Function diagrams

Vector control

2.14 Vector control

Function diagrams

6004 — Raw signal and temperature sensing 2-669
6010 — Speed actual value and rotor position sensing, motor encoder (encoder 1) 2-670
6030 — Speed setpoint, droop 2-671
6031 — Pre-control balancing Reference/acceleration modell 2-672
6040 — Speed control with/without encoder 2-673
6050 — Kp_n-/Tn_n adaption 2-674
6060 — Torque setpoint 2-675
6220 — Vdc_max controller and Vdc_min controller 2-676
6300 — V/f characteristic and voltage boost 2-677
6310 — Resonance damping and slip compensation 2-678
6320 — Vdc_max controller and Vdc_min controller 2-679
6489 — V/f control status word 1 2-680
6490 — Speed control configuration 2-681
6491 — Flux control configuration 2-682
6492 — Control status word 1 2-683
6493 — Control status word 3 2-684
6630 — Upper/lower torque limit 2-685
6640 — Current/power/torque limits 2-686
6710 — Current setpoint filter 2-687
6714 — Iq and Id controllers 2-688
6722 — Field weakening characteristic, Id setpoint 2-689
6723 — Field weakening controller, flux controller for induction motors (p0300 = 1) 2-690
6724 — Field weakening controller for synchronous motors (p0300 = 2) 2-691
6730 — Interface to the motor module for induction motors (p0300 = 1) 2-692
6731 — Interface to the motor module for a synchronous motor (p0300 = 2) 2-693
2-668 © Siemens AG 2004 All Rights Reserved
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Encoders Sensor module | Control unit
p0115[y] (MM)
Refer to [1020.7
| Configuration, absolute value eferto] !
engoder
Encoder type <1> 4 Al
selection Enc Encoder Encoder  Abs encoder Abs encoder Abs encoder Enc rot
0= No encoder Enc configuration squarewave A/B grid division  pulse number  multiturn measuring step singleturn clearance NM
The encoder data set
0407[E 0408[E pO421[E] p0422[E] p0423[E] 0425[E
| p0400[E] p0404[E] p0405[E] pO407[E] pO408[E] p0425[E] ] <:| changeover is
<3% <3> <3> <3> <3> <3> represented at [8570]
<2>
Comp.No.encoder interface
p0141[E]
<2>
[Comp.No.encoder T incr. 1
p0142[E] |—|' |-' A
I brivE cLia ' '
’ [ e I I—B
! i : : Raw position signals To speed
! » 1 1 » i
SMx 1 L > [Ralv posiion signas (only from encoderT)” [s;gf (')n%
v | A
SM ‘:Orjggmes sin/cos
P
To the thermal
| —— motor monitoring

1 signal period

9 from sensor n

[8016.1]
|
|
| F31100-A33905
Encoder faults/alarms
p0979]0...25]
P Encoder format acc. to
PROFIdrive
<1> For rotary encoders = setting the number pulses. For resolvers = setting the pulse
pair number.
<2>p0142 = p0141 for motors with integrated DRIVE-CLIiQ interface.
<3> These parameters are automatically set.
1 | 2 | 3 | 5 6 7 | 8
DO: VECTOR fp_S01_6004_en.vsd | Function diagram
. . . - 6004 -
Vector encoder evaluation - raw signal and temperature sensing 30.09.04 Vv02.02.00 | SINAMICS S
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Induction motor

[2522.6] [r1407.1__ )

Inv encoder actual value

<2>

1 = Sensorless operation active

n_act T_smooth

p0410.0[E]

n_act motor encoder

0.00...20.00 ms
p1441[D] (0.00)

T

[6730.1]

n_act calculation

Smoothing

E g

3

n_act motor encoder

[RPM]

r0061

Cc,D
JL
AB | Fine resolution [»] uP x dx
for the speed > dt
" actual value |9 dn m
Raw position
signals from <+—>
encoder 1 \ ~
—» i4— 1 encoder revolution n_act
measurement
C
D f \
J \ <1>
ZeromarkdL— TL

<1>[___] = Only for vector control without encoder.
<2> The [E]ncoder data set changeover is represented at [8570].

n_act smooth

p0115[y] (MM)
Refer to [1020.7]

900 ms —b| n_act smooth r0021

To the brake control [2701.1]

To the speed controller [6040.1]

To Kp_n/Tn_n-adaptation [6050.1]

To torque limiting [6640.1]

To the Ig and Id controllers [6714.7]

To field weakening characteristic [6722.1]

To the motor module interface (pre-control speed) [6730.1]
To the speed messages/signals [8010.1]

Synchronous

motor p0115[y] (MM)
n_act smooth Refer to [1020.7]
C,D Inv encod;r2a>ctual value r(])_(.";](():t -56582)0::2 @ _.| r0021
' n_act measurement p0410.0[E] p1441[D] (0.00)
T T To the brake control [2701.1]
n ‘ " To the speed controller [6040.1]
AB | Fine resolution [ ] P X dx 04 lact motor encoder n_act smooth - 14 Kp_n/Tn_n-adaptation [6050.1]
for the speed > dt o r0063 To torque limiting [6640.1]
. actual value [P dn 1] To the Ig and Id controllers [6714.7]
Raw position P To field keni h teristic [6722.1
signals from L Smoothing o field weakening characteristic [ A]
encoder 1 To the motor module interface (pre-control speed) [6730.1]
To the speed messages/signals [8010.1]
—! &— 1 encoder revolution n_act motor encoder [RPM]
Cc
Transformat_angle
A\ r0094
0
D T
VAN 17‘“\ > [6714.1]
-_ 0
ZeromarkdL— TL
<1> Only for p0300 = 2.
<2> The [E]ncoder data set changeover is represented at [8570].
1 | 2 | 3 | 4 | 5 6 7 | 8

