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Overall menu layout

o

0 ANSYS /Multiphyzics [unlimited) Utility Menu

Utility menu for basic
functionality for file
handling, plotting

File  Select Lizt Plat PlatChlz  WorkPlane  Parameters Macro MenuClilz: Help entities, plOt COﬂthlS,
parameter
manipulations....

Command line to enter .
: The Toolbar which executes
commands directly
commands or macros
MAG_HELP| HOW_TO |PMSTATOR|PLOT_WND|MACH_IND|B_TANGET

_EI STATOR_H|PICK_MOD| SLOT_R |PLT_FORM|MACH_TOR|B_UWECTOR

Pick . cor ANSYS C 1 below <PREP?S RSLOT_H |PICK_ELE| PMROTOR | LOAD |COILLINK|[H_UECTOR

i ick a menu item or enter ofmanc = | PMSTAT_W|GET_DIMS | EVEN_BC [SOLUTION| MUR | FLURLINE

SLOT_R_H| STATOR | ROTATE |ROT_CONS| _MMF | CHEK_AMP
PMROTO_H| RSLOT | WIND_2D |ROT_CURR|BE_RADIAL|PLOTCURR

/0 ANSYS Main Menu B4

The ANSYS menu
structure

In this seminar the major focus is on

the Toolbar which uses macros
applicable to machine simulations.
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Menu structure

Main menu
allows you to
enter into
individual
modules
which model,
solve,
Postprocess

JWANSYS Main Menu [EX

By selecting, for
example the
Processor, it displays
options for the
model generation

=
selecting
the
orthotropic
properties,

By selecting
the material

properties, '
! it requests

options for the ) .

X information
material

) for
modeling are assianing a
displayed gning

material
number

At this point, you can accept (OK), back out
(Cancel) or request for Help

In the notes, a path for this would be specified as

Preproc>material props>orthotropic
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About the help engine

This help was generated by selecting on T e lp
Help in this panel

When the number is input and OK is
selected, then the next panel is displayed
to complete the material input.

Ele Heagaie Opions Hep

MPB, Lah, MAT, C0, O, C2, 08, 24
Defines a linear material property as a constant or a funclion of temperature,

EREFZ Manariz
Mp Me St OF L9 Th E3 E2 FL PP ED |

Lab
Valic metarial praperty label Appliceble lsbels are lsed under “Maberial
Progarties™ in the inpul table for each alement type in the ANSYS Elsrants

This format described in detail how the command would be entered into H
the command window. “material number” in the window corresponds

At the bottom of each help, is the menu location

Menu Paths Once the data is input, for ANSYS
Main Menu =Preprocessor >Loads = Other > Change Mat Props > Palynomial to use the information, the OK
Wlain Menu >=Preprocessor =Material Props =Polynomial must be selected.

Main Menu > Solution == Other = Change Mat Props =Folynomial
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Machine Toolbar - Combines model generation-winding & currents-
solutions-studies-post processing and can be easily accessed through the

Toolbar.

/Y ANSYS Toolbar =l Boundary

Defines all
the Toolbar
items

Description of the
stator and rotor
templates

Model generation:
<stator>,<rslot>,
<pmstator>,<slot_r>
<pmrotor>

'IPHRDTI'JJI WIND_2D § B_RADIA

AGHELP[PMSTATORIMACH_IND . iviorc (vnical)
IETHTGRJ SLOT_R [MACH_TORN

JPMSTAT_H j EUEN_BC
SLOT_R_H| ROTATE _MHF

| How_To |PLOT_WND|B_TANGET| «—— Postprocessing
FTCR_NODIPLT_FORM| B_UECTOR
PICK_ELE { | Boundary conditions:
GET_DIMS |

STATOR JROT_CONS| CHE_AMP

<even_bc>,<rotate>

RSLOT /| ROT_CURR| PLOTCURH
Winding Single & Multiple
[currents solutions
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More about the ToolBar

Each ToolBar item is an abbreviation
— It can execute a single command
— It can execute a macro

The <MAGHELP> gives a short explanation of each the ToolBar items

To determine which macro is being called, it can be seen from the
— Utility>Menu ctrls>edit toolbar
— edit the macro mabbr.mac

For example <WIND _2D> executes the macro that generates the winding
information using b_wndsc.mac.

*abbr,wind_2d,b_Wndsc,0,0,0,0,0,0,0,0,1 ! generates the circuits for the
! windings
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More information

If a command is used in the ToolBar, the ANSYS Help engine can provide more

information_ 4 Coommaansdn 11" PLY )

Dis Hweagsls [oton  [Help

<FLUXLINE> => *abbr fluxline,plf2d —

Generates the stator based on parameters

argl =0 the winding is stops at the back of the tooth face
>0 the winding occupies the entire slot

arg2 = mesh refinement, 1 is minimum number of elements, 5 is most

most refinement

arg3 =0 use lower order element
> 0 use higher order element

arg4 = number of stator teeth to be generated
= 0 (default), no action, no additional teeth are generated
ne 0 Build arg4 number of teeth

arg5 = 0 coil elements use the lower order elements
=1 coil elements use the higher order elements

arg6 = 0 coil loads will be specified by currents
= 1 coil load will be specified by voltages

arg7 = additional mesh control factor to control the elements at the
back of the magnet and the inner radius of the return path
Defaults to 1

PLFRD, MTOMT, CLAY, AN, W0
Feneraes a aomour line plef of equpoieniials.
FCET T Magnstice]
Mp M= ¥t —— —— — E3J E2 —— FF ED
MO
Humber of coniner Prees o display. |ssve nmubples of B e 8 13, 37 sio}
Diptaul i 37 cantour Erag

e 13

e

<+ <STATOR> uses the
macro slotsta.mac. The top
of this macro describes the
input by the user.
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Overall process of generating the model, solving, post processing

Identify the laminate models

— this defines the files containing the parameter definitions. The available
laminates are defined in <MAG_HELP> under geometry generation

Input the parameters into a file-or use the GUI to define the parameters

Define the winding file

Build the stator

Build the rotor

Apply periodic conditions to the sides if a periodic model is used

Connect the rotor to the stator with constraint equations -
Build the winding (current fed)
Solve (linear or with BH data)
Post process

DC Machines 10



Laminate options for the stator

Laminate ToolBar Help  Plot file(1)

Slotted stator-uniform tooth <STATOR_H> stator.doc

Slotted stator-uniform slot <RSLOT _H> rslotsta.doc

Permanent magnet stator <PMSTAT_H> pm_stat.doc

(1) These files are to be viewed using the DISPLAY Utility. See Appendix C for the use of the DISPLAY
utility and the available templates.
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Laminate option for the rotor

Laminate Help Plot file

Permanent magnet-surface mount <PMROTOR_H> pm_rotor.doc

Import the rotor design Contained in this seminar
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Example of a periodic model for a 10 pole BDC machine

e Permanent magnets
are parallel
magnetized

» Three phase winding

 Only 2 polesareto
be modeled.

DC Machines
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Parameter Definition for the stator:

Information for the template for the stator-uniform tooth is available in
<STATOR_H>. A diagram for the parameters is also available. The number of
teeth is arbitrary. The model can consist of a two pole periodic model or a 360°
model. The diagram shown below is a plot file that is displayed by the DISPLAY
Utility. The name of the plot file is stator.doc which is in the display listing when
<STATOR_H> is executed.

Pelfinitian aff the @aolar Beoarmeiry Poranalera

J—
wew
— - __t-ll ll
— pR ;
¢ e ..-p, i
ERRLTY Candugisr B
IF.'-—IF‘C"'i ¥ l_llj_lf Milerdal ﬁ|'\. "'\\{;
Fzlerial ]“--.,_ ! 1 :.-‘\_l:-— _r__.-‘- .
B3 (R q-“""' : _i_- . | . E-“'.l‘l.nr_ Iren
'-In! caez | grial
i Ly ] Tooth shank has a

uniform width

Hales:
11 “C(RE)" dmplies Lhe paromeler iv megowred From the machineg center
(2 "#2" dmplles the dimensien showms i3 152 Lthe Lotal Jength
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Parameter Definition for the rotor:

Information for the template and the magnet shape options for the permanent
magnet rotor is available in <PMROTO_H>. A diagram for the parameters is
also available. The number of magnets is arbitrary; the magnets can be parallel or
radially magnetized or tangentially magnetized

Magnrsi
malerdial 3

Dafinition of the Poramelers Fotor Return
for the Fermanent Magnet Koter Material 2

B
Haterial 1

Rt (R
%_/’jﬂl/’lf_'
Motwes: :

(1" "mogw"=120 Impliwes ro circumierential L
spacing betwesn magnete

{2Y "{R¥" i1mplims parameler 1s mecsured - - r*‘__

from the maochine center ma gh

gaps2
I /2" jmplies 1he dimension shown §: 142 the tolal Jength
Modeling Optlone:
(13 Spacify "magw" of "magl”
(2} Specifv "rcl” and "re2™ for shaped pelez or "magh” for constant radius
{31 Speeily "loal"=1 for the bread loaf shape or "laai"=0 for a radial edge

DC Machines 15



Material definitions / Components

 All laminates use the same material set identifications

AIR
rotor iron

stator iron

Material 1 Permeability (free space)

Material 2 Permeability (BH data)
permanent magnet  Material 3 Hc and Permeability (BH data)

Material 5 Permeability

Material 6 Permeability (free space)

stator slots

« All laminates use the following component names

rotor

stator
s _coil
r_iron

component group for nodes/elements...

component group for nodes/elements

elements for stator coil

elements for magnet/iron in rotor; used for torque calculation

DC Machines 16



About the units:

The input parameters can be in any units (inches,mm,cm...).

