Motor-CAD Circuit Editor

Description

This document gives a brief description of how to use the Motor-CAD circuit editor. In this
case we use the circuit editor to couple the Motor-CAD thermal network to a separate
thermal network developed by the user to represent a flange mounted gear box. The circuit
editor can be used to set up thermal models for all kinds of device connected to the motor or
to represent the thermal circuit for the equipment in which the motor is enclosed.

Motor-CAD Model Without Gearbox

Below we see a typical thermal model of a BPM motor as automatically created by Motor-
CAD. In this case we are modeling the default BPM motor in Motor-CAD with a simple TENV
housing that has a mix of natural convection and radiation cooling from the simple housing.
We can model more sophisticated cooling types such as water jackets, wet rotor cooling,
through ventilation, TEFC, if we wished. The cross-section of the machine is shown below:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

@ Motor Type: Title: Defaul Motor

’m Lxial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editar | Senaitivity ‘ Scripting |
Housing: Mounting:
Slot Type: Rotor Ducts:

EPM Fiotor: | Surface Radial -

Stator D, Data Raotar Dirns. Data

Slat Number 18 Pale Number B

Houzing Dia 140 tagret Thickness 4

Stator Lam Dia 130 tagret Arc [ED] 140

Stator Bare an Airgap 1

Tooth Width 7 Banding Thickness 1]

Slat Depth 18 Shalt Dia 28

Slat Corner Radius 1] Shaft Hole Diameter [0

Slot Opening 3

Tooth Tip Depth 1

Tooth Tip Angle 30

Sleeve Thickness 1]

Plate Height 350

Plate Width 350

Stator Ducts a Red raw ‘ [T Draw plate
Draw base

Length 47.62,70.77) mm 22 September 2009 www.motor-design.com
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@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

5@ Motor Type: Title: Defaul Motor

Radial Crozz-Section ’m “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editar | Senaitivity ‘ Scripting |
Housing: Mounting:

FwdgCaviy: [NotFoted = | Feedback:  [NotFited =

Cowling: Fiotor Mounting: | Open

Radial Dirres Data | Axial Dirns. Data
Houszing Dia 140 Motar Length 220
‘HousingStep [F] |0 StatorLamLength |90
‘Hausing Step [R] [0 MagretLength  |a0
StatorLamDia 130 FotorLam Length |90
StatorBore |20 Stator fwial Difset |
Bigm |1 "Magnet vial Offset |0
'Banding Thickness |0 Rotor dial Offset |0
'Sleeve Thickness [0 ‘Ewdg Overhang [F] |20
"Magret Thickness | ‘Ewdg Overhang [F] |30
ShatDia |5 ‘WdgExtension [F] |5
ShatDiaF] |25 ‘wdg Extension [F] |5
ShaltDia[R] |25 EndcapLergth[F] |10

Endcaplength[R] |10
Endcap Thickness [F] |5
wfiln A [Outer F] | ‘Endcap Thickness [R]|5
'wdg Add [Outer F] | 'Shalt Extension [F] |30

'Shalt Hals Diameter |0
0
0
0
“wda Add [Inner F] |0 Shalt Extension [R] |0
0
0
0

Flange E stension

widg Add [nner A | BeaingWidh[F] |12
Ewdg Insulation [F] | BeaingWidth[R] |12
'EWdg Insulafion [ Beaing Offsel [F]__ |0
BeaingDialF] |4 Beaing Ofiset R [0

o

Diraw full plate

Bl 4 Red raw Diraw full baze

Length (-32.10,70.51) mm 22 September 2009 www.motor-design.com

The thermal network automatically set up by Motor-CAD to calculate the steady-state and
transient nodal temperatures is shown in the Schematic below:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

yEIET Motor Type: Title: Defaut Metor

Radial Crozz-Section | Auial Crozz-Section | “winding E ditor | Input Data | Schematic  Mode Temperatures | Output Data | Transient Graph | Circuit Editor | Senaitivity ‘ Scripting |

Steady-State

7.142 4633 3759
TR i L
0.07435 0.06484 + 0 0.07435
+0.02358 0.003803 + 0.02653 +0.02358
1.0W 2005 (¢ |40 0w +0.000855

150.8C
30.0W

A -
5.0W 27 6164 82T BW 0.1142
159.9C

163.2C 0.02403
Plot Options:

Resistance:
() Label
@ Resistance

161.4C 54,80

() Power

@® d7

Node:

() Lahel

@ Temperature

() Capacitance

T

185.1C
1273 154.0C 1273 1E09

154.0C

1E09 + 1.175 1273

[}%
a

Length mm 22 September 2009 www.motor-design.com
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The colours are the same in the schematic as the components in the cross-section editor.