DO: VECTOR fp_S01_6010_en.vsd | Function diagram 6010
Vector encoder evaluation functions - speed actual value and rotor position sensing, motor encoder (encoder 1) | 30.09.04 v02.02.00 | SINAMICS S
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D . t p0115[y] (MM)
Droop input source roop Inpu Refer to [1020.7]
n-ctrl |_output 0..3 <3>
[r1482 p1488 (0) Droop scaling
0.000...0.500
M_set before M_suppl
s P p1489 [D] (0.050)
(6060.5] Droop n_reduction
X > /150 ms 490 >
M_set total ITI
[r0079 nN
[6060.8] ? MN
I
Enable droop 0& J"I Droop enabled
[2520.71[r1406.11 ) \ r1407.10 )
[2522.3]
n_set_filter 1 T
t limited 0.00...5000.00 [ms]
n_set fimite p1416 [D] (0.00)
n_set before filter r1407.11
[2522.3] l
n_ctrl n_set sum i
_ _ - /V\ R ¥ n_set after filter
|r1 170 . > > r0062 > [6031.1]
+ TN
[3080.8] n_limit pos effective 4
r1084 A
[3050.8] [3095.8] T
[3050.8] [3095.8]
n_limit negative effective
<1> r1087
Mot moment of inertia ratio Mot M_inertia (I)
1.000...10000.000 0.00000...100000.00000 [kgm?] _ ) 1 0
p0342 [M] (1.000) p0341 [M] (0.00000) 1 = Sensorless vector control, speed pre-control actl|ve o
from speed control configuration =~ |—#——r----4
a at M_ctrl scal p1400.15
0.0...400.0 [%] .
p1499 [D] (100.0) TLEEk il iod
0
M_set total I [2522.3] N Fie-Eaniel Speeﬁ
~ »[X] _ 6730.1
P IS
[6060.8] M_ctrl active A
r1407.2 )
[6060.3]
<1> [ = Only for vector control without encoder. <3 Scaling: p1489 = 0.100 - for a rated motor torque of r0333 - results in a speed setpoint reduction of 0.1 x p0311.
<2> Refer to speed actual value smoothing [6040.2]
1 | 2 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6030_en.vsd | Function diagram 6030
Vector speed control with/without encoder - speed setpoint, droop 30.09.04 V02.02.00 | SINAMICS S
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Mot moment of inertia ratio Mot M_inertia

1.000...10000.000 0.00000...100000.00000 [kgm?]

p0342 [M] (1.000) p0341 [M] (0.00000)

Acceleration pre-control, source
p1400.2

a_pre-ctrl dn/1s
p1495

a_before scaling
0.0...10 000.0 [%]
p1496 [D] (0.0)

©)

o

T

p0115[y] (MM)
Refer to [1020.7]

Calculated accelerating torque

Acceleration calculation > X

» [6060.1]

n_ctrl n_set

1438 > [6040.1]

Reference model n_pre t_dead bal n n_pre T bal p140(()).r2 =1
Speed setpoint _____‘\’ 0.0..2.0 0.00...10.00 [ms] p1400.3 =0
|I-component 1? 0 p1428[D] (0.0) <1> p1429[D] (0.00) und
p1400.3
[ 4 p1496 >0
0 T
Pre-control balancing —
—o i
n_set after filter f
[6030.8] 0
n_ctrl RefMod t_dead
0.0...2.0

n_ctrl RefMod fn
0.00...8000.00 [HZz]
p1433[D] (0.00)

=

n_ctrl RefMod D
0.00...5.00
p1434[D] (1.00)

o

p1435[D] (0.0)

P Sampling time, closed-loop speed control (p0115[1])

<

n_ctrl I_comp RefMod

Reference model

n_set RefMod output [1437

Reference model, speed setpoint | component
p1400.3

£

n_set smooth 5 n_set |_comp

o> e

——r1436 > > (r1436)

(y = x for the factory setting of p1433 ... p1435)

<1>p1428, p1429 only effective for p1400.2 = 1; for p1400.2 = 0 instead of p1429: p1442 or for SLVC p1452 [6040.2].

