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Function Blocks  (FBs)

The standard PG3 programming tool is used to create a user program to manage the PCD2.Hxxx counting and motion control modules. 

The FBs can be obtained on diskette using reference PCD9.H21E1.

Since motion control tasks always concern sequential processes, it is preferable if user programs are written in GRAFTEC, while individual steps and transitions are edited IL with FB’s . User programs, however, can also be written purely in BLOCTEC.
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Subject to technical changes

Programming in IL with FB’s

The IL package

The diskette order reference is PCD9.H21E1. 

This package contains file D2H210FB.ZIP. It consists of 5 files for use with SAIA PG3:

1. D2H210FB.SRC

(read-only file)

2. D2H210FB.EXT

(read-only file)

3. D2H210FB.MBA

4. H210EX1.SRC

5. README.TXT

For the user, the only other important file apart from the actual user program is the file "D2H210FB.MBA". With the other files it is important that they should be installed in the right places and are called correctly.

D2H210FB.MBA
(MBA = Module Base Address). This file contains the base addresses of individual PCD2.H210 modules. This file can be modified by the user. 


It must be copied to the current project directory.

D2H210FB.EXT
This file contains all symbol definitions for the user. It must be copied to the current project directory.

This file must be incorporated into the user program with assembler directive "$include":
This file must not be modified by the user.

D2H210FB.SRC
The file contains the FB source code. It must be copied to the current project directory. This file must not be modified by the user.

The File "D2H210FB.MBA" is significant for the user and is shown below:

The number of PCD2.H210 modules must be indicated. Hardware base addresses for all PCD2.H210 modules used should then be entered.

The base addresses of registers, flags and FB’s must also be indicated.

File :
D2H210FB.MBA
; This file can be modified by the user

;

; Basis addresses defined by the user

; -----------------------------------

NbrModH21     EQU     1       ; No. of H210 modules used (0...16)

BAR_H21       EQU     2100    ; Base of registers for H210 FB's

                              ; used registers = 14 + 4*NbrModH21

BAF_H21       EQU     2100    ; Base of flags for H210 FB's

                              ; used flags = 18 + 3*NbrModH21

BAFB_H21      EQU     210     ; Base of H210 FB's

                              ; used FB's = 3

; Module base addresses (only the used modules must be defined)

H21_BA_1      EQU     16      ; Base address of module 1

H21_BA_2      EQU     0       ; Base address of module 2

H21_BA_3      EQU     0       ; Base address of module 3

H21_BA_4      EQU     0       ; Base address of module 4

H21_BA_5      EQU     0       ; Base address of module 5

H21_BA_6      EQU     0       ; Base address of module 6

H21_BA_7      EQU     0       ; Base address of module 7

H21_BA_8      EQU     0       ; Base address of module 8

H21_BA_9      EQU     0       ; Base address of module 9

H21_BA_10     EQU     0       ; Base address of module 10

H21_BA_11     EQU     0       ; Base address of module 11

H21_BA_12     EQU     0       ; Base address of module 12

H21_BA_13     EQU     0       ; Base address of module 13

H21_BA_14     EQU     0       ; Base address of module 14

H21_BA_15     EQU     0       ; Base address of module 15

H21_BA_16     EQU     0       ; Base address of module 16

Assembling and linking files

There are several methods by which the FB’s and definition file of the H210 module can be integrated into the user software. The following figure shows one.
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The base addresses of the H210 modules and  FB resources are defined in file D2H210FB.MBA by the user, the user must therefore modify this file. The other files should never be modified by the user.

In order to call the various H210 functions from the user program and to avoid warnings in SEDIT, it must also have access to the file D2H210FB.EXT. The H210 definition file D2H210.MBA is included only in the FB files. This definition file must be installed in the project directory.

The individual FB’s

The complete package consists of three main FBs with parameters :

· InitH21

Initialization

FB with 7 parameters

· ExecH21
Execution

FB with 3 parameters

· HomeH21
Homing position
FB with 9 parameters

Calling FB INIT is always done as follows :

CFB

InitH21



K
1

; Param. 1:
module number
(k 1 - k 16)




1

; Param. 2:
frequency range
(0 - 3)




0

; Param. 3:
emergency stop
(0=off/1=on)




0

; Param. 4:
limit switch
(0=off/1=on)




1

; Param. 5:
Vmin
(1 - 255)




100
; Param. 6:
Vmax
(1 - 255)




20

; Param. 7:
acceleration
(1 - 255)

For some typical examples, calling FB 'ExecH21' appears as follows :

CFB

ExecH21



K
1

; Param. 1:
module number
(k 1 - k 16)




LdDestRH21
; Param. 2:
function



R
777
; Param. 3:
value (from source register)

CFB

ExecH21



K
1

; Param. 1:
module number
(k 1 - k 16 )




StartH21
; Param. 2:
function




rNotUseH21
; Param. 3:
not used

CFB

ExecH21



K
1

; Param. 1:
module number
(k 1 - k 16)




RdPosH21
; Param. 2:
function



R
1000
; Param. 3:
value (in destination register)

Three parameters must always be defined, even if only two are required for a function. The third parameter can be defined as 'rNotUseH21' or as any register.

