Transient Analysis

Description

This document gives a brief description of how to set up a Motor-CAD model for a transient
analysis. The Motor-CAD duty cycle options allow for simple transient, duty cycle and soak-
back transient calculations.

Machine Geometry
For this example the standard machine will be used as shown below.

% Motor-CAD v5.3.2.9 (No File) [=lfE s

File Options Defaults Editors View Results Tools Help

@@ Motor Type: Title: Default Motor

Radial Cross-Section  Awial Cross-Section | “Winding E ditor | Input Data | Schematic | Node Temperatures ‘ Output D'ata | Transient Graph | Circuit Editor | Sensitivity | Seripting |

Houging: Awial Fing [Sv) | Mounting:
Slat Type; Parallel Tooth = [ Raotor Ducts:
BFM Rator | Surface Radial  +

Stator Dims. Data Rotor Dirns. Data
Slot Murnber 18 Pale Nurnber E
Houzing Dia 140 Magnet Thickness 4
Statar Lam Dia 130 Magnet Arc [ED] 140
Stator Bore a0 Airgap 1
Tooth Width 7 Banding Thickness 1]
Slat Depth 18 Shaft Dia 25
Slot Cormer Radius 0 Shaft Hole Diameter |0
Slot Opening 3

Tooth Tip Depth 1

Tooth Tip Angle 30

Sleeve Thickness 1]

Fin Extension 1o

Fin Thickness 2

Fin Pitch/Thick 5

Fin Pitch [Calc] 1o

Comer Cutout [%] 40

Comer Cutout Add 1]

Plate Height jeili]

Plate \idth 350

Stalor Ducs 0 Red raw ‘ 0 g::: E::

Length (-54.12,51 48} mm 17 July 2009 www.motor-design.com
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Setting the machine losses

The losses of the machine are defined in the losses page as shown below. The default
losses are used in this example.

There are different loss models allowing for the losses to vary with speed, temperature and
load.

a Motor-CAD v5.3.2.9 (Chworkspace\Motor-CAD tutorials\ TVent.mot)™ =R ECH===]
File Options Defaults Editors View Results Tools Help

Motor Type: Title: Defautt Motor

Radial Cross-Section | Axial Cross-Section | ‘Winding Editar | Input Data  Schematic | MNode Temperatures | Output D ata | Transient Graph ‘ Circuit Editor | Sensitivity | Scripting |

| Cooling Dptlonsl Losses | I aterialz &W’elghtsl Interface Gaps I Radiation | Matural Convection | Through Ventilation I End Space | Transient I Settings I b atenal Prnpart\esl

Loss Variation with Speed: Stall Copper Loss Distibution:
coef[4] Speed Dependant Losses @ Equallla=lb=Ic) ) Sinefla’2=Ib=Ig]
Plspeed] = Plinput] = |: % } Shaft Speed [rpm) 3000 O B-stepfla=lh lz=0)
Single vaiue of SpeedREF] [rpm] 000 Winding Temp Variation with Proximity Loss Distribution:
Percentage Wwinding Temperature Increaze (at Proximity RPR): o
Component Plinput] | Speed[REF]| coef[A] Wikg Plspeed] Prosimity APH 1E4
Copper Loss Yariation with Temperature
» Units: Watts pm Wikg Watts Copper Losses Yam with Temperature
Loss [Stator Copper] 120 3000 0 87.29 120 Winding Temperature at which Peou Input: 20
Loss [Stator Back lion] a0 3000 18 16.29 a0
Loss [Statar Taoth] 40 2000 15 24.44 40
Loss [Magnet] 0 2000 0 0 0 Loss Variation with Temperature & Load:
Loss [Rotor Back Iron] 0 3000 0 0 0 [ Losses Wany with Temperature & Load
Loss [Friction - F Bearing] 2 3000 1 a 2 Contant Torque or Constant Current
Loz [Friction - Bt Bearing] 2 a0 1 a 2 (@ Constant Torque Constant Current
Loss [windage] 10 2000 3 o 10
Loss [Windage] [Ext Fan) 0 2000 3 0 0 120
Power Injected [Endcap Front] a 3000 1) 1) 1) a0
Power Injected [Endcap Rear] o 3000 1] 1] 1] Shaft Torque [Nm] (@Peu defined} 15
Power Injected [Feet] o 3000 o a a
Power Inected [Shalt Active] 0 3000 D D D ik
Power Injected [Shaft Front] 1] 2000 1] o o 1.849
Paower Injected [Shaft Rear] 1} 3000 a a a 1
Power Injected [E'wWdg Front] o 3000 1] 1] 1] 045
Power Injected [E'wdg Rear] o 3000 o a a
Power Inected [Plate] 0 3000 0 0 0 AESEY
Power Injected [w'dg Outer] 1] 2000 1] o o 15
Power Injected [ESpace Front] 1} 3000 a a a 3
Power Injected [ESpace Rear] a 3000 1) 1) 1)
Losses Notes:
Check Data
Length mm 17 July 2009 www.motor-design.com
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Transient Analysis

