisable to move the received data out of the received data buffer as soon as
possible. Once this is complete M8123 should be reset by the user. This is then ready

to send a message or to await receipt of a new message.

10.13.3 Timing diagrams for communications:

1) No Handshaking D8120 (b12, b11, b10) = (0, 0, 0)

RS
|rr5tru|::|1mCEEICN
Serddata

A Y
SD (TXD) f Cata 1 Data 4
%‘dreq.ﬂst ON CF
Ma122 : :
Send wait : :
flag MB121 : : *This period Shodd

f beﬂ])u s or more
Receivedata : o 3

RD (RXD) : :
Recsive \—/EFL‘ """"" \
completion :

M8123 . The receive wait
rc_stall_lsissta'ted stell.ﬂngaptga‘n
When it is not turned off, the
next data cannot be received.

2) Terminal mode D8120 (b12, b11, b10) =(0, 0, 1)

a) Send Only
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RS O
instruction

L
S o

Send
Ma122

ER(DTR)

b) receive only

RS
; _mCFﬂ O
Receive data

RD (RxD)

ER(DTR) OFF ON
Recaive OFF -
cormpletion
nMB123 Reset using a program.

When it is not tumed off, the next data cannot be received.

3) Normal Mode 1 D8120 (b12, b11, b10)=(0, 1, 1)

R ruction OFE] ON kY
Send data SD I b
(D) Data 1 Data 3 }
Send request
MB122 ON
fl hig"ig1 LXE /
ag ,;f
ERDIR) _OFFY ON (k \if 3 (
Receive data :
S S
..‘E‘m CFF m ........................... I
MB123 § Reset using a
5 Wmitisrﬁturr‘eddf,jha-
7

This period should be 100 us or more

4) Normal Mode 2 D8120 (b12, b11, b10) = (1, 0, 1)
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10.13.4 8 bit or 16 bit communications.

This is toggled using the Auxiliary relay M8161. When this relay is OFF 16 bit
communications takes place. This actually means that both bytes of a 16 bit data
device are used in both the transmission and the receipt of messages. If the M8161
device is activated then 8 bit mode is selected. In this mode only the lower 8 bits (or
byte) is used to perform the transmissionreceiving actions. The toggling of the M8161
device should only occur when the RS instruction is not active, i.e. it is OFF.

When a buffer area is specified in the RS instruction it is important to check whether 8
or 16bit mode has been selected, i.e. a buffer area specified as D50 K3 would produce

the following results.......
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General note regarding hardware: Information regarding pin outs of the

respective ADP special function blocks can be found along with wiring details in the

appropriate hardware manuals.
10.14 PID Programming Techniques
10.14.1 Keeping MV within a set range

In the reserved registers of the PID data block S 3+18 and S3+19 form a double word
device that contains the previous MV x K100. The following program uses this to keep
MV under control when it exceeds the operating limits.

Example Program to keep MV in the range K100 to K5000

Data
10 sV Py Biock By
———1 A0 [ Da | Do | D | e
M
U zcp | w0 | ws00 | o6 | M H  Ched My agsinst mnge
wep SO My
_Lowerlimt [ MOV | KioD | Das | MW= 100 Fo MV tolower mit
M x
K00
[ Dnov [ w0000 | De8 N Reset FID data to lower limit
Mz | Foe MY
s WOV | Ks00 | D#6 | M= S000: Fix MV o upper limit
M nax
K100
| Ovov | KS0000 | D8 | Reset PID data to upper fimit

If data registers are used to hold the limit values, it is possible to use a MUL instruction
instead of the DMOV. E.g. When D50 is upper limit use: MUL D50 K100 D38 because the
result of MUL is already a double word DMUL is not needed.

Resetting (S3+19, S3 +18) in this way prevents runaway, which occurs if only MV is

changed.
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10.14.2 Manual/Automatic change over

In order to switch from automatic (PID) control to manual control and back to
automatic it is necessary for the PID process to perform 'Manual Tracking'. Although
the HC PID instruction does not have a manual tracking feature there are two methods
that can be used to make the switch from manual back to automatic as trouble free as
possible.

To understand the reason for the two methods the following should be noted. The PID
instruction sets its initial output value based on the initial value of the output register.
When the PID instruction is switched on it can only do P as it has only 1 data reading.
On the first reading the current value of the output register is used as AMV. Thereafter
the previous output value is used (stored in S3+18, S3 +19).

After the next reading PI can be calculated and from the third reading full PID is
performed.

Please see section 5.98, PID (FNC 88), for the complete equations.

Method

It is recommended that if manual to auto switching is desired that the PID instruction
is switched off during manual operation and the operator controls the value of the MV
register (the Output Value). When returning to auto mode, the PID instruction is
switched on again and uses the last MV input by the operator during the first PID

calculation. After 3 readings full PID will be operating and the process should be under
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control quickly. (Assuming that manual control did not cause a move too far from the

Set Point.

10.14.3 Using the PID alarm signals

Included as part of the data block there are four alarm values. These set the maximum
positive and negative change that should occur to MV and PV. The PID alarm signals
are used to warn of the system going out of control.

When the system is starting from cold it is usually not good to include the Derivative
numbers of the in the calculation; the changes to PV are large and the Derivative
introduces too much correction. Also, if the system starts to move rapidly away from
the SV then sometimes the use of D can over correct and cause chasing.

By having an "alarm’ flag for the change in PV and MV it is possible to monitor the state
of the system and adjust the PID parameters to appropriate settings.