A conversion factor (GGEOM) must be specified which converts the model
from its input units to meters

The model is built according to the parameters, then it is scaled into meters
using GGEOM

The material properties are to be in Sl units

— Hc: Amps/meter
— flux density: Tesla

— field intensity Amps/meter
The output:

— flux: Webers

— flux density: Tesla

— field intensity Amps/meter
— torque N-m

— force N

DC Machines
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Some modeling details before the parameter file is constructed-selection of the
element type

planel3 solves faster

Use of planel3 versus plane53

most current loaded problems achieves accuracy with planel3
the 53 is considered to be more accurate

This is set by USE_53 in the parameter file

The planel3 is the four noded
element, which allow the B to vary
linearly over the four noded element

Figure 4.13-1

4l

Element Coordinate
Systermn (shown for
KEYOPT{d)=1)

PLANE13 2-D Coupled-Field Solid

(Triangular Cption - not
recommended for struchmral

applications)

DC Machines

L

The plane53 is the eight noded

element, which allow the B to vary
quadratically over the eight noded

element

@)

ELO

Pl

Tri. Option
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Model details and parameter definition

The number of coils cross sections can be in a single slot in the stator
This is set by NCONS in the parameter file (2 is maximum)

One coil T

per slot Wo
coils per
slot

If the winding has two coils per
slot, it must be identified prior to
model generation

DC Machines 19



Modeling parameters-continued

Is this a periodic model or a full model?
NRPGEN = number of complete magnets to be
actually generated
NSPGEN = number of stator teeth to be generated

Mesh refinement level
most applications start with Level 2

RREF is for the rotor (RREF=2)

STREF is for the stator (STREF=2)
for large number of stator teeth, the mesh at the air
gap will be small, the backiron should perhaps be
coarser to keep the number of elements to a

minimal level Six teeth are modeled, so NSPGEN=6
should start with F_MESH=1 Two complete magnets are generated, so
NRPGEN=2

DC Machines 20



w_ file="mach?2'

Parameter file for the example: mach2.des: general data/rotor data/stator
data/materials/current form. See the ToolBar help for the parameters.
<STATOR_H> for the stator and <PMROTO_H> for the permanent magnet rotor

mach2. des

2 D nodel

Paraneters for the 30 slot 10 pole PM machi ne
paraneters are in inches!

Conmponent Tool bar HELP Tool bar to Descri ption Macr o
Bui | d Mbdel
stator: <stator_ h> <stator> sl ott ed(uni f or m shank) sl ot sta. mac
rotor: <rotor_h> <b_rotor> per manent magnet pm r ot or. nac
Gener al

winding file to build the stator w nding

|
f _mesh=2 I increases the size of the elenents in the iron, |arger
' values results in larger elenents in the back iron
use 53=1 ' =0, uses planel3(4 noded quad), =1, uses plane53(8 noded quad)
st kt hk=2. 25 ! stack length (in)
mane=' mach?2’ ! nane of plot file (extention is .plt)
npol e=10 ! nunber of poles
ggeonr. 0254 ! conversion factor fromEnglish to Metric for |length

DC Machines 21



Rotor data

! rotor data

rotor _id="pnrotor'

rref=2
nr pgen=2
nr p=10

rrl=1. 00
rr2=1. 35
magh=. 12
magw=150.
gap=. 035

rotor mesh refi nenent

nunber of rotor poles to be generated for the nodel

nunber of rotor poles

I nner radius of the rotor

outer radius of the rotor return path

magnet hei ght
wi dt h of magnet (Electrical
rotor-stator air gap

DC Machines

degr ees)
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Stator data

I stator data
stat _id="slotsta'

ncons=1 ! nunber of phases in a single slot

nsp=30 ! nunber of stator slots in the conplete nmachine
nspgen=6 ! nunber of stator poles to be generated for the nodel
stref=2 ! | evel of refinenent in the stator

! used for argunent in gnstator.nmac
r3=rr2+magh+gap ! I nner radius of the stator tooth

spc=.1 ! spaci ng between the teeth

c2=.11 ! wi dth of tooth shank (for uniform shank)
trl=.04 ! | ength of the side of tooth

t ht 2=60. ! angle of rear of tooth from side of shank

rd=r 3+tr1l+. 25 ! I nner radius of stator yoke

r5=1. 90 ! outer radius of stator yoke

rs=.0 ! addi tional curvature for top of slot

DC Machines 23



Material data/ current form

To allow the parameter file to contain a complete set of data to define the model, the
material data and current form can also be contained. These can also be entered through
the GUI, which will be shown later.

Material
number Value

| /

np, nurx, 1,1 I air Material 1
nb4, 2 I rotor |lam nate Material 2
np, ngxx, 3, 774000 I Hc of magnet Material 3
np, mur x, 3, 1. 06 I magnet Material 3
nb4, 5 I stator |lam nate Material 5
np, nurx, 6, 1 I conductor (copper) Material 6

/com Current form specification
currform= sine' I for sine input

BH data for M54 steel m54, material number

DC Machines 24



These parameters can be stored in a separate file or loaded in the GUI. To
load the data from a file such as mach2.des, use <GET_DIMS> and input
‘mach2’. When <GET_DIMS> is selected the following prompt is
displayed

EMTER Enter Parameter File Mame -> _argl =

rmach?

k.

The name can be entered directly , which must be enclosed in single quotes
indicating that it is character data.

DC Machines 25



The parameters can be also be listed by

Examining the parameter data : :
entering *status at the command line.

NANMVE VALUE TYPE
1 c2 0. 110000000 SCALAR

The parameters can be reviewed & oy 2009 gt
or altered by F_MESH  2.00000000 SCALAR
GAP 3. 500000000E- 02 SCALAR
I GGEOM 2.540000000E- 02 SCALAR
Utility>parameters>scalar MAGH  0.120000000 SCALAR
MAGW 150. 000000 SCALAR

- = MNANMVE mach?2 CHARACTER
An individual parameter can be e 1 256637061E. 06  SCALAR
NCONS 1. 00000000 SCALAR
selected and altered. o Lo ooao0n e
NRP 10. 0000000 SCALAR
NRPGEN 2. 00000000 SCALAR
Scalar Parameters NSP 30. 0000000 SCALAR
NSPGEN 6. 00000000 SCALAR
Pl 3. 14159265 SCALAR
R3 1. 50500000 SCALAR
R4 1. 79500000 SCALAR
R5 1. 90000000 SCALAR

ROTOR_I D pnr ot or CHARACTER
RR1 1. 00000000 SCALAR

NANME VALUE TYPE
RR2 1. 35000000 SCALAR
RREF 2. 00000000 SCALAR
RS 0. 00000000 SCALAR
SPC 0. 100000000 SCALAR

STAT_ID sl otsta CHARACTER
STKTHK 2. 25000000 SCALAR
STREF 2. 00000000 SCALAR
THT2 60. 0000000 SCALAR
TR1 4. 000000000E-02 SCALAR
USE 53 1. 00000000 SCALAR

DC Machines W FI LE mach2 CHARACTER 26



To build the rotor use <PMROTOR>

The rotor model is independent of the
stator model

The rotor extends midway into the air
gap

The rotor mesh is automatically refined
In the air gap.

Mesh in the backiron can be refined by
adjusting a single parameter F MESH —
(see parameter file).

When the ToolBar is used, the
abbreviation uses certain preset values.
The abbreviations are contained in
mabbr.mac and they can be seen from
Utility>menu ctris>edit toolbar

DC Machines 27



Mesh refinement in the air gap

The air gap in the rotor side can be refined by increasing
RREF from 2 to a higher value up to 5. Larger values
decrease the aspect ratio and increase the number of
elements in the gap.

To observe this, enter rref=3 at the command line and
rebuild the rotor using <PMROTOR>

RREF Number of elements

in the rotor
2 364
3 1020 3 radial
divisions

rref=2 is usually sufficient for a machine with currents

DC Machines 28



Boundary conditions for the rotor

The outer edge is a
boundary, but it will

.1.1, /be later connected to
the stator using CEs

At the inner ring of nodes,
CPs are used to enforce flux

parallel condition. The lateral edges are

No AZ constraints are applied a boundary, but they

to the rotor. | will be later
'\(‘)nnected to the
other side using CPs

DC Machines 29



About the PARALLEL magnet
direction

This example uses parallel
magnetization. For the
periodic model, the following
directions are used.

The alternating direction is
defined by the different
coordinate systems. Each half
section of the magnet has a
unique element coordinate
system (ESYS) which
corresponds to a unique local
coordinate system. This
requires only one magnet
material (3) to be defined

DC Machines

[

Material
numbers are
active
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Checking the magnet direction

To display the element
directions, use

Utility> plot cntris>symbol >
element coordinate system

white axis: element X axis

green axis: element Y axis Note that the
blue axis: element Z axis white axis s
parallel to the
This indicates that the X axis is center of the
parallel to the magnet center, magnet

and therefore only MGXX is
required. Once displayed turn
this display option off.
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Other magnet shape options

First, save the current model using Utility>file>save jobname.db so

that it can be recalled later The sides of the magnet are parallel

to the centerline of the magnet. The
bottom is flat. The RR2 corresponds
to the inner radius of the magnet at
the edge of the magnet If this option
is used, RC1 and RC2 must be used
to specify the height of the magnet
not magh

Loaf option: enter loaf=1 at the
command line and <PMROTOR>

Embedded option+loaf option: enter
embed=1 at the command line and
<PMROTOR>

The space between
the magnets is iron
up to the top edge of
the magnet.

32



Magnet shape options-continued

Embedded option: enter loaf=0 (to turn
off the loaf option) at the command line
and <PMROTOR>

The space between
the magnets is iron
up to the top edge of
the magnet.

DC Machines
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To display the axis use Utility>
plot cntrls>symbol > element
coordinate system

Other magnet direction options

From the rotor help, the parameter
RAD_MAG can be used to allow the
magnet to be radially magnetized.

This would be accomplished by setting
RAD MAG=1 (set EMBED=0 to turn the
embed option off) and rebuilding the
rotor.

The rotor has the material numbers

displayed and the element coordinate

systems. Note that the arrows are radial.

The center magnet has the inward

direction. Since it is radial, the material

number has to be changed. This is Material
material 4 and its MGXX must be

negative. There are no local coordinate

systems needed.

After this step, use Utility>file>resume
and select file.db
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A set of independent parameters are defined for the slotted stator

To build the slotted
stator use <STATOR>

The stator model is independent of
the rotor model

The stator extends midway into the
air gap

The rotor mesh is automatically
refined in the air gap.

Mesh can be refined by adjusting a
single parameter (F_MESH).

DC Machines
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Mesh refinement in the air gap

The air gap in the rotor side can be refined by increasing
STREF from 2 to a higher value up to 5. Larger values
decrease the aspect ratio and increase the number of
elements in the gap.