You can also run a transient analysis on the machine to model the thermal performance over
complex duty cycles.

There are 3 different duty cycle options available:
1 Simple Transient i where the machine runs with a fixed load.
91 Duty Cycle 7 where the load and losses of the machine vary over time

1 Soak back i where the forced convection flow rate is removed when the machine is
switched off.

In this case select to run a complex duty cycle as shown below.

@ Motor-CAD v5.3.2.9 (Chworkspace\Motor-CAD tutorials\ TVent.mot)™ =R ECH===]
File Options Defaults Editors View Results Tools Help

@@ Motor Type: Title: Defautt Motor

Radial Cross-Section | Axial Cross-Section | “Winding Editor || Input Data  Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor | Sensitivity | Scripting
p

| Cooling Options | Losses I I aterialz &W’elghtsl Interface Gaps I Radiation | Matural Convection | Through Ventilation I End Spacel Transient | Settings I b atenal Prnpart\esl

Settings | Duty Cycle

Teanszicot Calenlation Diata: Transient Data Notes:
1'_ran§|enl Calcul..atmn Tope: ransient Period 280 Type in user notes here
() Simple Trangient
@ Duty-Cycle Analpsiz umber Prirts: 40
() Soak Back hange in T ambient; 1]
External Air in Soak Back Cale umibe of Cycles z
Interral Airin Soak Back Cale AMS Torque [Nm] 385
[T Start after Steady State EMS Torque [pu] 2123
Fault Analysis:
Fault Type:

@ Fault Tolerant mult-phase open circuit
() 1-Phase open-cireult [square wave drive]

Fhases: 3 Phases o/c. 1

Check Data

Length mm 17 July 2009 www.motor-design.com
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The duty cycle is then specified using the pu (per unit) values of the losses given in the
losses editor as shown below. The use of the pu values allows the losses to vary as given in
the duty cycle and also to take into account the variation in losses with speed and

temperature.

a Motor-CAD v5.3.2.9 (Chworkspace\Motor-CAD tutorials\TVent.mot)
File Options Editors

Defaults

View Results

*(3]4)

Tools

Help

Motor Type: Title: Defautt Motor

[F=3| Kol 5

Fiadial Cross-Section | Ayial Cross-Section | “winding Editar | Input Data  Schematic | Node Temperatures | Output D ata | Tiansient Graph ‘ Circuit Editor | Sensitivity | Scripting |

| Cooling Oplions | Losses I I aterials &W’eighlsl Interface Gaps I Fiadiation | Matural Convection | Through Yentilation I End Space

