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Abstract:

Thermal analysis is a key factor when designing motor. Wpoge to combine the strength of
analytical method to represent the thermal state of motor, tw&haccuracy of finite element
method. Thermal analysis is carried out with MOTOR-CAD, the unsgdisvare for the analytical
lumped circuit thermal network analysis of electric motors. MQAD is used by many of the
most successful motor manufacturers to optimise the coolingradus motor types and cooling
methods. At INDUCTICA 2009, Motor Design Limited (MDL) presentegaper explaining the
development of the Motor-CAD software, detailing the mathesativolved and giving examples
of the software in use. Through an iterative process managednbi£xcel interface, the
temperatures computed by Motor-CAD in different parts oftloéor update the material properties
in Flux which in turn, calculates the updated losses for Motor-CRi®. process is then repeated
for the next time step. The exchange of data between Flux and-@Airis done through an
Excel interface. This method has been applied on an induction moti8.©fkW. Comparison
between measurements and computations shows good agreement fentdvfferking conditions
(load, no load).

Introduction

Designing motors requires paying attention to different kastors. Among them, the thermal
constraints are quite high. We propose to combine the accur#oy fafite element method for the
electromagnetic part with the rapidity of analytical method fomtlaéanalysis.

A 2D FEM magnetic software is used in order to determinen robaracteristics. In this model,
rotor bars, stator resistance and end ring resistance are dependhe temperature. Then another
tool (Motor-CAD [3]) is used, based on analytical methods in ord&ndoout the temperature of
bars and stator coils. An iterative process is achievedeketlosses extracted from FEM analysis,
in order to be used as input for the thermal analytic analysts,a convergence is achieved. A
transient analysis is then launched. Results will be comparedeasurements on a specific
induction motor.
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1. Describing the motor

We propose to analyse a three phase induction motor, fed with star ttomoé@20\;msat 50 Hz.
The power is 18.5 kW at 1450 rpm. External stator diameter is 240mendepth of lamination is
225 mm. The internal diameter of stator is 150 mm. The air gap imm. There are 48 stator slots
and 40 rotor slots (allowing analysis on % of motor in 2D analyEis. stator coil is made of 2
coils in parallel with 4 slots per pole per phase.

Fig 3: Rotor slot Fig 4:stator slot Fig 5 : rotor end ring

2. Finite Element Method

To carry out a FEM analysis, one needs to gather some data:troagte, and electrical data. For
the magnetic part, the B(H) curves can be given by suppiienagnetic material. Here the rotor
and the stator have the same material M1000-65A. Due to the lamintie resistivity of this
material will be neglected during the solving part. For the sglutage, we will need to know the
resistivity and especially the temperature (as the nagyss varying with the temperature). For 2D
analysis, we will also need the resistance and the end wibdtmgeen two adjacent bars. For these
values we will used some analytical formula [5] giving als® dependence versus the speed and
the size. On the electrical point of view, the stator circulit e represented with the following
components: 3 voltages in star connections of 220 Vrms, 3 coils lathesistance by phase of
0.17 ohms at 20°C, and with an inductance corresponding to end winding equal to 1.4mH [7].
The geometry and mesh can be described quite rapidly wipeafis dedicated interface called
overlay.

.
@ ctdit MotordMD[MotorSpeed]

IMD motor

MName *
Fan 1
| MotorSpeed |

General ' Airgap ' Rotor | Stator | Winding |
roter

General | Cooling holes | Cage |

Rotor exernal radius (Rad1)*
|74

Mumber of poles {poles) *

i

Shaft radius (radsh)*

280 . = S
Rotor shift angle (RotorAng) [Deg] *
0.0

Fig 6: dedicated interface for induction motor



Specific parameters (T_ROTOR and T_STATOR) have beeateden order to have resistance of
stator, resistivity of bars and end ring resistance depending on téunpsra
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Fig 7: Example of definition depending on formula

The movement is taken into account with a sliding line. One can tb&teotor at constant speed
or solve the mechanical equation at each time step in order to find out the neaih posit

3. First results with Finite Element Method

To look at thermal dependency, we propose to focus on one speaific for instance, we will fix
the rotating speed to 1480 rpm. In order to have only one parameter, we wiiféetesce of

20 degrees between rotor and stator (T_STATOR=T_ROTOR-20). Ifollbesing curves and
table you will find torque and rotor for each temperature:
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Fig8: current in one coil versus temperature
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Fig 9: zoom on current in one coil versus temperature
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Fig10: torque versus temperature

Rotor temperature Torque (in Nm) Rms Current (in A)
40 77.0 22.8
50 74.5 22.2
60 72.2 21.7
70 70.0 21.2
80 67.9 20.7

Table 1: torque and current versus temperature
One can see the influence of temperature on torque and currents.

4. Thermal analysis with analytical method

To carry out this thermal analysis, we propose to use dfisp@ol called Motor-CAD [6]. With
this tool you can describe the geometry with predefined typeaddbrs and predefined slots. You
have to define the cross section and also the axial cross sedtmmeXt step is to define which
material is used, referring to a list of existing mialecovering most of typical sheets. Then you
define the cooling type (through ventilation, forced ventilation, ...). You will alsd teedefine the
losses (copper, stray losses, ...). You have the possibility fioedduty cycle of use. In our
induction motor analysis, we propose to use the copper lossestdhdosses and also the stray
losses as input for the thermal analysis. Motor-CAD cary @aut static analysis (corresponding to

steady state) or transient analysis in order to see thefrisenperature in the different parts of the
motor.



Fig 11: Radial cross section Fig 12: Axial cross section
Motor-CAD is using an equivalent lumped thermal circuit. Eachctetal component is
corresponding to some specific thermal resistance. The cirgsudletermined automatically
according to user inputs.

5. First results with thermal analysis
From the experience we had last year [7] with the first loogipetween AC steady state magnetic

and thermal analysis, we know the working temperature at gedspf 1480 rpm. From Motor-
CAD we can display the thermal time of response.

Fig 13: Rotor and stator temperature

We can see that on this motor the time of response is in the order of around tweeriggs mi