To observe this, enter stref=3 at the command line and
rebuild the rotor using <STATOR>

RREF Number of elements
in the stator
2 432
3 1260

3 radial
divisions

stref=2 is usually sufficient for a machine with currents
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Stator boundary conditions

The currents could be The outer rina of nodes i
considered as a boundary € outer ring of nodes 1S

condition, but these are automatically set to flux
considered later. parallel by constraining
AZ 1o zero

The inner edge is a
boundary, but it will
be later connected to
the rotor using CE

The lateral edges are
a boundary, but they
will be later
connected to the
other side using CPs
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Model error traps

o There are a limited number of error traps built into the model macros

— using the incorrect laminate type (the stator_id="slotsta’ and you execute
the pm_stat item)

— the radii for the laminate are not in ascending order ( the back iron radius
is smaller than the inner tooth radius)

— the GAP parameter was not specified
— one of the laminate geometry parameters was not specified

* Inthe event an error is not displayed, and only a portion of the geometry is
shown

— the potential overlapping of the laminates due to error in the dimensions
should be reviewed.

— Compare the parameter file to the mach2.des file. This file (mach2.des)
should not be changed-use it as a standard.
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FIRST: This model requires periodic conditions to be applied to the sides
of the model. Use <EVEN_ BC>

-
CPs are generated for _ L
nodes at the same

radius. Note that the

outer ring of nodes are
not used. These are

constrained. ::

DC Machines
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To connect the two models using CEs, and to rotate the rotor as required,
use <ROTATE>. The angle is in degrees. Before using this macro, the
CPs must be applied. If the CPs are not generated, this macro will not
connect the rotor to the stator

EMTER Enter the &ngle of Poszition for the Raotor - _argl =[0]

12
0K,
For periodic models, the angle is The number in the
measured from the +X axis in brackets is the default
the CCW direction to the nearest value of 0. For a periodic
edge of the rotor. model, the lower edge of

the model is at the +X
axis. For a full model, the
rotor is not rotated

For full machines, the angle
input is the angle increment that
the rotor is to be rotated
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Rotor connected to the stator

After the rotor is rotated, and the two are
connected, a summary is provided

MOVEMENT OF THE ROTOR <
COLD angle of the | ower edge of the rotor: 0.
NEW angl e of | ower edge of the rotor: 12.
Nunmber of nodes in rotor: 145.
nber of nmagnet coordi nate systens noved: 4.
ugg\The Rotor "Stitched" to the Stator ?2: Yes.
> <

This indicates that the coordinate systems in the magnets were also
rotated to maintain the same relative direction

This indicates that the CE’s were generated

DC Machines
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Rotor connected to the stator

The nodes outside the
rotor-stator interface
are appropriately
connected

@ X

DC Machines
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Note that the white axis is still
parallel to the center line of the
axis

Checking magnet direction

To display the element
directions, use

Utility>plot cntris>symbol >
element coordinate system

white axis: element X axis

green axis: element Y axis

Center line of
magnet

blue axis: element Z axis
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The rotor can be moved to arbitrary positions (CW or CCW)

DC Machines
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Permanent magnet material data A

Permanent magnets require the Coercive force (Hc, A/m) and

the permeability (not Br (T)). Br

The permeability is usually considered to be isotropic. Most
data sheets specify the Hc and Br. The permeability is then H
computed as Br/Hc/1.2566E-6. This value would be used in the >
MURX. Be sure to account for temperature effects when Hc

selecting the properties (This can significantly affect EMF N
calculations.)

The Hc usually has only one component of the coercive force. It
IS interpreted in terms of the element coordinate system
(ESYS). +X
From the machine macros: element
Parallel / radially magnetized: element axis i
X is outbound-inbound S axlIS
Y is circumferential MGXX>0

DC Machines 46



Magnet properties

To insert magnet properties, use Preprocess>material props>orthrotropic...

and select 3 for the magnet from the machine macros

i Orthotropic Matenal Properties

Select OK : Orthutrapic Material Propestios

The panel is displayed to input
permeability (MURX) and the
coercive force (MGXX). The
other fields are for Y and Z.
MURX is a relative
permeability. Units for H are
A/m (not Oe)

Select OK
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Laminate data:
The materials can be altered in the preprocessor or in the solution module.

To alter the rotor iron (material 2) or the stator iron (material 5) one of the
following materials may be used.

\Y/% VA \%§} ML4 MLS
ML9 VP2 MR 7 VB6 VA 3
VA5 VA7 Vb0 Vb4

These are used by entering the preprocessor and
entering at the command | i ne

mL4, 2 ' for the rotor iron
mL4, 5 Il for the stator 1ron

BH data can al so be entered for the nagnets,
mat eri al 3.
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About the M steels 11 1 i

The M steels on the previous R
slide meet the following 1o
criteria: |

1) The curves are smooth &

through the knee of the curve =

2) final s|opes are free space : “,,..T:""':",’._._._.,':':"",ﬂ.'z,_i“f"?:;_;ﬁf*':ﬂ,_.’_f;*'_.:f,,_::;".lﬂ.iﬁ
3) Final H > 500,000 A/m ’

It should be noted that some L

M steels have permeabilities N O s

>30,000. In these cases the

initial load step may need

more than 3 steps. The flux *

line plots should be inspected
for reasonable flux lines in the Te Lm e e | em T e L e
iron "
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Inputting a new BH curve

/COM,ANSYS

/INOP

To input a new
curve, use an existing
M material. (M50) to
form m_ex.mac

/COM,Internal UNITS set at file creation time = SI (MKS)

/COM,M Steel

[COM ,F******** Typical B-H properties for demo purposes *******x*

<“— Comments

TBDEL,ALL,argl
MPDEL,ALL,argl

Deletes existing BH
<—and linear data

TB,BH ,argl, 1, 30 ¢

TBPT, ,
TBPT, ,
TBPT, ,
TBPT, ,
TBPT, ,
TBPT, ,
TBPT, ,
TBPT, ,

318. 3
477.5
636. 6
795. 8
1592.
3183.
4775.
7958.

The maximum number

97

<

EEPERERERERE

22
34

.42

57
69
75
816

of data points < 100

The first number is H, the second number is
the corresponding B. The 0,0 point is not to
be specified. The pairs are to be specified in
ascending values of H and B.

Most laminate data is not extended to 100,000
A/m range. The data needs to extended to this
level in a gradual fashion.
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Extending the BH curve

1) The (u,, ) for the last two pairs is (1.816-1.75) / (7958-4775)/ 1.2566e-6 = 16.5

2) Compute the additional data point using M., =.5*16.5=8.25. Double the value
of H or 2*7958 = 15,916. The New B = 8.25*(1.2566e-6)*7,958+1.816=1.9. The first
additional pair is (15916, 1.9)

3) The next additional point is for H=2*15,916=31,832. The next permeability is
5*8.25=4.12, and corresponding new B=4.12*(1.2566E-6)*15,916+1.9=1.982 . The
next additional pair is (31832,1.982)

4) The next additional point is for H=2*31,832=63,664. The next permeability is
5*4.12=2.06, and corresponding new B=2.06*(1.2566E-6)*31,382+1.982=2.06. The
next additional pair is (63664,2.06)

5) The next additional point is for H=2*63,664=127,338. The next permeability is
.5*2.06=1.03, and corresponding new B=1.03*(1.2566E-6)*63,664+2.06=2.142. The
next additional pair is (127339,2.142)
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Adding new points to the BH data

The following lines would be added to the end of the existing file m_ex
tbpt,, 15916. , 1.9

t bpt,, 31832. , 1.982

tbpt,, 63664. , 2.06

tbpt,, 127338., 2.142

These form data points 9-12

To load the data enter m_ex,10. The
plot is generated using
Utility>plot>data tables [Mag field
BH data] for material 10

DC Machines
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Examination at the knee of the curve

When inputting a new curve, and the range is automatically selected, it is best
to alter the range for H to observe the curve at low values of H. This is
accomplished by Utility>plt ctrls>style>graphs>modify axes

Select the “Specified Range” and insert O R,
and 2000. After selecting OK do a replot. N

The curve appears to be smooth. Once the plot e
has been examined, return to this panel and
select the “Auto calculated option”
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Plotting NB curve

The N-B2curve should be plotted to ensure that the curve is monotonic. For
nonlinear solutions, the Newton-Raphson method uses the derivative of the N-B?2
curve to determine the next increment in the degree of freedom. (N refers to NU

which is 1/u)

This is plotted by Utility>data table
MU ws | B2
18

Select OK

Note that the curve is monotonic and is
smooth. This assists in the nonlinear
solution process. If this has oscillations,
some of the points on the curve should be
adjusted. (1) remove the “kinks” in the
curve (2) make the H spacing more even

Note that the BSQ scale is about 5 (T2)

DC Machines
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Specification of the winding

o For the DC application, currents (Amp-turns) must be applied to the stator.

» Even for a single analysis the process of applying the currents can be a tedious
process leading to potential errors. This process can be multiplied by:

full machine model requiring >60 slots

spolyphase machines

enumerous solutions are required to determine machine torque versus angle
«Specification of the currents require two types of information

swinding data of slot/turns for each coil

scurrent form (amps versus electrical angle

Since circuit elements are not required, the data for the winding and current form is
stored for later usage.

*RSV X is not required. If RSV X is input, ANSY'S assumes that the copper area is the

cross sectional area of the slot, which is not physically correct.
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Specification of the winding -continued

*The winding data is specified in an ASCI|I file with fixed format. The file
extension must be .wnd

This file contains a single line for each coil

oslot location for the coil going IN the laminate

oslot location for the coil coming OUT of the laminate

enumber of turns for the coil

swhich phase the coil is associated with

swire gauge (used to compute the power loss (Watts) only)
*The wire gauge is optional-it is only used to compute a resistance to allow the
power loss to be computed when the current is applied

*The winding file does have not a limit on the number of coils, and not all slots
must have a coil.

For periodic models, only the number coils for the periodic model need be
specified.(for the 10 pole, of which 2 poles are modeled, only 3 coils are
modeled, which require only 3 lines in the winding file

For a full model, all the coils must be input

56
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Multiple coils in a slot

*The maximum number of times that a slot number can
be used is 2. This means that no more than two coil
cross sections can be placed in a single slot.

*The maximum number of coil sections which can be
placed in a slot MUST be specified in the NCONS
parameter, which is the number of “phases” in a slot.

*\When NCONS=2, the stator generation allows the slot
region to be divided into two regions.