A list of all command follows on the next page.

Commands (functions) for FB ExecH21 :

LdVminH21              ; load min. frequency

LdVmaxH21              ; load max. frequency

LdAccH21               ; load acceleration

LdDestRH21             ; load destination relative

LdDestAH21             ; load destination absolute

StartH21               ; initialise and start motion

StopH21                ; stop motion

ContH21                ; continue motion after stop

SetOut2H21             ; set   Output 2

ResOut2H21             ; reset Output 2

SetOut3H21             ; set   Output 3

ResOut3H21             ; reset Output 3

RdPosH21               ; read remaining position

RdIdentH21             ; read module identification

Calling FB 'HomeH21' always appears as follows :

CFB


HomeH21



K
1
; Param. 1: module number
(k 1 - k 16)



R
888
; Param. 2:
ref. position    
(R)




1
; Param. 3:
search direction
(0 = down/1 = up)




0
; Param. 4:
ref. switch leaving direction 
(0 = down/1 = up)




2
; Param. 5:
frequency range
(0 – 3)




10
; Param. 6:
Vmin
(1 - 255)




100
; Param. 7:
Vmax
(1 - 255)




20
; Param. 8:
acceleration
(1 - 255)




30
; Param. 9:
timeout in sec.
(1 – 65535






0 = no timeout)
General definitions :

rDiagH21
; error flag if parameter value wrong

fParErrH21

Module-specific definitions :

fHoEH21_x
; error during home procedure

rPoAH21_x
; absolute position

EmTrH21_x
; emergency stop Triggered

OnDeH21_x
; destination OK

LSxTH21_x
; limit Switch 1 or 2 Triggered

EmrgH21_x
; emergency stop

LS1H21_x
; limit Switch 1

RefH21_x
; reference switch

LS2H21_x
; limit Switch 2

"_x"
corresponds to module number

The absolute addresses of  the registers and flags can be viewed in file 'program.MAP'.

Parameter definition

Values for 'Vmin', 'Vmax' and 'Acceleration' can be taken from the following tables. For each of these parameters values from 1 to 255 can be selected. Four frequency ranges 0 to 3 are available. Values for setting task parameters should always be taken from a single range.

Values for "Vmin" and "Vmax"  (Vmin and Vmax in Hz)

Value
Range 0
Range 1
Range 2
Range 3

1
9.5
19
38
76

2
19
38
75
152

3
28
57
114
229

4
38
76
153
305

5
48
95
191
381

6
57
114
229
458

8
76
153
305
610

10
95
191
381
763

15
143
286
572
1144

20
190
381
763
1526

25
238
477
954
1907

30
286
572
1144
2289

40
381
763
1526
3052

50
477
964
1907
3814

60
572
1144
2289
4577

70
667
1335
2670
5340

80
763
1526
3052
6103

90
858
1717
3433
3866

100
954
1907
3815
7629

110
1049
2098
4196
8392

120
1144
2289
4577
9155

130
1240
2480
4959
9918

140
1335
2670
5340
10680

150
1430
2861
5722
11443

160
1526
3052
6103
12206

170
1621
3243
6485
12969

180
1716
3433
6866
13732

190
1812
3624
7248
14495

200
1907
3815
7629
15258

210
2002
4006
8010
16021

220
2098
4196
8392
16784

230
2193
4387
8773
17546

240
2288
4578
9155
18903

250
2384
4769
9536
19072

255
2431
4864
9727
19454

Values for acceleration  (in Hz/sec)

