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24-pulse basics
Naming conventions

+7.5° -7.5°
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Master Number in the dimension drawing Follower
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24-pulse basics
Parallel / serial using two 12-pulse systems (1)

+7.57
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D1

s Inductance of the only T-reactor

leads to fastest current controller
and thus to best control
performance

2-Q configuration is controlled by
standard firmware

2-Q configuration with field reversal
Is controlled by standard firmware

4-Q configuration needs an
additional application program to
control the proper current direction
change

For all configurations a fault and
alarm supervision is recommended
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24-pulse basics
Parallel / serial using two 12-pulse systems (2)

| g Converter configuration is two 12-

+7.55 7.5° pulse serial systems in a master-
(% (% follower configuration
12 pulse t2pulse  12-puise topeee s The 12-pulse masters send their

follower master master follower
= & a = = & & T

N s ol c oo firing angels - ArmAlpha (3.13) - to
' 4 4 their 12-pulse slaves
k k o
. 2 . = = os.f 5 The master of the master-follower
. . , | configuration controls the follower
o1l I"Cl Dfl c1 cil rDl Cl"l 5. by sending the current reference -

T-reactor CurRefUsed (3.12) - to the external
current reference - CurRefExt
(43.03) - of the follower

DC-breaker
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24-pulse basics
Quasi 24-pulse (parallel/serial) using two 12-pulse

systems without = 7,5° phase shift

| s Converter configuration is two 12-

pulse serial systems in a master-
(% C% follower configuration like above
12-pul 12-pul 12-pul 12-pul . .
bwer stor ster ower  § There is no phase shift between the

f Llower s’masgr zjtsterI follovyer
two 12 pulse systems
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
General overview
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
DCS link mailbox communication with complete system

Master

T-reactor

Follower

Serial Sequential Master

94.14 = 6101
94.15=7.03
94.16 =311
94.17 =105

1L
i

94.20= 6102
94.22 = 6105

Node Address 1
Mailbox 1 Adr. =2

Mailbox 2 Adr. =-1

Serial Sequential Master

Node Address 2
Mailbox 1 Adr. =-2

DC5-Link

DC5-Link

Node
Address

21

12-pulse

DCS-Link

11l
7

94.14=0
94.15 =703
94.16=0
94.17=0

Node Address 31
Mailbox 1 Adr. =-2
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Serial Sequential Slave

Excitation

Field

Serial Sequential Slave

94.14 = 6101 (94.15 = 0)
94.16 =4303

94,17 =104

Mailbox 2 Adr. =1
94.20 = 6102

94.21 =703

094.22 = 106

DCS-Link

Node Address 32
Mailbox 1 Adr. =-1
94.14=0

94.15 = 703

94.16=0

94.17=0

77
i

12-pulse
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
DCS link mailbox communication with half system

Master

T-reactor

Follower

Node Address 1
Mailbox 1 Adr. =2
94.14=0
94.15=7.03
94.16=0

94.17=0

Mailbox 2 Adr. =0
94.20=0

94.22=0

1L
rrr

Serial Sequential Master

Serial Sequential Master

12-pulse

DCS-Link

Node Address 31
Mailbox 1 Adr. =-2
94.14=0

94.15 =703

94.16=0

94.17 =0

774
7

DCS-Link

Node
Address
21

Excitation

Field

Serial Sequential Slave

DCS-Link

94.16 =0
94,17 =0

94.20=0
94.21=703
94.22=0

Node Address 2

Mailbox 1 Adr. =0
94.14=0 (94.15=0)

Mailbox 2 Adr. =1

DCS-Link

94.14=0

94.16=0
94.17=0

Node Address 32
Mailbox 1 Adr. =-1

94.15 =703

LLL
i

12-pulse

Serial Sequential Slave
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Zero current detection + bridge reversal (24P interlock)

‘Mo1

Master

Waiting for zero
current
6.04 Bit 10

Follower

MO2

Blocking with
a=150°
7.03 Bit 7

FO1

Slide 12

Blocking with
a =150°
7.03 Bit7

Waiting for zero
current
6.04 Bit 10

Slave

Slave

Blocking with
a = 150°
7.03 Bit7

Blocking with
a=150°
7.03 Bit 7

FO2
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Zero current detection + bridge reversal (24P interlock)
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Signal / Parameter name

max

def

E/C

7.03 AuxCtriWord2 (auxiliary control word 2, ACW2)
The auxiliary control word 2 can be written to by AP or overriding control:
Bit Name Value Comment

B7 ForceAlphaMax 1 force single firing pulses and set firing angle (a) to
ArmAlphaMax (20.14)

The 24 pulse Interlock between the Master's and the Follower's 12 pulse serial master is written to
the 12 pulse serial slaves.

