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What is SPEED? @D-adapco

P—

& The leading design software for electric machines

& Detailed analysis with finite-element links or finite-embedded solver for
— Motors, Generators and Alternators
— including inverters and other electronic controls

& Application areas (main)
— Automotive including electric & hybrid vehicles
— Aerospace
— Industrial and automation
— Domestic appliances
— Power tools
— Medical systems

& Over 150 corporate accounts
— Over 1500 users

— A Worldwide Distributors Network including support
— Operating in all industrialized countries



What is SPEED? @D-adapco

P—

& SPEED brings authority in electrical machine theory and design
— based on a vast range of applications in real product design
— much more than just a calculator

& Not just software, but as well as
— Training,
— Technical support,
— Documentation (manuals, tutorials and electrical machine theory books)
— Engineering services and
— Consulting through the distributors



Electric machine calculations: In general
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Electric machine calculations using SPEED: not to

replace the designer but provide a calculation tool to try
ideas
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& Analytical based so gives near instantaneous calculation speeds

— input dimensions, select materials and drive and calculate performance
* |nitial Design - 10 Minutes
e Optimized Design - within hours

& Specialised user interface to ease data input and interpretation of results
— dedicated geometry and winding editors
— produces performance graphs to aid understanding

& Detailed analysis with finite-element links or
— The embedded finite-element solver for key problems



The SPEED software programs CD-adapco

L)

& The following machine types are available:

— brushless permanent magnet and wound-field AC
synchronous

* PC-BDC

=ielx|

— induction

=18l
=lelxl

SlotOrder

Lstk 50.
* PC-IMD -
NumHoles >
— switched reluctance Hale et
Darm t0e0.4e
DFrame 116.000
L4 PC—SRD WFrame 8.800
MagType ArcMagnet
12.000
120.000
16.000
g 2
15
— direct current (PM)
16.000
1.500
TGD 1.500
* PC-DCM
SlotType Rounded
NBrush 2
BWidth 4.000
DComm 30.000
. csL 2
AShift 0.000
- WOU nd fleld and Edit View Radial

PM commutator
* PC-WFC



The SPEED Software history (main programs) @D-adapco

—

1986 - Speed Laboratory set up
1987 - PC-SRD released (DOS)
1989 - PC-BDC released (DOS)
1992 - PC-DCM released (DOS)
1994 - PC-IMD released (DOS)

2000 - Release of full Windows versions
2004 - PC-WFC released

2011 - CD-adapco acquired SPEED in June 2011

Present - Release versions (2011):
— PC-SRD 8.8, - PC-BDC 9.1
— PC-IMD 4.1, - PC-DCM 3.9 and
— PC-WFC 2.6

... Continuing development ...



SPEED PC-BDC machine types

more than 40 basic standard templates

Examples

1 surfPll

) BreadLoaf
) Spoke

) ExtRad

i ExtPI

0 IPM

1 InsCP

1 InsRel

() FullRing
) WoundFld
() LSIPM

() Trapeze

@D-adapco
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SPEED PC-SRD machine types

Examples

@ A little 3-phase motor:

A little 4-phase motor

A 3-phase 12/8 motor

An outside-rotor motor

A stepped-gap 6/2 motor




SPEED PC-DCM machine types

Examples

@ ArcMagnet
Breadloaf
BlockStl
BlockAir
Pliside
Taper
ArcFlat

Melon




SPEED PC-WFC machine types

Examples

Drive/Connex

@ WF Square 2 pole

~' WF Round 2 pole

71 AC series
T DC series

©1 DC shunt

~ WF Round 4 pole

O DC sep ex

I WF Square 4 pole
_ WF Square & pole
_) WF DimGroup=dgl 2 pole

' PM Arc magnet

<é?CD-adapco




RadsH
Rad1
Gap

LM
Betam
Web
Magwid
Bridge
R_rpf
Motch
gFlat
R_qgf
R_qgff
Edges
Do
Mslotwid
Cweb
Virap
VEdges
Webangle
Inset
Poles
Mmbp
Slots
LamShape
Lamalign
Rad3
Slits

SPEED in use: Define the geometry The
outline editor
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12
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SPEED in use: Select material from the

