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Bode-Diagram AR

SIEMENS

A0 i S T O i A T B I i A T B I

10° ' 10° 10°
Frequenz [Hz]




Speed and Position
Controller

TSN B A2 1

Amplitude [dB]

Phase [deg]

2-Mass-Oscillator (Motor and Load Inertia)

MR ERS A AV AERED

SIEMENS

40

20

AN
‘JMot | 'JLoad
Mot D=0,02 | nLoad: & 5 A 5
4 5
Transfer Function of the Speed Controller plant: . -
Speed Controller plantfj4% i# e% % Mg araiys
Ggpeedcontrolierpiant(S) = Nuot(S) Myor(S) REN A
Bode-Diagram fH7& K
\\\\\ 7 AR
i

ot

Frequency [Hz]



“2”-Mass-Oscillator (Motor and Load Inertia) SIEMENS
WREHRNE (BHANARRR)

Cms Cms
1 B
JMo JChuc JChuck JLoad
t k
o~ because of cg,.<<Cys We use following reduced model:
Speed and Position 41 Conan<<Cus fHIfLA)

Bl, RN, WITPrEMHEXS

Controller

Cs ¢
R PR A7 4% ] 4% L AN/ %ﬁ%%ﬁﬁ;ﬁﬁﬁﬁﬁ%ﬁ XA
Jvot tden | —— | Jioad t Jen

36 Hz Locked Rotor Frequency 52 Hz Resonance Frequency

36 Hz B FHiEMR 52 Hz3LIRmER

Industry Sector



Transition from controlled to uncontrolled system SIEMENS
RIZRRIERE R

Tr. 1: Vorlesung Motor direkt-2chse: Lageistwe
Tr. 3. Vorlesung Mator direkt-Achse: Normi
Tr. 4 Vorlesung Motor direkt-Achse;

Messpunkt Nr f / Tro.d: X =
hesspunkt Nr/2 / Tro 4,

ntrieb A [mm]
e elektrische Rotorlage (10000hex = 360 Grad) Antrieb A [mm]
rmierte elektrische Rotorlage (10000hex = 360 Grad) Antrish A [T4 sub T1 mm)]

AS58382, Y =-B.762329; Delta X = 27.352041; Delta ¥ = -0.135874
= 302.250000; ¥ = -9.802668, Delta X = 19.147059; Delta ¥ = -0.056909

Speed and Position

Controller R 2 T oy Ej’%ﬁﬁ}i’fﬁ(kﬂﬂﬂ) """""" T [T ]
: . : i DA : v AOffset: 10.191
S P o 4 1 3 e e

Aufl. Skt 100.000e-03

---------------------------------------------------------------------------------------------------------------

Tr.3: [mm]
: : : i AOffset: 533 594e-03
AL GENPEPELELERT I e | A0fl A5k 100 .000e-03

LA B R () |teoeeed [T& [T b 1T ]
: : : : : : : ; i Offset: -9.763
RTINS SRS SO TR, N S——  M————" NE—————. p—. pras——e: || 50\ L= Gtec k0 6 0=

-------------------------------------------------------------------------------------------------

--------------------------

__________________________________________________________________________________________________________

1.023e+03

36 Hz Locked Rotor Frequency 52 Hz Resonance Frequency

36 Hz B FHiEMR 52 Hz3LIRmER

Industry Sector



DR AT 2R W) L

Speed and Position
Controller

TSN B A2 1

Freq. Resp. of the Mechanics:

Xact/ Kset
Reference Freq. Resp. of closed Speed Control Loop

actual speed linearscale

actual speed motor encoder

Reference Freq. Resp. of closed Position Control Loop

VPO R PR B S AR I

SIEMENS

VAT P 28 A1) % 52 A R e L

Nact / Nset

Xset

-

Speed Controller Plant

v v
Ref. Freq. Resp. of Mechanics

Nact,bMS / Nact,MMs

Motor measurement system |
(indirect MS)
BILNERS

GFEZNERS)

-+

oT,DT

Nact/ iact
Mechanics
Nset iset fact OMot Xact,MMS Xact,DMS
Kv Tq Kp, Tn Teqiuv i JMotor 1 h oT.DT
Nact s 2n
A A A

Linear scale (direct MS)

MR (EERNERS

HII‘I\HI,I'.\I 0

Industry Sector



Speed and Position
Controller

TSN B A2 1

Amplitude [dB]

Phase [deg]

|:Mot
—_

40

200

2-Mass-Oscillator (Motor and Load Mass) SIEMENS
MR ERS A AV AERED

A/
mMot | mLoad
XMot D=0,02 X\ oad
! g o EYATLARR S50 2R e o R0 338 2 )
VMot(t) = XMot(t) RGN

4522 4 B B I
Transfer Function of the Speed Controller { %@%‘jﬁiz; ;‘ﬁﬁ% A

G ee onroerans=VoS/FoS
SpeedControllerPI t() Mt() Mt() %%%ﬁﬁﬁ$$ﬁﬁz-90f§{

Transfer Function of the Mechanics:
GMech(S) = VLoad(S)/ VMot(S)

Bode-Diagram

20

-40

180

a0 -

i e
10" 10 7

Frequenz [Hz
Frequency [Hz]



Freq. Resp. of the Speed Controller Plant: SIEMENS

actual speed motor

Speed Controller Plantf) 35 iy i actual torque motor

Reference Freq. Resp. of closed Position Control Loop

VAR B PR S S R

Xact/ Kset ;
Reference Freq. Resp. of closed Speed Control Loop v 4
%E%ﬁﬂ%ﬁﬁi}%ﬁ% Ref. Freq. Resp. of Mechanics
Nact/ Nset mm%%ﬁ%ﬂﬁﬁz
Speed and Position Speed Controller Plant
- Nact,oMs / Nact,MMS
Controller ’ Nact / act .
> AY v .
TH AN B A ) A . : Mechanics
Xset Nset Iset lact OMot Xact,MMS Xact,DMS
Kv Tq Kp, Tn Tagqiuv |i JMotor 1 h oT1,DT
Nact s 2x
A T A

oT,DT
o » Linear scale (direct MS)

| . | FR (HEE RS
B 825 e A A A R e A A A A A A A R A A A i

Motor measurement system
(indirect MS)
RALMERS

(FFHEENERS)

Industry Sector



Mass und Stiffness Distribution of a Linear Machine Axis: SIEMENS
BLIR B 220 i i & AN % 4315

fT’DT

Linear scale
(DMS)

Encoder

A
\

Coupling

-
I AL LI SSS LSS LSS SIS, LIS ISISSISST,

Ball screw

Speed and Position =
Controller
TP RN B A
Table (Load)
Tacho TES (0
Motor :I u‘t |
HIAL Ballscrew .
Coupling 24T
5341}

B T 55 B 2R T

J_Tacho= J_Motor= J M1= J_M2= J_M3= @ J_M4=

c_Tacho= ¢_Motor= c_ M1_M2= c_M2 M3= c_M3 _M4=
J_Tacho= Jmot_ges= J_coup/2= J_coup/2+J Jbscr/2= JT=
q A " 4 A " p/2= | |
0,0000025 _W»_ 0,00085 0,0001 0,00028 —W» 0,00018 —W» 0,00127
kam? C_Tacho= kgm? Cmot= kgm? C_coup= kgm? Cblscr= kgm? Caxial= kgm?
2800 31600 10314 2604,4416 74,4400533
Nm/rad Nm/rad Nm/rad Nm/rad Nm/rad

Industry Sector



Mass und Stiffness Distribution of a Linear Machine Axis: SIEMENS
BLIR B 220 i i & AN % 4315

Speed and Position

Controller @_ @
wEALEEE | e - —————7 LI RS R
M-@ gt Ca Cau Csp Cum  Cm
Ersatzbild
Ca Crim

L A

) | CaL Csp Cm CTm

& B
L]
(%)
=
L]
=
7z
N

Industry Sector



Freq. Resp. of the Speed Controller Plant:
Multiple Body System
Speed Controller Plant KSR . £HEE RS

Bode-Diagram

A . . B TR T T

20

Speed and Position
Controller

TSN B A2 1

Amplitude [dB]
]

-20

-40

150

w0
(o}

Phase [deg]
o}

-80

180 ' S o I ' S R I

10 10 10
Frequency [Hz]

2

Industry Sector



Freq. Resp. of the Speed Controller plant: SIEMENS

] actual Speed Motor
Multiple Body System actual Torque Motor

Bode-Diagram

Speed and Position
Controller

40 i B ' A O I ' N R R I A i

a0 ) T T T ] : T T T T 1T] ) T T T 1] : :

180 i R SO T Y N B ' T O Y B O I i R S T Y N B
10 10 0 10

Frequency [Hz]

Industry Sector



Freq. Resp. of the Speed Controller plant:
MUItlple BOdy syStem actual Speed Motor SI EM ENS
Speed Controller Plant RN . LHEERS actual Torque Motor

Bode-Diagram

“” T ! T T TT] ! R P T i = e e

............................

Speed and Position
Controller

TSN B A2 1

Amplitude [dB]

.......................................................................

Phase [deg]

180 i [ R A N A I [ R B R i [ R A N A
10° 10" 10 10

Frequency [Hz]

Industry Sector



Freq. Resp. of the Mechanics: setun] <voed linoar scale SIEMENS
mmﬂgﬁguﬁlm actual speed motor encoder

Reference Freq. Resp. of closed Position Control Loop

PRERr B 43 1 2R % 225 S R i 7

Xact/ Kset W \=/
Reference Freq. Resp. of closed Speed Control Loop
BRLER SR 425 1 FF B 5 2 S i Ref. Freq. Resp. of Mechanics
Nact/ Nset Nact,bMs / Nact,MMs
Speed and Position Speed Controller Plant
Controller Nact/ fact
S A% » Mechanics
ﬁrg *n ,fiﬁ?;é%lj %g Xset Nset iset jact OMot Xact,MMS Xact,DMS
Kv Tq Kp, Tn Teqiuv i JMotor 1 h oT.DT
Nact s 2

A A A

oT,DT
-« | Linear scale (direct MS)
: ] AR (BENRRL
Motor measurement system I O 'I'.\ [TTTT]T LI [TTTTTTO
(indirect MS) i
BHLIE RS
GFEZNERS)

Industry Sector




Speed and Position
Controller

TSN B A2 1

Freq. Resp. of the Mechanics:

Multiple Body System
Speed Controller Plant HIENN: ZRERSA actual speed motor encoder

SIEMENS

actual speed linearscale

Bode-Diagram

Amplitude [dB]

160

' ' ' ' [ ' ' ' ' P ' ' ' ' '
a0 —---------- i Vafratatacfoily bt (iingtatal coingial Tipfiel wiats [t s Dniiatint-SrifataloSus aters! iiataCPngate | Eitakaciod Kttt Pttt btk Vo ol ot Ittt B oot | int Ergtatat Mttt il )
' ' ' ' o ' ' ' ' [ ' ' ' '

______________________________________________________

Phase [deg]

' ' ' ' R LA T ' ' ' s e T S T ' ' ' '
A0 ---------- SRR ety et paier e s it B bt alatodatalafal filatalatelato [ imiatal v kot Potal Baloh ety s ot bl talabatelaiatndat s’ LR & Pl kil |
' ' ' oo ' ' ' ' [ ' ' ' ' '

180
10

10
Frequency [Hz]
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Speed and Position
Controller

Amplitude [dB]

Phase [deg]

Freq. Resp. of the Mechanics:
Multiple Body System

SIEMENS

actual speed motor actual speed linearscale

actual torque motor actual speed motor encoder

Bode-Diagram

40

180

[{a]
o

[}

o
=

180
10

10' i 0
Frequency [Hz]

Industry Sector



Freq. Resp. of Closed Speed Control Loop: o mors' EMENS
I}Hﬂ:ﬁgﬁfﬁ“ﬂ:mﬁguﬁ& commandedpspeed motor

Reference Freq. Resp. of closed Position Control Loop

- VPR iz B 42 1 R B S5 SR iz

Xact/ Kset Wy VE
Reference Freq. Resp. of closed Speed Control Loop
W%%EEW& Ref. Freq. Resp. of Mechanics
Nact/ Nset 7’/}Q NN
Speed and Position Speed Controller Plant MRS ERENNL
. Nact,oMs / Nact,MMs
Controller Nact/ iact