Signal / Parameter name

max

def

unit

E/C

6.04 CurCtriStat2 (2™ current controller status)
2nd current controller status word. The current controller will be blocked, CurRefUsed (3.12) is
forced to zero and ArmAlpha (3.13) is forced to the value of ArmAlphaMax (20.14) if any of the bits

is set (0 == OK):
Bit Value Meaning
B10 1 waiting for zero current, if ZeroCurTimeOut (97.19) is elapsed before
bit 10 is set back to 0 F557ReversalTime [FaultWord4 (9.04) bit 8] is
set. This Bit is used for the 24 pulse Interlock in CoDeSys.
0 no action
B15 1 Current controller not released.
0 no action

This Bit is used for the 24 pulse Interlock in CoDeSys.

AL D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
System selection — configuration possibility

_ Master 01 side Master 02 (Follower) side

Complete system Speed controller Current follower
50% motor current 50% motor current
Field exciter control E- stop function NOT active
E-Stop function active Control of serial slave

24 pulse zero current detection
and bridge reversal interlocking
Control of serial slave

Half system left side emergency Speed controller Branch OFF
configuration Full motor current

Field exciter control

E-stop function active

Control of serial slave

Half system right side Branch OFF Speed controller**
emergency configuration Full motor current Field exciter
control

E-stop function active
Control of serial slave

**see next slide

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Special setting in Master 02 (Follower) right side

Signal / Parameter name é

max
def
unit |
E/C

7.02 AuxCtrlWord (auxiliary control word 1, ACW1)
The auxiliary control word 1 can be written to by AP or overriding control:
Bit Name Value Comment

B8 BalSpeedCitrl 1 speed controller output is forced to BalRef (24.11)

0 no action
This bit is written by CoDeSys on the Follower drive:
CompleteSys: Parameter 7.02 Bit 8 = TRUE; (7.02 = 256; Speed Controller disabled)
HalfSysOn: Parameter 7.02 Bit 8 = FALSE (7.02 = 0; Speed Controller enabled)
BranchOff: Parameter 7.02 Bit 8 = FALSE (7.02 = 0; Speed Controller enabled)

AL D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
System selection — configuration possibilities

SelApplOpMode DI11 SysOpModeAct
SysSelDiginp 60.01 60.04
60.05

Master CompleteSys
Master HalfSysOn
Master OFF OFF BranchOff
Follower ON OFF CompleteSys
Follower OFF ON HalfSysOn
Follower OFF OFF BranchOff
Master X X CompleteSys
Follower X X CompleteSys
NotUsed X X Manual

@éﬁﬁe‘?‘nber 15,
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To be set in both

12 pulse serial slaves

A\ 4

if the 24 pulse application

program is running there!
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
System selection by digital input (60.05 = ON)

common 24 V
DI11 MO1 & DI11 MO2 DI2 MO1 DI2 MO2

'cumplete systermn MO1 + M02, position 1 of switch Q51 1 o 0
133 half system - M01, position 2 of switch Q51 0 1
-Q5 1 .F‘V"I'T'r |half system - M02, position 3 of switch Q51 0 0 1
l_ DI2 M02
DI2 MO1
DI11 MO1
DI11 MO2
AL D HD
oy S e FREBIP



Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Application program — Parameter switch / DW Monitor

[* Set up valid parameters *)