Predicted temperatures can also be shown on the motor cross-section and transient results
using temperature v time graphs:

File Options Defaults Editors View Results Tools

@ Motor Type: Title: Defaul Moter

Radial Crozz-Section | Auial Crozz-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures  Output Data | Trangient Graph | Circuit Editor |- Sensitivity ‘ Scripting |

Help

Radial | fsial

ﬂ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)®

[F=3Ecl 5|

Mode Dizplay

Hode:

() Label

@ Temperature

() Deka Temperature

[ Select/Deselect &l Nodes

Mode Name | Temperature [C] \ Display \
il wWinding [Max] 163.2 v
B winding [&v] 161.6 v
| | “winding [Min) 15349 Iv
| | Housing 145.3 Iv
| | StatLam Back Iron 150.8 Iv
| | Stat Lam Tooth Mid 154.2 Iv
| | Stat Surface 154.3 Iv
| | Rot Suface 155.4 Iv
| | Magnet 155.4 v
| | Rat Lam Yoke 155.2 Iv
| | Shaft Centre 1581 v

*155.2C

+158.9C (Min

Length

(-83.61,9.75) mm 22 September 2009 www.motor-design.com

Page 3




@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

Motor Type: Title: Defaul Moter

Radial Crozz-Section | Auial Crozz-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph  Circuit Editor | 5 ensitivity ‘ Scripting |

Setup | Data | Graphs
Temperature

Thermal Transient

[¥ —m— Housing [Active]
[V —— Housing OH [Front]
¥ & Housing [Front]
¥ —»— Endcap [Front]
[¥ —— Housing OH [Rear]
[¥ —¢ Housing [Rear]
¥ —#— Endcap [Rear]
[¥ —s— Stator Back Iron
[ —m- Stator Tooth

[ —e— Stator Surface
[ —&— Rotor Surface
¥ —¥— Magnet

[¥ + Rotor Back Iron
¥ — Shaft [Active]
¥ —%— Shaft [Front]

[¥ —— Shaft [Rear]

[¥ —=— Shaft OHang [F]
[V —&— Shaft OHang [R]
¥ —— End Space [F]
¥ —%— End Space [R]
¥ —— Ewdg [F]

¥ —+ Ewdg [R]

[¥ #% Bearing [Fronf]
[¥ —s— Bearing [Rear]
v —m— Winding Layer1

0 = % 24 11.2 140 188 128 224 252 Toep |7 7% Winding Layer2
¥ —a— Winding Layer3
Time [secs]

1054
80

75

Temperature [C]

60

Cycle=2/2Z Period=5/5 Point=3/3 Time=280.0 secs Step Size=0.8333 secs T_Max=110.67C WP Length (43.09,-64.38) mm 22 September 2009 www.motor-design.com

In the above analysis the transient was for the duty cycle load (2 cycles of the load in this
case) shown below:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

Motor Type: Title: Defaul Moter

Radial Crozz-Section | Auial Crozz-Section | “winding E ditor | Input Data  Schematic: | Mode Temperatures | Output Data | Transient Graph | Circuit Editor | Senaitivity ‘ Scripting |

‘ Cooling Options I Losses I I aterials &W’eighlsl Interface Gaps I Fiadiation I Natural Convection I End Space | Tranzient | Seltings I I aterial Pluperliesl

Settings | Duty Cycle

Duty Cycle Data:

Ak
2} 1

21
5 "
s T T T T T T T T T T T T T T T T T T T T T T T T T T T
1} 5 10 15 20 25 30 35 40 45 50 55 60 65 TF0O V5 80 65 90 95 100 105 110 115 120 125 130 135 140
Time [zecs]
EG,UUU
£ 2,000
=3
£ 2,000
o 0
T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 B0 &5 90 95 100 105 110 115 120 125 130 135 140
Time [secs]
Period | Time |Points | Torque S[g:aae[:l] 5{.:;:3 Fault
p| Unitz | zecs pu pm pm
1 20 4 1 3000 2000 I
2 40 4 25 3000 EO00 r
3 li] 4 01 B0a0 ] r
4 40 5 ] 1] 4000 I
5 10 3 03 4000 3000 r J
Duty Cycle Control:
5 5 Dty Cycle D ata Definition: External Duty Cycle D ata
[ Add Period ] l Remove Period ] @ Torque-Speed () Lass-Speed File: Mo Datalile Selected