\l/ \l/ \l/ Mechanics

Xset Nset iset iact OMat Xact,MMS Xact,DMS
T4 1 h
]

TSN B A2 1

Kv Kp. Tn Tagiuv_i IMotor oT.DT

Nact

A A

oT,DT
¢ » L Linear scale (direct MS)
‘ | | | AR (EEURERG
Motor measurement system N 0 2 2 0 0 5 I8 0 0 O 2 0 M A M =
(indirect MS) : ;
AR RS Motor
GEESENERS)
- E—

Industry Sector



Speed and Position
Controller

TSN B A2 1

Speed controller

2 1 1 2%

SIEMENS

|:mot W

\4

mMot rnLoad

NERNRNRRNNANEE
ER RSN, SFEEEIFRE
VMot i, BHEENENBREIER

Pl-Controller

\4

Vet —F

Industry Sector



Speed controller

2 1 1 2%

v

IT‘Mot

Speed and Position
Controller

TSN B A2 1

m Load

VMot

v

Vset '

Pl-Controller

SIEMENS

Industry Sector




Mechanical equivalent of speed controller SIEMENS
T FE I R PR S &

|:mot _/\/W
> mMot mLoad
|
|
Speed and Position
C°”"°"f’r LLLLLLLLLLLLLL]
S PR3 4 52 Vi BALE, PRI FEHT A
-
Ko 1
o — LT
Ty

| Vset
mMot mLoad
|
VMot VLoad
— — > Industry Sector




Speed and Position
Controller

TSN B A2 1

Mechanical equivalent of speed controller

2P 1 ] 2 I LA =4 B

SIEMENS

|:mot W
> Mot My oad
|
' AR S bR B T 8 s
I 38 3 3 P 42 il 2 e L AN HE 5
NN RRRRNNNNY HEE—BH, BHE#ESIAY.
VMot
" »
Kp "
Vset — > T_N > I »
| Vset
2 WU R W
2B 2 Mot - M oag
|
|
VMot VLoad
— —_—

Industry Sector



Speed and Position
Controller

AN B A A 4%

Mechanical equivalent of speed controller

2P 1 ] 2 I LA =4 B

SIEMENS

I:mot W
> Mot M| oad
|
|
ENRNNRNERNAEN
‘ VMot
Kp 1
Ve — N
| Vset
- mMot mLoad
l |
d= K VMot Vioad
P S L

Industry Sector




Speed and Position
Controller

TSN B A2 1

Mechanical equivalent of speed controller

2P 1 ] 2 I LA =4 B

SIEMENS

I:mot W
> Mptot My oad
|
' BRABLREFERT R EEE,
I 38 a3 42 ) 2 e HH AN HE 5
AENNRNRRNRNERN HEF B, HEIIREF
‘ VMot
Kp :
Veet —> + > T_N I +
| Vset
2P R W
AR 2 — Mot L M oad
! |
d= Kp VMot Vioad
I — > Industry Sector




Mechanical equivalent of speed controller SIEMENS
T FE I R PR S &

F aVAVAVAS A5, —HRAT RN R

4t (Damping Optimization) ,
Mot Mioad | iR St FEiESaER,

v

Speed and Position
Controller

TSN B A2 1

VMot

> - K.
| + |1 I
TN
S — AN

TEEETRRPI T S 4 o+ BB IR, m m
R R R TR BMXR. — Mot e Load
WMEKpRTNA, W EHEAHGEE R EEE |
B, (ASREEAMBL. KARAHATFHR Vot Vi oad
R b o A O ——> Industry Sector



Speed controller

2 1 1 2%

Speed and Position
Controller

TSN B A2 1

F oot W
> Mot M| oad
AERNEREREREENE
VMot
Pl-Controller
Vset

SIEMENS
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Closed Speed Control
P B 328 5 42 1) BF i

Speed and Position
Controller

SRR B | Vet

Loop

\ 4

[>_’PI

[
»

SIEMENS

Transfer Function of the Speed Controller

plant:

GSpeedControIlerPIant(s) = vMot(S)l FMot(S)

VMot

A\ 4

A

[,

\

——>

RIS B R A R
P 2% . WiRL? 7 7

Industry Sector



Nyquist criterion: SIEMENS
REGAE

w(t) 'O e(t) X F(,zjf) y(t)

1_

Speed and Position

ﬁﬁ;;;tt;;ﬂ%% Transfer function open loop: F,(j2nf )= ggig;
Sk PR R S s .
AT HIME 1L R AT
Y(Rnrf
Transfer function closed loop: F, (2nf)= ¥ (( o f))
s T Fa D E
9 _ M because W-Y = E
FW(JZW‘)_ 1+F;(j27yp) at summarypoint
so W-E=Y=Fo-FE

and W =(Fo+1)-E

F(j2r)=-1:  F(j27f)=o0

MR IS, EEE0dB, A NE1805, N

PZR B i O 3k R A RE o

Industry Sector



Closed Speed Control Loop: 1 Mass System SIEMENS
P E ISR SRR

Transfer Function of the Speed Controller

Speed and Position plant:
Controller Gspeedcontrotierpiant(S) = Vimot(S) Fmot(S)

MR R | s
/) PI ¥

VMot

v

R
|

»
»

B, BRBANEL, BRERE, ErmMnfEE.

Industry Sector



Speed and Position
Controller

TSN B A2 1

20.0000

Tr.1 :Aplitde epone “

Freq. Resp. of Closed Current Control Loop: SIEMENS
PR BB J7E 42 1) A B 30 28 o L

actual current motor

commanded current motor

-60.0000 |
1.0000

LogHz  4000.0000

e <
Tr.3:Phase response

180.0000

_______________

||||||||||||||||
___________________________________________________________________________
|||||||||||||||||

-180.0000 .
1.0000

________________

_________________________________________

Log/Hz 4000.0000

IR ERAE P1810.11 Current controller dynamics higher

SN EREAE, EHRREERENSEE, REMERSR, BRI DR K.
] R R AR I AR, PR ZS/D. PEIFA A 28 5 rA AL R IE EE

LR E N

Ftt4ARei20dB? Industry Sector




SIEMENS

actual current motor
commanded current motor

Freq. Resp. of Closed Current Control Loop:

p118 = 20,5us

Speed and Position
Controller Amplitude (dB) / Phase (°) vs. Hz

-
tiralan

5 18 58 188 568 1668

A Torque—producing actual curr...e-producing current setpoint -0.77332dB -177.1717 ° 1142.85 Hz
Industry Sector




Speed and Position
Controller

TSN B A2 1

Vet : Pl

Closed Speed Control Loop: 1 Mass System
PR EEIE IR BREA

SIEMENS

Transfer Function of the Speed Controller

Transfer Function of the
Current Controller

GSpeedControIIerPIant(s) = VMot(s)l FMot(s)

VMot

WMRANEJREEPUATT SRR DA, P=1, N ITIAINFRMN N T B AL

R 22 1] R 0 A AR R i . T A 3R

Industry Sector



Speed and Position
Controller

TSN B A2 1

Phass ']
;

Nyquist criterion : Used in bode diagram SIEMENS
REHRAE. EREERPEH

EE R 70° Phase margin g g [ 3
;,m. T S N A I TOMGARRE | § | N
10" 10 10° 10
Frequency [Hz]

W0 28 R L IR IR AR A B, 408 B 2R 2 speed control planti R, Fi & HREAERE LR MM (B
) BERROEEIF TR . RIEATHOREHRARE, ZRAFEE, THARELIBH,
HEAARET 180K . WAHBEMENRMBERS.

EEETT ISR N 2%, G WE SR 2R S 0dB SRR, M MARMIEE R 180F Lk, BIMAfME
R 2, R AT B £ [ 7 B 5 B 3, AR AL A R R/




Speed and Position
Controller

TSN B A2 1

Magnitude [dB)

Nyquist criterion : Used in bode diagram

REHRAE: ARERPER

SIEMENS

,,,,,,,,,,,,,,,,

""""" Kp = 1,428 Nms/rad

,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,, —h

=
: | o | BEE ;305 P'ha'lsé'rﬁargin 1
e v 30°HIf ISR
Frequency [Hz}

FIE, ZAEALFE180F ISR RIES I L EE R 0dBLim, EIE(EME

IBEME) 6dB, HAME) 30 MM ARERBER . BESBEREL: EABRE, ERE.




REHRAE: ARERPER

Nyquist criterion : Used in bode diagram

SIEMENS

2

2

Speed and Position
Controller

TSN B A2 1

Magnitude (5]
o 3
I

=
=
!

---------------------------------------------------------

_________________________________________

< (J * 1200 = 1,428 Nms/rad)

MPImN . SRS IEE.
125us/EH#: 1200%J

NS U SRR U TS S 0 3 S A |
- ARdEsh) st |
e : [ N N I W _____________________________
e i i i | | | | | |a i i i | | \ i | .:| i |
R 10 W

EEAWR SRERIEL. T, At2AFRBEERN: BREX>HEEKSHEBH>EHFHINT

62.5usAH: 2000*) pwmITFRIRMR, BRAXBIFG



Nyquist criterion : Freq. Resp. of Open and Closed Speed
Control Loop SIEMENS

RENTRFAIYE:  PRPRIE B4 5 R B B T2 PR A S 2R g

w(t e(t . t i
( ) ( ) Fo(jZth) y ) - F. (j2xf) = Y(!2nf)
E(j2nf)
Fw(jznf): Y(JZTCf) _ Fo(Jle',f)
W(j2nf) 1+F, (j2nf)
Speed and Position Open Speed
Controller Control Loop Fo
A 1 2 T T eed Controfier -
. Closed Speed Y. B N
= Control Loop Fw - NIRRT . L8

g

Phase ']
=

-80

180 i S T | S T O | i IR . ™ I

ﬁé;%seed controller plantZL & & FF 54, BEAkp AR, PR iE i T .
MWL ER CSHRMAAEE. TE, £21M30dBHAMBERS, HEARREREEN.

EERE—NT0dB A



Speed and Position
Controller

TSN B A2 1

w(t)

Open Speed

Control Loop Fo

e(t)

Nyquist criterion : Freq. Resp. of Open and Closed Speed
Control Loop

RENTRFAIYE:  PRPRIE B4 5 R B B T2 PR A S 2R g

SIEMENS

E(j2nf)
Y(j2nf)  F,(j2nf)
W (j2nf)  1+F,(j2xf)

Closed Speed :
- Control Loop Fw -

BiE—MT0dBr, EREHEESE,

O ERBARASRE. ERERE




Control Loop

RENTRFAIYE:  PRPRIE B4 5 R B B T2 PR A S 2R g

wt)  ~e(t)
Speed and Position Open Speed

Controller Control Loop Fo

50

Nyquist criterion : Freq. Resp. of Open and Closed Speed

SIEMENS
: Y (j2nf
Foli2nf) = Eginf))
F (2nf) = Y(j2nf) _ F,(j2nf)

W (j2nf) 1+F,(j2xf)

AN B A A 4%

| e

Industry Sector



Freq. Resp. of Current Setpoint Band Stop Filter
FEL I T RE A EL Y18 VB 45 P A3 23R Ml [

Vset /*—\

VMot

Speed and Position
Controller

GSpeedControIIerPIant(s)

SIEMENS

TSN B A2 1

=2 8 8 & @z

Magrituide [dB]
: =]

- /Width* at -3dB

L B RIS A = A A AL IR S




Nyquist criterion : Freq. Resp. of Open and Closed Speed
Control Loop SIEMENS

REHRPAIYE: PO R B4 i 2R 2% B T 2R PR B A3 28 ey o
w(t)  ~et)

y(t) ~ Y(j2nf)
F (j2nf) > F(2nf)= ¢ (i2nf)
= o~ Y(2nf)  F (j2nf)
P (j2nf) = W (j2f) ~ 1+F, (j2f)
Speed and Position Open Speed

Controller Control Loop Fo
T AN B A ) e 5 —

[ Closed Speed ...
~ ControlLoop Fw

B k& B

g
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Speed and Position
Controller