]

T

RFG setpoint at the input

n_ctrl n_set 1

p1155[C]
> ]

n_ctrl n_set 2

Steady-state setpoint calculation

Master control
p0807.0

n_set via PC 1

\'\)_ n_ctrl n_set stat
o r1444

p1160[C]
> ]

0

1 | 2 3 |

6

7 | 8

DO: VECTOR

fp_S01_6031_en.vsd

Function diagram

Speed control with/without encoder - pre-control balancing

Reference/acceleration model

30.09.04 V02.02.00

- 6031 -

SINAMICS S
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<4>
n_ctrl Kp n lower
0.000...999999.000
p1460 [D] (0.300)

<3>
n_ctrl Tn n lower
0.00...100000.00 [ms]
p1462 [D] (20.00)

[ <1> p1470 D] (0.300)]

[<1> p1472[D] (20.00) ]

p0115[y] (MM)
Refer to [1020.7]

\ 4 \ Kp_n_basic
- » | To Kp/Tn adaptation
From Kp/Tn adaptation Tn_n_adapt Tonbasie (160502
Kp_n_adapt >
[6050.7] —
Vv Y L 2 J
[6490.7] | : J\ Io WG
1 = Kp/Tn adaptation active | > \ <2>
p1400.5 \f \’ n_ctrl Tn effective
1 = Automatic Kp/Tn adaptation active Reduction in dynamic performance, field k|—':|>< X r1469
p1400.0 weakening <1> T g4 f ol Ko effect
n_ctrl Kp effective
[6490.7] ot 7P
r1468 >
A 4 A
. Kp Tn
n_ctrl system deviation
n_ctrl n_set -t SY: Speed controller
r1438 r0064 Kp M
Kp _se; frorrt1 tr|1|e
T 1 speed controller
[6030.8] ) > () > [6060.1]
n_act T_smooth + ) + N7
0.00...32000.00 [ms] M_max upper effective
p1442 [D] (4.00 [6640.8] [r1538
<1> p1452 [D] (10.00)
M_max lower effective
n_act smooth n_act smooth [6640.8] [r1539 =
[6010.6] [F0063 i Kp n
n_set |_comp N~ n_ctrl |_output
[6030.8] ) » X r1482 >
+ : T P SRS
Enable speed controller Hold Set 3; (6030.1]
[2610.4] : Speed control active
from sequence control S4: Operation A A A P

p1476 1 = speed controller, hold | component

114073 ) [2522.2]

[2520.7] [1406.4 )

1 = speed controller, set | component

p1477
r1406.5
[2520.7] : n_ctrl I_value scal

n_ctrl integ_set val

p1479[C]

:l Integrator
control

1 = Speed controller, | component held

[2522.3]

1 = Speed controller, | component set

[2522.3]

<1>[__] = Only for vector control without encoder. > () Y ’

<2> Only for speed control with encoder. (2522.7) [F1&077 ) 1 = Torque limit reached T

<3> For p1462/p1472 = 0.0 s or 100.0 s the | component is

disabled (integral action time = co ). 1 = Sensorless vector control, freeze | component
<4> Units Kp can be changed over using p0528. <1> [54907] m
1 | 2 3 | 4 5 6 7 | 8

DO: VECTOR fp_S01_6040_en.vsd | Function diagram 6040
Vector speed control with/without encoder - speed controller 21.10.04 Vv02.02.00 | SINAMICS S
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. p0115[y] (MM)
Free Kp_n adaptation
Adapt_factor upper P_ P Refer to [1020.7]

0.0...200 000.0 % . .
Free Tn-adaptation active
p1459[D] (100.0) p1400.6

. AY 41— [P
n_ctrl adapt_sig Kp

\/ > —[X] o

-

() 7'}
» X
Adapt_factor lower
0,
%?4528?8]0(3%8 0/; 0.00...400.00 % 0.00...400.00 %
' p1456[D] (0.00) p1457[D] (0.00)
n_ctrl Kp scal n_ctrl adapt Kp lower n_ctrl adapt Kp upper

preeecl +—\/

Speed-dependent Kp_n/Tn_n adaptation

6040 8 Kp_n_basic (p1460) Ki
n_act smooth N7l i 8] n K \ 4 Kp_n_adapt
[ro063 5 Z > P ;@ ——To the speed controller [6040.4]

[6010.6] X—I N
A A

p1461[D] (100.000) n_ctrl n upper
0.000...200 000.000 % —4—{ 0.00...210 000.00 RPM
n_ctrl Kp n upper p1465[D] (0.00)

n_ctrl Tn n upper | n_ctrl n lower
0.000...200 000.000 % < | 0.00...210 000.00 RPM

p1463[D] (100.000) p1464[D] (0.00)

Jn
X A
~ A

y
. i Tn F@ Tn_n_adap;_ro the speed controller [6040.4]
Tn_n_basic (p1462)
[6040.8] » N
1 | 2 | 3 | 4 5 6 7 | 8
DO: VECTOR fp_S01_6050_en.vsd | Function diagram 6050
Vector, speed control with/without encoder - Kp_n/Tn_n adaptation 17.09.04 v02.02.00 | SINAMICS S
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M_suppl total

r1515
M;ZL:;:;[)(I:; 0 [0, o p0115[y] (MM)
P Refer to [1020.7]
»() g
+
M_suppl 1 scal + p1400.14 4
i
. ° 71 [r0898.12
© p1514{D] (100.0%) [2501.7]
M_suppl 2
p1513[C]
0) t|§| Accel_torque
Calculated acceleration torque N r1518 +y
[6031.8] > ‘\\: ‘f>
0— -\
M_max upper effective
[r1538
[6640.8] M_max upper scal
A [p1540[C] 0 A 4
1=M_ctrl active (100) 1 o, [
[2520.7][11406.12 > Jl’
1 = M_ctrl active 1 = Speed controller limited
p1300 = MCtrl {ri2072 ) i —[r1407.7_ )
[6030.5] >—.| 1= M_max output n_ctrl upper limit [2522.3]
1 = Magnetization completed r1547[0]
r1405.4 ; A
[6492.7] Torque limiting, upper active Torque limiting, upper active
M_soll O—QC\ [2522.3] M_set before M_suppl [2522.3]
p1503(C] o 1508
©) 7o
7 i [6030.1]
o N [6722.1] + X ~Y_ M_set total
M_set from the speed controller > roo79
S P > o"/: 7 7 7 [6030.1]
[6040] [6710.1]
Torque limiting lower active Torque limiting
Torque limiting lower active
[2522.3]
2522.
M max lower scal 1 = M_max output n_ctrl lower limit i (2522.3]
= r1547[1]
(100)
M_max lower effective
[r1539
[6640.8]
1 | 2 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6060_en.vsd | Function diagram 6060
Vector speed control with encoder - torque setpoint 05.10.04 Vv02.02.00 | SINAMICS S
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p0115[y] (MM)
Refer to [1020.7]