‘ C hec k Data .D@L."iucyc'e P o1 Value IT-u\tp;alue Load Data ] [ Save Data ] [ Clear Data

Length mm 22 September 2009 www.motor-design.com
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Motor-CAD Circuit Editor
Results can also be viewed in the circuit editor shown below:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)®
Defaults

File Options Editors  ¥Wiew Results Help

5@ Motor Type: Title: Defaul Motor

Radial Crozz-Section | Auial Crozz-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Tranzient Graph

Tools

|[ Cireuit Edtor_ Sensiivity | Seripting

Circuit | Editor

Steady-State Yalues

Plot Dptions:

42 46 50 54 56

60

66 76 % 80 2

Resistance:
) Lahel
() Resistance

!

659

11.5W

59 %gi‘” oW

@ Power
odr
() Mo Display

~H.ow

715300l

154.7W
Power Source:
() Label
@ Yalue
() Mo Display

233.9W 113.8W

Node:
) Lahel

10560 5W 3,50 38

10
110

20 4W 20.20

184.4W 6.0W

69w

27 75.0C

2,00
1385 00
Pt

5117

22 {T-50—1—¢
25.1W  B9.3W
1

75.0C

@ Temperature
() Capacitance
odr

() Mo Display
Mumbers

Girid:
@ Label

4

S.0wW 31.0W
1

48.0C

2]
33.4V(5.00

476

48

B9.3W  25.0W

() Label & Grid 50

) Grd

in

1.8W
34GW [[01W

4
1.8W

() Mo Display o

Winding:
[ Show ircuit

4
5 W

Eaw En 3w
475C 5C

64

0.0w

1.5W

1.0W

Length

mm 22 September 2009 www.motor-design.com

The type and amount of information displayed on the editor is selected using the radio-

buttons and checkboxes on the left hand part of the screen.
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Gearbox Thermal Network

Below we see a simple thermal network model that has been created to represent the heat
transfer through a flange mounted gearbox:

Heat flow from Gearbox Gearbox mount Chassis Ambient
motor body _|:|_
25C/W 1.6C/W 5.0C/WwW 0.55C/W
160J/C — 360J/C — 5700J/IC — 40DegC ()
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Motor-CAD Model With Gearbox

We can use the circuit editor to add the thermal network for the gearbox to the thermal
network for the motor and calculate the steady-state and transient thermal performance for

both together.

The circuit before editing is shown below:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors View Results Tools Help
=EEIEIEE &ql@ 7B ] |50 | & Li[‘] Motor Type: [BPM  ~| Title: Default Motor
Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting
Circuit | Editor
- Steady-State Yalues
-
LI} ] ] 10 14 36 40 42 46 50 54 56 60 17 (1} 76 T8 80 82
Plot Dptions:
Resistance: 0 0
® Latel amvent | L L L it
@ Label __EFCF Amb HF Amh H Amb HRAmh  EFC pengean
) Resistance ECap_F~ Housing_F Hau;lnEH_F Hngﬂ;mg _Hau;lng Housing_ECap_R'
) Power A Pendcap_F_EC_F Hnh F I Hoh R
= HES F ey oy W
odr Stat Lam Taath Mid Stat Lam Back Iron
71 Mo Display 6 4 ol o 4
Tooth_k Tooth_U
~ EC_ES_R
Power Source: Rotor ES_F
9 Label 8 e 7 Rotor £3_R
- EC-EE F
) Walue [rEygg/E T EC_R
) No Display " Be"a‘ri‘{fFrZEt-F Liner_ToothSidejer_SiotBottom Beaps -‘B;;r
Node: EI{,\,&Q}J_EW_F E-;\'-dqiﬁ'—Ew—R
@ Label 2 50— 5113
Temperature ES_EWdW_EW_F W_EW_R:S_EWdgR
- '
) Capacitance Stat Surface
odr a4 ;
Mo Display Pwmdageiogalp
MNumbers Rat 5_'-('{;5‘ e
Girid, @ Rotor|Pwindage_L:
@ Label Magnet
. o
) Label & Grid 50 Mag_Rot ES_F Mag_fot_ES_H
Grid Mag_HotLamr=urf | amAkFe
- X E I Rot Lam 'oke
) Mo Dizplay b T ¢
58 Rotor [Fs F Rator FS R
Winding Errn_shaft F_ E=haftnH_ES_F Rotor Shaft E=haftnH_F5 R FRrn_¢
) Shaft_F Shaft OH_F Shaft Centra Shaft OH_R Shaft R
[ Show ircuit 64 T+ — o
Pbearing_shaft_F Shaft F_Chaft F_| Shaft_R Shaft R O Pbear
Length mm 22 September 2009 www.motor-design.com