TSN B A2 1

Nyquist criterion : Freq. Resp. of Open and Closed Speed
Control Loop

RENTRFAIYE:  PRPRIE B4 5 R B B T2 PR A S 2R g

SIEMENS

" O (ort) M Y220
_ _ Y(j2nf F,(j2nf
F,(j2nf) = W((sznf)) 1+ F(:(j272f)
Open Speed

Control Loop Fo

* 357737”Curre'nt setpoint filter — —

Magnitude [dB]
)

BRI - -

—- Closed Speed .-,
~ Control Loop Fw -

8
]

Phase [']
-

5 ERER B




Nyquist criterion : Freq. Resp. of Open and Closed Speed

Control Loop SIEMENS
REMRPANE: PP E 5208 BT 25/ P 2R 5 2 i
w(t e(t . t 27
0 Ol F(orf) =l (2n0)- Ea’jng
= o~ Y(2nf)  F (j2nf)
. (j2f) = W (i2xf)  1+F, (j2xf)
Speed and Position Open Speed
Controller Control Loop Fo
SEREE R e T Speed Controller

Closed Speed |-
- Control Loop Fw |-
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Nyquist criterion : Freq. Resp. of Open and Closed Speed

Control Loop SIEMENS
REIREAIYE:  PIPAE B 1 PR RS B 2R P25 A3 28 ma
w(t) e(t) : y(t) o Y(2nf)
F (j2nf) > F(2nf)=2 (nf]
= o~ Y(2mf)  F (j2nf)
P (j2nf) = W (i2xf) ~ 1+F, (j2xf)
Speed and Position Open Speed
Controller Control Loop Fo
5o o7 B4 1 o~
" Giosed Speed .
o~ Control Loop Fw /-~ -

et B i e

Frequency [Hz]
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Speed and Position
Controller

AN B A A 4%

Vset

Nyquist criterion : Freq. Resp. of Closed Speed Control

RENTRFAIYE:  PRPRIE B4 5 R B B T2 PR A S 2R g

= 8 &8 &8 2
]

Magnitude [dB]

g4 b & &

Closed Spé-éd

- Control L

oop Fw -

g

Phase [']

SIEMENS

GSpeedControIIerPIant(s)
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Speed and Position
Controller

TSN B A2 1

20

Freq. Resp. of Closed Speed Control Loop:. SIEMENS
YA 328 R 2 [ ) A3 2 e 2

actual Speed Motor

commanded Speed Motor

Bode-Diagram

20

-an

-B0

180

Q0

-0

-130

Industry Sector



Freq. Resp. of Closed Speed Control Loop:
Kp increased! SIEMENS

PR B33 B 2 ) I B FO SRR I - 4R K el pecd Hotor

commanded Speed Motor

Bode-Diagram
=t : W oar i noan) : =0 o ogErae]

Speed and Position 2
Controller

AN B A A 4% -4

-B0

180

= ]|

-90

-180

Industry Sector



Freq. Resp. of Closed Speed Control Loop:

Kp even more increased! wetual Speed Motor SIEMENS
PHER S B 12 1l [B] 2% B AR M N . 3R EKp

commanded Speed Motor

Bode-Diagram

20

—————————————

Speed and Position 20
Controller

TSN B A2 1

_40

-B0

180

90

-180

Industry Sector



Speed and Position
Controller

TSN B A2 1

Bode Diagram

Examples for Current Setpoint Band Stop Filters:

HEL AL L RE R LIS 251

T T N R S B B I

-1 SUPPR_FREQ = 300 Hz

BANDWITH =200 Hz

-401 | BW_NUM =0 Hz

BS_FREQ = 100
-60—L——= : S
180 R A N A A A

1 1 N

-

Frequency (Hz)

-] SUPPR_FREQ = 300 Hz

"|BW_NUM =0 Hz

BANDWITH = 500 Hz

BS_FREQ = 100

———————————————————————————

90

Phase (deg)
o

©
S

N

[0}
- O
o

SIEMENS

Bode Diagram

SUPPR_FREQ = 300 Hz
BANDWITH = 350 Hz
BW_NUM =0 Hz
BS_FREQ = 100

T T | R R B A

180 """"" T T fr r - fr T oo T Ty T rT

1 r I S T S N

(N

Frequency (Hz)

SUPPR_FREQ = 300 Hz
BANDWITH = 100 Hz
BW_NUM = 0 Hz
BS_FREQ = 100

180 e T Y T T T
90—

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,

Phase (deg)
o

Frequency (Hz)

Industry Sector



Speed and Position
Controller

TSN B A2 1

Magnitude (dB)

E N )
o o
T T

&
<

20 A A A A S A R
O " " " " " " o
-{ SUPPR_FREQ = 300 Hz : L
BANDWITH = 200 Hz IAttenuation corresponding to
"1 BW_NUM =20 Hz - the ratio of:
BS_FREQ = 100 BW_NUM / BANDWITH
180 """""" o T F F o F T T e.g-:
| A 20 Hz /200 Hz=0,1
= Attenuation = -20 dB

Examples for Current Setpoint Band Stop Filters:

HEL AL L RE R LIS 251

Bode Diagram

,,,,,,,,,,,,,,,,,,,,,,,,,,

1 R S S S N

-180 ‘
10" 10° Frequency (Hz)
2v S A A A S A A R
a i i [ i i i o
T 0
[0) | | T R R
S ol [SUPPR_FREQ =300 Hz
g BANDWITH = 500 Hz
< 40| BW_NUM =20 Hz
BS_FREQ = 100
60— e
180 N R I A [ N A R A
> 90
z
g 0
®©
L
o 90 o !
-180 1 1 IS S S S N O 1 1 IR S S S B
10" 10° Frequency (Hz)

o

Magnitude (dB)
E N )
o o

&
<

Magnitude (dB)
E N )
o o

&
S

180

©
o

SIEMENS

Bode Diagra

T | B B B B B T | B R R R B

—————— SUPPR_FREQ = 300 Hz
BANDWITH = 350 Hz
"""" BW_NUM =20 Hz
BS_FREQ =100

S SR S S S S

Frequency (Hz)

T | B B B B B T | B R R A A

,,,,,, SUPPR_FREQ = 300 Hz
BANDWTH = 100 Hz
****** BW_NUM = 20 Hz
BS_FREQ = 100

"""""" T+ f f fr trrt{- -1 - f F t 1t f 17

1 S SR S S S S

Frequency (Hz)
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Exemplary Freq. Resp. of 4 active Current Setpoint Filters: SIEMENS
A LIV RE SR IR 28 AE AN B B AT 2R i B

Bode Diagram

Low pass PT2:
FILT_1_FREQUENCY = 2000 Hz

FILT_1_DAMPING = 350 Hz

Magnitude (dB)

Band stop:

FILT 2 _SUPPR_FREQ =210 Hz
FILT_2_BANDWITH = 80 Hz
FILT 2. BW_NUM =10 Hz
FILT_2_BS _FREQ =100

Speed and Position
Controller

TSN B A2 1

Band stop :
FILT_3_SUPPR_FREQ =450 Hz
FILT_3_ BANDWITH =200 Hz
FILT_3_BW_NUM =50 Hz
FILT_3_BS_FREQ =100

Phase (deg)

20 T S R A i S B B RN A T EFInG] Sitolp -

| A 1 AR S FILT_3_SUPPR_FREQ = 920 Hz
FILT_3_ BANDWITH = 300 Hz
FILT_3_BW_NUM =5 Hz
FILT_3_BS_FREQ = 100

Lower picture:

Resul.tin?. Freq. Resp. of all current
setpoint Tilters

gonly filters without the influence of
he mechanics etc.)

1 1 1 1 1

10" 10° Frequency (Hz)

Industry Sector




Freq. Resp. of a Band Stop at 1100 Hz: SIEMENS

Output Filter

1 100HZ‘4|_'% Bﬁ%&%&ﬁ%uﬁ}z\z Input Filter

Bode-Diagram

20

Speed and Position 20
Controller

T A B A% -40

-B0

150

S0

-a0

-150

Industry Sector



Freq. Resp. of a Band Stop at 590 Hz: SIEMENS

Output Filter

590 HZ% Bﬁﬁ&%&ﬁ% ulﬁl)z\z Input Filter

20

Bode-Diagram

Speed and Position 20
Controller

TR RN B A ) 2% -40

-0

150

S0

-90

-150

Industry Sector



Freq. Resp. of Both Band Stop Filters
at 590 Hz and 1100 Hz: SIEMENS

Output Filter

590HZ§FD1 1 OOHZ'T_% Bﬁ%&%&ﬁ%uﬁ}z\z Input Filter

Bode-Diagram
= N R —— o

Speed and Position -
Controller

R RO o] 42 i

-B0

180

=18

-0

-180

10°

Industry Sector



Freq. Resp. of the Closed Speed Control Loop Including the
Current Setpoint Filters: With Kp =1 Stabile und Reserve SIEMENS

LI B RE RIS A ) R IR B R R B, Kp=1

Bode-Diagram

20 T T — T T T T

Speed and Position =
ContrO"er H H H - - H H H oo H H
Ag |- ------ e e o R L A oL
T A B A i 4% L rr P B b P
&0 N T N 0 O R N R N N I R N T N N I8
180

a0

-90

-180 i H H
10° 10" 10% 10°

Industry Sector



Freq. Resp. of the Closed Speed Control Loop Including the
Current Setpoint Filters: Kp increased SIEMENS

R RIS A ) IR R R m B, SR RKp

Bode-Diagram
=8 : EFoon o el : R : i &y mEm amaaegl]

Speed and Position
Controller

TSN B A2 1

&0 : N P 1 i e Al 1 O e

150

- R Loseelinehetool ol ivsmen el e otibalol ol L sesones bowngobalodl b 24

Industry Sector



Freq. Resp. of the Closed Speed Control Loop Including the
Current Setpoint Filters: Tn reduced SIEMENS

T LI B RE R IR A ) PR IR B AR R AR M B, /DT

o Bode-Diagram
=4 : o o el : o o

Speed and Position e

Controller

SR PR R 42 ) -

-0

150

a0

-90

-180
10"

Industry Sector



Functional Principle “Reference-Model’: PI-Controller SIEMENS
“Reference Model(ZH i Rl)" ThRe R, PI-f&H]38

Pl-Controller

Nget |/ Mset R

- inact

Speed and Position
Controller
T PRIV B 4 ) 2
Pl-Controller
nset
% [ N Ve

Nact
+

sal

Industry Sector



Speed and Position
Controller

TSN B A2 1

P-controlled closed Speed Controller Ty =

o
Vs : 1 :
A2 b L
o ; ;
0 I 1/ 74 S §

o0 0.605 T 0.61 0.615
RT(p)

“Reference Model(Z % R!) T ge JR

P-Controller
Nget
¢ | .\ l
nact
+
nac

Functional Principle “Reference-Model”’: Just P-Controller

Step response:

HAP#H| 4%

SIEMENS

MACEEER, RGP, RER I
(Sc#disturbance optimization)

WE EFresE, AFFIREIE —RBER AR

1B AR ]

Kp Factor 2 too high
Kp optimal

Kp Factor 2 too low

Industry Sector



Speed and Position
Controller

TSN B A2 1

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Functional Principle “Reference-Model”: Pl-Controller Ty = Tgy(,
“Reference Model(ZH &A1) ThRE R 3, PI-ZHI3 Ty = Trrp)

SIEMENS

Pl-Controller
r'|set
_‘ilact ‘_ i l Mset
+ FE) £ F Bk 18] 7 AR 3 3R 15 B[]

Step response:

Pl-controlled closed Speed Controller Ty = Tgr(y

short

0.01 0.015 0.02

Ty Faktor 2 too

XF L4k B A synmatrical optimization
WEMERTEME=FHERFMER T REE

ffffff o\ Ty optimal
‘ : | Ty Faktor 2 too long

Industry Sector



Functional Principle “Reference-Model”: Pl-Controller Ty = Tgy(,
With Speed Setpoint Smoothing T, sy = Try(p
“Reference Model(Z % R) L ERE, PI ﬁﬁiﬂ%% Tn = Trygp)

WIEEWE R Tn SM = TRT(p)

T,sm Pl-Controller
Nset /_ nset*
7
¥% [
Nact i l Mset
+
Speed and Position > /
Controller Nact

