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QuickField Analysis Options

Magnetostatics

Magnetic analysis

suite AC Magnetics

Transient Magnetic

Electrostatics (2D,3D) and DC Conduction (2D,3D)

AC Conduction

Transient Electric field

Steady-State Heat transfer (2D,3D)

Transient Heat transfer

Stress analysis

https://quickfield.com/pack.htm
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& MultiPhysics (2D)

Electromagnetic

fields Temperature field

Temperature
field import

A'hermal

Stresses

Magnetic state
import

Stresses & Deformations

https://quickfield.com/coupling.htm
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(ﬂ\ QuickField AC Magnetics

_ _ Magnetostatics
Magnetlc_analy3|s AC Magnetics
suite
Transient Magnetic
Electrostatics (2D,3D) and DC Conduction (2D,3D)
Electric analysis suite AC Conduction
Transient Electric field
Steady-State Heat transfer (2D,3D)
Thermostructural :
: . Transient Heat transfer
analysis suite
Stress analysis

i i
iais
1 ! |
I ! |
i !
L1 1
;u I
S
e

https://quickfield.com/pack.htm
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=

QuickField Workflow

Problem setup

R N

4.pbm - nonlinear ma jock Label Properties - Coil R- X Values
eometry: Magn4.mod o R . .
ata: Magnd.dms General 1S /3 Physical Quantities
7 Block Labels Permeability Goordnates -._| Mechanical force
@ Air } . v
@ Cobalt Alloy My = © Relative © Cartesian / =171 Mechanical torque
..... il R- =1 O Absolute Pol [
® CoilR by O Polar . < . ® T=21855Nm
- @ Coil R+ [ Nonlinear (] Anisotropic [
...@ Coil S- | Flux link: t
1 @ Coil s+ Coercive Force of Magnet I Flux linkage per one turn
/\ ( | .. Coil T- Magnitude: 0 [&/m) .- Magnetomotivgfnrfp . )
: e Legend X
..@ Coil T+ Direction: 0 (deq) -l Magnetic flux Legend X
.. @ Magnet ]
KJ - .. @ Steel Conductivity (for transient analysis only) :IL(’:)Dens'tV
7 Edge Labels b= (S/m) Depends on Temperature o
..... & A=0 - 0.9
.47 Magnet Left i 0.8
4% Magnet Right Field Source 31‘75
] Vertex Labels 05
brary Data: <none> I= 135 (a) f gg
? () Current Density Conductor's Connection 02
0.1
© Total Ampere-Tumns O InParalel 2l
© In Series

"

: Material physical properties,
Model editor :
! field sources and Results analysis
boundary conditions



(ﬁ\ QuickField AC Magnetics. Problem setup

Problem Properties - Motor_c.pbm

1. Choose problem

2.Choose L. ks type: AC magnetics
model class :
4y v Length Units
t Problem Type: AC Magnetics v Millimeters v
\
Model Class Frequency Coordinate System
X Planeparallel v f=50 _ Hz Polar v
- Plane-parallel
Axisymmetric
/L ey 3. Enter frequency value
Plane-parallel 2
ra Axisymmetric e
Geometry:  Acmotor_c.mod
nde Data: Motor_c.dhe
D 4_. th_lonal. define
z —— circuit file name
Circuit: motor_c.qcr
\ Location: D:\gdrive\websites\quickfield.com‘\seminar\ac_magn\8. ac_motor_ca
. g OK C | Hel
https://quickfield.com/acmag.htm [ J s :
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QuickField AC Magnetics. Label properties

Block

Block Label Properties - Copper Bar

General Core Loss

Electrical Conductivity

Permeability

Hy ™ O Relative Coordinates
= | (O Absolute © Cartesian
[ Nonlinear [ Anisotropic O Polar

= 53005000 (S/m)  [_]Depends on Temperature
Temperature: 0 ('C)
Field Source
lo = 1 (A)
o= 0 e T
Source Mode Conductor's Connection
() Voltage © InParalel
© Total Current (O In Series

