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1. Basic components of thermal analysis M
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- Conduction
Coefficient of thermal resistance in a solid

4
Conduction

Evaporation y
Convection [(_§ § \ﬁ‘ i

. Convection

Coefficient of heat transfer in a fluid or a surface of
a solid. (It depends on velocity, shape, and fluid)

Radiation

- Radiation
. Generated at a high temperature
<Mechanisms of heat transfer> (no whipping, neglected at motor thermal analysis)

https.//en.wikiversity.org/wiki/Transfer of heat 1
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2. Analogy of heat transfer and electrical circuit NA
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Electrical circuit Heat transfer
Current(A) > Heat flow(W)
Electrical resistance R, > Thermal resistance

(Solid : insulator)

Electrical resistance R, > Convection resistance
(Surface)
V,(Reference Voltage) > T,(Reference temperature)




3. Modeling of thermal analysis for cable NA
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- Insulator (Thermal resistance =~ Thousands of times of conductor) R,

- Surface (It gets in contact with the air) R,

. Conductor (Thermal resistance ~0) k= 11W/m*T(velocity Om/s)
h = 25W/mz2- C(velocity 5m/s)

Heat transfer coefficient h
<Cross section of cable>

W/m?2 = IR
R1 Thermal resistance of insulator(Conduction)
R2 Thermal resistance of convection(Thermal resistance of surface)

T,(Outdoor temperature)



4. Examples of thermal analysis for cable %

Mechatronics

Example 4.1)

- When the current I=100(A) flows in the cable and the outdoor temperature
is T,=20°C , what is the highest temperature at the surface of cable and the

insulator?
Y W=5

35°C
R,=1 AT = 5°C

30°C =20°C
R,=2 AT = 10°C

30°C

T,=20°C T,=20°C 35°C



4. Examples of thermal analysis for cable %
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Example 4.2)

- When the current I1=200(A) flows in the cable and the outdoor temperature
is T,=20°C , what is the highest temperature at the surface of cable and the

insulator?
Y W=20

80°C
R,=1 AT = 20°C

00" =20°C
Ry=2 AT = 40°C

60°C

T,=20°C T,=20°C 80°C



4. Examples of thermal analysis for cable %
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Example 4.3)

- When the current I=100(A) flows in the cable and the outdoor temperature
is T,=30°C , what is the highest temperature at the surface of cable and the

insulator?
Y W=5

45°C
R,=1 AT = 5°C

40°C = 30°C
R,=2 AT = 10°C

40°C

T,=30°C T,=30°C 45°C



4. Examples of thermal analysis for cable %

Example 4.4)
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- When the current I=100(A) flows in the cable, the outdoor temperature
is T,=20°C, and thermal resistance of insulator is doubled in comparison
with example 4.1, what is the highest temperature at the surface of cable
and the insulator?

Y wss

40°C
R,=2 AT = 10°C
30°C =20°C
R,=2 AT = 10°C
30°C
T,=20°C T,=20°C 40°C



4. Examples of thermal analysis for cable %

Example 4.5)
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- When the current I=100(A) flows in the cable, the outdoor temperature
is T,=20°C, and thermal resistance of convection is half in comparison
with example 4.1(A good air flow or a water cooling), what is the highest
temperature at the surface of cable and the insulator?

Y ws=5

30°C
R,=1 AT = 5°C
25°C =20°C
R,=1 AT = 5°C
25°C
T,=20°C T,=20°C 30°C



4. Examples of thermal analysis for cable NA

Example 4.6)
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- When the current I=300(A) flows in the cable, the outdoor temperature
is T,=40°C, thermal resistance of insulator is doubled, and thermal
resistance of convection is half in comparison with example 4.1, what is
the highest temperature at the surface of cable and the insulator?

Y W=45

175°C
R,=2 AT = 90°C
85°C = 40°C
R,=1 AT = 45°C
85°C
T,=40°C T,=40°C 175°C



5. Thermal analysis for motors

5-1) Simplification for analysis

/

Tooth(lron core)

P

Slot(conductor)

MA
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Simplification!
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5. Thermal analysis for motors NA

5-2) A reason why a small motor temperature is lower than a large motor in
the same current density

aTalnlulalalalals 50000
A e te el B A" [afainlala b
T(°C) t(°C)

A B a b
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5. Thermal analysis for motors NA
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5-3) A reason of impregnation
- A Thermal resistance of air is very high. It is 1000 times in comparison with a insulator.
- Vacuum impregnation fills a resin which lows thermal resistance at air part.

5-4) Material engineering is demanded which research subjects(eg, nano
materials) that reduce a thickness and decrease thermal resistance for
insulator

5-5) A reason why water cooling type is very effective. . ,
Without water cooling

T(°C)
When a water cooled t
W

tube is installed between ith water cooling
wires, it has a same J_I_I_’_%L
temperature with water.
P At
A B
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5. Thermal analysis for motors NA
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5-6) A thermal property of transverse flux motor

- Relatively, there are many sides that contact with the air

)

- It can divide into part

F Air channel

13

Slot(Conductor)

g |

— Slot(Conductor) L Tooth(lron core)

<t Tooth(lron core)

Longitudinal Flux Motor
9 Transverse Flux Motor




5. Thermal analysis for motors NA
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5-7) When TFM(Thermal Finite Method)-TFE(Thermal Finite Element) are compared, the current

selects with the same conditions from a temperature point. " Rotor Element
R %& P-Magnet
TEM irpy = 50[A] @ B,
e b e W = When winding resistor R = 1], |
Time - ~“Stator Element
) ) ) L~ Armature Winding
cuT:znt N irpp =777 [A] = For the same power in comparison with TFM, | TFM ouing Dircto
VAU N """ 7\ P = irgg’R = 2500[W], R = 1[Q]
> irrr = 50V2 [A] is needed.
Time
Ro;or Element (Iron)
. oy z ' \ 'Stator Element (Iron)
These are compared with the same temperature condition k Armature winding
TFM Fxd = 70kN/m? [by 50A] TFE Fxd = 10kN/m? [by 50A]  TFE Fxd = 13kN/m? [by 50A X \/2A]y TFE

In other words, with the same coil temperature, when TFM is 50A and TFE is 50V2[A],
TFM is 70kN/m?2? and TFE is 13kN/m?.
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6. Conclusion M
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1. When thermal analysis is need, the electrical circuit with the current source

can be used to it.
Current — Heat flow
Resistor — Thermal resistance
Voltage — Temperature

2. Temperature is proportional to square of current, thermal resistance, a
shape, and surface heat transfer coefficient.

3. The basic concept of thermal analysis is simple. But actually, a phenomenon
of thermal is very complicated.

— Surface heat transfer coefficient is considered.

— Heat source Is changed as a time.

— Thermal resistance is the function of temperature.
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6. Conclusion M
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4. For reference, power of an electric iron is TkW approximately.
Electric charges is 100 won Korean currency(10 cent ) for 1 kWh.
Additionally, power of a fan is 50W approximately. When it is used for 20
hours, power consumption is TkWh (50W*20h).

5. How much is a power of person? (A horsepower is 736W)

If a person carries vertically 25kg of things with 1Tm/s speed, power of person
is 245W( Force: 25kg*9.81m/s* Speed: Tm/s )
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