T E RN B A |
Step response:

Thsm= TRT(p)

SIEMENS

1.4 T
4. 2 : —————————————————————————————————————————————————————————————————————————————————— —
o)
O.8 - '''''''''''''''''''''''''''''''''''''''''''''''''''''''' —
(@ Y0 > » ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
O. A4 [ rorrrm e R R L e S RRRRRRLEEEE |
O2F ——————————————————————————————————————————————————————————————————————————————— —
® ;
o 0.005 2*T Ol.o1 0.02
RT(p)
dl
hl

Pl-controlled closed Speed Controller with speed setpoint smoothing

Industry Sector



Functional Principle “Reference-Model”’: Pl-Controller
With Reference Model
“Reference Model(Z 5 #8l) " ThEe R E, HWSHHEE

Pl-Controller with Reference model

'y [ N

+

Nget

Mset

Speed and Position 4 i? /
Nact

Controller Reference

TR A7 B s ) model

Step response:

SIEMENS

Pl-controlled closed Speed Controller with Reference model

f.es Faktor 2 too high

f.es Optimal
| fe¢ Faktor 2 too low

Jrre)

Industry Sector



Freq. Resp. of Closed Speed Controller Including Current
Setpoint Filters: Th Reduced SIEMENS

T LI B RE R IR A ) PR IR B AR R AR M B, /DT

Bode-Diagram
=4 _:_:::::::! H

Speed and Position 20
Controller

AN B A A 4% a0

-0

180

=18

-90

-180

Industry Sector



Freq. Resp. of Closed Speed Controller Including Current

Setpoint Filters: Th Reduced With Reference Model 150 Hz SIEMENS
LI BUE RIE I A8 I PR R RN, /P Tn+ S5 R 150Hz

Bode-Diagram
= : T ofr in ! : R

Speed and Position 20

Controller

AN B A A 4% -

-B0

120

a0

-0

180
10

Industry Sector



Freq. Resp. of Closed Speed Controller Including Current
Setpoint Filters: Th Reduced With Reference Model 80 Hz SIEMENS
IR E RUIEE A Y AN E R MmN, /DN Tn+SEEEI80Hz

Bode-Diagram
=t : oS Hr in manme] : N

Speed and Position 20

Controller

TSN B A2 1 -40

-B0

180

Q0

-90

-1=0
10"

Industry Sector



ZiEZ N VA=R N E S

Freq. Resp. of the Closed Position Controller

SIEMENS

active actual Position

commanded position

Speed and Position
Controller

TSN B A2 1

Xact / Kset

Reference Freq. Resp. of closed Position Control Loop

V% \y

Reference Freq. Resp. of closed Speed Control Loop

Ref. Freq. Resp. of Mechanic

Motor measurement system
(indirect MS)

JMoior

Nact/ Nset
W Nact,bMs / Nact,MMS
Speed Controller Plant
Nact/ iact
Mechanics
Xset Nset iset fact HOMat Xact,MMS Xact,DMS
Kv Td Kp, Tn Tagivv_i WMotor il h_ oT,DT
n_a_c_t S 2x
X T y omik x
oT1,DT
< > :
_|u|i|u|}ru||_\_|.

| l ' | Linear scale (direct MS)
I T . o

Industry Sector



Speed and Position
Controller

TSN B A2 1

Speed and Position Controller

AL B 5 1 4%

SIEMENS

|:mot W
= Mot My oad
ANNRNERNERNERN LELLLELttttd
VMOt ‘ XLoad
> 1+ | Feet
P - Kp 1 >
Xset » Ky — > — I >+
—+ Ty

Industry Sector




Disturbance optimization D_an]pln_g
optimization

Kp 10 10 2
Tn 6 6 30
Reference model 60 0 0
Kv 0.8 0.4 1.5

Speed and Position
Controller

e B 4 Xeot

GPlant(s) GMech(s)

Pl VMot | A

XLoad

v

PR R 42 6010 42 B 55 1l T BE A 00 48 B B, 4n SR IE 45 T 41 55 2RI BB AR [R], I 7E0d B, 3X 2 damping
optimization §3 & ¥ & 5. W0 RAL BN ERAF B 8, W TC ik 5L PR, X i 7% 2 R APC, | I BB R R L
T 5% [ B

54 F damping optimization, T KpP&E(K 5 4%, Tnigins5f, #4705,

PiFiE#E: Disturbance optimization XKp/NKv ; Damping optimization /MNKpkKv
MRETFREE ENMIDamping optimization T BEA&1E; AHIMEEEH EHMETEELR.




Speed and Position Controller

Speed and Position
Controller

Gpiant(S)

Pl

SIEMENS

GMech(S)

=
=

VLoad XLoad
| j N

Motor

encoder
feed back

Direct encoder

feed back

Industry Sector



SIEMENS

Speed and Position Controller

Speed and Position Closed Speed loop(s) GMech(S)
Controller T 1 i
#:\é ’F VMot _« Vi oad J' XLoad
[ _
Motor
[ encoder
feed back

Direct encoder
feed back

Industry Sector



Relationship Between Kv-Factor and
Lowest Locked Rotor Freq. SIEMENS

Kv & B fi&{&Locked Rotor FrequencyHI< &

Kv-Factor [1/s] Attainable Kv-Factor [1000/min]

no delay Position Control

166666 1000 — |

Speed and Position

Controller with DSC (0,125 ms Pos Control
Cycle Time)
T A B A% 1T [ ]

1 ms Pos Control Cycle Time |

4 ms Pos Control Cycle Time

1000 T
10000

PR PR T o B PP B3 2

ks e S TRl e [lowest Locked Rotor Frequ. [Hz]
O, SEEME, BEAENER, HAZEN180E, TRE!

fr B A, ds A S22

Industry Sector



Speed and Position
Controller

AN B A A 4%

Amplitude [dB]

Phase [deg]

Freq. Resp. of the Speed Controller Plant and of the
Mechanics: Multiple Body System (Multi Mass Oscillator) SIEMENS
Speed Controller Plantf¥jfiMechanics {IFZ MmN (ZRERY 2%)

Bode-Diagram

40

20

20

-40

180

[{a]
o

____________________________________________________

[}

' ' ]
------------------------------------------------------

o
=

-180
10

10" 10°

Frequency [Hz]
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DSC ( Dynamic Stiffness Control )
A Quasi Position Controller Implemented in the 611D SIEMENS

DSC (FhANIERES]) £611D 1 SR ffr B 25451 28

Kv D e ator Speed-setpoint filter

| Nget Nget,corr Speed
|_|: S . | : t ——pp control

fEnset,corriX— i, EH%
=M DSCEZMME, EMHX,
HIRIE T . Fi0— BRI ARIE R
R B

Speed and Position
Controller

RN B 5
%t F840Dpl 575 R BeFl T L 4w fid 4% -
WENEF L m A%, AL E R Dbt
(EEYS

RGN TREHIREE, BRI IERE.

Offset:

RIFERE. CECHME., EEf
ﬁ,%gwm,%&mﬂw@
|

Xact, Tspeed

IXPEFE840Ds] L X4 . Xeict, TPas.
BHh: AJk#
i RH: Tpos. Tpos. Tspeed
HL4RTISES: 2048 p/rev - = e .|—/_ el
f£ZhH: MD31050=951869 MD31060=100000
ZATHRFE: 1mm 'S I I Xact
HetftRAMEE:  0.04mm Position control ? | Dynamic stiffness control of the
axis
W: AEHL—E: 2048pulse Offset |

apive il GREEUELERLLLUR D ERI, - i Stiffness Control is activated by MD 32640 : STIFFNESS_CONTROL_ENABLE

#¥=2048/ (9.51869/0.04) DSC 840Dsl|
Industry Sector



Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters: Without Reference Model SIEMENS

TH LB RE RIS AR AL B A AR RN A S5 RE

Bode-Diagram

20

Speed and Position
Controller

TSN B A2 1

120

=1 Zrodymragm g anmetiass fin e deatls

-150

Industry Sector



Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters: Kv Increased SIEMENS

LI BE RSB A AL B PRI R R M. $REKv

Bode-Diagram

=20

Speed and Position
Controller

TSN B A2 1

180

20

-30

-150

|
Bandwidth ~ 34 Hz I

Industry Sector



Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters: With Speed Filter SIEMENS

T LI B RE RIS A AL B PP G ISR L. 7 T BRI 2%

20

Bode-Diagram

=20
Speed and Position
Controller

TSN B A2 1

40

-B0

1280

o | T e ) | (O S A

-20

150 I
1p” 10"

Bandwidth ~ 28 Hz
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Speed and Position
Controller

TSN B A2 1

=20

180

20

s | DN SO LI O 1 S SO T N |2

-150

Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters and Speed filters: Kv Increased

LI BE RSB A AL B PRI R R M. $REKv

Bode-Diagram

HERH |
10"

A\~

Bandwidth ~ 28 Hz

Industry Sector

SIEMENS



Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters: Tn Increased SIEMENS

LI BE RSB A AL B PRI BRI . SEKTn

Bode-Diagram

=20

Speed and Position
Controller

TSN B A2 1

150

Q0

=]

-150

Industry Sector



Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters : Tn Increased and Kp Reduced SIEMENS
IR BUE IR AR AL B AR E M RSN : K Tn, FE{KKp

Bode-Diagram

20

Speed and Position
Controller

TSN B A2 1

180

=]

= i b e b b s R e AT T PR . R

—1800 H H ..IIIII1 H i e H H IIIIIII3
1 10" 10 10

Bandwidth ~ 34 Hz

\/
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Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters : Kv Increased SIEMENS

LI BE RSB A AL B PRI R R M. $REKv

Bode-Diagram

=20

Speed and Position
Controller

TSN B A2 1

150

- e

-90

-180
1q°

Hll |
10’ 10°

Bandwidth ~ 34 Hz

Industry Sector



Freq. Resp. of the Closed Position Controller SIEMENS

-> Start of a New Optimization Strategy (ref model)
H L BEE RIS AR AL E AP B R RN 5 BT RIS (S5 R

Bode-Diagram

20

Speed and Position
Controller

TSN B A2 1

150

o0 Pt

50 b lEE D TRT S

-180 e
1@ 10

Bandwidth = 34 Hz

A

Industry Sector




Freq. Resp. of the Closed Position Controller With Current
Setpoint Filters : With Reference Model SIEMENS

TH LI E RIS A AL B A PR R R RN S H R A

Bode-Diagram

20

Speed and Position
Controller

TSN B A2 1

180

R Seorsleiled e R b e rme deasa e el ol i

Tl
|7 | P NPV S P SN FUCH S0 - P SRR £ 4:_5__
o E— N e T e B T B R R
-180 L Pl Bl
1 10 10

\i

Bandwidth ~ 34 Hz
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Freq. Resp. of the Closed Position Controller With Current SIEMENS

Setpoint Filters: With Reference Model Kv Increased
IR E RIEER A KA B AT SR REmN: HSEHET, REKv

Bode-Diagram

=20

Speed and Position
Controller

TSN B A2 1

180

g0 —

_ag |—

-180 =

[
Bandwidth ~ 34 Hz [
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Position Controller without Speed Feed Forward SIEMENS
AN T RO R A B A5 %

At constant Velocity v:

A
. /f"' = Following error AX = Xge-X| 0ag= V/KV
e.g. Kv=1(m/min)/mm, v=1m/min =>
I Xset-XLoag= 1Mm > 60 ms
. ]

| et e
R R Gpiant(S) Gmech(S)

VLoa(

J‘ XLoad

: Vv
ﬁO_P KV PI e _'\ﬁ)i

Industry Sector
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Position Controller without Speed Feed Forward SIEMENS
AN T RO R A B A5 %

X Axis A
Kv =

Speed Feed Forward
T R

>
Y Axis

Kv =1

Industry Sector



Position Controller without Speed Feed Forward SIEMENS
AN T RO R A B A5 %

X Axis A
Kv =

Speed Feed Forward

>
Y Axis

Kv =1

Industry Sector



Position Controller without Speed Feed Forward SIEMENS
AN T RO R A B A5 %

>

X Axis

Speed Feed Forward
T R

>
Y Axis

K, =1

Industry Sector



Position Controller without Speed Feed Forward SIEMENS
AN T RO R A B A5 %

>

X Axis
Speed Feed Forward
T R

WMRAHETER, RARERYHFAL
B, DMREREAMRER.