Cancel Help

https://quickfield.com/acmag.htm

Edge

Edge Label Properties - A=0

General

[V Magnetic Potential: & = & ;
B.o =10

(Whbdm)

o= 0

(deg)

™ Tangential Field: H ,= 6 {4H ,= o)

[~ Zero Mormal Flux: B, =0

I Even Periodic: 1= A5
I™ Odd Periodic: Ay=- A,

Cancel

Help

Vertex

Wertex Label Properties - current

General

I™ Magnetic Potential: &= A,

A,=10

Q= 0

Linear Current
I= 25
= 120

Cancel

(&)
(deg]

Help
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QuickField AC Magnetics. Circuit

AC magnetic problems in QuickField may be
defined with the electric circuits connected to
blocks of the field model. These formulations
are suitable to model electromagnetic devices,
like motors with complex winding scheme, or
transformers with combined load.

Features
« Passive elements (R,L,C) and sources (U,I)

 Loads: constant, sinusoidal and complex
pulse shape sources (you can use formulas
to describe the electric source parameters)

« Results: voltage, current and impedance for
each element. Current and voltage time plot.

.. QuickField - Circuit2.qcr

: File Edit View Insert Problem Tools Window Help

;«5‘? i Q' % 7

QG &S B &

EE &SR =39

E‘_} Circuit2.pbm - AC magnetics p

----- $5 Geometry: Circuit2.mod

L@ Data: Circuit2.dhe
\— _j Block Labels

. Primary-

..... [ primar}w
@ Secondary-
. Secondary+
\+:_4 Edge Labels

[ Vertex Labels
[ Library Data: <none>

...... S8 Circuit: Circuit2.qer

-5 Links:

0<: MNa links

| |7

w92 ‘\ Straight line (0%)

= QuickField Block
Label Secondary-

7

Circuit2.qcr

hlor 00 8 1 5 &AM
W s - T T
: e 2 . 4
Secondary 7| e
. s |
M g

- Secondary+
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QuickField AC Magnetics. Results

Results analysis is the most complicated part, having more options. Generally the
following types of result analysis are available:

: File Edit View Problem Tools
R W= N N

Field maps showing the e

Window Help
? @ 0n 4

|IFl @ Field Picture Properties
R Edit field picture parameters J

space distribution of
different field
parameters

B d Magnl.pbm -
8y Geometry: Magnl.mod
=-E5 Data: Magnil.dms

Field parametersin ___—
arbitrary point

- b O

(| Jis B < M {4 straight line (09

E\"_j Coordinates

..... z x=15.2cm

> A r=46741cm
A 8= 71,022 deg
... ® Potential & = 0.011442 Wh/m

- A Flux Density B = 0.13539T

A Strength H = 107740 &/m

EE: — ke ® Permeability p=1
= General = 3
. - ® Energy Density w = 7293.8)/m” ¢
Problem Type  Magnetostatics 4 .
Model Class Plane-parallel .fds Knfegral Calculator XY¥-Plot Postprocessing Magnl.pbm:3 E]@
Z Length (L), cn 100 Pie @ - H[E] e
Contour analysis, includin P e Geometic Quntie — |
HE. Flux Density (T [ — ——
y b g Geomet Magn1.mod H _] Contourlength 014 T T T T T I___"__l T T T r‘ Potentia]
. . . . 3ta agnl.dms : I : e . : 1 z
field parameters distribution =5 m—mmrmam—+— asswnn s M S S S o e B |
. . Solution Time, s 1 7 3 Physi w 010—/7"""!{ """ il [} Bttt
and integral calculations & Comvibantis - E3Physical Quantites oo SR NN T S W5 I [ R
Length Unit Centimeters || | . _j Mechanical force : I . I g I = I : . ' L I — l— Bg
Coordinates Cartesian g & 4 § g 10 12 1A L (grf)
E Links ‘
= Add Link Postprocessing Magn1.pbm:1 .,!(Y,'?'OEB@?(%ES,SE“,Q,M,a,g,m,",’,p',',“s,‘ Table Postprocessing Magn1.pbm:4