. CD-adapco
material database —

" Materials

lC.oIIapse AII|
Legend

= 0K

® Default

X No data

vatabase |C:\Program Files \SPEEDY2008\Magnet IZZIE:r'\-'1"-.,rr|a|;|r|et—r'-I' l Search |

l Default |




SPEED in use: Definition of the material using
the Data Base Manager programs

. Steel editor - W19 29 gage
Deseription Magnetization | Losses | Mechanical| Electrical | Thermal| Datasheet |
Units for 8|7 |

B vs H for M19 29 gage
Units for 4 |A/M hd

—=— oc - urve
Plot

¥ pc I© o
B vs H 2
¥ show points

% show interpolated 2|
W show pr lines

Background colour

@ standard © white o)
®

" black

e s net database manager E]@
Scale
" Automatic H H -

# Eixed

Magnet DBM

Print chart ‘

Edit BH curve
& pc

© 50 Hz
60 Hz

Database Editor

Magnet Comparator

Database Translator

) Magnet Editor X Close ? Help ‘ About ‘

Title |BMN-38EH/S

i 1.2200
1 Steel database manager Remanent flux density, Br |

|5P§ Steel D B M Intrinsic coercivity, Hcj |2.38?0E+06

100000 150000 200000

250000 300000

H (A/m)

Relative recoil permeability, MuRec |1":J300

 Save X Close ? Help

Database Editor

Temperature coefficient for remanent flux density, CBr |'0'1100

Steel Comparator Temperature coefficient for intrinsic coercivity, CHcj |'O'E‘000

Density, DMag |?500.0000
Database Translator

Save Cancel ? Hel ‘
X Close ? Help v's x 7o




SPEED in use:
winding editor
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SPEED in use: The Template editor - input data for

. : CD-adapco
calculation options, temperature, control parameters, etc. =

L Template Editor

Windings

Connex Throw CPP

WdgType Lap PPATHS PCWire

NSH 1

WireSpec SFill

WireSpec2 None

WireSpecA None

WireCR / / /

Ext . . . CoilFill
X_R

Slot insulation parameters

TopStick false wTstick 0 hTstick Liner
TwijwWid 2.0000 Twijleg 3 jThk . ct_Liner 0.2000
PhswWid 2.0000 Phsleg 3.5000

Multi-phase
NumPoly 1 uMizd UM23c . uM3id
PolyOffs 1 uMi2q uUM23g . uM3iq

\Vs2

Inductance
XL Control

RPM Vs 24.0000 Drive [ DCSource Fixed DC
Lext ISp 15.0000 DuCy 0.5000 Sw_Ctl _ gamma 0.0000
CalcLg HBA 8.0000 HBtype Constant dqg0 alpha6é
PSSlot ChopType Soft  FixfChop I5Chopl2 fChop uCFR
EMF SVmode Auto  VGCoefft 1.0000 wuw_MsSvM MIX
EMFCalc uVdm uVgm PGain . IGain
RotSteps |G d 1.0000 G g 1.0000 G_dg
NumPoly 1 PolyOffs 1 SolvMG
Bifilar false  NphUni 4  kBif
SEEIEBNEY Drive Circuit Parameters
0.0000 0.0000
0.0000 0.0000 p L
0.0000 ( 1.0000 UBkDiode
72.0000 Cdc 0.0000 dc Ldc

Bl Template Editor




SPEED in use: Graphical Output -
graphical feedback available

Current vs. Rotor positan

aiged Curve)

E-M Toraue versus r

=

alue (r,e)
= [Vl EMF [RMS/ph]
v|Eql 5.822,90

= [¥] Voltage [RMS/ph]
V| vphi 6.137,94.717
V] vdl 0.505,180
v|vgl 6.116,90
V| RI1 0.295,90
7] jxd1d1
7] jXqIq1 0.505,180
V| VZac
V| vtph 6.137,94.717
VIVim

V| Flux-linkage [V RMS/ph
V] PsilMd 5.822,0
V| Psiagl 0.505,90
V| Psiad1l
VIPsi_1 £.843,4.955
Current [RMS/ph]
¥]Iph1 10.607,90
v]1d1
VlIgl 10.607,90

current [4]




SPEED in use: Output design sheet -

) . CD-adapco
large range of numerical values available

" Tabbed Design Shest

Dimensions | Material | Control | Winding | Mag. Circuit| Dynamic | Thermal | Core Loss | Misc.