fal]%i?ﬂt__l Settings I Material Pruparlwesl

Settings | Duty Cucle
Duty Cycle Data:
E 4 [¥ o Stator Copper Loss
@ | —»— Stator Back Iron Loss
0o [ —#— Stator Tooth Iron Loss
5 T s [¥ —&— Magnet Loss
- - T T T T T T T T T T T T T T T T |v —@— Rotor Back Iron Loss
0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 [ —#&— Front Bearing Loss
Time [zecs] | —— Rear Bearing Loss
E 3,000
E &
T 1,000 4
0 2 4 6 & 10 12 14 18 18 20 22 24 2B I 30 32 34 35 38 40 42 44 46 48 50 52 54 565 58 60
Time [secs]
Stator Rotor | Friction | Friction windage -
Period | Time | Points g::)l;;[ Back 5[‘:;‘[3"' Magnet | Back Flur_ll Hea_l Wwindage | Exterior ?Spf;:l] S[E?::I‘]] Fault
Iron Iron Bearing | Bearing Fan
Units | secs pu pu pu pu pu pu pu pu pu pm pm
1 20 4 1 1 1 1 1 1 1 1 1 ] 3000
sl 2 20 4 5 15 1 1 1 1 1 1 1 2000 3000
3 20 4 0E 1 1 1 1 1 1 1 1 3000 1]
Duty Cycle Control:
- - Dty Cycle Data Definition: Extemnal Duty Cycle Data:
[ Add Period ] [ Remove Period ] () Toique-5peed @) Loss-Speed File: Mo Datafile Selected
Check Data [?uty Cyole pu orVaIuaIn_put: [ Load Data I [ Save Data ] [ Clear D ata ]
@ pu ) Value
Saving File Completed Length mm 17 July 2009 www.motor-design.com
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The transient calcul ation is then started
below.

ﬂ Motor-CAD v5.3.2.9 (C:\workspace\Motor-CAD tutorials\TVent.mot)* [= =]z
File Options Defaults Editors  View Results Tools Help

i @@ Motor Type: Title: Default Motor

Radial Emss-SEEhunI Aial ErDSs-SEEtinnl ‘winding Editnrl \nputDaIal Schemalicl MNode TEmpEraturEsl DulpulDala" Trangient Graph  Circuit Editor SEnsiIiwlyI Scriplingl

Setup | Data IGraphs

Trarwsient Caritrol | Faower Graph Setup I Temperature Graph Setupl

Options:

[7] Append Mext Transient To Existing Data [if same netwark)

[7] Save Orly Appended Data
Transient Progress

1| Temerature Comparson Dt
b Data type:
@ Test Data ) Motor| -

Data File: Mo File Selected

Plot Every nth Point: 1

Temperature Comparizon Graph
(@ Combined Differ|

} Cancel Transient Calculation

Transient Model Comparison

l Full and reduced node co

T

Data Logging

Recalculate Transient

Cycle=2/3 Period=2/3 Point=1/4 Time=85.0 secs Step Size=2.2630 secs T_Max=54.33C IVP 0. Length (6.84,70.24) mm 17 July 2009 www.motor-design.com
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The transient results graph will be displayed as shown below. This has all the nodes in the

model.

@ Motor-CAD v5.3.2.9 (Chworkspace\Motor-CAD tutorials\TVent.mot)*
Eile Options Defaults Editers Yiew Results Tools Help

[3]2]

Motor Type: Title: Default Motor

Radial Crozs-Section | Aial Cross-Section | “Winding E ditor | Input Data | Schematic | Mode Temperatures ‘ Output Data ‘ Transient Graph ~ Circuit Editor | Sensitivity | Scripting |

Setup | Data | Graphs

Power | Temperature

Thermal Transient

Temperature [C]

O
O O

Time [secs]

¥ —=— Housing [Active]
¥ —— Housing OH [Front]
W & Housing [Fronf]
¥ —¥— Endcap [Front]
W —— Flange Plate

W —& Housing OH [Rear]
¥ —#— Housing [Rear]
I —¢— Endcap [Rear]
¥ —@- Stator Back Iron
W —e— Stator Tooth

W —— Stator Surface
¥ —¥— Rotor Surface
W + MWagnet

¥ —— Rotor Back Iran
W —%— Shaft [Active]
W —e— Shaft [Front]

¥ —m— Shaft [Rear]