Edit field picture parameters

https://quickfield.com/post.htm

B(T)

[= (@ ][=]

Flux Density

0.70

063

| 0.56

1 0.43

| 0.42

0.35

0.28

10.21

424 cm, 484 cm
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Field Picture Properties

Color Grades: 20

Maximum: 11400

Minirurm: 2350

[ ] Show Mesh

QuickField AC Magnetics. Results

Field maps

Phase for Momentary Yalues: 0 deg
Field Lines
Snapshot at given phase Interval: 9.e-8 whim
[)snapshat at phase + 90° Apply
Vector Plot Cancel
[ )Snapshat at given phase: lux Density B
Snapshot at phase + 90° Strength H Help
Cell: 2 o Poynting Vector S Suggest
S Lorentz Force F
Scale: 10000
Zone Plot
() Momentary Value Strength H
Color Map of: € RMS Value Current Density jyqral
(O Peak Value Current Density jaytermal

Current Density jeddies

Power Loss Q

2 Energy Density w

Afm :
Poynting Yector S

ajm?  |Poynting Yector 5,

Local field data

Integrals

-@ ocal Values

E*ﬁ Coordinates

1

e

|
CJ

I+

[+

..... ) r=8.7092 mm

----- 6 = 87.368 deg

- 555 RMS Values

oA Average Values

..... @ Power Loss Q =0.23741 me3

----- ® Energy Density w = 0.00090748 J/m?

- I\ Peak Values

~~~~~ ® Potential & = 1.6937e-6Wh/m
-~ A Flux Density B = 6.7538e-5 T
A Strength H = 53.745 &/m

71 Current Density j,_,., = 5248 &/m?

~~~~~ ® Power Loss Q = 0.47482 W/m?

----- ® Energy Density w = 0.0018149 J/m*

EH-QU Momentary Yalues at phase @

_l:is Integral Calculator

@D Geometric Quantities
_:_,f_j Physical Quantities

AAAAA _| Total current

----- _| External current

..... _| Eddy current

..... _1Joule heat

AAAAA _| Core Loss

----- _| Power flow

----- | Maxwvell force

----- 1 Maxwell torque

~~~~~ _| Lorentz force

----- _l Lorentz torque

----- _| Electrical Conductance
----- 1 Magnetic field energy
~~~~~ | Flux linkage per one turn
----- | Magnetomotive force

----- 1 Magnetic flux
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QuickField API

QuickField

interface

GUI

Magn2.pbm X
E&D =3

—_7 Magn2.pbrm - nonlinear ma
gy Geometry: Magn2.mod

#-EH Data: Magn2.dms
.. Library Data: <none>

Magn2.mod

&

K "’Ks Straight line (0°) - ®REQH R
| = |

Postprocessing Magn2p

Jis | ® = B 1| straight line (09)

- (B

A

Leg... v X

Flux Density
B(T)

1.0
(K]
0.8

0.7
06
05
0.4
03

02
01
0.0



https://quickfield.com/programming.htm

QuickField Difference




AC Magnetic simulation with QuickField

S 31.5mm 31.5mm
Air ¥ Aluminum |b ars
Cylindric ield
Steel § £
N & A B C |2
(DQ?-’ 5mm S
Copper bar :v;
J 18.85 \QQQ\“O\
Slot embedded Gap 0. 2mm 8 mm 22 njm
conductor skin effect Electromagnetic shielding Three-phase busbar losses
ettt ' ;
| 11 m
: Core _ . o'e'o
: Rait— ABC
—H i d | ~ 200 A, 50 Hz
L £
: Core . S
; :
. Model . Ground -
Linear electric motor Transmission line magnetic coupling :
Induction motor

https://quickfield.com/seminar/seminar ac maagn.htm
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@ Slot embedded conductor skin effect

8.95 mm

D N N Problem specification:
Conductivity of copper o = 58 MS/m
Current in the conductor /=1 A
Frequency f=45 Hz

<< .
k Air

Steel

Task:

Determine current distribution within
the conductor and complex
impedance of the conductor.