Industry Sector



SIEMENS

Position Controller without Feed Forward

Commanded-Kv [1000/min] =

Introduction to 0,06 [s]
mechsnlcal System | (0,06/disturbance-Kv[1000/min])+Jerk time[s]+dyn match time[s]+desval delay time[s]
ynamics
A
) 4 Remark:
Speed and Position Xsot PO If Jerk Mode MD32402=2 (moving averaging)
Controller | @ T Jerk time / 2 (only half time constant)

Speed Feed Forward

\ 4

Acceleration Limitation Jerk time [s] MD32400 MD32402 MD32410

Dynamic match time [s] MD32900 MD32910

Jerk Limitation

C Desval delay time[s] MD32890 MD32895

Assessmenfc of Accuracy Disturbance-Kv
at Axes with different _ Grian(S) Gryoer(S)
Dynamics (Circular Test) [1000/min] - et
K, Vset VMo Vioad XL oad
: N w ——O0— P! PN L I I
Overview of the Set controller 32200 =i N
Procedure of an T
Optimization

Industry Sector



Speed Feed Forward
T R

Xset

v

BAEERIRES, 7

BHERMEIRE, A
RIFEESE

Position Controller with Speed Feed Forward

I B AR B AL B ] 4%

SIEMENS

4 RE H AT RS
BEX THMBIIEFEKY

GMech(s)

VLoao:

Pl

A

J' XLoad

Industry Sector



Position Controller with Speed Feed Forward SIEMENS
e 1 B R AR ) A B A2 ) 2%

X V' d Xset v

................. \set

v

Speed Feed Forward

Delay Time

GMech(s)

VLoao:

Xset AX Vset ) 4

_>Q—> KV —>()—»{ PI

A

J' XLoad




Speed Feed Forward FFW Mode 0 OFF:
Evaluation With Positioning Behavior (Trace-Function)

HEPE AT FFWHE0 OFF: sehrmaf (BREFTHEE)

Positioning behavior without FFW

~ Graphics1 <Tr.1:X1-axis Tr.2:X1-axis>
' Tel: anuun setpumt

_______________________________________

1| Tl : B | 2F

Linfms "~ 7 20000000

SIEMENS

-315.0150

Speed Feed Forward
T 5

Adjusted Parameters:

32200 POSCTRL GAIN
1407 SPEEDCTRL GAIN 1
1409 SPEEDCTRL INTEGRATOR TIME 1
1414 SPEEDCTRL REF MODEL FREQ
1500 NUM SPEED FILTERS

32610 VELO FFW WEIGHT

32620 FFW_MODE

32810 EQUIV_SPEEDCTRL TIME

32431 MAX AX JERK

W oo OOk Ul Ww
o o o .

O .

Industry Sector



Speed Feed Forward
T 5

Tr.1:Pasition setpoint

Speed Feed Forward FFW Mode 3:
Evaluation With Positioning Behavior (Trace-Function)

HEE AT FFWHE3 OFF: e (BREFTHEE)

SIEMENS

Positioning behavior with FFW : Without Position Controller

Jerk too high!!

Graphics1 <Tr.1:X1-axis Tr.2:X1-

Tr.2:Pos. actval. meassys 1 | | ..
.\ | . . R eeen 5.0 T . e
-315.0150 , . | e E i E Tr—i_z i i

Tr ntour deviation

__h-;__
:
.
.
I
Cunfionlusd
:
;
;
]
. |
.
.
.
.
L -
.
.
.
.
:
.
.
;
.
|
el
.
.
.
|
:
.
:
:
.
;
.
SR
: =

I : Tr: 4 i -0.1252
0.0000° ¢ L

Adjusted Parameters:

32200 POSCTRL_GAIN 0 =
1407 SPEEDCTRL_GAIN_l 5.50
1409 SPEEDCTRL_INTEGRATOR_TIME_l 10.0
1414 SPEEDCTRL REF MODEL FREQ 0.0
1500 NUM SPEED FILTERS 0

32610 VELO FFW WEIGHT 1.0

32620 FFW_ MODE 3

32810 EQUIV_ SPEEDCTRL TIME 0.002

32431 MAX AX JERK 150 m/s?3

Industry Sector



Speed Feed Forward
T 5

Speed Feed Forward FFW Mode 3:
Evaluation With Positioning Behavior (Trace-Function)

HEE AT FFWHE3 OFF: e (BREFTHEE)

. Graphics1 <Tr.1:X1-axis Tr.2:X1-axis»
Tr.1:Position setpoint

A

-314.9950 { -314.9956
mm -\ H oA T ->mme<-
-315.0150 ) s
o0oo000 : " Linjms T 2000.000

Positioning behavior with FFW : Without Position Controller
Equivalent Speed Controller Time has no Influence!!

Graphics2 <Tr.3:X1-axis: Tr.4:X1-axis>
Tr.3:Contour deviation
Tr.4:Control deviation

-0.1191 : : : :

0.0000 : o e

Adjusted Parameters:

32200 POSCTRL_GAIN 0
1407 SPEEDCTRL GAIN 1 5
1409 SPEEDCTRL INTEGRATOR TIME 1 1
1414 SPEEDCTRL REF MODEL FREQ 0.
1500 NUM SPEED FILTERS 0

32610 VELO FFW WEIGHT 1

32620 FFW_MODE 3

32810 EQUIV_SPEEDCTRL TIME 0

32431 MAX AX JERK 8

Industry Sector
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Speed Feed Forward FFW Mode 3:
Evaluation With Positioning Behavior (Trace-Function) SIEMENS
BRI FFWHER3 OFF: i (FREZTHAE)

Positioning behavior with FFW : Equivalent Speed Controller (MD32810) too short!!

Overshooting in end position
Graphics1 <Tr.1:X1-axis; Tr.2:X1-axis>

' Tr.1:Position setpoint
Tr2:Pos. actval mgas.sys 1~
-314.9901 : : ~314.9901
mm! : SRR | S S R T ->mme-
3150101 > n \[ heth . o T2 315.0101
ooooo” Lmms " 20000000
Speed Feed Forward Graphics2 <Tr.3X1-exis.Tr.4:X1-eds>
THPE AT
0.0304
------------------ mm
_ ! ! ! o L Tri4 o R
0.0000 . b . Lin/ms b : : 2000.0000

Adjusted Parameters:

32200 POSCTRL_GAIN 3.80
1407 SPEEDCTRL_ GAIN 1 5.50
1409 SPEEDCTRL_INTEGRATOR TIME 1  10.0
1414 SPEEDCTRL_REF MODEL FREQ 0.0
1500 NUM SPEED FILTERS 0

32610 VELO FFW WEIGHT 1.0

32620 FFW_MODE 3

32810 EQUIV_SPEEDCTRL_TIME 0.002

32431 MAX AX JERK 80

Industry Sector



Speed Feed Forward FFW Mode 3:
Evaluation With Positioning Behavior (Trace-Function) SIEMENS

HEE AT FFWHE3 OFF: e (BREFTHEE)

Positioning behavior with FFW : Equivalent Speed Controller (MD32810) too long!!
Creeping in end position

Graphics1 <Tr.1:x1-axis; Tr.2:X1-axis>
“ Tr.1:Position setpoint
Tr.2:Pos. actval. meas.sys 1
1 B T

i o L -mageso

N b mme

o [ S A A U e

ego0’ " Gmms 7 2n00.0000
Speed Feed Forward " Graphics? <Tr.3:3X1-axis: Tr.4X1-axis>

Tr.3:Contour deviation
S BE T 5% Te4:Control deviation
(T

-------------------------------------------------------------

mm

-0.0181
0.0000° i 7 Lingms ~ 2000.0000

Adjusted Parameters:

32200 POSCTRL_GAIN 3.80
1407 SPEEDCTRL_GAIN 1 5.50
1409 SPEEDCTRL INTEGRATOR TIME 1  10.0
1414 SPEEDCTRL_REF MODEL_FREQ 0.0
1500 NUM_SPEED FILTERS 0

32610 VELO FFW_WEIGHT 1.0

32620 FFW_MODE 3

32810 EQUIV_SPEEDCTRL TIME 0.003

32431 MAX_AX JERK 80

Industry Sector



Speed Feed Forward
T 5

Speed Feed Forward FFW Mode 3:
Evaluation With Positioning Behavior (Trace-Function) SIEMENS

HEE AT FFWHE3 OFF: e (BREFTHEE)

Positioning behavior with FFW : With Position Controller
Jerk optimal and Equwalent Speed Controller Time optimal

~ Graphics1 <Tr.1:X1-axis Tr.2:X1-
Tr. 1:Position setpumt
TrEPus at:tval e _ _
-314.9950 st s et sl | 3149es0
| SRR S SRS . | SRR oo mme
-315.0150 : T E E E E -315.0150
0.0000. Linims - 2000.0000
Graphics2 <Tr 3:X1-axis:Tr 4 X1-axis>
Tr.3: Cuntuur de on
TY"4 Cﬂnlrﬁ{ devmtltm
0.0371 ' | | l : : 0.0371
M - ey - i - mm
-0.0375 SRR T 0.0375
0.0000 ' -  Linfms ' T 2000.0000
Adjusted Parameters:
32200 POSCTRL_GAIN 3.80
1407 SPEEDCTRL GAIN 1 5.50
1409 SPEEDCTRL INTEGRATOR TIME 1  10.0
1414 SPEEDCTRL REF MODEL FREQ 0.0
1500 NUM SPEED FILTERS 0
32610 VELO FFW WEIGHT 1.0
32620 FFW_MODE 3
32810 EQUIV_SPEEDCTRL TIME 0.0025
32431 MAX AX JERK 80

Industry Sector



Position Controller with Speed Feed Forward SIEMENS
e 1 B R AR ) A B A2 ) 2%

Axis with constant velocity v:

AX = Xgot-XL0ag= V*Delay Time
Leading K, = 1/Delay Time

Speed Feed Forward
T R

v

| > :
| Dynamic Match Time |

v

Industry Sector



SIEMENS

Position Controller with Speed Feed Forward

Commanded-Kv [1000/min] =

Introduction to = _ 0,06 [s]
mechanical System | Equiv. speed controller time [s] + Jerk time[s] + dyn. match time[s | + desval delay [s]
Dynamics
A ) A
 d : Remark:
Speed and Position S e ] B e = sel If Jerk Mode MD32402=2 (moving averaging)
Controller - e i Jerk time / 2 (only half time constant)
Feed Forward J
Acceleration Limitation fl Jerk time [s] /I‘ MD32400 MD32402 MD32410
f— Dynamic match time [s] f' MD32900 MD32910
Jerk Limitation 1 -
[ Desval delay time[s] T MD32890 MD32895
1
Assessment of Accuracy | Di
: isturbance-Kv
at Axes with different  [Fquivalent _ Gorr(S) G
Dynamics (Circular Test) [Pe®d , K [1000/min] et vech(S)
controller time N -
MD 32810 o Vasot Vioag J‘ XLoag
> > —>
Overview of the XSet controller .
Procedure of an
Optimization

Industry Sector



Torque Feed Forward

SIEMENS

Position Controller with Torque Feed Forward

X yd Xset V a -

SE

+.
SCL

v
v
A 4

J
*é fe‘irfrftﬁ GPIgnt(_"S)GMech(S)
N

VLoad j ﬁ_oad

=
o]

v

Xse AX'K VsetV P
]i V

Since the torque feed forward signal does not result in a movement in zero time, this structure
would result in an overshoot in position. To overcome this effect, the setpoints for speed and
position have to be delayed. The delay basically fits to the time that is needed to build the real
motor current including current setpoint filter delay time.

Industry Sector



SIEMENS

Position Controller with Torque Feed Forward

X yd Xset V a -

S€

+.
SCL

A 4

Torque Feed Forward

:é::._ﬁg GPIant(S)GMech(S)

*A standard delay is already considered within
Sinamics. In most applications, an additional
delay has not to be defined.

If an additional delay is necessary (if a wide
current filter setting is done) please use drive
parameter p1429.