¥ —+— Shaft OHang [F]
W —&— Shaft OHang [R]
¥ —%— EWdg [F]

W —— EWidg [R]

W —— TVent EWdgE[F]
W % TVent EWdgE[R]
W —— TVent EWdgO[F]

[ —m— TVent EWdgO[R]
[ —s— T\ent EVidgBIF]
W —a— T\ent EWWdgB[R]

Length (6.84,70.24)

17 July 2009 www.motor-design.com
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The interested nodes can be selected to view and the graph setup modified in the

0Temperature Graph

{3 Motor-CAD v5.3.29 (C\workspace\Motor-CAD tutorials\TVent. mot)™

Setupo

tab

as

s hown

File Options Defaults Editors

View Results

Tools

Help

Fiadial Cross-Section | Ayial Croze-Section | Winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph  Circuit Editor | Sensitivity ‘ Scripting |

Setup | Data | Graphs

Transient Control | Power Graph Setup | Temperature Graph Setup

Chart Titles:

Chart Title:
¥-Axis Title:
Y-Axis Title: T

Graph Limits:

/| Automatic Scale

s Limits “-Ais Lirnits

Hin 0 Min : 40

Custom Graph Settings:
¥|Use Custom Graph Settings

Settings File: Mo File Selected

Load Settings || Save Setlings ‘

Select/Deselect all nodes

Drawing Options

| Draw Lines

V| Draw Points

bel

V| Show Legend

Page 7

Node Graph Legend | Graphed | PointTwpe | Line Colowr |
|| Housing [ctive] Housing [Active] v Rectangle Black. -
|| Houszing OH [Front] Houzing OH [Front] r Ciicle Red -
|| Houzing [Front] Houszing [Front] r Triangle ellow -
|| Endcap [Front] Endcap [Front] r DownTriangle Blue -
|| Flange Flate Flahge Plate r Crozz Green -
|| Houzing OH [Rear] Houzing OH [Rear] r DiagCross Furple -
|| Houzing [Rear] Haouszing [Fear] r Star Cypan -
|| Endcap [Rear] Endcap [Rear] r Diamond Pirk. -
|| Stator Back lron Statar Back lron r Rectangle Lirmne -
|| Stator Taoth Statar Tooth I Circle Olive 2
|| Stator Surface Stator Surface r Triangle Black, -
|| Rotor Surface Rotor Surface r DownTiangle Red -
|| tagnet I agnet v Cross “ellaw -
|| Rotar Back Iron Rotor Back Iron I DiagCrass Blue -
|| Shaft [Active] Shaft [Active] I Star Green -
|| Shaft [Frant] Shaft [Frant] I Diamond Purple -
|| Shaft [Rear] Shaft [Rear] I Rectangle Cyan -
|| Shaft OHang [F] Shaft OHang [F] I Circle PFink. -
|| Shaft OHang [R] Shaft OHang [R] I Triangle Lime -
|| E*/dg [F] E'/dg [F] I DownTriangle COlive -
|| E''dg [R] E'wdg [R] r Cross Black -
|| TWent E\wdgE[F] TWert EwdgE [F] r DiagCross Red -
|| Thert E\wdgE[R] T'ert E'wdgE([R] r Star “ellaw -
|| TWent E\vdgO[F] Tert E'wdgO[F] r Diamond Blue -
|| Thent E\wdgO[R] Ttent E'wdgO[R] r Rectanglz Green -
|| TWent E\wdgB[F] TWert E'wdgB([F] r Circle Purple -
|1 Thert E\wdgB[R] Thert E'wdgB[R] r Triangle Cyan -
|| TWent 5 Duct Thert 5 Duct r DownTriangle PFirk. -