Vdc_ctrl Tn
Vdc_max (ctrl) p1251
Vdc max on level Vdc_ctrl Kp Vdc_ctrl t_deriv action
" 242 p1250 p1252
Vdc_ctrl config T T
p1240
Vdc_act — I
1.3 1 Control ZSW 1
[0070 > ! -
[8950.1] * 0 \ I/ 10056
02 —
I Vdc controller
< active
Vdc_max Dyn_factor [6710.2]
p1243
Vdc_ctrl output
r1258 lq_max
0__;\\: Operating point > [6710.2]
selection lg_min
o »[6710.2]
. Vdc_ctrl Tn i
Vdc_min (ctrl) p1251
Vdc min on level Vdc_ctrl Kp Vdc_ctit derivacton A < A
e p1250 p1252
Vdc_ctrl config T T
p1240
A
Vdc_act < 0 ,
7 2 & — 1 Control ZSW 1
8950.1 - r0056
[ ] o I/ L [r0056.15 )
Vdc_min Dyn_factor
p1247
1 | 2 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6220_en.vsd | Function diagram 6220
Vector control - Vdc_max controller and Vdc_min controller 14.06.04 Vv02.02.00 | SINAMICS S
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Linear

V_output max r0071
Mot V_rated p0304

Yy

y

A

v

f_set
[1690.1]

Control type

Mo?gted
3 Flux current control (FCC) Dependent on the load current
p0310 pel
V_output max r007 1—» e
Mot V_rated p0304 —p»| 24
Ld
> 1o
>
Mo?_gted )
p0310 Parabolic
V_output max r0071
Mot V_rated p0304 »
» ,I'
> o
- '¢’/
> >
Mot f_rated
p0310

V_boost perm

p1310

Ramp-up active

Drv output I_max

r0067

V_boost total
r1315

V_output max r0071

Vf characteristic U4 p1327

Vf characteristic U3 p1325

p1300
o5t
116 \
O
20
Vf V_set independent 3
p1330[C] 19°
(0) o
A

Freely programmable

p0115[y] (MM)
Refer to [1020.7]

——» [1690.4]

Vf characteristic U2 p1323
Vf characteristic U1 p1321

YYYYY

\—l—ﬂw 1
-1

v

Mot |_rated
p0305 0  R_stator act ‘
r0395 i .
00—~y l Vf characteristic f1 f characteristic 3
V_boost accel o o |§| p1320 b p134 i
p1311 Vf characteristic 2 Vf characteristic f4
p1322 p1326

1 | 2 | 6 7 | 8
DO: VECTOR fp_S01_6300_en.vsd | Function diagram 6300
Vector V/f control - V/f characteristic and voltage boost 16.07.04 Vv02.02.00 | SINAMICS S
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V/f resonance damping

Vf gain res damp
p1338

=

V/f slip compensation

p0115[y] (MM)
Refer to [1020.7]

_ f_res damp
+ X [1690.7] Slip comp limit
- [ p1336
Vf T res damp —_—
p1339 Slip compensation v Slip compensation
4 f_slip p1335 actual value
I 10065 < r337
Ig_act
— N~
[0078 i [6730.2] L% > <] Czso s L [1690.6]
[6714.4] ry
A
Drv f_output 1 @ @
>— Motor type selection
[1690.8] - p0300
[6730.4] 610 8095 % fotNom Control ZSW1
slip limiting
1\ _l—‘ S
< [r0056.10 )
° |_| —)
A A
1
t 70 % igoiniom
1 | 2 | 3 4 5 6 7 | 8

DO: VECTOR fp_S01_6310_en.vsd | Function diagram 6310
Vector V/f control - resonance damping and slip compensation 30.09.04 V02.02.00 | SINAMICS S
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p0115[y] (MM)
Refer to [1020.7]

Vdc_ctrl Tn
Vdc_max (V/f) p1291
Vdc max on level Vdc_ctrl Kp Vdc_ctrl t_deriv action
282 p1290 p1292
Vdc_ctrl config
p1280 Vdc_ctrl output_limit
p1293
Vdc_act - Y
[ro070 > Y - Control ZSW 1
[8950.1] 7 - ~ o 10056
0 o /T\ L,
T °
Vdc_max dyn_factor
p1283
Vdc_ctrl output
r1298
C\
01 o™ I » [1690]
O
. Vdc_ctrl Tn 'y
Vdc_min (V/f) p1291
Vdc min on level Vdc_ctrl Kp Vdc_ctrl t_deriv action A
T r1286 p1290 p1292
Vdc_ctrl config
p1280
0
Vdc_act + 0 I
[Fo070 > — Sl \_l_/ — Control ZSW 1
8950.1 -~ e I/ 10056
(895011 59 /_T_\ L_ 0
- Vdc_ctrl output_limit
I p1293
Vdc_min dyn_factor
p1287
1 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6320_en.vsd | Function diagram 6320
Vector V/f control - Vdc_max controller and Vdc_min controller 16.07.04 Vv02.02.00 | SINAMICS S
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p1305