*This same geometry generation is also used for the
AC application which requires the two coils not shared
common nodes.

*All slots have the same material, Material 6

o|f NCONS=2 is used, and the winding file only uses
the slot one time, the coil would be in the back of the
slot.

DC Machines

To get the coil below,
enter NCONS=2 at the
command line and use
<STATOR>

\

Material 6/‘\
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Winding file specification

Note that this model
has only one coil per
slot

*The file requires that 2 slot locations be

specified for a coil. . '

*One slot for the coil “going” into the
laminate, and one slot for coil “coming out
of the laminate”

 The slots specified in the file are counted

from the slot nearest the +X axis ina CCW

direction. /
Slot 3

Slot 2
‘w
+X Slot 1
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Winding file specification for mach2.wnd

A separate line is specified for each coil and the specification for

the first coil MUST start in line 1 of the file.

OTTslot IlN slot Tulns PhaIe Number of  Wire

Below this line,
any description
may be added

coils srlecified (lgauge

4. 10. 1. 3. 18.
2. 10. 2.
6. 10. 3.

123456789012345678901234567890123456789012345678901234567/8901234567890

file:

col ums

1-10
11- 20
21-30
31-40
41-50
51-60

2 3 4 5 6

mach2. wnd

definition

out sl ot
I n slot
nunber of turns
phase (1, 2,3,,,)
nunber of lines in this file to be processed (first line only)
W re gauge (AW5)
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Winding specification-continued

*The OUT slot at 0 degrees corresponds to a + current .
*The IN slot at O degrees corresponds to a - current

*The “Phase” is used to identify the current-phase relationship between
the coils. It is assumed that the shift between phases is 360/Number of
phases

*The actual specification of the current to be applied to the winding is
performed using <LOAD>

Since the winding file does not affect the geometry, the winding file can
be arbitrarily changed ( if NCONS is changed, the stator must be rebuilt
prior to reusing <WIND_2D>).

*Any change in the winding file will require that the data storage for the
winding be regenerated.
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Winding data generation
The winding data is stored by <WIND_2D>. This displays a prompt
for the name of the winding file (.wnd extension). Default

_——~Vvalues
(typical)

w_fle 4

EMTER “Windied file in quates -» _arg 1 = [EIA]

'machz"

OE.
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Winding data generation

A summary is provided, after the data is stored. This data is

also stored with the data base.

4% mach2_sum
Eile
SUMMARY OQF THE WINDING GENERATION
Name of winding file: machs .uwnd.
Name of coil element component: g_rcoil.
Mumber of Phases: 3.
Mumber of coils: 3.

Explanations for the Winding:

The coils associated with each phase are contained in a separate
element componeht. FPhase 1 coils are contained in the component ph a
and Phasze Z in ph b, etc. A&ll elements to apply Amp-turns are
contained in the element component "winding™.

In the generation of the winding, certain data was also stored for use

during the solution phase to allow the currents to be applied to the
winding.

DC Machines

This macro also
generates a number of
other element
components C100n
which should NOT be
deleted, since they are
used to apply the
currents later on.
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Element components for the phases

As indicated in the summary window, element L
components ph_a, ph_b, ph_c,,, are comprised R
of the cross sections corresponding to each L |°t 4

Ph_a,ph_b,ph_c correspond to phase numbers 1
, 2 , 3inthe winding file respectively.

When the ph_a component is selected and the///'

plotted the following plot is obtained.

To superimposed the nodes, the noerase option
was used, and the nodes of the element
component S_COIL were then plotted

Real set numbers are
displayed
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Displaying the winding

The winding can also be
displayed using
<PLOT_WND>

By default the entire winding
can be displayed.

The coils are represented by
volumes and the volumes are
sized to fit the window of the
slot.

The attributes can be made
active which can display the
phase, in/out direction, coil
number for each coil in the file

Type=1 == DOWN SLOT

Type=7 == UF SLOT

Feal = phase number
Material=ceil number in file

Phase 1 coil

ALK

After this is executed,
the numbers
correspond to the
Phase defined in the
winding file

DC Machines 64



Displaying the winding-displaying IN/OUT direction for each coil

Trpe=1 == DOWN SLOT
ype=F => U SLOT
. Feal = phaose mumher
By making the TYPE Mater Lo =cei1 number In 119

active, the in/out
direction specified in
the file can be displayed

“2” corresponds to an
OUT direction (+)

“1” corresponds to an IN
direction (-)

DC Machines
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Displaying the winding-displaying the coil number

The numbers shown in the

volume correspond to the T¥hen] o TANN SLOT
location of the coil specified in  Fieriof =i nie 10 s
the winding file. The two

volumes labeled as 2 correspond

to the 2nd coil in the winding
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Displaying specified phases of the winding

Tveeot > UP HLAT
Feal = phase numbas
If only phases 1 and 3 were raberialeall
to be displayed, the
command can be entered at
the command line
Increment phase
number (2)
pldcstr,1,3,2

: Ending phase
Starting phase
number (1) number (3)

DC Machines

gr In f1le

Phases 1 and 3
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Current form specification

The winding specification defined the coil locations and the turns.

For any specific winding the current form could be varied. The current form is
the basic shape of the current versus electrical angle

This information can be used to solve for a specific electric angle at a specific
rotor position or can be used to rotate the rotor and use the current form to
provide a currents for the different rotor angle.

Two predefined current forms are available:
— sine
— flat

To access these forms, the following parameter is used.
CURRFORM="‘sine’ (for the sine)
CURRFORM="*flat” (for constant current)

This can be changed, with out having any affect on the model or the winding,
but it must be specified prior to using the <LOAD> to apply the currents
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Displaying the default current forms

The default forms can be displayed by <PLT_FORM?> once the
parameter CURRFORM has been specified

P [ 4]

i -; -:n I ; s -1

farp A

| CoL 1

RuATHI
RRTIA

U

= Aol - -] (2e1] EE e FrL=i]

= il = G gt Lot A [ L] e SnBad

Electrical &ngle {0DO)

CURFORM="sine’
DC Machines

4%

i 1 é T EL o] el i ol D
a0 Fap o T a0 L= 154

Electriasal ﬂ‘ll'g]l- oy

CURFORM="*flat’
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Definition of a new current form

*Other shapes can be defined by specifying the AMP_A table for 360 electrical degrees
A square wave can be defined using the table amp_a (from 0 to 360 only)
the index is amp_a(l,0) which is the electrical angle

the value is amp_a(l,1) which is the factor
(The 7 is the nunber of val ues)

*dimanp_a,table, 7

anp_a(1, 0) =0, . 0001, 119. 99, 120. 001

anp_a(5, 0)=239. 99, 240. 01, 359. 99 I angl e

anp_a(1,1)= 0, 1, 1, 0, 0

anp_a(5,1)=-1, -1 I Form
DC Machines
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Definition of a new current form-continued

*The index of the table must be extended to be sufficiently close to 360, but not 360,
since it is to repeat

oIf a new form is to be used, delete CURRFORM by entering
CURRFORM=
at the command line (or use the GUI Utility>parameter>scalar)

*Only one table is needed since the other phases are assumed to
be offset by a constant phase shift.

*The peak value in this table should be unity (1), since the total current applied
is the value from this curve factored by input peak current to the <LOAD>

*The form should be defined to allow the phase currents to be balanced
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Displaying the new current form

*vplot,amp_a(1,0),amp_a(1,1)

can be used to show the form as

defined

<PLT_FORM> can be
used to show the form
over a range

N

N

ValL LE
]

ddnd

(E_=]

T4
00 B
amp_at 1,27

Tl

Ll =]

el

DC Machines 72
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Applying a current

Once the form is specified, the current is applied by <LOAD> which requires the
input of the electrical angle and the peak current. Multiple phases are assumed to
be offset by360/(number of phases). Specifying currform=*sine’ and with
<LOAD> using 90° and 10 A (peak)

EMTER Electrzal angle -» _argl =[0]
190

Ok

EMTER Enter Peak Current -» _argd =[1 ]
101

Ok,

DC Machines
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<LOAD> summary

The <LOAD> uses the current form (default or new), the data stored associated with
the winding file, and the input from the two prompts to determine and to apply the

current density (A/m?2) for each slot

__CURRENTS APPLIED TO THE CA L

Nane of winding file: mach2.
Current form Si ne.
El ectrical angle: 90.
Peak Current (A): 10.

_____Phase  Phase Factor_
1. 1. 0000
2. - 0. 5000
3. - 0. 5000
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Load summary - continued

If the winding file contained the wire gauge input, the <LOAD> also computes the DC
resistance and power loss for each coil as shown below.
The follow ng coil resistances and RVS heat | oads have been generat ed.

The RMS heat | oads are stored in joule h.mac and can be used after
t he nodel have been converted to a thernal nodel.

Val | time: 39.9347222<aL_LLHE_Ei_Efﬂi_giifiatiOn i nput .

___Coil__ Resistance(O___ RVS Heat(W__ _
1. 0. 0617 3.1 The wall time
2. 0.061/ 3.1 allows for
3. 0. 0617 3.1 t bilit
Total heat generation (W: 9. 3. raceability

Additionally, the heat generation input is contained in joule_h.mac

/ nopr !
/com Wall time: 39.93472%2 af tinme of heat generation input.
/ com Peak current: 10. This input can be used directly in
Esel ,all ! Preprocessor or Solution module once the
EI e, jgg- ) Ege”’ i jgg;g- gjg model has been converted to a thermal
e, ., hgen, 1, , i ]
of . 494, hgen. 1, 40972 045 model. To use this data, enter joule_h at

the command line
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Summary of conditions

The macros apply the following conditions
ROTOR

— applies CPs at the inner radius for the flux parallel condition
STATOR

— applies the constraints to the outer radius for flux parallel condition
— applies a force flag for the force/torque calculation

<EVEN BC>

— applies the CPs to enforce the periodic condition (for full models this is not used)
<WIND _2D>

— builds the winding data-this does NOT apply any conditions
<LOAD>

— this applies the current to the winding using the winding data and the CURRFORM
parameter (or a new form in the AMP_A array)

<SOLUTION>
— applies the force condition to the rotor
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A single solution

At this point:
— the models are connected <ROTATE>
— the winding data is stored <WIND_ 2D>
— the current form has been specified CURRFORM="sine’
— the current has been applied <LOAD>
A single solution is obtained by <SOLUTION>

— The default number of substeps for the first phase of the solution is 3

If convergence is too slow, and if M steels are being used with large
permeabilities, the number of substeps may need to be increased. This is
accomplished by using the macro directly.