Industry Sector



SIEMENS

Position Controller with Torque Feed Forward

Change over speed precontrol path for torque feed forward

Speed precontral |

Speed precontrol for setpoint fiter 2 i
Interpolator - :
0.00 rpm
Speed precontral
5 |[30e00 : co: FTPROFL Preconrol balancing
L~ =
K —
418|3 p1400 Speed control \
418/ | p1400jo] D | Speed control TEEH \ Operation 2
420| | | p1400[0}:3 O |Reference model speed setpoint | component ON \ Operation 2
421/ | | pl400[014 D ng active i live mode No \ Operation |2
422[ | | p1400[015 0 |Kp/Tn adaptation active No \ Operation 2
p1400[017 D tion speed pre-control active es \ Operaion |2
| F p1400[01.8 [ int active es \ Operation 2
Torque Feed Forward P1400[0] 8. D |Damping for enc open-loop controlied oper. ; res \ H Operation 2
|'F p1400[0] 10 D control [For balancing - Operation |2
P1400{0].11 o oper. valug For setp_fiter 2 Operation 2
p1400[0] 12 D ation Operation 2
H —
p1400 Bit10 Speed pre-control =1
- Shows only the principle structure
- All rights reserved
Bit edit .
el PO Siemens AG
p1400[0]:Speed control configuration = 788H RS e REzs

[“IBit 3: Reference model speed setpoint, | component
[IBit 4: Torque limiting active in motoring/regenerative mode

5: Kp/Tn adaptation active

[ su
[JBit 13: Motoring/regenerative depending on STTDCT
[CIBit 16: 1 component for limiting WD 325
8 Preiton cepalt

‘Controner put

POSCTAL GAN

[pisplay all bits

Fine ne
[ =
i = 611D 0,126ms .7
B
= With Torqus Fesatorwara:
oty
CURRCTRL_ n_set_reamog
TIME iy
st wdiEn
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SIEMENS

Position Controller with Torque Feed Forward

Starter settings Uincarsenie

Grid 16|pm
fine interpolation 2048 pd18 =211
]| Trace 1inactive j |antriebsgerast_2 =] | m | | fine increment 0.0078125|um

Jl FetGen inactive IAm:riebsgeraetﬁl j Assume Cornitrol Prionity I .I. LaE ] ‘ r479 devide by

Trace | Functian genelatoll Measulementsl Time d\aglaml FFT diagraml Bode diagraml

linear axis with rotating motor encoder

IIsochronous recording - time-limited trace

% Signals
D;, = - = g =0 Encc.ider pulse.s.l rev. 512|Ilmp | rev. p408
= 1 7] |SERVO_3 15 6 Y .r51E =|[SERVD_3_15 6 V.r1515 ¥ torque total — 7 fine interpolation 2048|p418 =221
[=] 2z [¥] [SERVD_3_15_6_v.r1480 SERVO_3_15_6_Y .r1480: Speed controller Pl torque output v fine increments / rev. 1048576 |Ink / rev,
— 3 [v| [SERVO_3_15_6_Y.r479[1] SERVO_3_15_6_Y r479[1]: Diagnostics encoder position actual value Gn_XIST1, Enc | e ¥ .
[s] 4 [#] [SERVO_3 15 6_Y.r60 SERVD_3_15_6_Y r0: Speed setpoint before the setpoint fiter — v gear ratio 1|MD31060 /MD31050
5 [v] |=53n28 actual position linear scale — ball screw 20(mm
& - m _

| Recording d : | 3 N
Meas. value acquisiio ﬂ I Mathematical Processing B 1‘
%m

Basic cycle clock: 3 5 ninebsaerael_2 |
& * Factor. 13‘ =
Torque Feed Forward = = ] o Formuia Comment CBETTHE
=y Trace oycle clock: ll 0125 ms 5 = 53/52 4288 actual position metor encoder pm | —
» [ = 3472014 DSC controller deviation Kvé P | —
;I Duration 100, DDDH: ms J I aximum duration | 511875 ms New Formula

2| Trigger

<

Type: IImmad\ate tecarding j
> | Display options

™ Repeated measurement
I furangs curves i tracks No. 6 = el accepl |
™ Mesasuring cursor On Unda
Representation of the results in the———— =

E ;I;I sqr | sqit | rec | DIF Signal ml

linear axis with a rotating motor S = | 7| aMm| int |L5M]|DIF2

" Frequency range [FFT)
Gearbox 32060 numerator __ 1 b dogamarmisiontrcion) | (| ) | | par | av |
Gear ratio i _l
screew pitch mm
DSC controler deviation (r60 multiply ... [Kv) pm —
DSC controler deviation (r60 multiply ... /Kv) mm 50 Speed stpont befos thesetpont fter
Dynamic Servo Control (DSC) 21 E|
0 Pos controller DSC.

Pasition deviation XERR

5 [i35E07]: £0: 171 PROF

Postion setpoint determ.

& Speed Setpoint
Setpoint fram DSC

Encoder sl [Encoder 1 (motorercoder)
4292641612 @  Posiion control via DSC

GX_XISTT

T T,
Position controller Speed contioler

GRKIST: <
0 BEEES
GX_XIST3 —$— 1.000 Posiion contioller gain KPC

5 |[/2060@] o0 17T PROFI8ive 2D 1
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SIEMENS

Position Controller with Torque Feed Forward

Starter settings for measurement

il Trace 1inactive 7| [antriebsgeraet_2 [ | ,bl m |E| ‘
J| FctGen inactive IAntriebsgeraet_l j Assume Conitrol Pricrity | .l.lhlll ‘

Trace | Function generatorl Meazurements I Time \:Iiagram'l FFT diagraml Bode diagraml

s | Signals

O
T No. | Active| Signal Comment Color
_-B s Z SERVO_3 156 Y.r1515 || SERVO_3_15_6_¥.r1515: Supplementary torque total T
n- 2 z SERVO_3 156 Y.r1480 || SERVO_3_15_6_Y¥.r1480: Speed controller Pl torque output hd
— 3 Z SERVO_3 15 6 Y .r479[1] ==||SERVO_3_15_6_¥.r479[1]: Diagnostics encoder position actual value Gn_XIST1, Enc | s ¥
“’ 4 Z SERVO_3 15 6 Y.r60 || SERVO_3_15_6_Y.ré0: Speed setpoint before the setpoint fiter T
Torque Feed Forward a = | Recording
i i heas. _'\@I. acg IIsochronous recording - endless trace j
Basic cycle clock: 2ms  [Antiebsgeraet_2 |
F4
= *Factor: I 1::'
S Trace cpcle clock: I 2 ms
£

r Ring buffer: ,M_akimurﬁ:_ I 125003: ms [T &bt after ote revalution

Industry Sector



SIEMENS

Position Controller with Torque Feed Forward

Check the formulas by moving the axis without feed forward
FFW_MODE =0

soft]

ANF:

G99 G64 GAl y@ F150007
G4 F11

NEUCOMFY

y2001

G4 F1Y

NEUCONFY

Gotob anfy
m309

Torque Feed Forward

moving distance
200 mm  T—

I
v =15 [m/min]

Kv=17

[(m/min)/mm]

Controller
deviation

15/1.7= i i
8.823 [mm)] =i : 205

SERVO_3_15_6_Y.r1515: Supplementary torque total Nm —
SERVO_3_15_6_Y.r1480: Speed controler Pl torque output Nm

actual position linear scale pm r—
DSC controller deviation Kv1,7 pm T—

Industry Sector



Position Controller with Torque Feed Forward

SIEMENS

Check and optimize MD 32650 AX_INERTIA (total inertia)

Torque Feed Forward

FFW_MODE =4

r1480° Speed
controller Pl torque |
output” —
MD 32650
AX_INERTIA =

0 kgm?*

Comment

SERVO_3 15 6 Y.r1515 y torque total

SERVO_3_15_6_Y.r1480: Speed controller Pl torgue output

actual position linear scale

DSC controller deviation Kv1,7

acceleration profile e
is visible in signal
r1480° Speed =
controller Pl torque
output” —

MD 32650
AX_INERTIA =
0,0135 kgm? f

signal ,r1480: Speed
controller Pl torque
output® —

MD 32650
AX_INERTIA =

0 kgm?

EEEEZ

Industry Sector



Torque Feed Forward

Position Controller with Torque Feed Forward

Check and optimize MD 32800 $MA_ EQUIV_CURRCTRL_TIME und
p1429 Spee

MD32800 =
1,5ms

p1429 =
0,36 ms

Controller deviation
is not conform with

d pre-control balanc

SIEMENS

ing time constant FFW_MODE = 4

Comment

SERVD_3_15_6_Y .r1515:

SERVO_3 15 6 Y.r1430: Speed controller Pl torgue output

‘actual position linear scale

DSC controller deviation Kv1,7

MD32800 =

p1429 =

Controller deviation
is very conform with
jerk profile —

MD32800 =

p1429 =

Controller deviation
is very conform with
jerk profile and

bigger commanded
Kv-fact

EEEEE

Industry Sector



Torque Feed Forward

Positioning behavior at direct scale with different speeds

ffuon|

SOFTY

G690 G547
NEUCONF{

ANF: §

ey
SAR_SCTRACE[Y]=11
NEUCONFY

G90 Gea Yeey
G911

GO1 Y50 F1loeeey
Go4 FO.4Y

GO Y-50 1

1

GO1 Y50 F9000T
Go4 FO.4Y

GO Y-507

f
Go1 Y50 Fseeey

GO4 FO .4y
GO Y-501

1

01 Y50 F70001
604 FO.4f

G0 Y-50 1

1

GA1 Y50 F6eeaf
Go4 FO.41

GO Y-50 1

1

GO1 Y50 F50001
G4 Fo .47

GO Y-50 1

1

GO1 Y50 F40007
GO4 FO.41

GO Y-50 1

1
GO1 Y50 F3eeef

G04 Fo.4Y
GO Y-30 1

1

GA1 Y30 F20001
GO4 FO.4Y

GO Y-201

1
GO1 Y20 F1ieeef
Go4 Fo.47

1
GOTOB ANFY

n3eq
a

Position Controller with Torque Feed Forward

SIEMENS

Comment Unit
SERVD 3 15 6 Y.r1515: v torgue total Nm | —
SERVO_3 15_6_%.r1480: Speed controller Pl torgue output Nm
SERVO_3 15_6_Y.r479[1]: Di ics encoder position actual value Gn_XIST1, Encoder 2 |- —
actual position linear scale m | —
DSC controller deviation Kv1,7 m | —

Industry Sector



SIEMENS

Position Controller with Torque Feed Forward

Commanded-Kv [1000/min] =

Introduction to 0,06 [s]
mechanical System | Equiv. current controller time [s] + Jerk time[s] + dyn. match time[s ] + desval delay [s]
Dynamics
A ) A
yd . at-La p Remark:
Speed and Position SEHAPD b sef v dse Ll Tt
Controller . e vt | MD32402=2 (moving
......... averaging)
"""" y Jerk time / 2 (only
Feed Forward half time constant)
4 > > | i
Acceleration Limitation fl Jerk time [s] /I‘ [ MD32400 MD32402 MD32410
f— Dynamic match time [s] f' f— MD32900 MD32910
Jerk Limitation = L
[ Desval delay time[s] T s MD32890 MD32895
Assessment of Accuracy | Disturb KI 20 e
. Isturpbance-Av
at Axes with different Equivalent _ J hélD3é?50 o
Dynamics (Circular Test) [curent controller r [1000/min] Plant Mech(S)
time g
MD 32800 Pl _>O—> \ VMot; : Vioad J. XL oad
Overview of the Xset controller B
Procedure of an
Optimization

Industry Sector



Speed Feed Forward
T R

Acceleration Limitation

Positioning with Infinite Acceleration (a = «)
Only in Theory -> not Possible due to F = m*a

FTIEE R (a = o)H B, HiGHiL->ATEE, EAF=m*a

SIEMENS

| Positioning time =0.301sec | | L

sharp Corners! 2 : : } } } : ;
L aof S AR LI EUEEE S CEE SE
\ 777777777 : 77777777 1”7””7%””””% ,,,,,,,, : ,,,,,,,, ifﬁww——% ———————

Velocity is a step
Function

Acceleration is a Dirac-
Impulse!