We need to add the new circuit to the [Front Endcap] node which is hode number 4 in the
circuit above.

In the circuit editor we click on the [Editor] tab where we can add the additional thermal
resistance and thermal capacitance components to the circuit. We can also create hew
nodes and add power sources. In this case we need to add three new nodes for the
Gearbox, Gearbox Mount and Chassis. Below is a screen capture when we are in the
process of creating the 1 new node. We can select a node number that is not being used,
number 5 in this case:
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[E=3EcH 5|

# Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data'\Gear_Box_Medel\gearbox_examplel.mot)*

Defaults Tools

File Options Editors  View Results Help

@@ Motor Type: Title- Default Motor

Radial Cmss-Sectionl Buial Cross-SectiDnI Winding Edilorl Input DataI Schematicl Mode Tamperaturesl Cutput Data | Transient Graph” Circuit Editor S ensitivity SDriplingl

Circwit | Editor

External Circuit File:

Mo File Selected

[ Load External Circuit ] l Save Extemal Circuit ] [ Clear External Circuit I

Component Type ‘

Name ‘ Value ‘ Node 1

Mode 2 ‘

Row
Location

Column

Location Description

Node Colour

Create Mew Node

27 Gearbow

=

e =

Length mm 22 September 2009 www.motor-design.com

The Gearbox node is connected to the [Front Endcap] node using a new resistance that we
input using the editor:
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@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help
5@ Motor Type: Title: Defaul Motor
Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting
Circuit | Editor
Extemal Circuit File: Mo File Selected
[ Load External Circuit ] l Save Extemnal Circuit ] [ Clear External Circuit I
Component Type Name Yalue Node 1 Node 2 Lo Columg Node Colour | Description
D o Location Location w
| | Create Mew Mode = Gearbow 5 = 4 S 5 Al Red T Gearbox Mode
L Resistance e Endcap-Gearbox 25 4 e | e endcap to gearbox resistance
|| Enterextemal(ir(uit(umpunantdetailsi
*
] 1l 3
Enter external circuit component details Length mm 22 September 2009 www.motor-design.com

Row and column number are used to control where the new circuit components are shown in
the editor:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

yEIET Motor Type: Title: Defaut Metor

Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting

Circuit | Editor

Plot Dptions:
Resistance:
@ Lahel

() Resistance 0

) Power
©dr

- ' h
(0 Mo Display EC_F_jmbpendcap_F H_F_Amb

Ambient

Euwar Source: ECap_F Housing_F Housing OH_F
@ Label

) Yalue 4 5 L :

() Mo Display Gearbox Endcap-Gearl

Node:

@ Lahel

() Temperature
() Capacitance
odr ]
() Mo Display
Mumbers

Girid:
© Label Rotor £5_F
() Label & Grid
) Grd ]
() Mo Display

Winding:
[ Show ircuit

Bearing_ES_F

Bearing_Front

13 1

Length mm 22 September 2009 www.motor-design.com
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We can now add the remaining circuit components:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help
@ Motor Type: Title: Defaul Moter
Radial Crozs-5 ection | Auial Crozs-Section | “winding E ditar | Input D ata | Schermnatic: | Node Temperatures | Output Data | Transient Graph HW Sensitivity | Scripting
Circuit | Editor
Extemal Circuit File: Mo File Selected
[ Load External Circuit ] l Save Extemnal Circuit ] [ Clear External Circuit I
Component Type Name Yalue Node 1 Node 2 Lo Columg Node Colour | Description
D o Location Location w
tdodify Existing Mode ™ Gearbox 5 d 4 S 5 hlLi Fed T Gearbox Mode
| | Resistance - Endcap-Gearbox 25 4 e 5 - endcap to gearbox resistance
tdodify Existing Mode ™ Gearbow kount 14 d 4 S 4 hlLi Fed T Gearbox kount
| | Resistance - M ount-Gearbox 16 q hd 14 - gearbox mount to gearbox
Modify ExistingMode ™ Chassis 19 = 4 5 3 bl Fed = Chassis
| | Resistance ~ | Chassis-Gearbox b ount q 14 hd 19 - Chassis to gearbox mount
| | Resistance - Chassis-Ambient 053 1] hd 19 - geaibox chassiz to abmient
| | Capacitance - Gearbox Cap 160 q hd gearbox thermal capacitance
| | Capacitance - Gearbox Mount Cap 360 14 hd gearbox mount thermal cap
| | Capacitance ~ | Gearbox Chassis Cap 5700 19 hd gearbox chassiz thermal cap
b -
] 1l 3
Enter external circuit component details Length mm 22 September 2009 www.motor-design.com
They are shown in the editor below:
@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help
5@ Motor Type: Title: Defaul Motor
Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting
Circuit | Editor
[_Resetvien |
Plot Dptions: 0
Resistance:
@ Label ent
") Resistance
) Power Chassis-Ambient EC_F_. Pendcap_F
odr
“) Mo Display Gearbox Mount Gearbox ECap_F Housing_F H
| B
Power Souce: s 14 s 8 i e g I
@ Label Chassis Chassis-Gearbox Mount Mount-Gearbox Endcap-Gearbop H_EC_F H_F
) Yalue
() Mo Display
Node:
@ Lahel
() Temperature
() Capacitance
Odr
() Mo Display
Mumbers
Girid:
@ Label Rotor ES_F
) Label & Giid ] 25
7 Gnd
71 Mo Display
Winding: r
. EC_F
[ Show ircuit |
Bearing_ES_F
Length mm 22 September 2009 www.motor-design.com
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The steady-state results are displayed directly on the circuit using the options on the left
hand side of the screen:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)®
File Options Defaults Editors Wiew Results Tools Help

@ Motor Type: Title: Defaul Moter

Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting

Circuit | Editor

Plot Dptions: 0
Resistance:
) Label
Resistance ml
) Power 0.550 E3 286 Pendcap_F
odr
() Mo Display

93.6C 109.1C 133.2C 136.1C 1

Power Source:
@ Label 4
) Yalue

() Mo Display

5.000 1.600 2.500 0.088 0.065

it
)
=]

Node:

) Lahel

@ Temperature
() Capacitance
odr

() Mo Display
Mumbers

Girid:

@ Label

() Label & Grid
) Grd

() Mo Display

Winding:
[ Show ircuit

Length mm 22 September 2009 www.motor-design.com

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

Motor Type: Title: Defaul Moter

Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting

Circuit | Editor

Plot Dptions: 0
Resistance:
) Lahel
() Resistance ml

@ Power 97w EZS W Pendcap_F
@ dr

() Mo Display

&

93.6C 109.1C 133.2C 136.1C 1

. 14 s i e 8 L

5.7W 5.7W 5.7W 29.2W 29.2W

Power Source:
@ Label 4
) Yalue

() Mo Display

it
)
=]

Node:

) Lahel

@ Temperature
() Capacitance
odr

() Mo Display
Mumbers
Girid:

@ Label

() Label & Grid ] 25

) Grd
() Mo Display

Winding: r
. 1.8W
[ Show ircuit |

6AW

02w

Length mm 22 September 2009 www.motor-design.com




In this case we have an additional 9.7W dissipated through the gearbox. We could construct
a more sophisticated circuit for the gearbox that includes additional gearbox losses that
could heat the motor up rather than give additional cooling.

The [Schemaitic] circuit also displays the results with the gearbox attached but does not
display the gearbox thermal components.