V/f control, status word 1

p0115[y] (MM)
Refer to [1020.7]

Bit No. Meaning

V/f control ZSW1

71305 > [6492.7]

0 1 = Initialization completed

r1305.0

1 1 = De-magnetization completed

r1305.1

2 1 = Pulses enabled

r1305.2

3 1 = Soft starting active

r1305.3

[6722.4] ——

4 1 = Magnetizing (and flying restart) completed

r1305.4

5 Reserved

r1305.5

6 1 = Acceleration voltage active

r1305.6

[6730.5] —————p

7 1 = Frequency, negative

[6722.3] ——— |

8 1 = Field weakening active

[6714.8] ————»

9 1 = Voltage limit reached

10 1 = Slip limiting active

r1305.10

[6730.5] — |

11 1 = Frequency limit reached

r1305.11

12 1 = Current limiting controller (voltage) active

r1305.12

13 1 = Current limiting controller (frequency) active

r1305.13

[6710.2] ————p|

14 1 = Vdc_max controller active

r1305.14

[6710.2] ———

15 1 =Vdc_min controller active

r1305.15

R

1 2 | 3 | 4 7 | 8
DO: VECTOR fp_S01_6489_en.vsd | Function diagram 6489
Vector open-loop - closed-loop control/status word - V/f control, status word 1 30.09.04 V02.02.00 | SINAMICS S
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p1400[D]

Speed control configuration

Factory setting

p0115[y] (MM)
Refer to [1020.7]

n_ctrl config
Bit No. Meaning p1400[D] >
0 1 = Automatic Kp/Tn adaptation active 0 ——» [6040.3]
1 1 = Sensorless vector control, freeze | component 0
2 1 = Acceleration pre-control, external source (p1495)
0 = Internal acceleration pre-control (n_set)
3 1 = Reference model, speed setpoint | component ON
4 Reserved
5 1 = Kp/Tn adaptation active 1 ——» [6040.3]
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 1 = Torque pre-control always active 0
0 = Torque pre-control for n_ctrl enable
15 1 = Sensorless vector control, speed pre-control active 1 ——» [6030.5]
1 | 2 3 4 | 6 7 | 8
DO: VECTOR fp_S01_6490_en.vsd | Function diagram 6490
Vector open-loop - closed-loop control status words - speed control configuration 29.09.04 Vv02.02.00 | SINAMICS S
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p1401[D]

Flux control, configuration Factory setting

Bit No.

Meaning

F_ctrl config

1 = Flux setpoint, soft starting active

1 = Flux setpoint, differentiation active

p1401[D] >

ob——  » 67223

1 » [6723.7]

p0115[y] (MM)
Refer to [1020.7]

2 1 = Flux build-up control active 11— [6723.6]

3 Reserved

4 Reserved

5 | Reserved

6 Reserved

7 Reserved

8 Reserved

9 | Reserved

10 Reserved

11 Reserved

12 Reserved

13 Reserved

14 Reserved

15 Reserved

1 3 | 4 | 5 6 7 | 8

DO: VECTOR fp_S01_6491_en.vsd | Function diagram - 6491 -
Vector open-loop - closed-loop control status words - flux control configuration 03.08.04 V02.02.00 | SINAMICS S
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p1405

Control status word 1

Bit No. Meaning

p0115[y] (MM)

Refer to [1020.7]
Ctrl ZSW1

0 1 = Initialization completed

r1405.0

1 1 = De-magnetization completed

r1405.1

2 1 = Pulses enabled

r1405.2

3 Reserved

r1405.3

[6722.4] ——

4 1 = Magnetizing (and flying restart) completed

r1405.4

5 Reserved

r1405.5

6 Reserved

r1405.6

[6730.5] —————p

7 1 = Frequency, negative

r1405.7

[6722.3] ——— |

8 1 = Field weakening active

r1405.8

[6714.8] ————»

9 1 = Voltage limit reached

r1405.9

10 Reserved

r1405.10

[6730.5] — |

11 1 = Frequency limit reached

r1405.11

12 Reserved

r1405.12

13 Reserved

r1405.13

[6710.2] ————p|

14 1 = Vdc_max controller active

r1405.14

[6710.2] ———

15 1 = Vdc_min controller active

r1405.15

r1405 >

Control ZSW1

V/f control ZSW1 =1

r0056
[6489.7]

1 2 | 3 4 7 | 8
DO: VECTOR fp_S01_6492_en.vsd | Function diagram 6492
Vector open-loop - closed-loop control/status words - control status word 1 30.09.04 Vv02.02.00 | SINAMICS S
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Control status word 3 (for current control)

p0115[y] (MM)
Refer to [1020.7]

Ctrl ZSW3
Bit No. Meaning

0 1 = Current control active

[6714.5] ——————— 1 1 = Lim. I-comp. Id-ctrl active
2 Reserved

[67147] ——p 3 | 1=V limiting active
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved

[6730.3] ———» 10 1 = Lim. EMF/Obs-ctrl. active
1" 1 = Error EMF/Obs-N active
12 1 = Motor stalled active
13 Reserved
14 Reserved
15 Reserved

1 | 2 | 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6493_en.vsd | Function diagram - 6493 -
Vector open-loop - closed-loop control/status words - control status word 3 30.09.04 Vv02.02.00 | SINAMICS S
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p0115[2] (MM)

Upper torque limit Refer to [1020.7]

G89-¢

<1>
A /:
M_max upper/mot /
M_max upper/mot p1522[C] ~ VY ! M_max upper without Offs
-100 000.00...100 000.00 Nm }—>——|p1520[D] > > (1520) X L r1526 >
M p1520[D] (0.00) P IS (6640.1]
24 M_max upper scal .
n M_max upper/mot scal p1528[C]
-2 000.0...2 000.0 [%] }—»—{p1524[D] > > (1524)
p1524[D] (100.0)
i Lower torque limit
M_max lower/regen
M_max lower/regen p1523[C] Y_- NV M_max lower without Offs
M -100 000.00...100 000.00 Nm }—>——|p1521[D] > > (1521) X - r1527 >
p1521[D] (0.00) P TS [6640.1]
n M_max lower scal \ ’
374 M_max lower/regen scal |p1529[C] J
-2 000.0...2 000.0 [%] —1{p1525[D1 > > (1525)
p1525[D] (100.0) <1>
<1> Danger note:
Negative values at or positive values at represent a minimum torque for the other torque direction and can cause the motor to accelerate uncontrollably.
1 | 2 | 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6630_en.vsd | Function diagram 6630
Generating torque limits - upper/lower torque limit 01.09.04 v02.02.00 | SINAMICS S
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. Mot L_leakage total o (p0115[2] (MM))
Current limiting 10377[M] Speed limitation Refer to [1020.7]
I Kp from speed controller [6040.5]
V_output max Iq stall Tn from speed controller [6040.6]
[roo71 oo ' calculation n_limit pos effective |
[6723.4] rv |_ouput max
,
[3050.8] N
Current limit n_limit neg effective | o ¥ C“)
| total - -
| max reduction  P***1”] _ ity ' Pwow—
[8016.8] Min [3050.8] peed limiting
|_max motor module f ’ controller
[6730.4] x% - y? Sign +
(6723.8] Id_set stat or-
€ y i
Id_set stat 4
r1624
Max Min
n_act smooth
[r0063
[6010.6]
M_max upper without Offs
|r1526 M_max upper effective
[6630.8] M Min
q W’I_X—_'_ + [6060.1] [6040.4]
[6730.1] 7y
M_max lower without Offs
|r1527 " v M_max lower effective
[6630.8] sl M ax >
Power limiting = » X} * ™ [6060.1] [6040.4]
19 [6730.1] !
<1>
Isq_max
Min r1536 >
P_max regen
-10 000.00...-0.01 kW }—b— [6710.1]
p1531 (-0.01) )
P_max mot
0.00...10 000.00 kW
p1530 (0.00)
Isq_min
Max 1537 >
<1> Intervention Vdc controller <> [6710.1]
1 | 2 | 3 4 | 6 7 | 8
DO: VECTOR fp_S01_6640_en.vsd | Function diagram
6640
Generating torque limits - current/power/torque limits 05.10.04 V02.02.00 | SINAMICS S
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Vdc_controller

i 0115[y] (MM
6220.8] active p [yl ( )
Refer to [1020.7]
lg_max 1 =Vdc_max controller active
(220 {2
Isq_max o
[6640.8] [r1536 57
Ig_min 1 =Vdc_min controller active
62208 o T ) b2
Isg_min o
[6640.8] [r1537 0:/ p1656[D]0.0
Isq_set T_smooth p1656[D].1
p1654 y
T OO !
: 0! Iq_set
) ! SNy —
4
M_set total Interpolator and TC/: —o\ - r0077 >
smoothing for voltage — r 1 ‘ ~ [6714.1]
[6060.8] limits fn_n < <
p1658[D] fn_n
D_n p1663[D]
p1659[D] D_n
A p1664[D]
[6730.1] I p1657[D] ‘ 4
v } I p1662[D]
'y A v
D Y [0t A
» T | N P it D) y o
fn »i| [7° - \T \)——
T n »i| T7°
. A <2>
I_set fit fn I_set_filt fn
1) P (1)
n_z Dz )
<3> p1660[D]|p1661[D] A <3> fn_z Dz
T T p1665[D]|p1666[D] A
' T
Iyl h 4
vl
_’ — y
fl<1> ’ _
2nd Order filter fl<1>
2nd Order filter
fn_n D n ; 5
ilter: i i 1658[D] p1659[D n_n _n
<1> General 2nd orderlﬂlter, detailed nlapresentahon at [1024]. p [D] p [D] p1663(D] p1664[D]
<2> PT2 lowpass; detailed representation at [1024]. Filt 1 i
<3> The frequency is multiplied by this factor. Lifter T Filter 2
1 [ 2 | 4 5 6 7 | 8
DO: VECTOR fp_S01_6710_en.vsd | Function diagram 6710
Vector current control - current setpoint filter 05.10.04 V02.02.00 | SINAMICS S
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Isq_ctrl_pre-ctrl scal

