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Going dynamics...

Using static results from Quickfield for fast and
accurate simulations of actuators in Saber
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Going dynamics Saber seminar 2013

e Generalities - Modelling magnetical aspects

® Principles - Simplifying equations
e Quickfield - A fastand versatile 2D software
® [ools - Automated Model Creation

® Applications - Linear actuator - 3-phases motor
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Going dynamics - Generalities (1/2)

The need of using the same simulation tool becomes evident
when different technologies require to be simulated in the
same design, preferably a 1D tool (using schematics and
discrete components such as Saber ) , the reasons are :

The possibility to simulate large systems
Fast simulation and good accuracy

The Cost of ownership

But component techniques modelling is not straightforward
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Going dynamics - Generalities (2/2)

Case of electromagnetics : | . o i
.
To create a model, we need | | P IR I L
to translate : <\ 47 1., 4T [H=1
1 B ] ) Ract ng Racs
il ;L 3 . — )
5 21 Z'I Rez -
Geometry a0l =0
: It F AWE!
. C g 3! 31 1} !
Material caracteristics E—— 7V

Physical interactions

Movements 1D representation of a magnetic circuit

In a 1D description
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Going dynamics - Principles (1/3)

Mechanical aspects Electrical aspects
d(mass.speed)
= 2(F
o= orces) 3(0)
emf =
9(J.speed) dt
= 2 (Torques) e EEEE——
C Let's have a 2D table :
Let's have a 2D table :
Forces = F(I,translation) @ = Flux(I, translation)

Torques = T(I,rotation) ¢® = Flux(I, rotation)
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Going dynamics - Principles (2/ 3)

For instance :
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Going dynamics - Principles (3/3)

The algorithm is quite simple :

Mech Table

» +time step

|

Get current and

position from

previous step and
fetch the necessary

Elec Table

data

s

|

b Supply equations with data




Going dynamics - QuickField (1/3)

QuickField is a Finite Element Analysis software
with the following options

Magnetic Suite
DC Magnetics, AC Magnetics, Transient + DC Magnetics

Electric Suite
Electrostatics & DC conduction, AC conduction,
Transient Electric + Electrostatics & DC conduction

* Thermostructural Suite
Stress Analysis, Steady and Transient Heat transfer
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Going dynamics - QuickField (2/3)

Motor_with_circuit.pbm x
=l E Maotor_with_circuit. pbm - AC

iy Geometry: Motor_with_cir 5
= Data: Motor_with_creuit.el| o222
=3 Block Labels

e Fast FEA software

S A

e Easy automation E

The design is changed step w0
by step. the simulation of .
static operating points ¢ Qs

IS easier to realize than Bemoe oo (A

I I 1 EI--aLinks:

a dynamic simulation. At /u
e

each step, the magnetical
@E&

flux and mechanical forces
are stored.




Going dynamics - QuickField (3/3)

Automation in QuickField
ActiveField

ActiveField

Visual Studio

LabelMover

your application

QuickField

QuickField - Postprocessing telec2.pbm

File Edit View Problem Contour Tools Window Help

DEd t e &8 70D

8 [=] B3

B EH&7 =5

-ty Geometry: Telec2 mad
(- Data: Teleca.ty
(- Ubrary Data: <none>
453 Links

“-a3 Mo links

(=4 telec2,pbm - nonlinear transi

Postprocessing telec2.pbm:

{1 Coordinates
# voltage U =57448 Y
El- | A Strength £ = 308720 Vim
“ |2 Strength E, = 308720
“ |2 Strength E,=-2.0882 '

i Field Gradient

e} Disclacement D = ‘awfl_l
1 »

B e E [y staightline 09

B 2L 8 vkxEA

b 0.00000 33,0000 0,00000

P 1.00000 38,0000 0.00000

0 2.00000 38,0000 0,00000 -1,000C

0 3.00000 38,0000 000000 -1,000C

0 4.00000 38.0000 000000 -1.000C

0 5.00000 38,0000 0,00000 -1,000C

0 £.00000 38,0000 0,00000 v

U105V)  Voltage
2

=

[ 7
Time (105 5]

sing telec2.pbm:1. [ Time Plot Postprocessing telec2.pbm:2 | Table Postprocessing teleczpbm:3 4 b

-56.0, 23.5 p.
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Going dynamics - Tools

foreiqn bwll:
parameters {
foree 0 — 1 (0,0 000000y (0,000, 0. neooood N TCl script change the geometry and fill a tabl,
»foree 1= [(0,-0.118583),(0.00075,-0.026270
foree 2= [(0,-0.474339) ,{0_00075,-0.105073
>force 3 = [(0,=-1.067259) , (0.00075,-0.23641
foree 4 = [ {0,-1.897338) .40 00075,-0.42020
>foree 5= [(0,-2.964582) ; (0.00075;,-0.65663
foree 6 =-[(0,-4.268973) ,(0_00075,-0.945634
»>forea T:= [ {(0;=35.890573) 4 (0000755785019
Static characteristic of an electromagnet
2 W Fx(0)
W Fx(1)
W Fx(2)
_ 0 W Fx(3)
o P
g W Fx(5)
s 2 M Fx(5)
= -4
47
6 1 | |
0 3 6 9 12
Core displacement { mm )