When the system is close to the SP the changes in PV (and MV) should be minimal. In
this situation using full PID is very useful in keeping the system close to the SP. (Full
PID is appropriate).

However, if the conditions change (e.g. opening a refrigerator door, adding ingredients
to a mixture, cold start, etc.) the system reacts. In some cases (especially cold start)
the reaction is too much for the D to be useful (Pl or sometimes just P only is better). In
these cases the alarm flags can be used to change to PI control until the system
returns to a more stable condition,

when full PID can then be used.
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Basically, rather than use actual values of the PV to determine the change over point
from Pl to PID (or PID to Pl), use the size of the change in PV (or MV). This means
changes to the Set

Point do not require different ranges for the PI - PID change over point (at least, in

theory).

10.14.4 Other tips for PID programming

« Itis recommended that an input value for PV is read before the PID is activated.
Otherwise, the PID will see a big change from 0 to the first value and calculate asif a
big error is occurring.

« The PID instruction is not interrupt processed. It is scan dependent and as such the
sampling can not occur faster the HC scan time. It is recommended that TSis set to a
multiple of the program scan time.

+ To keep timing errors to a minimum it is recommended that constant scan is used.
+ To improve sampling rates it is possible to put the PID instruction inside a timer
interrupt routine.

« Itis better to have the PID only perform P until the input value (PV) reaches the
working range.

« When setting up itis a good idea to monitor the input and output of the PID
instruction and check that they are about the expected values.

« If the PID system is not operating properly check the error flags for PID errors

(D8067).
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10.15 Pre-tuning operation

10.15.1 Variable Constants

The Pre-tuning operation can be used to automatically set values for the following
variables:

- The direction of the process; Forward or Reverse (S 3+1, bit 0)

- The proportional gain constant; KP(S3+3)

- The integral time constant; TI(S3+4)

- The derivative time constant; TD(S3+6)

Setting bit 4 of S3+1 starts the pre-tuning process. Before starting, set all values that
are not set by the pre-tuning operation: the sample time, Ts (S3 +0); the input filtera(S
3+2); the Derivative gain, KD(S 3+5); the Set Point, SV (S1); and any alarm or limit
values, (S 3+20-23).

The Pre-tuning operation measures how fast the system will correct itself when in
error. Because the P, I, and D equations all react with differing speed, the initial error
must be large so that effective calculations can be made for each type of equation.
The difference in values between SP and PVnf must be a minimum of 150 for the
Pre-tuning to operate effectively. If this

is not the case, then please change SV to a suitable value for the purpose of
pre-tuning.

The system keeps the output value (MV) at the initial value, monitoring the process

value until it reaches one third of the way to the Set Point. At this point the pre-tuning
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flag (bit 4) is reset and normal PID operation resumes. SV can be returned to the
normal setting without turning the PID command Off.

During the course of normal operation, the Pre-tuning will NOT automatically set new
values if the SV is changed. The PID command must be turned Off, and the Pre-Tuning
function restarted if it is necessary to use the Pre-tune function to calculate new
values.

+ Caution: The Pre-tuning can be used as many times as necessary. Because the flag
resets, the set bit can be turned On again and new values will be calculated. If the
system is running an oven heater and the SV is reduced from 250 to 200 C, the
temperature must drop below 200 or the “Forward/Reverse” flag will be setin the
wrong direction. In addition, the system error value must be large for the pre-tune

variable calculations to work correctly.

O)

pre-tuning operation. It is recommended that the sampling time is generally set to a

« Note: Set the sampling time to greater than 1 second (1000 ms) during the

value much greater than the program scan time.

» Note: The system should be in a stable condition before starting the pre-tuning
operation.

An unstable system can cause the Pre-tuning operation to produce invalid results. (e.g.
opening a refrigerator door, adding ingredients to a mixture, cold start, etc.)

+ Note: Even though Pre-tuning can set the above mentioned variables, additional
logic may be needed in the program to "scale" all operating values to those capable of
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being processed by the special function devices being used.

10.16 Example Autotuning Program

The following programming code is an example of how to set up the Pre-Tuning

function.
X010
D500: SV =500 [FHC 1z
oy [ | K500 | D500
. = . FNG 12
D502: MV = 1800, initial value o 8 K1800 | D502
- = FNC 12
D510: Ts. SJ"'D 3000 oy 3 Kaooo | D10
D511: 8,+1, Bits 0-3 and 5-15 Off, Bits 4 and
5 On. Bit 4 = Pre-Tune Function gy |Ho0ao | D511

Bit 5 = MV Range Limit

- 0 - FNG 12
D512: Input Filter, $,+2 = 70% e T R e

D515: Ky , S,+5 = 1800, initial iz | ko | osis
value mov 13
. - FNG 12
D532: MV Max, 5,+22 = 2000 oV [ K2000 | D532
D533: MV Min, S,+23 =0 FNCZ | Ko | DSa3
EN s
(Y]
Pulsa M1 to turn On PID command it 8ET
MB002
" : : FNC 79
Send sefting to Special Function Block —n—' o | Ko [ Ko JHasml KA1 I—
MBO0D
i : FNC T8
Read data from Special Function Block — FROM | KO [ K10 | D501 | K1 I—
X010
Reset Output data when PID command is Off RST
|
PID Instruction Command Line M1 FNCEB
— e | D500 [ D501 | D510 I D502 |—

Turn Off PID Instruction

X011
=
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