1
Mot L_leakage, total P

p0377

=

703 .
Quadrature axis_de-couple scal

Quadrature axis_de-couple VmaxScal
p1727

p1726

e

Flux setpoint total

ol ses >
<0> [6724.1] 1998

Pre-control, de-coupling and
limiting

V_de-couple
r1728

| Isd_ctrl I_limit
r1725

Id control, | component limiting

r1408.1

p0115[y] (MM)
Refer to [1020.7]

V_set1  [6723.1]<1>

> [6724.1] <2>
V_max1 [6723.4] <1>

> 6724.4] <2>

Voltage limit active

Voltage limiting

Isd_ctrl I_comp V_quadrature axis_set
1724 r1733
Id_set Id current controller
r0075
<1> [6723.8] Id_set total T Balanci - O V_set  [6730.1] <1>
<2> [6724.8] alancing +’SB_ > > [6731.1] <2>
Kol Tnl K
p1715 p1717 Coordinate converter
T T Isq_ctrl Tn
719 >
r1719 p
[6730.1]
lg_set A +y +y V_angle <1>
[6710.8] [r0077 Balancing »C »O—e »( > (6731.1]
+ A— + + + A, .
T Isq_ctrl output <2>
Transformat_angle P_ n_ r718 V_direct axis_set
<1> r0094 Iq current controller
r1732
[6730.1] Active power, smooth
<2> 100 ms r0032
[6731.1] _l Id_act |_act abs value smooth
<1> ™| ro076 300 ms r0027 P act
[62234] |_phase actual value la oy
(6731 4] r0069][0] 3 |_act abs. value n_act smooth
<1> | oh tual val Vx2 +y2 r0068 >
[6730.4) |-Phase actual value [6010.6] M act
<2>  [r006901] VD - = =
[6731.4] » X r0080
<1>  |_phase actual value Iq_act <1>
2 Ib [6730.1] M
[6730.4] [F0069[2] 10078 > @ 1q
<2>
[6731.4] [6310.1] [6731.1]
<1> For induction motors.
<2> For synchronous motors.
1 | 2 3 | 4 5 6 7 | 8
DO: VECTOR fp_S01_6714_en.vsd | Function diagram 6714
Vector current control - Iq and Id controllers 21.10.04 Vv02.02.00 | SINAMICS S
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Flux setpoint T_smooth Fs
p1584[D]

V_output max

o >—

p1570[D] v
Flux setpoint | y

Field weakening

1 = Flux setpoint, soft starting active
p1401.0

Mot t_excitation
p0346[D]

Magnetization

r0056.4

p0115[2] (MM)
Refer to [1020.7]

p1570[D] [ > r1405.8 1 = Flux build-up control active
! _J 14012
n_act smooth
[6010.6] [r0063 > Magnetization control
f
Field-weakening
characteristic MotMod status (r1751)
Mot T_rotor N [6730.3]
r0384 g
0 Flux setpoint, smoothed
Effciency opt ! MIN X k Nod—mm >
0...100 % }—P— £< 0.3 > o
p1580[D](0) 7 [6723.1]
Flux setpoint T_smooth
Efficiency optimization 09 p1582[D]
|D0r(\)/6I;ouput max ’i—‘ Id current limit
T » >
> X >
[6640.3] [6723.1]
<1>
M_set steady-state
p1610[D] |_set T_smooth
p1616
M_suppl_accel
p1611[D] I
M_set before M_suppl Id_set N—Y_~ Flux setpoint
calculation ey v U calculation
[6060.5]
A
Mot |_mag_rated act _|
r0331[M] |
<1> Only for vector control without encoder (SLVC).
1 | 2 | 3 4 5 6 7 | 8
DO: VECTOR fp_S01_6722_en.vsd | Function diagram 6722
Vector current control - field weakening characteristic, Id setpoint 01.10.04 V02.02.00 | SINAMICS S
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(1=

Pulse frequency Modulator, modes Modulation depth, max
p0230 p1800 p1802 p1803

p0115[y] (MM)
Refer to [1020.7]

| Calculation, max. modulation depth |
V_max 1
» [6714.8]
Modulat_depth max
r0073
| Field-weakening controller, integral action time
Voltage reserve, dynamic 10...10 000 [ms]
0...150 [Vrms] p1596[D] (50) V_max-ctrl output
Vdc smooth p1574[D] (10) V_output max 1597
10026 I I B
- [6640.1] \i/
[6730.1] ) . »
e + /T\
-200 % [6491]
[_6491] Flux differentiation
Flux build-up control p1401.1
p1401.2 T
V_set 1 I 0—% i
[6714.8] p
A
Flux setpoint total
|_set_steady-state Id_set total
[6714.1] r1623 r1624
Flux setpoint, smoothed +fv\
[r1583 f\/ : > —p [6714.1]
[6722.8]
Saturation characteristic
p0362 ... p0369
Id current limit
[6722.8]
1 | 2 | 3 | 4 | 5 6 7 | 8
DO: VECTOR fp_S01_6723_en.vsd | Function diagram 6723
Vector current control - field weakening controller, flux controller for induction motors (p0300 =1) | 01.10.04 v02.02.00 | SINAMICS S
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Pulse frequency Modulator, modes Modulation depth, max
p0230 p1800 p1802 p1803