TWent B Duct TWent R Duct r Cross Lime =
|| T'ent Airgap T'ent Airgap r DiagCrass COlive -
|| Bearing [Front] Bearing [Front] v Star Black -
LF Bearing [Rear] Bearing [Rear] v Diamond Red -
|| ‘winding Layer1 *Winding Layer r Fectangls “ellaw -

wWinding Layer2 *Winding Layer2 r Circle Blue -

|| ‘winding Layerd *Winding Layer3 r Triangle Green -
|| ‘wWinding Layerd *Winding Layerd I DownTriangle Purple -
|| wWinding Layers *Winding LayerS I Cross Cyan -
|| ‘wWinding Layerb ‘Winding Layerb I DiagCrass Pink. -
|| ‘winding Layer? *winding Layer? I Star Lime -
|| ‘winding Layerd *winding Layerd I Diamond COlive -
|| “winding Layerd *winding Layerd I Fiectangle Black -
|| Winding Layer1l “winding Layer10 r Ciicle Red -
|| Winding Layerl1 “winding Layer11 r Triangle “rellow -
|| Winding Layer1 2 “winding Layer12 r DownTriangle Blue -
“winding [Average] ‘winding [&verage] v Crosz Gieen -

ow.



The temperature graphs below show the different node temperatures vary during the duty
cycle.

5 Motor-CAD v5.3.28 (Cworkspace\Motor- CAD tutorials\TVent mof)* =5 n <=
File QOptions Defaults Editors View Resuits Tools Help. !

Motor Type: Title: Defauk lictor

Radisl Cross Section | Avial Crass Sestion | Winding Edier | Input Data | Schematic | Node Temperatures | Output Data |[ Transient Graph Chcuit Edkar | Sensiivity| S cripting |

Setp [ Data | Graphs

Power || Temperature

Thermal Transient
64
/ \ ¥ — Housing [Active]
62 ¥+ Magnet
[ & Bearing [Froni]
[¢ —+— Bearing Rear]
o —— winding (Average)

[ T~/

Temperature [C]

“ /
Le————
e M%A_ﬁ_*_ﬂ
° - e e L
e e
;‘.‘//"7"4
R
/‘/" S
S o e S S S T S |
0 18 36 54 2 a0 108 126 144 162 180
Time [secs)
Length (654,70.28) mm_ 17)uy2009  wwurmotor-design.com
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Similarily the power graph shows how the losses in the machine vary with the duty cycle

losses, speed and temperature of the winding.

5 Motor-CAD v5.3.28 (Cworkspace\Motor- CAD tutorials\TVent mof)*
File Options Defaults Editors View Results Tools Help

@ Motor Type: Title: Defaul Motor

Radisl Cross Section | Avial Crass Sestion | Winding Edier | Input Data | Schematic | Node Temperatures | Output Data |[ Transient Graph Chcuit Edkar | Sensiivity| S cripting |

Setp [ Data | Graphs

Power | Temperature

Pover

Power [Wetts]

[ —=— tousing [Active]
[V —+— Housing OH [Fron(]
[v & Housig [Fron]
v —¥— Endcap [Front]
¥ —+— Flange Plate

¥ —- Housing OH [Rear]
¥ - Housing [Rear]
[ —o— Endcap [Rear]
¥ —@- Stator Back Iron
¥ —+— Stator Tooth

[V —k— Stator Surface
[V —¥— Rotor Surface
o+ Magnet

[¢ - Rotor Back on
[V - shaft [active]
[V —— Shaft [Front]

[V & Shaft [Rear]

v —s— Shat OHang [F]
¥ 4 Shaft Oang 7]
[ ¥ Evvdg [F]

v —— Ewaa ()]

[¢ —- Tvent EVragelF]
[V % Tvent EWdgEIR]
[V —— Tvent EWdgO[F]
[ —m— Tvent EWdgO[R]
[ —— TVent EWdgBIF]
[ —k— TVent EWdgBIR]
[V —%— TVent S Duct
o —+ TventRDuct
¥ - Tvent irgap
[ —— Bearng [Front]
¥ —o— Bearing [Rear]
¥ —— Stator Copper(Total)

g IR
/ i - _—‘/
0 18 kS 54 72 S0 108 126 144 162 180
Time [secs]
Lengtn 54,7028 mm 17uy2009  wwwmotor design.com
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After solving the transient the final transient
as shown below.
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