ParSet1001({ byGroup:=10bylndex= 1, wOR:=Par_1001);
ParSet1009({ byGroup:=10bylndex= 9 wOR:=Par_1008)
ParSet2103({ byGroup:= 21, byindex= 3, wOR:=Par_2103);
ParSet2104{ byGroup:= 21 byindex= 4, wOR:=Par_2104);
ParSetd302( byGroup:=43 byindex= 2, wOR:=Par_4302);
ParSet9408( byGroup:= 94 bylndex= 8, wOR:=Par_9408);
ParWrite9412(byGroup:= 94, bylindex:= 12, wWal.= Par_8412);
ParSet9413( byGroup:= 94 bylndex=13, wOR.=Par_8413});
ParWrite9414(byGroup:= 94 bylndex:= 14, wWal.= Par_8414);
ParWrite9415(byGroup:= 94 bylndex:= 15, wVal.= Par_8415);
ParWrite9416(byGroup:= 94 bylndex= 16, wWal.= Par_9416);
ParWrite9417(byGroup:= 94 bylindex:= 17, wWal.= Par_8417);
ParWrite9418(byGroup:= 94 bylindex:= 18, wVal.= Par_8418);
ParSet9419{ byGroup:= 94 bylndex=19, wOR:=Par_8419});
ParWrite9420(byGroup:= 94, bylindex:= 20, wVal.= Par_8420);
ParWrite9421(byGroup:= 94, bylindex:= 21, wWal.= Par_8421);
ParWrite9422(byGroup:= 94 bylndex:= 22, wWal.= Par_8422);
ParWrite9903(byGroup:= 99 bylindex:= 3, w\al:= Par_9903);
ParWrite9912(byGroup:= 99 bylndex:= 12, wWal.= Par_8912);
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Mame Value | OPC Address
|ﬁ 10.01: Command5el Local /O {0¥1}Parl10l
() 10.09: E Stop DI5 {0}1}Par10.9
|ﬁ 21.03: StepMode RampStop {0H1Par21.3
|ﬁ 21.04: E StopMode RampStop {0H1}Par.21.4
() 43.02: CurSel Curfefa1l {0}1}Pard3.2
() 94.08: M1FexNode il {0}1}Par94.8
() 94.12: MailBoxd 2 {0}1}Par94.12
|ﬁ 84.13: MailBoxCyclel [ms] 3 {0¥1}Par04.13
(1) 94.14: TmtRecVall .1 0 {0}1}Par94.14
() 94.15: TmtRecVall.2 703 [0}1}Par94.15
() 94.16: TmtRecVall 3 0 [0}1}Par94.16
(1) 94.17: TmtRecVall 4 0 [0}1}Par94.17
() 94.18: MailBox2 0 [0}1}Par94.18
(1) 94.19: MailBoxCycle? [ms] 100 {0}1}Par94.19
(1) 94.20: TmtRecVal2.1 0 [0}1}Par94.20
(1) 94.21: TmtRecVal2.2 0 [0}1}Pard.21
() 94.22: TmtRecVal2.3 0 [0}1}Par0d.22
() 99.03: M1NemCur [A] 4770 {0}1}Par09.3
(1) 99.12: M1UsedFexType DCS800-501 {0}1}Par09.12

Actual application operation mode:

Narne | Value | OPC Address
&| 60.01: SelApplOpMode Master {0¥1}Pars0.l
(f) 60.02: DRV_is_Master TRUE {0}1}Par60.2
(f) 60.03: DRV_is_Follower FALSE {0H1}Par60.3
(1) 60.04: SysOpModeAct Half5y=0n {0¥1}Parb0.4
(%) 60.05: SysSelDiglnp ON {0}¥1}Pars0.5
@ 60.06: MotorMomCur [A] 4710 {0¥11Par.60.0

AL ED D
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Configuration parameters (Group 60)
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Selection whether a serial sequential master drive (43.01 = 4) is used as
Master or Follower.

NotUsed is mandatory if the SDCS-MEM-8 card is installed with the implemented pro-
gram in a serial sequential slave drive (43.01 = 5). In this mode the program has at least
no function and is running with a dummy task.

NotUsed in a serial sequential master drive (43.01 = 4) can help during commissioning
to operate with the 2 serial sequential branches independently.

Internal name : SelApplOpMode

Type: c Volatile: N

Index Signal / Parameter name EREREE-NS
= g o S| W
3
o Quasi 24 pulse
E Configuration parameters
o
60.01 | SelApplOpMode (selection parameter for the operation mode) o 5 o | w
The implemented selection functions are: % 2 @
5 © ©°
0 = NotUsed Zw =
1 = Master
2 = Follower

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Configuration parameters (Group 60)
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60.02

DRV _is_Master (drive is master indication)
This signal indicates that the drive is selected with 60.01 = 1 as Master.

Internal name : Drive_is_Master

Int. Scaling: 1== Type: Boolean (FALSE / TRUE) Volatile: Y

FALSE

TRUE

FALSE

60.03

DRV_is_Follower (drive is follower indication)
This signal indicates that the drive is selected with 60.01 = 2 as Follower.

