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ABSTRACT The air-cooled motor controller has been widely used in electric aircraft due to its simple
heat dissipation structure and maintenance-free features. Being the main heating component of the electric
propulsion system of electric aircraft, the weight and the volume of the air-cooled motor controller need to
be strictly controlled. Due to the short power running time of the electric motor controller, there is a large
weight and volume allowance margin for the air-cooled radiatorbased on the rated power and heat dissipation
requirements of the motor controller.This paper proposes an air-cooled radiator design method that can
reduce its volume and weight by optimizing its structure based on the operating conditions of the electric
aircraft under the heat dissipation requirements.The structure of the air-cooled motor can be optimized by
optimizing the structure the minimum structure of the motor controller radiator constrained by the maximum
temperature of the Insulated Gate Bipolar Transistor (IGBT) module,which can be determined using an
algorithm called the motor controller thermal resistance network model. Experimental results obtained from
a prototype test on a two-seat electric aircraft demonstrate the effectiveness of the optimization method. The
air-cooled radiator designed using the proposed method can be reduced by 5% in weight while meeting the
heat dissipation requirements of the motor controller of the electric aircraft.

INDEX TERMS Electric aircraft, motor controller, IGBT module, air-cooled radiator, thermal resistance
network model.

I. INTRODUCTION
With environmental pollution getting increasingly serious,
the concept of ‘‘Lucid waters and lush mountains are invalu-
able assets’’ has been gradually recognized by the public.
As a new energy vehicle, electric aircraft has been widely
favored for its zero emission, no pollution, low noise, simple
structure, good ride comfort and many other advantages [1].
Motor controller is the core component of electric aircraft
and one of the main heating elements of electric aircraft
with IGBT module being the main heating source of motor
controller. Due to the high integration of IGBT module,
the heat flux density per unit volume can be very large and
can be easily damaged under poor cooling conditions and
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large currents, which may lead to severe damage to reliability
of the motor controller [2]. The radiator of motor controller
mainly consists of air-cooled and water-cooling structures.
Water cooling structure are small in size and strong in heat
dissipation capacity, while it has complex auxiliary structure
and low reliability as it needs to be equipped with auxiliary
equipment such as water pump, water tank, heat exchanger
and pipeline [3]. On the other hand, air-cooled heat dissi-
pation structure is simple in structure, highly reliable, and
has no requirement for auxiliary equipment. However, its
heat dissipation capability is poor, and the size and weight
of the radiator are larger than other under the same power
level [4]. Given the characteristics of electric aircrafts and
battery energy density, reducing the take-off weight of the
aircraft is an effective way to increase the lifespan of the
aircraft [5]. Therefore, the air-cooled radiator structure is
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more suitable for the electric aircraft motor controller because
of its high reliability and light weight.

In order to meet the heat dissipation requirements of the
motor controller under high current conditions, motor con-
trollers are generally designed according to their rated power
consumption in the design process of conventional air-cooled
radiator of motor controller [6]. However, the actual flight
profile is not taken into consideration. Flight profile of elec-
tric aircraft mainly contains three phases: take-off phase,
cruise phase and landing phase. Aircraft requires motor con-
troller to operate at rated power only during the take-off phase
which lasts for a short period of time. During the cruise
phase, the power requirement of the motor controller is only
about 1/3 of the rated power. While in the landing phase; the
power requirement is even less [7]. Obviously, the design of
the radiator according to the heat dissipation requirement of
the conventional motor controller at the rated power yields a
larger design margin, and consequently the designed radiator
has a large weight and volume [8].This paper proposed an
optimal design method for the radiator structure based on the
operating conditions of the electric aircraft, which can reduce
size and weight of the radiator.The heat dissipation of the
motor controller is optimized according to the flight profile
of electric aircraft while ensuring that the IGBT module
does not over-heat during operation. By reducing the size
and the weight of the controller radiator, the weight of the
electric propulsion system of electric aircraft can be reduced,
which can significantly improve the lifespan of the electric
aircraft [9].