TTTTl

| Calculation, max. modulation depth

p0115[y] (MM)
Refer to [1020.7]

V_max 1

» [6714.8]
Modulat_depth max
r0073

Field_ctrl Kp Field_ctrl Tn

V reserve dyn  V_output max 0.00 ...1000.00 [AV] 10..10 000 [ms] Mot |_mag_rated act
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(z=

A 0..150 [Vrms] p1594[D] (0.00) p1596[D] (50) 10331
Vdc smooth p1574[D] (10) Field_ctrl output
r0026 [6640.1] I [5722.3] 0 1593
A
Y _% ~ ¥ o
6718.1 > K :
[6718.1] X ? 149 - {X] A~
Mot V_rated
2 0...20 000 [Vrms]
p0304(0)
V_set 1
[6714.8]
Mot |_mag_rated act
r0331 «
kD + Field weakening current pre-ctrl Id_set total
- r1589 . “r1624

n_act smooth n n L v

[f0063 2 i ! +=f [6714.1]

[6010.6] Y J k - A

0.9 A

Drv |_ouput max —> _

wn 1]

[6640.3]

1 | 2 | 3 | 4 | 5 6 7 [ 8

DO: VECTOR fp_S01_6724_en.vsd | Function diagram 6724
Vector current control - field weakening controller for synchronous motors (p0300 = 2) 30.06.04 V02.02.00 | SINAMICS S
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(1=

Vdc smooth

p0115[y] (MM)
Refer to [1020]

10026 Vdc_act 5
B3 Control unit | I Motor module |
[6723.1] s < | DC link voltage l
D o Drv V_output -
- » X 10072 . Pulse enable - .
Modulation depth HW =
2 v | O-
V_set <
>+ >
[6714.8] 'I_L u
V_angle R > o
PWM
[6714.8] > p1740 - |
Frequency limit o
f slip I active d %K
sl
r0065 | Current model | | Vibration damping | r1405.11 J:"‘! W
<1>Pre- > £
control [6310.5] l | Drv f_output |
speed ¢ h r0066
[6030.8] [ N-act smoo ty +y [6310.1]
[6010.6] 0063 () »()
p1764 p1767 + + +
DRIVE CLiQ |
Y
MotMod Si
Kp Tn n_adapt ign
_ +or-
Kp r1770
> ) |
) +' Frequency, negative |_max motor module
+ «—
MotMod
n_adapt
Tnr1771 |_max motor module
Actual speed value Adaptation controller |
[6010] < [6640.1] <
R_stator act +
r0395 P
T » Motor model < I_phase actual value < I
From the thermal motor model (observer) [6714.1]
Flux actual value r1762, 11763, <
r778, 11779 V_phase actual value
«
[6714.1] I ’ 10089[0...2] |
itori —| 1408.11 )
Transformat_angle S;a7ILTon1|t7o‘{g|g r408 <2> <3>
r0094 plres.p r1408.12 P24 . +BRP
Model control [6722.7]
M p1750 ... p1759 ; > : M
o I I N O-BRN
[6640.5] Iq o
[6710.2] ¢——— Brak |
MotMod status rake control
6714.6
[ ] p1750 p1755 p1756 p1758 p1759 <1> [ = Only for vector control without encoder. N - : [
<2> = Only for vector control with encoder. <3> {____iIn addition for booksize.
1 | 2 | 3 | 4 | 5 6 7 8
DO: VECTOR fp_S01_6730_en.vsd | Function diagram 6730
Vector current control - interface to the motor module for induction motors (p0300 = 1) 04.10.04 V02.02.00 | SINAMICS S
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(z=

p0115[y] (MM)

Vdc smooth Vdc act Refer to [1020]
ﬁ? Control unit | I Motor module I
[6723.1] 01s < _ DClink voltage
Drv V_output -
- » X r0072 Pulse enable +
Modulation depth HW L
i O _
V2 v [
V_set <
>+ >
[6714.8] I_L U
» o\
V_angle N d
[6714.8] i PWM |
Frequency limit active > %K
<> w
<1>Pre- » )
control Drv f_output |
speed r0066
[6030.8] | n_act smooth (6310.1]
[6010.6] |r0063
p1795
DRIVE CLIQ I
A 4
Tn MotMod KT corr Sign
r1797 +or-
T F i !
requency, negatives |_max motor module
N
|_max motor module
KT adaptation controller |
_quadrature [6640.1] <
R_stator act axis_set
r0395 < r1733
T » 44 lq_set 10077 I_phase actual value <
From the thermal motor model KT estimate P T [6714.1] |
Flux actual value p0328, p0316, A <
p0357, p1780.3 < V_phase actual value
_L r0089[0...2] <
Id_act « I
Stall monitoring r1408.11 <2> r0076 <3>
r1408.12 P24 N < + BRP
M
- M -BRN
[6640.5] Iq | | N Q
[6710.2] « Brake control |
[6714.6] |
<2> = Only for vector control with encoder. <3> | 41n addition for booksize.
1 | 2 | 3 | 4 | 5 6 7 8
DO: VECTOR fp_S01_6731_en.vsd | Function diagram 6731
Vector current control - interface to the motor module for a synchronous motor (p0300 = 2) 04.10.04 V02.02.00 | SINAMICS S
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