- 8.55mm 6.45

Copper bar

* Reference: A. Konrad,
Integrodifferential Finite Element
\ Formulation of Two-Dimensional

Steady-State Skin Effect Problems,
All dimensions are in millimeters IEEE Trans. Magnetics,

Vol MAG-18, # 1, January 1982.

- 8.45 mm

18.85 mm

https://quickfield.com/advanced/hmagni.htm
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Slot embedded conductor skin effect

-|Z| Voltage V = 0.00050275 V

A 0=69.562°

|2 Re(V) = 0.00017555 V

L2 Im(V) = 00004711 V

-|z| Current Density j,_,, = 11948 A/m?

-|z| Current Density j_, . = 20058 A/m?

-|z| Current Density j_, . = 29162 A/m?

A 0=69.562°

""" z Re(icmcrna)) = 10183 A/mz

A2 Im(,....) = 27326 A/m?

Problem Type AC MagnetiLs
Model Class Plane-parallel
Z Length (L), mm 1000
Frequency, Hz 45

https://quickfield.com/advanced/hmagni.htm

Current Density

jtoal (10%A/m9)
RMS Value

External current density, A/m?

QuickField

10183 + 27326

Reference*

10182.7 +j27327.9

* Reference: A. Konrad, Integrodifferential
Finite Element Formulation of

Two-Dimensional Steady-State Skin Effect

Problems, IEEE Trans. Magnetics,
Vol MAG-18, # 1, January 1982.

BZ Impedance Wizard

E]IZ | Impedance: Z = 0.00050275 ()
. |2 Resistance: R = 0.00017555 ()
.1 Reactance: X_ = 0.0004711 ()

... ® Inductance: L = 1.6662¢-6 (H)
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@ Three-phase busbar losses

T

WAluminum b ars

140 mm

8 mm 22 mim

https://quickfield.com/advanced/busbars ac resistance.htm

Problem specification:

Conductivity of aluminum ¢ = 37 MS/m
AC current /= 1000 A (R.M.S. value)
Frequency f. 50 Hz, 400 Hz, 1 kHz, 3 kHz

Task:

Calculate the dependence of the busbar
losses on the alternating current
frequency.


https://quickfield.com/advanced/busbars_ac_resistance.htm

Three-phase busbar losses

Curent l:ensitv Joule heat losses, W per
eoral (10°4jm?) 1 m of busbar length
RMS Value
s Frequency, Hz A B C
lié% 0 24 24 24
A C | 50 253 | 25.0 25.0
400 37.6 | 50.7 37.3
1000 56 90 56
£ 3000 98 155 98
Current Depsity (*10° Afm2)
1.2 T | T T T I b
-
1.0F
wl B 1 Joule heat
06 E]"ﬁ Average Value
04f  fAP=5TW
02} <] I
o B o T =
L {rmm})

https://quickfield.com/advanced/busbars ac resistance.htm
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@ Electromagnetic shielding

Problem specification:

31.5mm 31.5mm Electrical conductivity of steel 10 MS/m
" Relative magnetic permeability of steel y=1000
[ \ Cy"nd rical shield External magnetic field flux density B=0.139 T
Frequency f= 50 Hz
\
& Task:
q)éb@ 5mm Find the level of magnetic field
reduction inside the shield

Gap 0.. 2mm

https://quickfield.com/advanced/toe lab4.htm
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1]

Electromagnetic shielding

Current Density

ikors (1074./m°)
RMS Value

2.270
2.043
1 1.816
1,589
1.362
1135

sl 0.908

| 0.681

-

| 0454

0.227
0.000

Peak value of flux

Shield type density in the
center, mT
Steel cylinder with
30
slot 1 mm
Steel cylinder with 40

slot 2 mm

https://quickfield.com/advanced/toe lab4.htm
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@ Transmission line magnetic coupling

Insulators

oo
ABC
~ 200 A, 50 Hz

10m

Ground

Task:

Victim Iin1 :
!»