The thermal transient also includes the new nodes in the simulation as shown below:

@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)® =N ECR(=")|
File Options Defaults Editors Wiew Results Tools Help

@ Motor Type: Title: Defaul Moter

Radial Crozz-Section | Auial Crozz-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph  Circuit Editor | 5 ensitivity ‘ Scripting |

Setup | Data | Graphs
Temperature

Thermal Transient

[¥ —m— Housing [Active]
[V —— Housing OH [Front]
¥ & Housing [Front]
¥ —»— Endcap [Front]
v —— Gearbox

[¥ —¢ Housing OH [Rear]
¥ —#— Housing [Rear]
¥ —&— Endcap [Rear]
[ —=- Stator Back Iron
[v¥ —e— Stator Tooth

[ —&— Stator Surface
[¥ —¥— Rotor Surface
¥ + Magnet

[V — Gearbox WMount
[ —#— Rotor Back Iron
¥ —e— Shaft [Active]
[¥ —=— Shaft [Front]

[V —&— Shaft [Rear]

[¥ —&— Chassis

¥ —%— Shaft OHang [F]
[¥ —— Shaft OHang [R]
¥ — End Space [F]
[ % EndSpacs[R]
¥ —s— Evdg [F]

v —m— Ewdg [R]

W —e— Bearing [Front]
¥ —a— Bearing [Rear]

Temperature [C]

- a * - o T T T T T —
24 112 140 168 196 224 252 280
Time [secs]

Cycle=2/2Z Period=5/5 Point=3/3 Time=280.0 secs Step Size=0.8333 secs T_Max=110.65C WP Length mm 22 September 2009 www.motor-design.com

If we go directly from the transient graph to the circuit editor we can view the final transient
temperatures:
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@ Motor-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Model\gearbox_examplel.mot)®

Defaults Tools

File Editors

=

Wiew Results

JEIH

Options Help

CIC]

Motor Type: Title: Defaul Moter

Radial Cross-Section | Axial Crozs-Section | “winding E ditor | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor  Sensitivity | Scripting

[F=3Ecl 5|

Plot Dptions: 0

Resistance:
) Lahel

() Resistance
@ Power 0.0
5 dT

() Mo Display

L
E3 1

Pendcap_F

60.5C

L

Power Source:
@ Label
) Yalue

40.0C 0.1wW 6.0W

() Mo Display

Node:

) Lahel

@ Temperature
() Capacitance
odr

() Mo Display
Mumbers

Girid:

@ Label

() Label & Grid
) Grd

() Mo Display

Winding:
[ Show ircuit

24.2W

32.1W

r1 W
-

7.2W

13w

Cycle=2/2 Period=5/5 Peoint=3/3 Time=280.0 secs Step Size=0.8333 secs T_Max=110.65C WP Length

mm 22 September 2009 www.motor-design.com
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Saving and Loading Edited Circuits

We can save the new circuit created and import it into another Motor-CAD model using the
options highlighted below:

@ Mator-CAD v5.3.4.8 (C:\Users\dave\Documents\Motor-CAD Data\Gear_Box_Medel\gearbox_examplel.mot)*® == ]
File Options Defaults Editors View Results Tools Help

@ @@ Motor Type

Radial Crozs-Section | Ayial Cross-Section | “Winding E diter | Input Data | Schematic | Mode Temperatures | Output Data | Transient Graph | Circuit Editor - Sensitivity | Scripting

Circwit | Editor

Title: Default Motor

External Circuit File: C:\UsershdaverDocumentsiMotor-CAD Datab\Gear_Box Mo
[ Load External Circuit ] l Save Extemal Circuit ] [ Clear External Circuit I
Row Column -
Component Type Name Value Node 1 Mode 2 Location et Node Colour | Description
L¥| Modify ExistingMode ™ Gearbox 5 = 4 = 5 hilLé Red = ode
|| Resistance X Endcap-Gearbox 25 4 ) g X endcap to gearbox resistance
todify Existing Mode ™ Gearbox Mount 14 = 4 = 4 hilé Red ~  Gearbox Mount
|| Resistance X b oLt G earbios 18 =] ) 14 X gearbox mount to gearbox
todify Existing Mode ™ Chassiz 19 = 4 = 3 hilé Red T Chassis
|| Resistance T | Chassis-Gearbox Mount =] 14 ) 19 X Chasgsis to gearbox mount
|| Resistance X Chassis-Ambisnt 0.55 1) ) 19 X gearbox chassiz to abmisnt
|| Capacitance X Gearbox Cap 160 =] ) gearbox thermal capacitance
|| Capacitance X Gearbox Mount Cap 360 14 ) gearbox mount thermal cap
|| Capacitance T Gearbox Chassis Cap 5700 19 ) gearbox chassis thermal cap
*| -
] 11l 3
Length mm 22 September 2009 www.motor-design.com
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