1 i 1 L 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Jerk [m/s]

0.8
10f - - f B
R e B —
s I g
/—Q—_
£ B -
I SO S A AU R S U R 4
>
b -
o |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
e e e e e, e =
—
o~ L
)
4
£

o0
o—_— -
I 1 1 I L 1 I
c‘)0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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Positioning with Finite Acceleration (a = 4 m/s?) Without Jerk

Limitation (r = ) SIEMENS
WNEE R F(a = 4 m/s?)lIEAL, BH JerkFRH(r = o)

. Positioning time = 0.342 sec

o 20 P 7 R P T
o " : . . : . .

S]\

/

)

Velocity increases slowly

el [m

Sharp corners

/
o /o »

IS

Acceleration Limitation
i3 JEE R ]

N

c A\szl

Acceleration is a step function

a =4 m/s?

y

/5\
8

Jerk is infinite!

i 1 i 1 i i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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Positioning with Finite Acceleration (a = 2 m/s?) Without Jerk

Limitation (r = ) SIEMENS
WNEE R F(a = 2 m/s?)I B, BH JerkFR#H(r = o)

@
=}

@

rounded Corners

SX

Velocity increases slowly

el [m/
o

Sharp corners

Acceleration Limitation
i3 JEE R ] 2

/
o /o »

o

<
172
Acceleration is a step function — % 0
<2
a=2m/s? 3
“ I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
2L » }
Jerk is infinite! £, R S R A |
— £ | L
o | >
- I
_wo 0f1 0.2 0?3 0.4 OTS 0?6 0f7 0.8
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Positioning with Finite Acceleration (a = 0.5 m/s?) Without

Jerk Limitation (r = o) SIEMENS
HINE B R (a = 0.5 m/s?)KIEAL, B JerkRf(r = )

| Positioning time = 0.632sec | N

5
— E,
rounded Corners \
& 20
0

Velocity increases slowly

Sharp corners

Acceleration Limitation
i3 JEE R ]

S e -
2 : :
= T
Acceleration is a step function :";‘;* """"""""""""""" ]
[5] ! '
< Hb- e m
a=2m/s? 3 3
e ;—————————‘————————w————————"r —————————————————————————————————— —
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
% i
Jerk is infinite! E, 3
5 5
- :
-wO 0j1 0[2 0?3 0t4 0j5 0j6 0j7 0.8
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TIN5 PR 1

Rounded Corners

Positioning With Finite Acceleration (a = 4 m/s?)
Without Jerk Limitation (r = )
R R il (a = 4 mis?)HIENL, EA JerkfR#](r = «)

SIEMENS

| Positioning time = 0.342 sec |

Acceleration is a step function

a=4 m/s?

Jerk [m/s]

1
0.2

i
0.3

0.4

1
0.5

i
0.6

i
0.7

0.8
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TIN5 PR 1

Positioning With Finite Acceleration (a = 4 m/s?)
With Jerk Limitation (r = 200 m/s?)
W HNE R H(a = 4 m/s?)KIEAL, FJerkfRi(r = 200 m/s?)

SIEMENS

Very smooth g ¥
2

| Positioning time =0.362sec | | L ]

S\

Rounded corners

el [m/s
(2]

/
o v »

Acceleration has a finite slope

Jerk is a step function

r =200 m/s3

Industry Sector



Positioning With Finite Acceleration (a = 4 m/s?)
With Jerk Limitation (r = 50 m/s?) SIEMENS

HNEE R Al(a = 4 m/s?)fIEAL, B JerkfR#l(r = 50 m/s?)

| Positioning time =0.415 sec | ]

Very smooth

)

Rounded corners

Vel [m/

o

o v »

Jerk Limitation Acceleration has a finite slope
TR JEE Rl

Jerk is a step function

r =50 m/s3

Industry Sector



TIN5 PR 1

Positioning With Finite Acceleration (a = 4 m/s?)
With Jerk Limitation (r = 10 m/s®) and (r = 5 m/s?)
W HIEE R (a = 4 mis?)EhL, B JerkfRH](r = 10 m/s®)Hl(r = 5 m/s?)

SIEMENS

| Positioning time = 0.558 sec = |

0
Positioning time = 0.684 sec |

Vel [m/s]

Acc [m/s]]
) o N IS

A

@
=]

o

Jerk [m/s3]

&
3
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Dynamic Behavior of Two Interpolating Axes:
Assessment With the Circular Test SIEMENS

AN TSN A B B A PP AG

Circle with tuned Speed Feed Forward without any additional
adjustment: The mean radius is 16 pm too large.

~Parameter -
Radius 10.00000 mm
Feedrate: '5000.00000 mmfmin.
Meas. time: 754 ms.
e
Resolution  0.01000 mm/grad.
Represent: Mean radius @ -
Radius - 10.01565 mm «—
Delta R: 6.17556 pm
i
active meas. system
aclive meas. system

Assessment of Accuracy

Axis 1 Axis 2

at Axes with different 32200 POSCTRL_GAIN 3.800  3.800
H H 1407 SPEEDCTRL GAIN 1 5.500 5.0
Dynamics (Circular Test) 1409 SPEEDCTRL INTEGRATOR TIME 1 10.0 10.0
N g ST 1414 SPEEDCTRL REF MODEL FREQ 400.0  400.0
$H3*ET§*I\9§/% E@*%}E-EF{E 1500 NUM_SPEED_FILTERS 0 0
32610 VELO FEFW WEIGHT 1.0 1.0

32620 FFW_MODE

32810 EQUIV_SPEEDCTRL TIME
32900 DYN MATCH ENABLE
32400 AX JERK ENABLE

.0025 .0025

O O O W
O O O W
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Dynamic Behavior of Two Interpolating Axes:
Assessment With the Circular Test SIEMENS

AN TSN A B B A PP AG

Circle corrected with machine data DYN_MATCH_TIME :
The mean radius is optimal (10,00012 pym)

-Parameter-

‘Radius 10.00000 mm

Eéeu;;ﬁ're 5000.00000 mmjmin

‘Meas. time: 754 ms
#@gpresaﬁﬁaﬁﬁn@-

Resolution  0.01000

F-teprersent Mean radius L
Radius - 1000012 mm «— ]
Delta R: 619402 pm

Y1
active meas. system
-

active meas. system

Axis 1 Axis 2

Assessment of Accuracy 32200 POSCTRL_GAIN 3.800  3.800
at Axes with different 1407 SPEEDCTRL GAIN 1 5.500 5.0
. . 1409 SPEEDCTRL_INTEGRATOR TIME 1 10.0 10.0
Dynamics (Circular Test) 1414 SPEEDCTRL_REF MODEL_FREQ  400.0  400.0
1500 NUM_SPEED_FILTERS 0 0
AN G R RS B VP4 32610 VELO FFW WEIGHT 1.0 1.0
32620 FFW_MODE 3 3
32810 EQUIV_SPEEDCTRIL_TIME 0.0025 0.0025
32910 DYN MATCH TIME 0.0062 0.0062
32900 DYN MATCH ENABLE 1 1
32400 AX_JERK_ENABLE 0 0

Industry Sector



Assessment of Accuracy
at Axes with different
Dynamics (Circular Test)

A b < 2R AR BE VA

Dynamic Behavior of Two Interpolating Axes:
Assessment With the Circular Test

AN TSN A B B A PP AG

SIEMENS

Circle with different time constants in the machine data
DYN_MATCH_TIME: Different Dynamics of the axes

~Parameter -

s S (LI ARED i
Feedrate: /5000.00000 mm/min
‘Meas. time: 754 ms
—-F%egpresaﬁtaﬁﬁnl

Resolution  0.01000 mm/grad.
Represent:  Mean radius

Radius 10.01054 mm
Eielia{ﬁz. ‘@9252313 im

Y1

active meas. system

pact ol o
active meas. system

32200
1407
1409
1414
1500

32610

32620

32810

32910

32900

32400

Axis 1
POSCTRL GAIN 3.800
SPEEDCTRL GAIN 1 5.500
SPEEDCTRL INTEGRATOR TIME 1 10.0
SPEEDCTRL REF MODEL FREQ 400.0
NUM SPEED FILTERS 0
VELO FFW WEIGHT 1.0
FFW_MODE 3
EQUIV SPEEDCTRL TIME 0.0025
DYN_MATCH TIME 0.0035
DYN MATCH ENABLE 1
AX JERK ENABLE 0

Axis 2
3.800
5.0
10.0
400.0
0

1.0

3
0.0025
0.0036
1

0

Industry Sector



Assessment of Accuracy
at Axes with different
Dynamics (Circular Test)

A b < 2R AR BE VA

Assessment With the Circular Test

AN TSN A B B A PP AG

Dynamic Behavior of Two Interpolating Axes:

SIEMENS

Circle with different time constants in the machine data
DYN_MATCH_TIME: Different Dynamics of the axes

~Parameter -

Hai s 10.00000 mm
Feedrate: 5000.00000 mm/min
Meas. time: 754 ms
;Fﬁaprﬂsahhﬁﬂﬁn

Resolution  0.01000 e

Represent:  Mean radius

Radius 10.00992 mm
Delta R: '50.74423 pm
¥1
active meas. system

X
active meas. system

32200
1407
1409
1414
1500

32610

32620

32810

32910

32900

32400

POSCTRL GAIN
SPEEDCTRL_GAIN 1
SPEEDCTRL INTEGRATOR TIME 1
SPEEDCTRL REF MODEL FREQ
NUM SPEED FILTERS
VELO FFW WEIGHT

FFW_MODE
EQUIV_SPEEDCTRL TIME
DYN_MATCH TIME

DYN MATCH ENABLE

AX JERK ENABLE

Axis 1 Axis 2
3.800 3.800
5.500 5.0
10.0 10.0
400.0 400.0
0 0

1.0 1.0

3 3
0.0025 0.0025
0.0035 0.004
1 1

0 0

Industry Sector



Assessment of Accuracy
at Axes with different
Dynamics (Circular Test)

A b < 2R AR BE VA

Dynamic Behavior of Two Interpolating Axes:
Assessment With the Circular Test

AN TSN A B B A PP AG

SIEMENS

Circle with different time constants in the machine data
DYN_MATCH_TIME: Different Dynamics of the axes

Y1

Radius
deﬁaﬁia

Represent:  Mean radius

44.27504 pm

active meas. system

active meas. system

- Parameter -

Hadus = 10.00000 mm
Feedrate:  5000.00000 mm/min
‘Meas. time: 754 ms
_Reprasentation

Resolution  0.01000

mm/grad.

32200
1407
1409
1414
1500

32610

32620

32810

32910

32900

32400

POSCTRL_GAIN
SPEEDCTRL GAIN 1
SPEEDCTRL INTEGRATOR TIME 1
SPEEDCTRL REF MODEL FREQ
NUM SPEED FILTERS
VELO FFW WEIGHT

FFW_MODE

EQUIV SPEEDCTRL TIME
DYN_MATCH TIME

DYN MATCH ENABLE

AX_ JERK ENABLE

Axis 1
3.800
5.500
10.0
400.0
0
1.0
3
0.0025
0.0035
1
0

Axis 2
3.800
5.0
10.0
400.0
0
1.0
3
0.0025
0.003
1
0

Industry Sector



Assessment of Accuracy
at Axes with different
Dynamics (Circular Test)

A b < 2R AR BE VA

Dynamic Behavior of Two Interpolating Axes:
Assessment With the Circular Test

AN TSN A B B A PP AG

SIEMENS

Impact of different Speed setpoint Filters. The same Effect is caused by
different frequencies of the reference models

~Parameter -
Fecdiic 5000.00000 mm/min
*Fﬁhpremﬁbﬁﬁ:ﬁn?

