Through Ventilation Cooling

Description

This document gives a brief description of how to set up a Motor-CAD model for a through
ventilated machine. The Motor-CAD model allows the cooling fluid to be passed down the
airgap, stator and rotor ducts.

Setting the housing type and stator ducts
The housing type should be set up to be that of the modeled machine as shown below.

The number and size of the stator ducts can be set using the parameters shown below.

£ Motor-CAD v5.1.9.9 (No File)* - ‘ (BT
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@ [£5) Motor Type: Title: Default Motor
'm Axial Crozs-Section | Winding Editor | Input D ata ‘ Schematic | Node Temperatures | Output Data | Tranzsient Graph | Circuit Editor | Sersitivity | Seripting |
Housing: ounting:
Slot Type: Paralel Tooth = | Fotor Ducts: Mone -
BPM Rctor
Stator Drims Data Rotor Dirres Data
Slot Murnber 18 Pale Murnber E
Houzing Dia 140 tdagnet Thickness 4
Statar Lam Dia 130 tagnet A [ED] 140
Statar Bare 80 Airgap 1
Tooth 'width 7 Banding Thickness o
Slat Depth 18 Shaft Dia 28
Slot Comer R adius 0 Shaft Hole Diameter [0 |
Slot Opening 3
Tooth Tip Depth 1
Tooth Tip Angle 30
Sleeve Thickness 0
Flate Height 380
Plate Y/idth 350
Statar Ducts |20]
Stator Duct Ratio 05
Statar Duct Gap 15 ‘ Red raw ‘ [T/ Draw plete
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Setting the rotor ducts
The rotor ducts cabe set up as shown below:

ﬁ Motor-CAD v5.1.9.9 (Mo File)*

File Options Defaults Editors  Wiew Results Tools Help
?@. . £ Motor Type: Title: Defautt Motor
'm Axial Cross-Section | “winding Editar | Input Data ‘ Schematic | Node Temperatures | Output D ata | Transient Graph | Circuit Editor | Sensitivity | Scripting |

Housing: Mounting:
Slot Type: Fiotor Ducts:
EFM Rotar
Stator Drims Data Rotor Dirres Data
Slot Murnber 18 Pale Murnber E
Houzing Dia 140 tdagnet Thickness 4
Statar Lam Dia 130 tagnet A [ED] 140
Statar Bare 80 Airgap 1
Tooth 'width 7 Banding Thickness o
Slat Depth 18 Shaft Dia 28
Slot Cormer R adiuz 0 Shaft Hole Diameter {0
Slot Opening 3 Mumber Rotor Ducts |10
Tooth Tip Depth 1 Fiotor Duct Dia [L1] q
Tooth Tip Angle 30 Rotor Duct Radius [L1] |22
Sleeve Thickness 0
Flate Height 380
Plate Y/idth 350

| | Stator Ducts 20

I Stator Duct Ratio 05
Statar Duct Gap 15 ‘ Red raw ‘ [T/ Draw plete

Dz base
Length (-60.25,61 .83} mm 14 May 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.

¥ Motor-CAD v5.3.2.9 (C\workspace\Motor-CAD tutorials\TVent.mot)* (=N oN s
File Options Defaults Editors  Wiew Results Tools Help

?@. Motor Type: Title: Default Motor

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

| Cooling Dpliunsl Losses | I aterials &W’eighlsl Interface Gaps I Fiadiation | Matural Convection | Through Yentilation I End Space | Transient I Settings I I atenal Pruparlwesl