IGBT module is the main heating device of the aircraft
motor controller.The optimization of air-cooled radiator for
motor controller mainly contains two methods, which are
finite element analysis and thermal resistance network [10].
The finite element analysis method establishes a heat con-
duction model and meshes it. Once the boundary condition
is determined, the temperature field distribution of the heat
conduction model can be obtained by solving the differential
equation [11].This method can truly reflect the distribution of
the internal temperature field of the motor controller, albeit
relying on a large amount of accurate support sample data.
However, heat of the IGBT module is mainly transmitted
to the air-cooled radiator through multiple layers of differ-
ent martial, whose thermal conductivity is hard to estimate,
large calculation error and even unreasonable design opti-
mization still happens [12]. On the other hand, the ther-
mal resistance network method is a method based on the
equivalent thermal resistance to the heat loss during the pro-
cess of transferring the heat generated by the IGBT chip
to each physical layer [13]. The thermal resistance network
method is an empirical method; it can quickly calculate the
loss of each physical layer, which is convenient for real-
time simulation. However, the thermal resistance network
method can only estimate the mean temperature of each
physical layer and cannot reflect the temperature distribution
of each physical layer [14]. In addition, some parameters
possibly affecting temperature are ignored when establishing

FIGURE 1. Schematic diagram of the internal structure of a two-seat
electric aircraft engine compartment.

the thermal resistance network model, which could make the
thermal resistance network model incapable of reflecting the
real-time heat transfer and heat dissipation inside the motor
controller [15]. Given the fact that electric aircraft motor
controller requires no real-time monitoring of internal tem-
perature dissipation but ensuring internal temperature being
in the allowed range, the thermal resistance network method
is more suitable for the optimal design of the motor controller
air-cooled radiator [16].

This paper proposes a motor controller air-cooler design
optimization method. For more accurate analysis, we firstly
design an air-cooler based on conventional motor controller
cooler for a two-seat aircraft and build a thermal resistance
network model using heat loss data collected from actual
flight operation and wind velocity simulated using a tur-
bine system [17]. The structure of the air-cooler can then
be optimized by determining the its minimum height under
the maximum allowed temperature of the IGBT module,
whose temperature under different operation conditions can
be obtained by using the thermal resistance network model
and system heat loss. The size and weight of the air-cooler
can be consequently reduced [18]. Experimental results from
prototype aircraft test suggest that the proposed method can
provide very accurate air-cooler analysis, consequently, leads
to more optimized design with less volume and weight.
Compared to conventional design method, the propose
method can reduce weight of air-cooler by 5%, which can
further improve the propulsion system of electric aircraft.

II. COOLING SYSTEMS
As a core member of electric aircraft, electric aircraft motor
controller is normally located at the nose of the plane of the
aircraft engine room. Fig.1 shows the internal structure of the
engine compartment of a two-seat electric aircraft. The motor
controller is placed at the rear of the motor. In order to meet
the heat dissipation requirements of the motor controller, air
outlet holes are opened in the front and rear portions of the
engine compartment fairing [19], respectively. During the
operation of the aircraft, the airflow enters from the front in
take opening of the aircraft engine compartment fairing, and
exits from the rear air outlet.The flow-rateis approximately
equal to the incoming flow speed of the aircraft during
flight [20].

Being one of the main heating components of the elec-
tric aircraft, the motor controller contains many electronic

VOLUME 8, 2020 60271



S. Wang et al.: Design Method of Air-Cooled Radiator Based on Electric Aircraft Controller

FIGURE 2. Schematic diagram of the motor controller.