Mvpsol,,5
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Flux line plot

Enter the postprocessor and use
<FLUXLINE>
This can be used with ZOOM

*The flux line plot yields an overall view of the field
sconfirm flux parallel condition at the inner and outer
radii
sconfirm continuity at the lateral edges
sconfirm continuity across the CE’s
eidentify potential mesh refinement
sconfirm magnetization direction
einspect overall leakage
sidentify internal gaps in the model (flux normal)
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Flux density (B) vector plot (T)

Additional plots for the vectors for the flux density (<B_VECTOR>) or field (<H_VECTOR>
can be obtained . These vector plots are an enhancement over the standard vector plots in that
the elements of different materials are outlined. These plots also work with the ZOOM

B
i —— ELEM=2E1
e MIN=.004205
) [ T MAE=Z . 012
*The vector plots also yield an Iy g 005
. . L ok & 1 e
overall view of the field E%E%L 7N ) P
»confirm magnetization | LN A N\ T e
direction (in/out) | L ﬁx\{ N % 1.12
: . ' B ) N 1.343
«direction of the flux L AN %‘m& AN B e
. . . . AN 1.789
sidentify regions of saturation “ N ‘K B ;o
'\ '-'.-'“"-1'-.-::-\. .-____d_.- i -lII
X [ 3 !
; 5'*. IIL%'\:I“‘J% ) "'.
b .l"n, \ II.'}E —
Note the 2nd quadrant = et H\
behavior of the magnet " ”'{ | |
B

ine Current Inpukt
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Torque calculation

The torque is calculated by <MACHTORQ> and three methods are used to compute the
torque. The torque is based on the stack thickness and the full 360° model. Good
agreement indicates the adequacy of the finite element mesh The stack length is a
parameter-it’s units are those of the other parameters.

TORQUE CALCULATI ON

Stack length: 2. 25.

Torque-virtual work (n-m: -2.45476162.
Tor que- Maxwel | Stress (n-m: -2.41471993.
Tor que- Maxwel | Stress Line integration (n-m:_ -2.45329854.

Note that the stack thickness is the
value input as the STKTHK
parameter
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Computing the torque using the GUI

The torque can also be obtained from the GUI by Postproces>elec&mag calc>comp.
Torque (and select CSTATOR component and Select OK)

Component Torque ;
By virtual work (N-m)
CSTATOR 0.86024E+01

To convert this to the full model (the periodic model is 1/5th of the full

model) for a 2.25 inch stack, factor the above number by
5*2.25*.0254*8.6 = 2.457 N-m

Since the force flag was also applied to the rotor (R_IRON) the GUI can

be used to obtain this torque. When using the GUI again, deselect

CSTATOR and select R_IRON

Component Torque ]
By virtual work (N-m)
R_IRON -0.85906E+01

Note that the rotor is opposite sign and is within .1% of the stator value
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B-radial and B-tangential in the air gap

Once the torque has been computed, then then line graphs for the flux density at the
torque calculation radius by using <B_RADIAL> and <B_TANGET> (after the

torque is calculated)

iiiii

B radial (T)
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Relative permeability's
Prior to computing the relative permeability, it is recommended to select out
materials 2 and 5

<MUR> computes the relative permeability (MUR) as an element item and then
plots MUR

This identifies I:;ﬁ it ﬁvﬁﬁ

regions of saturation M =§iliql
- 529.659
- 1028
|:| 1526
|:| 20z 4
- 2523
|:| 3021
|:| 35149
|:| 4017
- 4515
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Computing the MMF in the iron

Form a path around the 3rd slot

The MMF can be used to obtain a
more quantitative value of the effect
of the saturation. MMF which is in
the iron can be transferred to the air
gap to increase the torque

Make the entire model active and
use the GUI to define a path around
one of the slots. The path definition
Is started using

Postprocess>Elec&mag..>define
path>by nodes

Starting node andending node. When this node is Select nodes close to the air gap
first selected, the small box appears at the node.
When it is picked as the last node, the box toggles
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Completing the path definition

Once the path is complete, additional data is required to identify the path
as well as the number of sampling points_to compute the MMF

: By Modes

Since large changes in the MMF is expected across the air gap,
this number should be made large. Select OK

DC Machines
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MMF-continued

To compute the MMF and to retain the H tangential and the MMF, it is best to use
the macro MMF _ since it does not delete the path items. This is entered at the
command line. (The results will vary depending on the path selected)

The MMF summary indicates that D (H-tangential) and MMF (the integral of H)
along the path are stored as path items.

*xxxx  ANSYS MVF command macro results ***x**

** Note: MVF macro is only valid when the path is conpletely contained
within a material.

If a path node exists at a material interface, select (ESEL) only
desired material elenments before calling the macro.

MVF = -27.102245 Anpere
| ssue "status" to review cal cul ated paraneter "MW

The path item D stores the H tangential along the path.
The path item MW stores the accunul ated MV al ong the path.
These itens can be plotted as a |ine graph or superinposed on the
geonetry.
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Plotting the MMF along the path

The MMF is plotted by Postprocess>plot results>-plot path item- > on graph

T D IIII
ATFTAN I
oS08 f I
il
"B &To I !
-Td 2B ///' "-.__.""
_
Thisappearstobea ~  —— N
large change, but it is o |
difficult to determine its |
location in the model - | i
OIST
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Plotting MMF on the model

The MMF can be plotted on the model by Postprocess>plot results>-plot path item- >
on geometry.

Before executing this command, generate an element plot and then turn on the noerase
option (/noerase in the command line would be sufficient)

Select the MMF

Input a small scale
factor to avoid
overplot

The element plot
will show the
relative relocation-
use “without the
node option”

Select OK
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Plotting MMF on the model-continued

With the MMF on the element plot, the relative relocation of the MMF change due
to the saturation can be determined.

L =N et

A.
\-\ -‘x.

Lo LI L)
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Computing the flux linkage for the winding file

The flux linkage is the flux through the individual coils factored by the coil turns. The
winding file is used to determine the location of the coils. It is assumed that the
winding has been loaded. This macro is typically used for computing the open circuit
EMF (no currents applied). This calculation is initiated by <COILLINK>

___ SUMMARY OF FLUX LI NKAGE FOR THE CO LS

W nding file: mach2.
St ack | engt h: 2. 25.
Periodic factor: 5.
Ca L Turns Flux linkage Phase
Veber - t If the full model was
1. 10. -0. 002620 1. analyzed’ then t_here
2. 10. - 0. 003279 2. would be 15 coils, but
3 10. 0.006391 3 still only three phases
~__Phase. Total Flux Linkage
1. -0. 00262
2. -0. 00328
3. 0. 00639

The flux |inkages reported are for the periodic section nodeled. The
total flux Iinkages for each phase woul d be factored by the periodic

fact or.
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Checking the currents in the winding

The currents in the slot can be verified in the post processor by <CHK_AMP>. An
element plot of the coil regions is displayed with the REAL set numbers also displayed.
These numbers corresponds to the Real No. column shown below.

The current density in
the slots can be

___SUMMARY OF CURRENTS IN THE SLOTS displayed by
___Slot____Real _____ Current___ <PLOTCURR>
No. No. (Amp-turns)

1. 52, 100. 0

2. 53, 50. 0

3. 54, -50. 0 )

4. 55. -100. 0 N

5, 56. -50. 0

6. 57. 50. 0 D
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Multiple solutions using a constant current

A study of the rotor rotation versus constant current or cogg torque or Open

Circuit EMF can be obtained. The currents must first be set:

1) set the currents either using the <LOAD>
2) to determine the cogg torque or an Open Circuit EMF, select the entire
model and delete the currents (bfedel,all,all)

To initiate the solution, use <ROT_CONS>.

This item will prompt for the following data:

1) The starting mechanical angle (measured from +X axis) for the rotor

(For a periodic model, the rotor is moved to this angle. For a full

model, no initial movement is made. For full models, the rotor
needs to be moved to the initial position, using <ROTATE>)

2) The ending mechanical angle

3) The increment in the mechanical angle

4) The name of the element component used for the torque computation

(defaults to the rotor component “r_iron”)

5) The rotor speed (Hz)

6) The confirmation to continue
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Using the <ROT_CONS> for the current model

» For purposes of demonstrating this, delete the BH data
tbdel,bh,all

Preprocess>material props>data tables>delete

Active tahle -

Then
select

Define a linear permeability of 500 for materials 2 and 5
« Select all elements and delete all current densities
bfedel, all,all
Preproces>loads>delete>excitation>on elements
(and pick all in the picker box)
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Multiple solutions using a constant current-continued

<ROT_CONS> for solutions from 0 to 36° at 4° increments (mechanical).

Prompt 1: O

Prompt 2: 36

Prompt 3:

Prompt 4
Prompt 5
Prompt 6

4
CR
60
1

(this is a periodic model, the lower rotor edge will be

moved to +X axis)

(ending mechanical angle, degrees) (36*10/2=180° electrical)
(increment mechanical angle)

(defaults)

(the rotor speed, Hz) (needed to compute EMF)

(entering 1; the solution continues. The default is O to stop)(A
protective flag in the event an item is unintentionally executed)

This will produce 36/4 +1 or 10 solutions, starting from 0, ending at 36.

DC Machines 93



Multiple solutions using a constant current-results

The graphics results are stored in “mname”.f33 (mname was specified in

the parameter file). At the end of the solution the torque versus

mechanical angle is displayed. The .f33 file also contains by default, the
plot of the flux density for each angle in the solution in addition to the

torque curve

m AN

3y

| T

) | 1N

R

Tarque {oz-1n)

= T

SR

Y <

=200

=] S.538 11,078 16,4185 22,15

2,759 &, 30T 13,846 19,384

Mech . Deg.