Value
Range 0
Range 1
Range 2
Range 3

1
152939
305911
611821
1223642

2
76470
152955
305911
611821

3
50980
101970
203940
407881

4
38235
76478
152955
305911

5
30588
61182
122364
244728

6
25489
50985
101970
203940

8
19117
38239
76478
152955

10
15294
30991
61162
122364

15
10196
20394
40788
81776

20
7647
15296
30591
61162

25
6118
12236
24473
48946

30
5098
10197
20394
40788

40
3823
7648
15296
30591

50
3059
6118
12236
24473

60
2549
5099
10197
20394

70
2185
4370
8740
17481

80
1912
3824
7648
15296

90
1699
3399
6798
13596

100
1529
3059
6118
12236

110
1390
2781
5562
1124

120
1274
2549
5099
10197

130
1176
2353
4706
9413

140
1092
2185
4370
8740

150
1020
2039
4079
8158

160
956
1920
3824
7648

170
900
1800
3599
7198

180
850
1700
3399
6798

190
805
1610
3220
6440

200
765
1530
3059
6118

210
728
1457
2913
5826

220
695
1391
2781
5562

230
665
1330
2660
5320

240
637
1275
2549
5099

250
612
1224
2447
4895

255
600
1200
2400
4800

Example :
Values are to be defined for Vmin = 100 Hz, Vmax = 3000 Hz and an acceleration of 6000 Hz/sec.

The range chosen is always the one with the lowest attainable frequencies, for our case "Range 1".

for Vmin


(
value 5
 (95 Hz)

for Vmax

(
value 150 - 160 = approx. 157

for acceleration

(
value approx. 50

Function Block 'InitH21'  (initialization of the module)

InitH21

FB :
Initialization of the module
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Function description :

This FB defines the settings of the PCD2.H210 module and reads the base address from file D2H210FB.MBA. 

Values for Vmin, Vmax and Acc can be modified at any time and are not considered maximum values. 

Parameter 1 must be given as a K constant and all other parameters as integer numbers.

Par.
Designation
Type
Format
Value
Comment

= 1
Module number
K
K n
K 1 – K 16


= 2
Frequency range

integer
0 – 3
0 = 9.5 – 2431 Hz

1 = 19 – 4864 Hz

2 = 38 – 9727 Hz

3 = 76 – 19454 Hz

= 3
Emergency stop config.

integer
0 / 1
0 = off / 1 = on

= 4
Limit switch config.

integer
0 / 1
0 = off / 1 = on

= 5
Vmin (Start-stop freq.)

integer
1 – Vmax
Entry checked

= 6
Vmax (frequency after acceleration ramp)

integer
Vmin – 255
Entry checked

= 7
Acceleration

integer
255 – 1
Entry checked

Function Block 'ExecH21'  (Execute command)

ExecH21

Function Block:
Execute command
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Function description :

This FB is used to send commands to the PCD2.H210 module. 

Module number (parameter 1) must be a K constant (K 1…K 16).

The base address is defined in file 'D2H210FB.MBA'. 

These FB’s support up to 16 x PCD2.H210 modules per PCD system.

Individual commands (parameter 2) are described in the following pages.

The parameter of a command (e.g. acceleration value for command LdAccH21) is transferred to a register (parameter 3). If a command does not need a parameter (e.g. Start) any register or 'rNotUseH21' can be presented.

Commands for the FB ExecH21  (FB parameters)
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LdAccH21
Command :
Load acceleration

Function description :

This command loads acceleration to the input register.

This value will apply from the next 'Start' command. Acceleration and braking ramps are symmetrical. Acceleration depends on choice of frequency range (see table "Parameter definition"). The following formula can be used to calculate effective acceleration :







76.30 [steps/s] * 16000 [1/s]

eff. accel. (frequency range = 3)  =      -------------------------------------

[steps/s2]




acceleration value

etc. with 38.15 and 19.08 [steps/s] until,







9.54 [steps/sec] * 16000 [1/s]

eff. accel. (frequency range = 0)  =     ---------------------------------------

[steps/s2]




acceleration value

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


= 2
Command: LdAccH21





= 3
Acceleration
R
integer
255 - 1
255
= min ;

1
= max

Values outside the range are not intercepted.

LdVminH21
Command :
Load start-stop frequency
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Function description :

This command loads the start-stop frequency (Vmin) to the input register. This value applies from the next 'Start' command.

Frequency grading, i.e. the steps from one frequency stage to the next, depends on the choice of range : 

For range 0 (9.5 to 2431 Hz), resolution totals 9.54 Hz

For range 1 (19 to 4864 Hz), resolution totals 19.08 Hz

For range 2 (38 to 9727 Hz), resolution totals 38.15 Hz

For range 3 (76 to 19454 Hz), resolution totals 76.30 Hz.

See also table ”Parameter definition”

Calculation of effective start-stop frequency :

For range = 0 :
Start-stop frequency
=
9.54 Hz * value Vmin

etc. for 19.08 Hz and 38.15 Hz until,

For range = 3 :
Start-stop frequency
=
76.30 Hz * value Vmin

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


= 2
Command: LdVminH21





= 3
Start-stop frequency
R
integer
1 - Vmax
Values outside the range are not intercepted
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LdVmaxH21
Command :
Load maximum velocity

Function description :

This command loads the maximum frequency (Vmax) attainable after an acceleration ramp to the input register. This value applies after the next Start command.