Going dynamics - Mast(1/4)

Mast declaration

wl- - Eee M E Q- B9 B0 F 3-.F W, 'E.5 F 6, E 7

wal fro N:f Bo. . f nl £ m2 . F nd ' f nd. £ no; £ 06 £ nd
YL £ ¢l o .21 - .81 2 . F1 2-,81 4. 'E1 5, E1 6. EL 7

wal Efl nb. £l fk. (Fl nd: f1ond  £1 ol £l B EX n6: El|

struc { number xi, yi- ;' } -\
2Eorce. B[¥] . force 1 (V] . - Force 2[¥] . foroe S{¥] . Eozce
force 5[*], force 6[*], foxce T7[*], )\
Eiux O[¥] - Elux I{%]. Elux 2[%] . Eiux F[¥] . Elux &]¥]
flux 5[*], flux 6[*], £flux 7[*]

struc { nunber xi, vi ; } \
force nO[*], force nl[*], foxrce n2[*], force n3[*], £J
force nd[*], force né[*], force n7[*], A
flux nO[*], flux nl[*], flux n2[*], flux n3[*], flux i
»Flux nS[*] , flux n6[*] , flux n7[*)

number idens 0, idens 1, idens 2, idens 3, idens 4, idens
number idens n0, idens nl, idens n2, idens n3, idens n4, :

Ocsimize 2013
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Going dynamics - Mast(2/4)

parameters section

foreign pwll

parameters |

forece 0 = [(0,0.000000),(0.00075,0.000000) ,
forcé:i = [ {0 -0 11858 5) (0000750026270
rEorce 2 = [(0,-0.474339), (0.00075,-0.105075
force 3 = {(U,—l.GE?ZEQ],(G.GGG?E,—G.23641#

values section

values {
Bt - e Fmm e 5
# Force
S et l1-——————- e Fmm e 5

£ 0 =pwll{id, addr(force 0}, lem(force 0); x)
£f 1 =pwll(1l2, addr{force 1), len(force 1), x)
f 2 =pwll(l2, addr(force 2}, -len(force 2),; x)
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Going dynamics - Mast (3/4)

Values section ( cont.)

oo ol monp e Bl g Mo ee. fose g B
# A1l
T e T T e

A€ (1dens >=-1idens 0-&'1dens < iidens 1) -
: Faroe.-= - L 1L—-18.) £ {1dens I-—1dens 1) %y
Elng =l 1 ~=£1 0-) /£ frdens 1 ~—-xdens O

3

-alse if (- idens >= idens 1 & idens < idens 2 ) {
rforpe =- [ F 2—-£-1-) JF-{rdens 2-—1dens 1)*{
sElux =-(-£1 2 —-F1 1.9 -/ .(3dens 2 —-ddens 1)*

g
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Going dynamics - Mast (4/4)

control and equations section

control section {

»# newton step(idens;ns idens)
v Samp;e_pointstx,sp_xj
+initial condition (x, 13m)
-initial condition(speed, ()

}
equations {

231 4p) +=.3

*i{m) == 1

+fcem- : fcem = d by dt (N*flux)

1 : v = fcem + vr

X d by dt(x) = speed

speed d_bg_dtEspeedj=(faz:e—k*xlHmass
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Going dynamics - Applications (1/2)

Linear actuators

Electromagnet - Static vs Dynamic

et - QF  s— g rrent k=0 Current k=700

25

e —

20 —_—

ALY
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Current (&)

EEFE SIS SIS

Time (s) - grid step 0.5ms
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Going dynamics - Applications (2a/2)

Rotary actuators

Asynchronous motor - Static vs Dynamic

~NAANNAANN

— 1 {A)
s /2 )
V3A)

Current (&) -200 x g

’ EAVAVARAVAS AV

Time (s) - grid step 1 ms
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Going dynamics - Applications (2b/2)

Rotary actuators

Asynchronous maotor - Static vs Dynamic

400

300

IS

200

Cumrent (&)

300
Time (s) - grid step 1 ms



+ Saber
Fle Edit Analyses Egtract Results Graph Tools Window

% a # @ y{ﬂ P JWV L_ @ |actuator.sin - Saber Ready >md®
B ite pprRE OE =& B2

GraphD

(m) : t{s)

x(actuator.1)

(A) : t(s)
-i(vw.1)

. . EE ‘@ SaberDesigher

Help:

Ocsimize 2013
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