Design: mach:2
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Summary for the multiple solutions with constant current

A printed summary is contained in “mname”.sum

> SUMMARY OF MAXI MUMS/ RVB FOR THE SOLUTI ONS__ <

Starting Angle (D): 0.
Endi ng Angle (D): 36.
I ncrement Angle (D): 4.
Location of Zero Elec. Ang. (+CCW +X axis): 0.
Rotati on of the Rotor: ccw
M N torque (0z-in): -197. 063489.
MAX torque (0z-in): 197. 063489.
Peak - Peak torque (o0z-in): 394. 126978.
Nurber of sol utions: 10.
Maxi mum B nagni t ude: 2.73368435.
Met hod to conpute torque: Virtual Work.
Time for all solutions (CPU): 45.5054336.
SUMVARY OF ANGLES/ Tor que
I Mechani cal Tor que
ANGLE (D) (QOz-in)
1. 0. 00 0. 00000
2. 4.00 -196.86864
3. 8. 00 196. 74575
4. 12. 00 -0.52698
5. 16.00 -197.06349
6. 20. 00 197. 06349
7. 24. 00 0. 52698
8. 28.00 -196.74575
9. 32.00 196. 86864
10. 36. 00 0. 00000
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The EMF is also calculated. The results shown below were obtained by using .5
angle increment from 0 to 72 mechanical degrees. Since derivatives are being
computed a finer step is required

If all currents were deleted prior to using <ROT_CONS>, this
Is considered to be the open circuit EMF

T
= IR This plot was obtained from
/ \ the mach2.f33 where mach2
. / specified by MNAME
= p \ parameter. This corresponds
= ° to the rotor frequency
/ | specified at the use of
] <ROT_CONS>. Only Phase
SN I A is plotted. This shape
VARW N g(l)lfws that of the Bradial

FF.aF2 23 LATE 138,481 195,244 T47.230 =04 .4517 a0

Electrical Deag.
machs ENF for Phase 4
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The Table for the calculated EMF.

Starting Angle (D):
Ending Angle (D):
I ncrenent Angle (D):

SUWARY OF EMF FOR THE SOLUTI ONS

Location of Zero Elec. Ang.
Rot or speed:
Rotation of the Rotor:

M N EMF (
MAX EMF (

Peak - Peak EMF(V):

V):
V):

(+CCW +X axi s):

-61. 2477796.

61. 2477796.

122. 495559.

Number of sol utions:

Time for

al |

145.

sol utions (CPU):

2023. 31939.

SUMMARY OF ANGLES/ EMF

I El ecti cal EMF

ANGLE (D) (V)
1. 0.00 -61. 07821
2. 7.20 -60. 00431
3. 14. 40 -55. 65664
4, 21. 60 -48. 97940
5. 28. 80 -45. 23026
6. 36. 00 -47. 36711
7. 43. 20

DC Machines

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

280.
288.
295.
302.
309.
316.
324.
331.
338.
345.
352.
360.

80
00
20
40
60
80
00
20
40
60
80
00

. 52822
. 99299
. 63691

- 0. 88017

-3.72699

-7.90068
-14. 92158
-31. 19316
-48. 69019
-57. 71023
- 60. 90536
- 60. 92613

[N NGte)
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Multiple solution using a current form

The <ROT_CURR> can be used to step through the rotor motion and the
specified current form. The resulting plots are contained in the file “mname”.f33,
where “mname” is a character parameter). The current form for this analysis is
“sine” (as shown previously)

This item will prompt for the following data:

1) The starting mechanical angle (measured from +X axis) for the rotor
(For a periodic model, the rotor is moved to this angle. For a full
model, no initial movement is made. For full models, the rotor

needs to be moved to the initial position, using <ROTATE>)

2) The ending mechanical angle

3) The increment in the mechanical angle

4) The starting electrical angle (in reference to the current form)

5) The peak current which will be applied to the turns and the current form

6) A confirmation to continue.
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Multiple solutions using a current form

Since the currents will be reassigned, there is no need to delete the current
densities.

The input for <ROT_CURR> is

Prompt 1: 0  (this is a periodic model, the lower rotor edge will be moved to
+X axis)

Prompt 2: 18 (ending mechanical angle)

Prompt3: 2 (angle increment)

Prompt4 60 (starting electrical angle to be used in the first solution)

Prompt5: 10 (peak current Amps (not amp-turns))

Prompt6 1 (entering 1; the solution continues. The default is 0 to stop)

This will produce 18/2 +1 or 10 solutions, starting from 0, ending at 18.
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Multiple solutions using a current form-results

The graphics results are stored in “mname”.f33 (mname was specified in

the parameter file). At the end of the solution the torque versus

mechanical angle is displayed. The .f33 file also contains by default, the

plot of the flux density for each angle in the solution in addition to the

torque curve

=17

—=2aa

T

—=2%a

=3aa

=3Ta

=400

Torque (az-in)

=470 \\

=Saa

COL

—550a \H\f

|/

N

=Lele]

l=t=1v]
=] 2.783
1,384

Design: machd

4. 193

LTS 5. F0T
SL.REF

Mech . D

F o R

e g .

11 .07

12,481
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Summary for the multiple solutions with a current form

> SUMVARY OF MAXI MUMS/ RMS FOR THE SOLUTI ONS__<

Starting Mech. Angle (D): 0.

Endi ng Mech. Angle (D): 18.

I ncrement Mech. Angle (D): 2.

Starting Electrical Angle (D): 60.

Location of Zero Elec. Ang.(+CCW +X axi s): 0.

Rotati on of the Rotor: Cccw

M N torque (0z-in): -601. 690258.
MAX torque (0z-in): -207.720118.
Peak - Peak torque (o0z-in): 393.97014.
Average torque (0z-in): -434.

Nurmber of sol utions: 10.

Maxi mum B nagni t ude: 2.81026869.
Met hod to conpute torque: Virtual Work.

Time for all solutions (CPU): 47.8287744.

SUMVARY OF ANGLES/ Tor que

I Mechani cal Tor que

ANGLE (D) (QOz-in)
1. 0.00 -398.73842
2. 2.00 -469.39378
3. 4.00 -601.42862
4. 6.00 -424.78112
5. 8.00 -207.72012
6. 10.00 -316.62749
7. 12.00 -399.28811
8. 14.00 -470.99707
9. 16.00 -601.69026
10. 18.00 -424.75274
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Inductance calculation for a current range

The inductance can computed for a range of currents using the incremental method
built into ANSYS (R).

The model must be fully constructed, <EVEN_BC> must be applied for a periodic
model and the <ROTATE> must be used prior to using this macro.

The winding need not be constructed, nor a solution obtained.

The coils are specified in the winding file and the rotor can be placed into an arbitrary
position.
The <MACH_IND> prompts for the following:
1) The winding file name (must be enclosed in single quotes)
2) The electrical angle
2) Rotor position (measured from the +X axis for periodic models. For full models
this is an increment from the current position_
3) Starting current (Amps)
4) Ending current (Amps)
6) The total number of solution (including the starting and the ending current)
7) The confirmation to continue
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Inductance calculation for a current range-input

Using the linear properties for the existing model at a rotor position of 0
degrees

The following prompts will be displayed:

Prompt 1: ‘mach2’ (the name of the winding file used to generate the winding)

Prompt 2: 90 (electrical angle)

Prompt3: 0  (rotor position- for a periodic model, it is measured from the +X
axis. For a full model it is an increment)

Prompt4: 10 starting current (Amps)

Prompt5: 30 ending current (Amps)

Prompt 6: 3 total number of solutions

Prompt7 1  (entering 1; the solution continues. The default is O to stop)

DC Machines 103



Inductance calculation for a current range-summary

For the linear model, all the inductances should be independent of the
current range.

MATRI X SUMVARY CALCULATI ON

Wnding file: mach2.

El ectrical angle: 90.

Rot or position: 0 (CCW from +X axi s).

Symmetry factor: 5.

Stack length (inches): 2. 25.

__Current I nduct ance (nmH) Matrix

(A Laa Lbb Lcc Lab Lac Lbc_

10. 00 0. 186 0. 186 0.186 -0.034 -0.034 -0.034

20. 00 0. 186 0. 186 0.186 -0.034 -0.034 -0.034

30. 00 0. 186 0. 186 0.186 -0.034 -0.034 -0.034
Total CPU tine (Sec): 175.
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How to change a parameter for the stator and resolve:

Using the previous model, to observe the effect of a new backiron radius for the
stator, reset the parameter for the outer radius (R5 say, R5=2.4)

the following steps are necessary (after the parameter is changed). If you plan to use
the existing stator model later on, save the model prior to changing the parameter
(save,mach2,db)

* <STATOR> to get the new stator
<EVEN_BC> to reapply the periodic conditions

<ROTATE> to reconnect the rotor to the stator

<WIND_2D> Since the stator was regenerated, the winding must be
regenerated

<LOAD> Apply currents to the winding

o<SOLUTION>  Obtain a single solution

For the rotor replacement, the winding nor the current needs to be reapplied (l.e.,
the <WIND_2D> , <LOAD>.
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Changing the stator model

Once the solution is obtained the processing can be performed as was
shown for the original model

B(T)

016944
249885
LABZ826
715767
.943708
L1832
415
. 648
.88
.113

B0COEE0EN

[ e

To have multiple
solutions in a loop for
different radii requires

very little effort.
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How to change a parameter for the rotor and resolve:

Using the previous model (resume,mach2,db) , to observe the effect of a new angle
for the magnet, reset the parameter (MAGW=170)
the following steps are necessary (after the parameter is changed)

* <PM_ROTOR> to get the new rotor

<EVEN_BC> to reapply the periodic conditions

<ROTATE> to reconnect the rotor to the stator. (This must be used even if
the rotor is not to be rotated-it must still be connected
by the CE’s) (use 12)

<LOAD> (optional-to change the currents) (use 90 degrees, 10 amps)

o<SOLUTION>  Obtain a single solution

|f the <LOAD> was not used, the solution would use the currents which were
previously defined for the stator.
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How to change a parameter for the rotor and resolve-results

The magnets are closer Flux line plot-magnets are parallel
together
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Combining the steps for a full model

If the entire model is to be rebuilt on frequent occasions, the steps used in the
Toolbar can be placed into a single macro, which would take as its input, the name
of the parameter file. This type of file is shown below.

out, b_mach2d, out
/com b_mach2d. mac
I

buil ds the conpl ete nodel -see steps bel ow

I
!
I argl = nanme of paranmeter file (*.des)
I arg2 = 0, build the winding

! NE 0, do not build the wi nding

/com (1) renove the existing nodel & check for error condition
/nerr, 0, 1e5
fini
/cle,al
_argl=argl
*get, targl, parm _argl, type
*if, _targl, ne, 3,then
/ out
I nerr
*meg, error
Parameter file name was input correctly. It needs to be a characteré&

parameter or enclosed in single quotes as 'nmach2'. No action
/out,b_mach2d, out, , append
_error=1

*endi f

*if, error,eq,1,:end

/ out
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Combining the steps for a full model-continued

/Icom (2) load the new paraneter file
/i np, ¥%ar g1% des I the paraneter file

/com (3) Build the new rotor
pmrotor, rref,use 53, nrpgen, use_53 ' build the pernmanent magnet rotor
/out, b_mach2d, out, , append

/com (4) Build the new stator
slotsta, 0, stref, use_53, nspgen, use_53 I build the slotted stator
/out, b_mach2d, out, , append

/com (6) Apply the periodic conditions
permach, 1 I applies periodic conditions to nodel sides
/out, b_mach2d, out, , append

/com (7) Connect the two nodel s
mvrotor,,1 I  Mves and attaches the rotor/stator
/out, b_mach2d, out, , append

/com (8) Build the w nding
*if,arg2,eq, 0,then

b wndsc,w file,'s coil’ I builds the w nding
*endi f
abbr, , mabbr, mac I Restores the Tool Bar
:end
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Combining the steps for a full model-continued

» The macro would be input into the command line as

b_mach2d,”mach2’

e This would generate the entire model as before

« By changing the parameter file and the MNAME parameter a complete record
of the design can be generated.