Frequency grading, i.e. the steps from one frequency stage to the next, depends on the choice of range : 

For range 9.5 to 2431 Hz, resolution totals 9.54 Hz

For range 19 to 4864 Hz, resolution totals 19.08 Hz

For range 38 to 9727 Hz, resolution totals 38.15 Hz

For range 76 to 19454 Hz, resolution totals 76.30 Hz.

See also table ”Parameter definition”

Calculation of effective frequency :

For range = 0 :
Frequency
=
9.54 Hz * value Vmax

etc. for 19.08 Hz and 38.15 Hz until,

For range = 3 :
Frequency
=
76.30 Hz * value Vmax

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


= 2
Command: LdVmaxH21





= 3
Maximum frequency
R
integer
Vmin - 255
Values outside the range are not intercepted
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LdDestRH21
Command :
Load relative travel

Function description :

This command loads the number of steps for the next movement to the input register. This value applies from the next Start command. The command always functions in relative mode. The value entered is always an integer (positive or negative) and not bigger than 224. 

This command also calculates the absolute position (register 'rPoAH21_x') to be reached after execution of the movement.

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


=-2
Command: LdDestRH21





= 3
Target (relative)
R
integer
24 bit
( 16777215

PosAbs_x
Absolute position
R
integer
32 bit
-231 .. +231 -1

LdDestAH21
Command :
Load absolute destination
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Function description :

This command loads the destination for the next movement to the input register. This value applies from the next Start command. The command calculates relative movement to final position. The value entered is always a positive integer and not bigger than 224. 

This command also calculates the absolute position (register 'rPoAH21_x') to be reached after execution of the movement.

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


= 2
Command: LdDestAH21





= 3
Target (absolute)
R
integer
32 bit
-231 .. +231 -1 

but max. 24 bit as relative movement

PosAbs_x
Absolute position
R
integer
32 bit
-231 .. +231 -1

RdPosH21
Command :
Read actual (current) position
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Function description :

This command reads the module counter. The counter state indicates how many pulses remain to be output before the end of a movement. The result is always positive. 

This command also calculates the actual absolute position, which is refreshed in the 'rPoAH21_x' register.

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


= 2
Command: RdPosH21





= 3
PCD register with number of remaining steps
R
integer
24 bit
0 .. 16777215

PosAbs_x
Absolute position
R
integer
32 bit
-231 .. +231 -1

StartH21

Command :
Start motion
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Function description :

This command transmits motion parameters 'Vmin', 'Vmax', 'Acc' and 'Dest' to the working register and starts the movement. It can only be executed if the movement is finished  (OnDeH21_x = H)

StopH21

Command  :
Stop motion
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Function description :

This command can be used to stop current motion, applying the normal braking ramp. As soon as the braking ramp has finished and the motor is at a standstill, input 'OnDeH21_x' is set high. An interrupted movement can be concluded with the ‘ContH21’ command. The module is not blocked after a Stop command and, with a new Start command, it can still travel to a new position.

ContH21

Command :
Cause stopped motion to continue
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Function description :

This command causes motion which has been interrupted with 'StopH21' to run on. Current position is read first, then the remaining path is loaded and motion started.

The 'ContH21' command must only be sent when the motor has come to a standstill (OnDeH21_x = H), as otherwise the destination will not be approached correctly.

RdIdentH21
Command :
Read module identification
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Function description :

This command can be used to check the correct function of the PCD2.H210 module and read the FPGA version. If the module is working properly, the value 32xx will be returned. See table below. If the module is faulty (or incorrectly addressed) the value 0 is read.

Description of participating input/output elements :

Par.
Designation/Function
Type
Format
Value
Comment

= 1
Module number
K

1 - 16


= 2
Command: RdIdentH21





= 3
Module identifier H210
R
integer
12 bit
0  (  faulty

Table of valid identifiers :

Value
FPGA-Version

3200

3201

3202

...

3215
Version HD0 

Version HD1

Version HD2

...

Version HDF

SetOut2H21 - SetOut3H21

Command :
Set output 2 - Set output 3
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Function description :

These commands set digital outputs A2 and A3 respectively. Since these outputs are not directly addressed by the PCD1/2 bus, they cannot be read back nor can they be affected by the 'Clear Outputs' or 'Clear All-Elements' commands of the debugger.