Internal name : Drive_is_Follower

Int. Scaling: 1== Type: Boolean (FALSE / TRUE) Volatile: Y

FALSE

TRUE

FALSE

60.04

SysOpModeAct (display of the actual selected operation mode)
The operation modes that can be selected are:

0 = CompleteSys
1 = HalfSysOn
2 = BranchOff

3 = Manual

CompleteSys

Manual

CompleteSys

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Configuration parameters (Group 60)
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0 (CompleteSys):

a.) Depends on DI2, DI11 and 60.01 if 60.05 = ON.

See configuration table:

SysSelDiglnp SelApplOpMode DI11 DI2 SysOpModeAct
60.05 60.01 60.04

ON Master ON OFF CompleteSys
ON Master OFF ON HalfSysOn
ON Master OFF OFF BranchOff
ON Follower ON OFF CompleteSys
ON Follower OFF ON HalfSysOn
ON Follower OFF OFF BranchOff
OFF Master X X CompleteSys
OFF Follower X X CompleteSys
OFF NotUsed X X Manual

b.) Depends just on the parameter set up in 60.01 with “Master” or “Follower” in con-
figuration with parameter 60.05 = OFF.

1 (HalfSysOn) and 2 (BranchOff):
Depends on DI2, DI11and 60.01 if 60.05 = ON.
See configuration table above.

3 (Manual):
Depends just on parameter 60.01 in configuration with parameter 60.05 = OFF.
If 60.01 = NotUsed half system control can be realized by customer defined parameter

set up manually.

Type: C Volatile: Y

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Configuration parameters (Group 60)

@e@%berl&

2017

Slide 22

60.05

SysSelDiginp (parameter to control the selection source)
The parameter configures the control of the selection source:

ON = System Selection by Digital Inputs
(Default since version 1.2.0)

OFF = System Selection by 60.01

ON: The System Operation Mode ( CompleteSys, HalfSysOn, BranchOff ) can be select-
ed by Digital Inputs (DI2 and DI11). 60.01 is important to configure the branch function
(Master or Follower) with the complete system active.

OFF: 1§ 60.01 is set to Master or Follower then 60.04 is set to 0 (CompleteSys). If 60.01
is set to NotUsed then 60.04 is set to Manual which means that the branch handling
need to be realized manually (user defined parameter sets For HalfSysOn or Branch
OFF).

Internal name : 3SysSelDiglinp
Type: C Volatile: N

OFF

ON

ON

60.06

MotorNomCur (Motor Nominal Current)
Parameter for set up of the Nominal Motor Current.

This Parameter is used to modify 99.03 (M1NomCur) via CoDeSys in dependence on
which operation is active: Complete Sys with the half Nominal Current (2385 A) each for
Master and Follower or a Half System with the full Nominal Current (4770 A).

Internal name : MotorNomCur
Int. Scaling: 1==1A Type: | Volatile: N

30000

4770

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Master-Follower CW/SW parameters (Group 61)

Index Signal / Parameter name

min
max.
def
unit
E/C

Master-Follower
CWI/SW - application parameters

Group 61

61.01 | CW_CC_Follower (control word from the Master)
The assembled control word (61.01) from the Master with use of parameters 7.04
(UMCW), 8.01 (MSW) and 6.04 (CurCtriStat2) in combination with some logic blocks is

written by CoDeSys from the Master via DCS link Mailbox to parameter 7.01 of the Fol-
lower.

65535

To see the whole logic conjunction of the control word from the Master please refer to the
task description of “PLC_PRG_Master” in the CoDeSys program documentation.

Internal hame : CW_CCF_6101

Type: | Volatile: Y

61.02 | SW_CC_Follower (status word from Follower)

The assembled status word from the Follower with use of parameters 8.01 and 6.04 is
written by CoDeSys from the Follower via DCS link Mailbox to the Master.

65535

To see the whole logic conjunction of the SW_CC_Follower please refer to the task de-
scription of “PLC_PRG_Follower” in the CoDeSys program.