— Winding file name, parameters, material properties

e The parameter MNAME is displayed in the title, and is the file name for some
of the summaries

 The character names are limited to 8 characters

DC Machines 111



Importing a rotor laminate model from outside

» A finite element model for the rotor can be imported from outside the macros.

IGES file
finite element mesh (if so, it must include the air mesh in the gap)

o [t is best to import the laminate rotor model first, then build the stator model
(and winding)

e Model requirements for the rotor model

The Laminate model from a CAD package will not contain any areas
associated with the air. The air must be be added to the laminate model.
The imported rotor model can be periodic or a full model.

The outer radius of the rotor model must at a constant radius and must be
extended to the mid radius of the air gap. This is the radius to which the
stator model extends inward.

The magnets must be material 3
The iron must be material 2
The GAP parameter must be specified (anyway)
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Importing a rotor laminate model from outside-continued

— The element type used in the stator must match the element type used in
the rotor

 if planel3’s are used in the rotor, planel3 must be used in the stator
(USE_53=0) in the parameter file

o if plane53’s are used in the rotor, plane53 must be used in the stator
(USE_53=1) in the parameter file

— the rotor model must be meshed

— The individual magnets must not share common nodes with other magnets
* Once the rotor finite element model is complete, used MAG_CONV

— this defines the local coordinate systems for the magnets (parallel)

— modifies the element ESYS to use the local coordinate system to allow the
magnets to alternate in and out
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Importing a rotor laminate model from outside-continued

— for radial magnetization, it alternates the materials of the magnet to
be 3 and 4.

— The user must define the Hc for material 4 to opposite in sign of
material 3

— modifies the elements outside the iron and magnets to material 1
and REAL 5

— defines the ROTOR component group to be comprised of the
elements and nodes forming the rotor

— defines the element component R_IRON to be the magnet iron to
allow the forces/torques to be computed

» If the inner edge is a model boundary, the nodes at the inner ring must
be coupled in AZ to form a flux parallel condition

* Most likely, the model is not in meters, the model therefore needs to
scaled. The stator will be scaled by the macro.
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Example of a machine with an imported 10 pole rotor laminate

1) The model does not
have any air modeled

in the air gap. Parallel

2) No elements are magnets

attached

3) The parameter file
mach?2.des contains the
stator for this rotor.
The GAP is correct

4) This is a full model

laminate

Outer radius correspond
to rr2+magh. The center
of the air gap corresponds
to rbc=rr2+magh+gap/2
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Loading the IGES file and the parameters
Prior to loading the IGES:
clear the data base (Utility>clear & start)

* To load this IGES file use Preprocess> archive model>read and load the
IGES file embed.igs

i Read Archived Geometry/Loads

This loads
the solid
b_machdd.ount A
no elements
are attached.

Select OK

The parameters are loaded by /inp,mach2f,des
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Adding the air outside the laminate (the steps below are contained in
air_add.mac)

To control the mesh, it would be best to generate 4 areas with an inner radius of
rr2+magh and an outer radius of rr2+magh+gap/2.
Pcircle,rr2+magh,rr2+magh+gap/2,0,90 ! Define the air gap

csys,1 I Make the cylindrical system active
agen,4,all,,,0,90 I Duplicate the areas around

asel,all I Make all the areas active

aglue,all I Connect the areas

asel I'This displays the picker box- Select out the rotor laminate
aatt,2,2,1 I Set the attribute for the laminate

lesi,p I This displays the picker box- Set one of the radial line

I segments to 2 units
Isel,,loc,x,rbc ! Select the outer line segments

lesiall,,,20 I Set the circumferential divisions for the air to 20
Isel,,loc,x,rrl ! Select the inner line segments
lesiall,,,1 I Settol

DC Machines 117



Define the element type (type 1) for plane53 and mesh

The plane53 needs to be used, since the stator
will be built with plane53 (use_53=1 in the
parameter file)

More effort would b
required to get a
uniform mesh
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Use the MAG-CONYV macro

Enter mag_conv at the command line Note that white
axis is parallel to

the center of the
axis and that they
alternate

It is recommended to check the element
coordinate systems using

/psym,edir,1 5
The element coordinate system can be
turned on using

/pnum,esys,1

This will identify the coordinate system
which can be listed

cslis, 202
CSYS TYPE XC YC ZC THXY THYZ THzX
202 0 0.0000 0. 0000 0. 0000 -144. 000 0. 000 0. 000
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Apply the CP at the inner ring of nodes

Select the inner ring of nodes (make the entire model active, select the exterior
nodes and then reselect the inner ring of nodes)

Use Preproces>coupling/cegn>couple DOF

: Enter 1 for the set
number
iz ]
Select OK
The green symbols A 4

correspond to the couple set.
The lines originate from the
master DOF of the set
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Scaling the rotor model to meters

The solid model can be scaled, but sometimes it is not accomplished if there are
extraneous entities that cannot be scaled by the area scaling operation.

1) ensure that all entities are active
2) make the Cartesian system active (csys,0)

3) for area scaling: Preproces>operation>scale-areas
Scale Arsaz

his parameter is in the
parameter file

This forces the areas to be
scaled not copied

Select OK

The model plot will
appear to be the
same, since the
scaling is uniform
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Alternate method for scaling

If the area scaling cannot be accomplished, the mesh can be detached
and then the nodes can be scaled. Make sure that ONLY the rotor
model is active  Preproces>checking ctrls>model checking

i Model Checking Controls

IR w— 1 Sclect the Detach option

Select OK

Ensure that the Cartesian coordinate system is active (csys,0)
The scaling is accomplished by

Preproces>operate>scale-nodes-scale & copy

Obtained from the
parameter file

Select OK
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Stator generation, steps leading to a solution

Use <STATOR> for the stator

Use <WIND_2D> for the winding with ‘“mach2f’ for the winding file.
This file contains the coils for all the slots

Use <ROTATE> to connect the model. Use 0 degrees
Use <LOAD> to apply the currents

(90 degrees with 10 Amps)

Use <SOLUTION> for a single solution

odal
coordinates
can be checked

CE’s from
<ROTATE>
inspect for
unused nodes
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Checking the winding

With the winding being used for the entire machine, the potential for winding errors

increase. The individual phase can be plotted by using the components generated by
the macro.

PH_Ais for phase A, PH_B is for phase B PH_C is for phase C (as defined in the
winding file). The select logic for components can be used to display individual
phases. The real set numbers are displayed in the plots.

i EA LI/
¢ @ ¢® ¥ o, ¢® o, .
- 8 & » &
| =] = = )
. s "+ & 3
4 S & d
a ® aa % Cppn®
Phase A only Phase A and Phase B All Phases
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Solution results for the entire
model —

Il'l- B :..-'ill':"-:--
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Check the flux plots in
the region of the

magnets-parallel to the I

magnet center ! s

e i
T i

Computing torque
Indicates that the mesh
needs to be refined

kLI

|||||||||||
............

)
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Checking the magnets

Select the magnets (material 3)

Use <H-VECTOR> to plot H (A/m)

Note the alternating direction and the

repeating consistency of the field

B0LOEECEN

49152

55614

122076
158537
194009
231461
2B78IZZ
304354
340846
377307

A7\
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Confirming the region of saturation

The MUR can be plotted using <MUR>

Note the level of
saturation in this
region

13.34
514.4
1016
1517
2018
2519
2020
3521
4022
4523

BOLOEE0EN
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___ SUMVARY OF CURRENTS IN THE SLOTS

Checking the currents Slot____Real Current_______
No. No. (Anp-turns)
1. 52. 100.0
2. 53. 50.0
3. 54. -50.0
4. 55. -100.0
The summary of the 5. 56. 250, 0
. . 6. 57. 50.0
currents in the slots is 7 og. 100. 0
1 - 8. 59. 50.0
obtained by <CHK-AMP> > o oo
10. 61. -100.0
11. 62. -50.0
12. 63. 50.0
These correspond to the slot 3 gg- 1gg-g
numbers in the winding file, —1s. 66. -50. 0
16. 67. -100.0
and are counted CCW from 17, 68. -50.0
- 18. 69. 50.0
+X axIs 19. 70. 100.0
20. 71. 50.0
21. 72. -50.0
22. 73. -100.0
These are the real set numbers YRR EX
: 25. 76. 100.0
of the elements in the slots e 2 50 0
27. 78. -50.0
28. 79. -100.0
29. 80. -50.0
30. 81. 50.0

The current density is retained in the elenent itemJS.
VWi ch can be plotted by <PLOTCURR>
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Other machines can be easily generated. Parameter file is Pm9224.des

Using <STATOR>, the full model
of a 92 stator tooth stator can be
constructed by altering the
parameter file. <PM_ROTOR>
was used for the rotor. Using an
odd number of stator teeth is
easily incorporated into a
model.