Loss Variation with Speed: Stall Copper Loss Distribution:
coefld] Speed Dependant Losses @ Equallla=lb=Ic) ) Sinefla’2=Ib=Ig]
Flspeed] = Flinpul] » |: % } Shaft Speed [1pm] 3000 O Bsteplla=lb lc=0)
Single vaiue of Speed[REF] [rpm] 000 Winding Temp Variation with Proximity Loss Distribution:
Percentage “Winding Temperaturs Increase [at Proximity RPRM): a
Component Plinput] | Speed[REF]| coef[A] Wikg Plspeed] Provimity APH 1E4
Copper Loss Variation with Temperature
4 Units Watts pm Wikg Watts Copper Losses Yamy with Temperature
Loss [Statar Copper] 120 3000 0 87.29 120 Winding T emperature at which Peu Input: 20
Loss [Stator Back lon] 30 3000 1.5 16.29 30
Loss [Stator Tooth] 40 3000 15 24.44 40
Loss [Magnet] o 3000 0 0 0 Loss Variation with Temperature & Load:
Loss [H.Dto.r Back \rnn.] o 3000 0 0 0 7] Losses Yary with Temperature & Load
Loss [Friction - F Bearing] 2 3000 1 a 2 Contant Torque or Constant Current
Loss [Friction - R Eearing] 2 3000 1 0 2 @ Constant Torque Constant Current
Loss [windage] 10 3000 3 1] 10
Loss [windage] (Ext Fan] [ 3000 3 i i 120
Power Injected [Endcap Front] 1] 3000 1] 1] 1] a0
Power Injected [Endcap Rear] 1] 2000 1] o o Shaft Tarque [Nm] (@Pou defined) 15
Power Injected [Feet] 1} 3000 a a a
Power Injected [Shaft Active] a 3000 1) 1) 1) chilid
Power Injected [Shaft Front] o 3000 1] 1] 1] 1.543
Power Injected [Shalt Rear] 1] 3000 1] 1] 1] 1
Powser Injected [E'w'dg Front] 1] 2000 1] o o 045
Paower Injected [E'Wdg Rear] 1} 3000 a a a
Fawer Injscted [Plate] [ 3000 i i i -0.0BEE7
Power Injected [widg Outer] o 3000 1] 1] 0 1.5
Power Injected [ES pace Front] o 3000 o a a 3
Power Injected [ESpace Rear] 1] 3000 1] 1] 1]
Losses Notes:
Check Data
Length mm 17 July 2009 www.motor-design.com
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Setting the machine cooling
The machine cooling is setup as shown below.

The through ventilation option must be selected.
The cooling type on the exterior of the housing is specified using the Cooling Type option:

9 Totally Enclosed Non-Ventilated = only natural convection and radiation from outside
of machine.

9 Totally Enclosed Fan-Cooled = air/ fluid is blown over outside of machine.

The External fluid is the fluid on the outside of the machine. The internal fluid is the fluid
blown through the machine.

The fluids and their properties can be created and edited in the fluid data base (Input Data-
>Material Properties->Fluids).

{3 Metor 40 15253 (o iy — - —

File Options Defaults Editors Wiew Results Tools Help

@ [£5) Motor Type: Title: Defautt Motar

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

Coaling Ophions | Losszes I b aterials &W’eighlsl Interface Gaps I Fadiation | Matural Convection | Through Yentilation I End Space | Transient I Settings I I aterial Pruparlwesl

Cooling Options: External Fluid Data: Internal Fluid Data:
Toanng 1 ype: - -
® Totally Enclossd Non*entlated [TENY| (8 Motor CAD moce) J | i tor£eD mocel )
() Totally Enclosed Fa.-EnnIed [TEFC] Thermal Candustivity: 002723 Thermal Conductivity, — 0.02723
Through Ventiation Density: 1127 Density: 1.127
T T Liquid Cooling:
@ Horizontal Houzing 'water Jacket Cp: 1007 Cp 1007
[ Shaft Spiral Groove TGHEE 1EoEE
B Kinematic Wizcosity: K Kinematic VWiscosity: - A
@ Verlical [Shat U] [C]wet Rator
[7] Spray Codling Dynarmic Yiscosity: 1.904E5 Diynamic Yiscosity: 1804E5
©) Verlical [Shaft Dowr] || Rotor Water Jacket
[T Slot water Jacket Pr - Prandtl Humber: 0.7039 P - Prandtl Humber: 07033
Miscellaneous Data: :M_" J OGNS NOTES:
Anbient Temperature (Convection] 40 Type in user notes here
Ambient Temperature (R adiation): 40
Shaft Speed [rpm] 3000
Lamination Stacking Factor [Stator]: 0.97
Lamination Stacking Factar [Fotor]: 0.97
Fixed Temperatures:
[ Fized Plate Temperature 100
Fized Base Temperatuie 100
|| Fized Shaft[F] Temperature 100
[ Fixed Shaft{R] T emperature 100
[ Fized Endcap(F] Temp. 100
[ Fixed EndcaplR] Temp. 100 C heck Data