FIGURE 3. Schematic diagram of heat transfer from the motor controller.

components. From the structural point of view, the motor
controller is mainly composed of a control board, a drive
board, an IGBT module, an air-cooled radiator and a cas-
ing [21]. IGBT module is the main heat source of motor con-
troller, which contributes most of the system loss of the motor
controller. Therefore, system loss of other parts of motor
controller is ignored. Fig. 2 shows a motor controller of the
type aircraft described in this paper in which the control board
is installed at the top of the controller and the driver board is
installed on the IGBT module.The IGBT module substrate is
fixed on the upper surface of the air-cooled radiator, which
usually adopts the traditional heat dissipation structure [22].
Usually, in order to enhance the heat dissipation effect of the
radiator, the outer surface of the IGBT module substrate is
connected to the air-cooled radiator by thermal grease [23].
Fig. 3 shows a schematic diagram of the heat transfer of the
motor controller. During the heat transfer process, the heat
generated by IGBT module chip reaches the copper substrate
through the IGBT module packaging layer, and eventually
transfers to the air-cooled radiatorby radiating heat through
heat convection with the outside environment. In order to
simulate the actual flight profile, two adjustable speed fans
are installed on the radiator fins to simulate the wind speed
during the actual flight.

The system loss of the motor controller in the actual flight
process is not only related to the flight conditions, but also
related to the voltage and discharge current of the battery used
in the electric aircraft. The system loss of the motor controller
could be expressed as:

Pm(t) = VDC(t)IDC(t)−
√
3Urms(t)Irms(t) cosφ(t), (1)

where t is the duration of take-off phase, Pm(t) is the loss
power of the motor controller; VDC(t) is the output voltage of
the battery during discharge, which is related to the discharge

time of the battery; IDC(t) is the output current of the battery
during discharge; Urms(t) is the output AC voltage of the
controller; Irms(t) is the output AC current of the controller;
cos φ(t) is the power factor.
Real time acquisition of input /output voltage, input /

output current and power factor ofmotor controller, the input /
output characteristic equation of controllercan be obtained
via the interpolation method.

VDC(t) =
4∑
i=0

ait i

IDC(t) =
4∑
i=0

bit i

Urms(t) =
4∑
i=0

cit i

Irms(t) =
4∑
i=0

dit i

cosφ(t) =
4∑
i=0

eit i

(2)

The system loss of the motor controller in the actual flight
process can be calculated according to Eqn. (1); In order to
optimize the radiator design of motor controller, the system
loss of motor controller should be calculated according to
the actual operating conditions of the aircraft to initialize the
thermal resistance model. The temperature of IGBT module
can be later determined. The heat dissipation structure of the
motor controller can then be optimized according to the actual
operating conditions of the aircraft while allowing the highest
IGBT module temperature.

III. CALCULATION OF TEMPERATURE OF IGBT MODULE
IGBT module is the main heat source of motor controller,
whosemalfunction is mainly caused by high temperature. It is
necessary to ensure that the temperature of IGBT module is
within the allowable working range to ensure reliable oper-
ation of the motor controller. Therefore, temperature calcu-
lation of IGBT module is particularly important. Under the
premise of knowing the power consumption of the motor con-
troller system, the thermal resistance network model could be
built according to the heat balance theory to determine the
temperature of the IGBT module.

IGBT module contains two main parts, IGBT and fly-
wheel diode(FWD). Due to the short duration of the aircraft
in the take-off phase, which is generally about 1∼3min. The
heat dissipation system of IGBT module can be treated as a
thermal behavior model under transient or short pulse current,
which could be described by establishing a Partial Fraction
Circuit model. The thermal impedance curve of the IGBT
and FWD could be accurately expressed by the fourth-order
Foster model, whose fitting coefficient is given in the IGBT
module manual. Therefore, the fourth-order Foster model fit-
ting could be performed according to the thermal impedance
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curve of the IGBT and FWD to obtain the thermal impedance
curve characteristic equation [24]:

ZIGBT(t) =
4∑
i=1

Ri(1− e
−t/τ )

ZFWD(t) =
4∑
j=1

Rj(1− e
−t/τ ),

(3)

where ZIGBT(t) is the thermal impedance of the IGBT;
ZFWD(t) is the thermal impedance of the FWD; Ri is the
thermal resistance fitting factor of the IGBT; Rj is the thermal
resistance fitting coefficient of the FWD; τ is the IGBT and
FWD Thermal time constant.