There is no dependency of the rotor
design on the stator or vice
versa
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Example of permanent magnets on the stator (<KSPMSTATOR>) and a
wound rotor ( <SLOT_R>). Both components can be slotted. Parameter
file is Pmsl.des
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Information for the template and the magnet shape options for the
permanent magnet stator is available in <PMSTAT_H>. A diagram for
the parameters is also available. The number of magnets is arbitrary)

1]
2

3

FERMAMENT MACHNET STATOR

MATERIAL 15

Ca&F = radial air MaCMNET

MATERIAL 6

MSF = numher of
polecs

SRCI

Dimenzions RE.F4,R5.3SRCI are meazured {from the centerline
The widlh of 1he magnet mav alzo defined by an elecilrical
grgle (120 implies magnels are touchingl .

The loaf ootion 15 obtaoined bw SLOAF=]
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Information for the template for the open slotted rotor is available in
<SLOT_R_H>. A diagram for the parameters is also available. The

number of rotor slots is arbitrary)

Definition off Lthe Farometare for tha

Rotor
with @ Uniform Shaonk

Conductar Rl
Moterial 3

T TRSPES?
| g
|
s *j v T - f ‘Q}
: Material 2™ IR':E’E I@
RR3 (R) =/ ‘
CAP/2

Motee :

(]} The "{R}"
{2Y The "

implies that the dimenaien {8 meazured f'rem machine ranler
2" implies that anly half of 1he dimenzion iz show

DC Machines

132



The stator can also use a rectangular slot. The stator can be interchanged
with the rotor model, since they are independent. The change can occur
without rebuilding the rotor model. Parameter file is Rectl.des
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Information for the template of the rectangular slotted stator is available
In <RSLOT_H>. A diagram for the parameters is also available. The

number of stator slots is arbitrary)
RECTANGUL AR SLOTTED STATOR

Mise . parameters:
MNSF=rumber of staflor slots
MSPGEM=number of ¢tatoer $Jlote 1t he in model
CAP=radial gap betitween rataor and 2iataor
STREF=mezh refirnement {1 coarze. 2 more elemantsz)
MCOMZ = mgximum number of coils in o s]let

STAT_TID="RELOTSTA {te identify this templatel R

STHTH=21ack thickrnazs
CCEOM=converzion 1o meters
for langth
ik ________———."
'y oH
-
B

—_— 4_—'—'_'_'_'_'_'_'_'_ '
air Mﬂ'ﬁ‘erxﬂ]l =

CD‘.-!l :
Material 1

Iran

Material G

SPCA2 and SWAZ2 are ghown ag half Jengthe
NPOLE=rumber of poles (te relate Elsctrical to Mechanicall

Fx = radial dimenszions
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The permanent magnets can extend 180° electrical and be radially
magnetized. The modeler allows the air gap to be refined and the back
iron to be less refined to allow the solutions to be more efficient. This is

automatically accomplished with out user input. Parameter file is
Radm1.des
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Summary

The DC machine macros are an efficient method to resolve design issues
and investigate sensitivities of design parameters.

The APDL in ANSYS allows for torque variation to be examined due to
cogg or with current of an arbitrary form.

Examination of the magnet operation can be easily performed.

The modular design of the modeler allow for ease of incorporating new
templates
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Appendix A

Macro list
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MACRO LIST

MACRO DESCRIPTION Calls
Aier_add Demo macro for seminar
B_mach2d Example of constructing an entire model Slotsta  pmrotor mvrotor

B_wndsc, b2wndsc

Constructs winding with CIRC124 from
the winding file

G_area nowslt
wr_wnd

wire_gag

Ckslot Prints out summary of currents applied to
the stator

coillink Computes the flux linkage for each coil
based on the coils defined in the winding
file

copper RSV X, MURX for copper

embedd Example embedded magnet

Fmagbx Applies force flags alows the summary
file to be turned off

G_area Computes the area of the active elements

G_parfil Loads the parameter file from the toolbar

Ld_cail Applies current to a coil

L_matrix Modified version of Imatrix to compute

the inductance matrix

M14, m19, m2, m22,
m27, m4, m43, m47,

M steels BH data

stress tensor

m50, m54, m6
mabbr Contains all the abbreviations for the
toolbar
machtorq Computes the torque by the Maxwell’s Mtorgc2d
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MACRO LIST

Macro Description Calls
Mag_conv Makes modification to a rotor laminate which
was imported
Mmf_ Computes MMF, retains path parameters
mur Computes the relative permeability
mvpsol Generates single static solution
mvrotor Rotates the rotor and connects to stator with Stitch6
CE. Updartes PM ccoordinate systems if
present
M_induc Computes the inductance for a range of S ind |_matrix
currents
permach Generates CPs for periodic models
Plt form Plots current form
plvin Generates vector plots with outlines for
elements with different materials
Pm_rotor Generates the PM rotor
Pm_stat Generates the PM stator
Put_amp Applies current (A-t) for active elements
Rotsol1 Solves multiple solution with constant current | Coillink  mtorgc2d mvrotor
Rotsol2 Solves multiple solution with a current form Ld _coil mtorgc2d mvrotor
slotrot Generates the slotted rotor (open)
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Appendix B

Select Logic Review
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The select logic allows the portions of the model to made active or in active.
ANSYS commands WOrks only on the active elements.
Material 1

Using the rotor as an example.
40 Select Enblies E2

Select material 2 and plot
P Elemenis 5]

Utility>select entit

Make these
selections

Material 2
Material 3

This determines what —»
“Boolean” is to be used

Select

Replot
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Select logic

Select the magnet

elements which are
material 3

Material 3
the magnets

\
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Select logic

To replot the iron use
the “Alsp” select.
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4% Select Entities E

Select logic [Elements =]

To get the entire model
active

Use Sele Al

Sele Al ||_invert |

Replot
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Use of Components for selection. A component is a set of entities. A list can be
obtained by entering at the command line:
T

Select logic can be used
to select component. To
select R_IRON use

Utility>select>comp/ass
embly>select
comp/assembly

i Select Component or Assembly

cmlist

§_HOTOER
[_HITE
RO
1_FOTR
H_FoTIn
BITOR

RET A
RITE

TEFE

AETA
ELER
EF

LIEE
NIFE
L |

AALA
ELER
KEr

LLINE
NIFE
ELEH

LLIT ALL DEFIEED CCESINTHTS

FIECTAF CEENRTT

A component group
is comprised of
e e weew e e OtNEF cOMponents

Select then
-1 OK

Use Utility>plot>replot
[From full set ]

DC Machines 145



Defining a component for the magnets called “magnet”

Select material 3 \

Use Utility>comp/assembly>create comp

: Create Component E

[Eionents \ =]

ok [ nwols [N Cencel [N Hely |

Select the entity “element” The “magnet” component will
and enter the name appear when selections are to
and select OK be made.
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Appendix C

Display Utility and templates
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Using the display utility

Execute the Display utility from the START>ANSYS>DISPLAY UTILITY

Open Graphics File HE

Lookin | _4dc =] =4

EYPm roior doc < Select
To open one of 1= pm_rotor.doc for
the display files o sl e the permanent
for the parameter i clemson magnet rotor
definitions, enter
*.doc Eile pame:p [*.doc e

Files of twpe:  [Graphics Files = Cancel

: Then select Open
To display the next plot use “plot next” P
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Permanent Magnet Rotor : pm_rotor.doc

Maognetl

malerial 3
Caftnitian of the Forameleors Fotor Return .

for the Fermanent Magnei Rotor Matlerdal 2 - ‘. HMaterial 1

Motwes:

(1) "magw"=120 Implies no circumPerential

spaeing between magnets

{27 "{P¥ 1mpliss paramslsr !s mecsured
from the machine center

-l

-I.1'||:| gh

|

pap 2
F3 "/2" jmplics lhe dimenzion shown i3 172 the tolal Jength

Modeling Optionse:
(1} Qpacify "magw" of "magl”
(2} Specify "rcl” and "re2" for shaped peles or "magh” fer constant radius
{3} Specify "loaf"=1 for the bread loaf shapr or "laai"=0 for a radial edge
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Slotted Rotor : slotrot.doc

Definiticn of the Para=weters for the Retor
wilh @ Uniform Shank

Cenducter RT1
Material 3 § i-lj i
[
pr4 (4} __']I -"IIII ||_||. ———
——— DN S T T
T e N ~/ 1Y
1 4 FRS SRTHZ ?‘m
RAS {RY | e - :E .
— * Fatar Iron RC2 43 f {l dir
iHﬂ‘Llrf:l ?K‘i. E;"'ﬂl-'] 1
ol
’ RR (R) |
-ll-
AR 2
Motes:

(1% The “[R)" implies thel Lthe dimeasicn §s meceaured [rom maching center
(2% The "/2" implies Lthot only half of the dimension is show
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Slotted Rotor : slotrot.doc

Definition of the Slater Geometry Poramslers

F3 (R)

e,

Matles !

{17 "(RY" implises the parometer is mecsured From the maching center
(27 "s2" jmplien Lthe dimerngion shown §8 172 Lhe tatal length
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Slotted Stator-uniform slot : rslotsta.doc

RECTANGULAR SLOTTED STATOR

Misc. porametlers:
MEF=number of siotor =lole
MSPCEM=fumber af a2taler slate ta be [n madel
CAP=raodial gap between rotor and stater
STREF=meah relinemeni (] coorse, 2 more elements}
MCOMS = moximum number of coils in a zlot
STAT_ID= RILOTSTA {to identifly this lemplate)
STETHE=gtack ihickness
GLEQOM=¢onversjan 1o meters
far length

R4

03
i L B
A r " Ceil, Materiol

Materiol |

Iron
Material

S

|

é

SPCA2 and SWA2Z are shown as half lenglths

MPOLE=number of poeles (1o relate Electrical te Mechanicall
Fs = radiol dimensiang
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Permanent magnet in the stator : pm_stat.doc

FEEHAMENT MALCHNET STATOR

:_:/ \ voKE
//_/_/'F._;I III|
IIlM.wznm

—

GAF = radial nir\ MaCMET

- cMacL —»

-

qap
MaTERTIAL &
fﬁ MSF = mumber af
e poles
grCE
SR

17 Dimengaony F3I, R4, RS, SRCT1 are measwred from 1he centerline
2% The widlh of 1he mngnni may alse defined by om eleaciricol

3)

grgle (180 1mplies magnets are touvchingl.
The loaf ocplion is chkltoined by SLOAF=]
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Appendix D
Listing of Help Files for the Templates
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