Internal name : SW_CCF_8102

Type: | Volatile: Y

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza

Master-Follower CW/SW parameters (Group 61)
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61.03

Trig_Time_Fault (Trigger time on master for Trip of “Follower in fault state”)

o o o !
Q| O
cE
Trigger time on Master in ms for Trip of “Follower in Fault State”. =
Internal name : TrigTime_Fault
Int. Scaling: 1==1ms Type: | Volatile: N
61.04 | Fault_Dly_Time (Delay time on master for Trip of “Follower in fault state”) ogg "
(=)
Delay time on Master in ms for Trip of “Follower in Fault State”. 2
Internal name : Fault_DlyTime
Int. Scaling: 1==1ms Type: | Volatile: N
61.05 | MotCurFollower (motor current actual of the Follower) N RE
o &
l"? o)

The motor current actual in parameter 1.06 of the Follower is transferred via DCS link
mailbox to this parameter which is then only used in the Master.

Internal name : MotCurFollower

Int. Scaling: 100==1% Type: SI Volatile: Y

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Master-Follower CW/SW parameters (Group 61)

i MotCurAll (total motor current actual in A)

-32767
32767

The motor current actual in parameter 1.06 of the Master and the motor current actual in
parameter 61.05 of the Follower are added. The result as a percentage value is divided
by 10000 and then multiplied with MotorNomCur which is the nominal motor current in
parameter 60.06.

MotCurAll =[ (1.06 * 61.05) /10000] * MotorNomCur

Internal name : MotCurAll
Int. Scaling: 1==1A Type: Sl Volatile: Y

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Fault-Alarm-Text (Group 62)

Index Signal / Parameter name EE RS
£ g - 3 W
o
o Fault-Alarm-Text
= o 2 -
< Quasi 24 pulse application
)

60.01 | Faultext (parameter for the displayed fault text of the error event F610) S 5 5 L

The fault text implemented is: 2 2 2
999
e ol 9 o
Name — Description o Message L L L
Fault 610: — Follower in Fault State — F610 TripFollower = 5 =

Internal name : faultext

Type: C

@e@%berl& " l.l'
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Update Version 1.3.5 for Profibus communication

Profibus
MCw =
Fieldbus
Referance
Green =
- = HW 10
- =~ 1
i | DCS800
| | Firmware
1 HWIO Analog | HWIO Analog
1 ON Reference 1 ON Reference
I RUN I RUN
1 1
] ]
| |
; Yy v X W ¥ Y |
| I
| ]
| B0.01 I 60.01
I ”s 60.07 ' 60.07 -
; FLog . 5io]
1 ‘ CoDeSys . I CoDeSys *
: 7.01 —{61.01 DCSLink : {61.01H 701 704
i |
1 —={60.05  |—{60.04] I ={65005  |—60.04|
only only
Feedback ., _ Feedback . _
I Current I
Master \ D2 DI Follower \ DIz DI
T T A [ T T A &
DI ol 5] ol
E-Stop OFF2 E-Stop OFF2
Q51

A DD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza

Additional configuration parameter (Group 60)
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60.07

ControlSelection (selection parameter for the command control)
The implemented selection functions are:

0 =Local_IO
1 = Fieldbus

Command selection in parameter 10.01 is set to Local I/O (60.07 = 0) or MainCtriWord
(60.07 =1).

If the drive is Master and selected as CompleteSys (60.04 = 0) or HalfSys (60.04 = 1)
then 10.01 is set according to 60.07.

If the drive is Follower then 10.01 is only set according to 60.07 as HalfSys (60.04 = 1).

As CompleteSys (60.04 = 0) the Follower is controlled by the Master.

In BranchOFF (60.04 = 2) the control of the drive is disabled.

Internal name : ControlSelect

Type: Cc Volatile: N

Local 10

Fieldbus
Local 10

AL 1D HD
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Quasi 24 pulse project ArcelorMittal Dgbrowa Gornicza
Additional parameter in Group 61
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61.07

MCW_Fieldbus (main control word from the fieldbus)

This parameter has to be mapped to the fieldbus communication area (Group 90) as da-
ta buffer for the main control word sent by the overriding control.

If selected by ControlSelection parameter 60.07 = 1 (Fieldbus) the value of this data
buffer is written into parameter 7.01 (MCW).

If the drive is Master and selected as CompleteSys (60.04 = 0) or HalfSys (60.04 = 1)
then 61.07 is written to 7.01.

If the drive is Follower then parameter 61.07 is only written to parameter 7.01 as HalfSys
(60.04 = 1). As CompleteSys (60.04 = 0) the Follower is controlled by the Master. In this
case parameter 61.01 (CW_CC_Follower) is written to parameter 7.01.

In BranchOFF (60.04 = 2) the main control word in parameter 7.01 is written by 0.

Internal name : MCW_Fieldbus

Type: | Volatile: Y
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