Problem specification:

Left line current: 200 A (r.m.s)

Frequency f= 50 Hz

Ground electrical conductivity 0 = 0.1 S/m
Transmission line length L = 10 km

Victim line grounding resistance R =4 Ohm

Find the electromagnetically induced voltages in the right (victim)
transmission line at the ungrounded end of the 10 km segment.

https://quickfield.com/advanced/transmission line magnetic coupling.htm
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Transmission line magnetic coupling

https://quickfield.com/advanced/transmission

Circuit Postprocessing T_Lines_AC:2

Strength
H {Afm)
RMS Magnitude

B. - asseen
* \

A insulator A
® Resistivity R = 10000 Ohm
:\)(1 Current | = 0.0011768 A
+ [¥ Voltage V = 11.768 V

% insulator B
- @ Resistivity R = 10000 Ohm
,+\ X4 Current | = 0.0010994 A
+ [¥ Voltage V = 10.994 V

A insulator C
@ Resistivity R = 10000 Ohm
‘Iw X1 Current | = 0.0010295 A

411V Voltaae V = 10205V
< >

line magnetic cou

> :

A victim A 10000
groundingA ___ insulator A

{1

_ victm B . 10000
groundingB ____ insulator B

4_ victim C . 10000
grounding C insulator C
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@ Linear electric motor

Problem specification:

Core permeability y = 1000;

Rail conductivity o = 37 MS/m;
Frequency f= 50 Hz.

Slot total current | = 1844 A (r.m.s)

Task:

Calculate propulsion force acting
on the rail and Joule heat loss.

Model "

180 0

120 -60
https://quickfield.com/advanced/perio2.htm
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Linear electric motor

ZLength (L), mm 1000

|

Frequency, Hz 50

Joule heat
AR P = 1810W —_\
[ Peak Value - \
[ Oscillating Compo =
[ Momentary Value
|
Core Loss
Current Density
Powver flow D | rora (1078/m3)
Maxweell force At phase 330°
{3 Average Value \“‘_ 20
1.6
A F=1726N 12
e —. 08
..... A ©=147.09° 0.4
-0.0
..... |~ f,=-1449N -0.4
-0.8
..... 2 f,=93.778N 1.2
1.6
— -2.0

https://quickfield.com/advanced/perio2.htm
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Induction motor

220V, 50 Hz e a
Problem specification:

Conductivity of copper o, = 46.8 MS/m;
Conductivity of aluminum o, = 31.1 MS/m;

Task:

Calculate torque, current, Joule
heat losses in the rotor at
various rotation speeds

Rotation Rotor Bar conductivity
velocity currents in the model
0 - stall o,
Slip: 0<n<n, o,"(1-n/ny)
Synchronous 0 0
50

Stator slot wire @0.4mm

https://quickfield.com/advanced/induction motor.htm
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<,
220%sai?) 156 A
U, Current!| = 079118 A
~+ Voltage V = 220 V _.’[}_
5 15.6
220%s B
U q;m R_B
PR =
O =]
2207s5qrt(2) c

u_c

03 H
. ~ MR
7 ol b \.,.

/1

httos://quickfield.com)advanceainduc

,ﬁ

Induction motor

Maxweell torque

/3 Average Value

AR T = -1,907 Nemn

‘I.egend X

Current Density

Jratal (wstz)
At phase 0°
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This recording is over

More recordings and simulation
examples at

www.quickfield.com

Your feedback is welcome: support@quickfield.com
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