Length (-83.14,43 67) mm 14 May 2009 www.motor-design.com
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The through ventilation flow type is defined by selecting one of the options shown below:

1 Blower (Constant flow rate) = Constant flow rate through machine from external fan,
flow rate specified directly by user

1 Blower (Constant flow rate from Fan Characterisitic) = Constant flow rate through
machine from external fan, flow rate calculate by Motor-CAD from fan characteristic

1 Shaft mounted fan (flow rate proportional to speed) = Fan is mounted on shaft and
flow rate will vary proportionally with speed of shaft

9 Shaft mounted fan (user specified flow rate variation) = Fan is mounted on shaft and
flow rate will vary with speed of shaft as defined by user

@ Motor-CAD v5.1.9.9 (Mo File)* =B .

File Options Defaults Editors Wiew Results Tools Help

@ [£5) Motor Type: Tiﬂg: Default Motor

Fiadial Crogs-Section | Ayial Crose-5ection | Winding Editar | Input Data  Schematic | Node Temperatures | Output D ata | Tiangient Graph ‘ Circuit Editor | Sengitivity | Scripting |

| Cooling Oplions | Losses I I aterials &W’eighlsl Interface Gaps I Fiadiation | Matural Cunvecliunl Through Ventilation | End Space | Transient I Settings I I atenal Pruparlwesl

Flow Options | Fluid Flow I Heat Transfer
Flow Directior: | Rear Inlst =

Flows Difirition: Inlet Defirition:
F_an Defrrition: Frant Inlet Type: | Radial Full Circle = Rear Inlet Type: |Radial Full Circle ~ +
(@ Blower [Constant Flow Rate]
() Blawer [Constant Flow Rate from Fan Characteristic) Giril Length [Front] 1 Gril Length [Rear] 10
(7 Shaft mounted Fan [Flow Fate Proportional to Speed) H.a. H.A.
() Shaft mounted Fan [User Specified Flow R ate Yanation] N.A& M.
Frant Grill Free &rea R atio: 0g Rear Giill Free Area Ratio na
2000
Front ¥ent Total Area: 4335 RearYent Total Area: 4333
Flowe Rate: 0.025
Front ‘ent Free Area: 3519 RearVent Free Area: 3519

Check Data

Length (-83.14,45.67) mm 14 May 2009 www.motor-design.com
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The inlet and outlets and flow direction are also specified as shown below:

% Motor-CAD v5.1.9.9 (No File)* [=] B e

File Options Defaults Editors  Wiew Results Tools Help

@ PRIES] Motor Type: Title: Defautt Motar

Fiadial Ernss-SectinnI Aial Ernss-SeclinnI ‘winding Editnr” Input Data Schamaticl Node Tempelatulesl DutputDalaI Tlansientﬁlaphl DrcuitEditan Senswtivit_ul Scnptingl

| Cooling Oplions | Losses I I aterials &W’eighlsl Interface Gaps I Fiadiation | Matural Cunvecliunl Through Ventilation | End Space | Transient I Settings I I atenal Pruparlwesl

Flows Options | Fluid Flowe I Heat Transfer ”
Flows Diirection:

HawEalintiae Inlet Defirition:
F_an Defiritior: Front Irlet Type: | Radial Full Cicle = Fear Inlet Type: |Radial Full Circle ~ +
(@ Blower [Constant Flow Rate]
Blawser [Constant Flow Rate fram Fan Charactenistic] Giill Length [Front] 1 Grill Length [Rear] 10
Shaft mounted Fan [Flow R ate Proportional to Speed) Mat Used H.a. Mat Used H.A.
") Shaft mounted Fan [User Specified Flow Rate Vanation] | Fat Lzed M.A. Mot Used M.
Frant Grill Free &rea R atio: 0g Rear Giill Free Area Ratio na
| Feference Shaft Speed: (3000
Front ¥ent Total Area: 4398 RearYent Total Area: 4338
Flowe R at: 0.025
awnas Front Vent Free Area: 3513 RearYent Free Area 3513

Check Data

Length (-83.14,45.67) mm 14 May 2009 www.motor-design.com
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The flow rates, flow resistances and velocities calculated for the through ventilation fluid flow
are shown below. The flow rates through the rotor, stator and airgap are highlighted below.
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