Resolution  0.01000

: Ftep resent.. Mean radius

Radius  : 10.03157 mm
Eialia':ﬁs. '3!534492 m
Y1
active meas. system

X1
aclive meas. system

32200 POSCTRL GAIN

Axis 1 Axis 2
3.800 3.800

1407 SPEEDCTRL GAIN 1 5.500 5.0

1409 SPEEDCTRL INTEGRATOR TIME 1 10.0 10.0

1414 SPEEDCTRL REF MODEL FREQ 400.0  400.0

1500 NUM_SPEED_FILTERS 0 0
32610 VELO FFW_WEIGHT 1.0 1.0
32620 FFW_MODE 3 3
32810 EQUIV_SPEEDCTRL TIME 0.0025 0.0025
32910 DYN_MATCH_TIME 0.0035 0.0035
32900 DYN MATCH ENABLE 1 1
32400 AX JERK_ENABLE 0 0

1500 NUM_SPEED_FILTERS 2 0

1503 SPEED_FILTER 2_TIME 3.0 0.0

Industry Sector



Procedure of an Optimization

g rE

Introduction to
mechanical System
Dynamics

Speed and Position
Controller

Speed Feed Forward
Acceleration Limitation
Jerk Limitation

Assessment of Accuracy
at Axes with different
Dynamics (Circular Test)

Overview of the
Procedure of an
Optimization

AR

SIEMENS

Presetting of different machine datas
Axis-MD 33000 FIPO_TYPE = 3
Drive-MD 1004 CTRL_CONFIG
setpoint)

Measurements of the mechanical system
Ref. Frequency Response: ,,Speed Controller Plant*
Ref. Frequency Response: ,,Mechanics® (only possible with DMS)

(Type of FIPO position setpoint)
=1000H (FIPO speed

Adjustment of Current Setpoint Filters
Ref. Freq. Resp. Of the closed speed controller (@ Ty =10 ms K, as high as possible)

Mayby use of other software to find optimal filter setting

Optimization of Speed Controller

Step Response or Ref. Freq. Resp. Of the closed speed controller (optimal values for K, ,Ty and frefmod)

Optimization of Position Controller Parameters

Ref. Frequency Response of the closed position controller loop (find optimal value for Kv)

Activation and optimization of Speed Feed Forward

Positioning Behavior: ,,SERVO TRACE“ (FFW_MODE = 3; find optimal Value for Equivalent Speed
Controller Time
maybe finetuning with the Reference model)

Dynamics adjustment for different axes

»Circular Test“ (Mean Radius has to be the same as programed rafius; optimal roundness)

Industry Sector



Fundamental Block Diagram of SINUMERIK 840D Servo and

SIEMENS
SIMODRIVE 611D (2)

| Function Generator | 84°D

4...ims IShows only the principle structure
FIPO_TYPE .
- DESVAL_DELAY_TIME
VD 33000 AX_JERK_TIME  DYN_MATCH_TIME _ & All rig hts reserved
v_set set L L
IPO FIPO s a ' qp= iemens AG
x_set x_set |- created:
MD 32410 MD 32910 | Theo Reichel
A&D MC RD24
Posifjon Speed s¢tpoint Acceleration setpoint AX INERTIA
setppint Controllgr input Controller setpoint r — _ J
a_set o
Closed only with i-FFW
x_set n_set MD 32620 MD 32650
- SPEED_FFW_ . N
FILTER_TIME Current setpoint LP filter
VELO_FFW_WEIGHT Closed oy ™ Clock MD 1424 / Automatically considered
with i-FFW
o} (o}
MD 32610 SPEED_FFW_
EQUIV_ Closed only with DELAY
SPEEDCTRL_ n-FFW MD 1425
N TIME
MD 32810* QEC
Position setpoint FRICT_COMP_ I SPEEDCTRL_
Controller input oM SPEED . MD 1407 — Gl
; ntegrator
_ L N Setpointfilter Current  Integrator
POSCTRL_GAIN n-Clock FILTERS WD 1200 coniroller 2 act>v_act v_ack=x_act achanics
g . g R Mg M |
* =
V MD 32200 MB ggggg Mg‘t1?g4 MD 1500 SPEED_LIMIT - Torque setpoint
I
Control POSCTRL_OUT_FILTER Fine  n_set + Output Speed controller
ontrol error
v Interpolator Referdenlce SPEEDCTRL [— rslli’;ed actual
. . moade "
Following Drive 61 1 D 0,1 25IIIS MD 1414 (fo INTEGRATOR_ |—
errer MD 1409 |
* with Torque Feedforward:
EQUIV Iﬁfl"E(ESDR%:Ir%LR_ Speed actual
CURRCTRL — =] filter
TIvE n_set_refmod n_act FEEDBACK
Position MD 32800 MD 1421
actual I Actual Speed |
P

AA

Actual Position
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Fundamental Block Diagram of SINUMERIK 840D Servo and

SIMODRIVE 611D (2)

| Function Generator I

840D 4...1ms

SIEMENS

- Shows only the principle structure

FIPO_TYPE .
- DESVAL_DELAY_TIME -
VD 33000 AX_JERK_TIME DYN_MATCH_TIME _ ~ All rig hts reserved
IPO v_set a se: . >' S' AG
FIPO | e e | iemens
x_set x_set T > > A created:
X X o Theo Reichel
MD 32410 MD 32910 J
A&D MC RD24
Positlon Speed sgtpoint Acceleration setpoint J
h AX_INERTIA
setpgint Controllef input Controller setpoint — - - —
® a_set o
Closed only with i-FFW
x_set n_set MD 32620 MD 32650
- - SPEED_FFW_ ) )
_ . FILTER_TIME Current setpoint LP_flIter
VELO_FFW_WEIGHT Closed only n-Clock MD 1424 / Automatically considered
with i-FFW
| S (o
v MD 32610 SPEED_FFW_
EQUIV_ Closed only with DELAY
SPEEDCTRL_ n-FFW MD 1425
N TIME
MD 32810* QEC
Position setpoint FRICT_COMP_ I | | SPEEDCTRL_
. ENABLE Function Generator GAIN
Controller input MD 32500 . MD 1407
NUM_SPEED_
POSCTRL_GAIN n-Clock FILTERS > |
*
Hedd / [ A -
+
SPEED_LIMIT * 4
MD 32200 MB ggggg Mgit1 $g4 MD 1500 _ ) ,— Torque setpoint
POSCTRL OUT FILTER Fine n_set - Py Output Speed controller
Control error . -
Interpolator Reference SPEEDCTRL.
i : model >
Fogfrvcjlrng prive 61 1 D 0,1 zsms MD 1414 (fo) INTEGRATOR_ ,_
MD 1415 (D) MD 1409
* with T Feedf d:
I wi orgléew\?e orwar SPEEDCTRL_
CURRCTRL_ n_set_refmod INTEGRATOR_
TIME - - n_act FEEDBACK
Position MD 32800 MD 1421 Actual Sosed
actual I ctual Spee: -<
e Actual Position

Industry Sector




Fundamental Block diagram of
SIMOTION V4.0 and SINAMICS S$120 V02.03
SIMOTION V4.0Ff1SINAMICS S120 V02.03 ] J5 B AE &

SIMOTION Version 4.0

posificningState.
commandPosifion |

{
mationStateData. —|

commandvelocty |

matienStatsData. ——
commandAsesleraton |

voData.
woCommandyalue

5o
o

stand bl D2C

‘} ¢

: , senvodata folloaingemor 1

= 02 an
Vo der evetiver 3
{Berickaizhigung van Verztgerungszeben)

st

eEpabsiand auf Drve Eoens

servoData actualposition

SIEMENS

x_ist

Tye0fAxE HumberofD3tal:

servoata compensated  ~Coa3eL! Corrle Sl . Coraer ssanccFiariods
servoSemngsadatony  ServoCommandValue
— . servoData.controller  servoData controller
—— | e e e, | ¥fieranca Cutput
CommandvaiusEnch \ i = —

| tnurskbveel |
| versteusnng u Fiteran |
|

\ 1
B I\ \ | | |
Sawegung L |
IPC B 7 e
Feininterpolator Sallwer- Symmetrier-
Gberiagerung | filter
TypelfAxis. ‘,'l
FrenmEmaR e servoData. toal Dynamik-
servoCommandValue | anpassung

TypaCAAxl NumbarOfDasyZats DataSes_|
- DynamkCerp nakie
- ymamkCere T

servaData preControlValus

.
‘ |
Dtafiets Datslet_?

mr:f\:-.m

DSC {aus/aing = (0,1)

actorData. setpoint actorDiata totsiSetpoint

¥ N\

n_soll + (n_Varstauerung bai .

TypeOitsis. MumberODataZets DataSet_1 ControllerStruct PY_Centroller.enabieDEC

DSC aus’)

Lageregier

- DymamicCerp T2

TypeCtAna NumterOfDatndets Datad
Controlergtuct, Fy_Corraler KPS

SINAMICS $120 Version V02.03

{"n_soll + n_Vorsteuerung |
DSC Aus
FRCFIBUS Frotokoll 102

[
Drehzshiscliwart
N freigeben
DeC Fn P n_soll nach Filter
. \ / ‘\ / —== :
- |
° ¢
]
5 g Salhwertfiter Sollwertfilter
= [pi414 - p1420] | [p1421-p1428
g s
) rtismamadul ~
o Erwstener Somentanal (OIS & T
=
: e
psc Eigenfrequenz [p1433]
Diampfung [p1434]
> Totzeit [pi435]
n_Varsteusrng Interpelator |
i DEC Aus 12007 Umschaltung
FROFIBLS Protakal 105 Worstzusrung [r1432]
B et it £1400[0]. 10
Varsteuer-
symmetrierung
SIEMENS AG 2ei:k:rstarbe1£|;2134]:9]
rﬂarkus Geyer ol MMEINenng ces
ASDMCRD 2 ameniznyarzitsaung

E-Mail: geyer.markus@siemens.com
Stand: 08.02.2008

Ee
o

(Machbisung ar Dynamk des geschioziensn Siomrageirsize)

=
o

- 58TV0SRTINgS AT TANAIALEINTY SLe(DL [T

Drift-Offsetkompensation

mi2peze
* Surkficriert rur bel O

Z \

Begrenzung” weert
Stellgrofieniberdagarung TypeOthwspesclmiston  invertisren
anaie ;
e TR TR ELA T FoniDveinte.
semvaSstngs s2dtona e a i LeC it el Ty Eototd e

\ i ~TyPeCtxis Drft eratie Takt-
- semazsmngs eToMICRICaTRETSSEn o
K synchroner
; °
- PROFIBUS
100 ! oT1 :
1. Typeofaxis NumbsrOfDatagets
Satae A Commlerisuct Haftreibungshompensation
ot Stz Fren
~enane
~ampitice
ascamime n_Varsteusrung .DSC an’
Nachstelizsit Tn [ms] i I
1511 [e1717] Gl i
[p1400(0) 5] - [y Pdaption i !
Freie Kp-Adaption [p1715] 1 !
Orshzaiabhangige i
Kp/Tn-Adaption |
i I
: ' :
i I
PN 'l [motor Module :
— 5 1
[r1438] [r0084] BT !
: vasen g i .
L~ 1= | T KO eV
s v
. TS iq-Segranzun L x
Sagrenzung P-Verstarkung K| Dr=hmoment; i ok o
k: [p-.;gc.-.g i begrenzung  Konstante ‘[‘;153;91' Srom- [p1520]. [p1521] Pi - Stromregler T I
[r1438] > ., [p1520), [p1521]  [p216.0] scllwertfitter ! ;
1858 — p1676] la_ist i !
e i i
[r0057] Id_ist i i
Begrenzung i i : stromvorgabe sl
[r1084), hmﬁi ?:J_]It ™ | Integratorriicihrung o ! :
[roeT] l1424] ) :
[p1082.0] Fl-Drehzahlregler ! !
n_ist glat: [-3083) n_isth [r0081]

]

n_ist Giattung
[p1441]

only abstract structure
change of details reserved



75%1‘%%8@%’%%%&%& SIEMENS

+ i 1
u(t) = = (sin(wt) - gsin(?)wt) + —sin(5wt) + )
T 5

15 15
1 {\ AW .- . W . WA 1 ,4
V AVAR T AR~ S SV i V
as as
0 T T T T T T T | Seriesl a T T T T T T T 1 Seriesl
[ 50 100 150 200 250 300 350 400 i 50 100 150 200 250 300 350 400
-05 -05
1 ﬂ Fa . O . .1 A a
NIONAAAATY
s 15
15 15
i 1 da
]
05 05
a T T T T T T T 1 Seriesl 0 T T T T T T T 1 Seriesl
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n=10

n=50

n=200
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Magnitude [dB)
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