Vs
Pshaft
WFe
TempRise
IWawv

ILawv 48 Tabbed Design Sheet
IQchaw

IQcmaw
IDchawv

IDcmaw
WConwv ohm X1 74 . Xlunsat
. R2 8 16 ohm X2 17. 1 HZunsat
WSswitch Rc 0994.4771 ohm Xm0 1374.18 Xm
Tel Rbar 71.8 ohm REndRing . Erb
E_rotor §.9%81 05 ohm X _rotor B8.61 05 XErb
EQcct SE } RcLoc pFl
DeepBar ldea E r 1.000 E =
XEKr DB 1.0000 XEx_ DB
EndLeak E ) CoilFill 1 kEndCoil
X¥lend 1. H¥Z2end
DifflLeak v Diffsat alse Alzz
LkSat N EXL1 1.0000 EXL2
kzz 1.000¢ k¥Xlslot 1. ( k¥Zslot
Xkzz 1 XkXlslot 1 Xk¥2slot
H¥m HHL1 1 00 HHL2

Eff
WWF
Jrms
IWrms

Tshaft
WCu
WTotal
Iwpk
ILpk
Igchpk
Igcmpk
IDchpk
IDcmpk
IDC W
IDC P
Tgap
Tloop
WRac

=
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5 Equivalent circuit parameters
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8
8
4
4

W _Es

Unsaturated reactance components..
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SPEED in use: GoFER

Go to Finite-Elements and Return

g | Options  Window Help

Calculator F4

Convert units

SCripting F7
Ctrl+5

Magnet Databas Ctrl+6

&oFER. {FE Link) F11

FE Results

9 10 11 12 12 14 15

... or use the embedded FE-solver directly (PC-BDC only)

Embedded FEA Parameters

ipsiCalc PC-FEA DDFE MatchFES ipsiStep 18
SolDom Default FEPoles IncShaft Stator0 Slot ¢/l
MagMode BITEff/XBIT AGLayers UseFaces FEBeep true

FEEMFwfm false Id_min Ig_min FEUppsi true
FEShow false PhysShim FEAIr MaxAngle 120.0000
SolTol 1.0000E-07 MaxIter IncVirt




SPEED in use: Scripting (ActiveX)

&

SPEED MOTOR
DESIGN
SOFTWARE

SetVariable

/

DoSimulation

\

GetVariable

User Script

GoTAR: Go to

CD-adapco

Options  Window  Help
Calculator
Conwvert units
Scripting
Steel Database
Magnet Databaze
GoFER (FE Link)

FE Results

Thermal Analysis Export dats

and Return Motor-CAD
Data files GoTAR (EDC)
Export to Motor-CAD

e s EED motor design software Select a GoTAR

GoTAR
bim S0, PR : @ Export to Motor-CAD

Pim G(100)
Pim T (100) -

bim £(100) Steady-state temperatures
Dim B(100)

Transfers geometry, winding, initial
temperatures and losses to Motor-CAD

Transient graphs
[Sub CalcTor rve (MinSp peed, NStep, Threshold, MinGamma, MaxGamma) -
pim SpeedStep

Dim a2

Loop along the speeds as
[For SpeedStep = 0 to Nstep

Speed = MinSpeed + ( ) * ( (MaxSpeed-HinSpeed) / (NStep) )
S(SpeedStep) = Speed
Call Design.SetVariable (piRPM, S (SpeedStep))

Gamma = 0
If Speed > Tnreshold then
Gamma = MinGamma + (Spesd-Threshold) * (MaxGamma-MinGamma)/ (MaxSpeed-Threshold)
end
Call Design.SetVariable (piGamma, Gamma)
G(SpeedStep) = Gamma

besign. Dobymamsossmlasior | ? Help | Options | | X cancel | | oK

T(SpeedStep) = Desi. riable (piTshaft) * vas piTorquesh 4/7/3
E(SpeedStep) = Desi riable (piE£E)
P(SpeedStep) = Design.GetVariable (piPshaft)

& ActiveX links allows
automated linkage to other software packages such as
Visual Basic, Matlab, Motor-CAD and more ...

Result = Design.LoadFromFile ("d:\pcbdc\delphi\ipm7.bd4")