ResOut2H21 – ResOut3H21

Command :  Reset output 2 - Reset output 3
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Function description :

These commands reset digital outputs A2 and A3 respectively. Since these outputs are not directly addressed by the PCD1/2 bus, they cannot be read back nor can they be affected by the 'Clear Outputs' or 'Clear All-Elements' commands of the debugger.

Function Block 'HomeH21'

HomeH21
FB :
Find reference position
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Function description :

This FB defines homing and starts it. The FB is only exited when the reference switch has been found or when the timeout has been reached. The module must be initialised (FB InitH21) before FB HomeH21 can be executed. See manuel PCD2.H210 (PUBLI 26/760) section 5.4 for additional explanation of homing.

Par.
Designation
Type
Format
Value
Comment

= 1
Module number
K
K n
K1 – K 16


= 2
Home position
R 
integer
32 Bit
Absolute position

= 3
Search direction

integer
0 / 1
0 = neg. / 1 = pos.

= 4
Free travel direction

integer
0 / 1
0 = neg. / 1 = pos. 

= 5
Frequency range

integer
0 – 3
See FB Init

= 6
Vmin for Home

integer
1 – Vmax
Entry checked

= 7
Vmax for Home

integer
Vmin – 255
Entry checked

= 8
Acc. for Home

integer
255 – 1
Entry checked

= 9
Timeout (max. time in seconds before stop occurs)

integer
0 – 65535 [s]
0  =  no restriction

Error handling and diagnosis

Assembler checks:

The following definition errors in file D2H210FB.MBA are checked during assembly :

· If the number of modules (NbrModules) is lower than 1, no code is assembled and the following warning is displayed in the 'Make' window : 

"Remark: No H210 used (NbrModules = 0 in D2H210FB.MBA)"

· If the number of modules (NbrModules) is greater than 16, no code is assembled and the following error message is displayed in the 'Make' window:

"Remark: more than 16 Modules H210 defined (NbrModules = 0...16)"

· If an incorrect instruction code is used for FB 'ExecH210' (e.g. RdIdent instead of RdIdenth21), the assembler reports an error:

"Symbol not defined 'RdIdent'"

Runtime checks

In FB 'ExecH21' only the command code is checked. Parameter 1 (module no.) and parameter 3 (source/destination register) are not checked, to avoid making execution times longer.

In FB’s 'InitH21' and 'HomeH21' the values of all parameters are checked to verify whether they fall within the permitted range (e.g. frequency range = 0, 1, 2, 3). If a parameter is outside a range, it is set to the minimum value (except acceleration which is set to 255), the error flag 'fParErrH21' is set and diagnostic register 'rDiagH21' is loaded with the corresponding error code.

Flag 'fParErrH21' is not reset inside the FB. This should take place in XOB 16 or in the 'InitH21' step.

The error code is composed as follows :

rDiagH21  bit 31 . . . . . . . 24 23 . . . . . . . 16 15 . . . . . . . 8 7 . . . . . . . 0



           \  Reserve  /      \   FB No.  /    \ Par. No. /   \ Mod. No./


(InitH210 = FB 1)        


(ExecH210 = FB 2)


(HomeH210 = FB 3)

Example :
If the frequency range parameter 5 in FB HomeH21 of Module 2 is incorrect (>3), register 'rDiagH21' is set to 00 03 05 02 hex. 

The diagnostic register is overwritten with each incorrect parameter and always contains the last error. It should therefore be evaluated as soon as flag 'fParErrH21' signals an error. The absolute addresses of 'rDiagH21' and 'fParErrH21' can be viewed in file 'program.MAP'. This can be useful during commissioning with the debugger to locate an error:




- Run until flag 'fParErrH21' = H 




- Display register 'rDiagH21' hex




- Reset flag 'fParErrH21'

Error during homing

If the home position has not been found (e.g. because of a faulty reference switch), the 'fHoEH21_x' error flag is set, motion stops, absolute position is set at 0 and FB 'HomeH21' breaks off.

If FB 'HomeH21' breaks off because the specified timeout has been exceeded, diagnostic register 'rDiagH21' is additionally loaded with code 9 as the parameter number (timeout is parameter 9).

The flag 'fHoEH21' is defined for each module (_x is the module no.) and is reset at the start of each 'HomeH21' FB. This flag should be queried after each call of the 'HomeH21' FB to make sure that the axis is correctly referenced.

Example :


CFB
   HomeH21

; Homing axis 3



 K 3


      .


      .


      .


STH
   fHoEH21_3

; Query Home error flag 






;  of axis 3

CFB   H Errorhandl

; Call(user specific)FB






;  if 'fHoEH21_3'is high


CFB     ExecH21

; Motion 1


...
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