The thermal impedance of the IGBT and FWD is output in
parallel and could be expressed as:

Zarm(t) =
ZFWD(t) · ZIGBT(t)
ZFWD(t)+ ZIGBT(t)

(4)

Zarm(t) is the parallel thermal impedance of IGBT and FWD.
An IGBT module consists of two arms. The equiva-

lent thermal impedance of the IGBT module could be
expressed as:

Zmo(t) =
Zarm(t)

2
(5)

Zmo(t) is the equivalent thermal impedance of IGBT module
chip.

Three IGBT modules in a three-phase two-level system
generate the same heat in operation, the thermal impedance
of the system Zinv(t) could be expressed as:

Zinv(t) =
Zmo(t)

3
(6)

In order to reduce the thermal resistance of the IGBT module
copper substrate and radiator, the outer surface of the IGBT
module copper substrate is generally connected to the radiator
through the thermal grease. Therefore, the thermal resistance
from the copper substrate to the radiator should include the
interface thermal resistance of the three IGBT modules and
the thermal resistance of the radiator body.

Rch = 3Rgre + Rint, (7)

whereRgre is the interface thermal resistance of a single IGBT
module; Rint is the thermal resistance of the radiator body.
The thickness, area and coefficient of thermal conductivity

of thermal resistance Rgre coatings are correlated. Given the
type of thermal conductive silicone grease, combinedwith the
thickness d and area s of the coatings, the thermal resistance
Rgre could be obtained by the following formula.

Rgre =
d
λ · s

, (8)

where λ is the thermal conductivity of the thermal conductive
silicone grease.

According to Fourier’s basic law of heat conduction,
the heat transferred through the unit cross-section area in unit

time is proportional to the temperature change rate perpendic-
ular to the cross-section direction, and the thermal resistance
Rint of the radiator body could be calculated as [25]:

Rint =
l

1.16ksLbn
, (9)

where ks is the thermal conductivity of the radiator, which is
175.6 kcal/h.m. at 20◦C; L is the length of the radiator; l is
the fin height of the radiator; b is the fin width of the radiator;
n is the number of fins of the radiator.
In the process of air cooling and heat dissipation, the motor

controller is placed in the engine cabin of the back end of the
propeller. Air is disturbed by the front-end propeller, which
causes the air flow in the radiator of the motor controller to
be in ‘‘turbulent state’’. Assuming that the motor controller
radiator is in a stable ‘‘turbulent state’’ during the flight of
the aircraft, the heat transfer heat resistance Rthk between
the radiator and the air could be expressed by the following
formula [26].

Rthk =
δ(Tair)−1/5Pr (Tair)2/3

0.037L4/5b · n · ρ(Tair) · cp(Tair) · vs(t)4/5
, (10)

where ρ(Tair) is the air density in kg/m3; cp(Tair) is the spe-
cific heat capacity in J/kg.K; vs(t) is the air inlet speed of the
radiator, the unit is m/s; Pr(Tair) is the Prandtl number; δ(Tair)
is the dynamic viscosity coefficient, which is 1× 10−5m2/s;
Tair is the radiator working environment temperature and the
unit is centigrade,which is considered to be 20◦C during the
test. The temperature rise in the engine compartment can be
ignored due to the short duration of the aircraft during take-
off phase.

The air density, specific heat capacity, Prandtl number
and viscous coefficient could be fitted according to the air
physical property table. The functional relationship of the
working environment temperature of the radiator is shown in
Eqn. (11).

ρ(Tair) = −2.02× 10−9 × T 3
air + 4.663× 10−6

×T 2
air − 0.0036× Tair + 1.298

cp(Tair) = −3.6× 10−8 × T 3
air + 6.26× 10−5

×T 2
air + 0.1022× Tair + 1012

δ(Tair) = −1.508× 10−9 × T 3
air + 8.7× 10−6

×T 2
air + 0.009× Tair + 1.32

Pr (Tair) = −2.588× 10−10 × T 3
air + 5.247× 10−7

×T 2
air − 0.00025× Tair + 0.71

(11)

The thermal resistance of motor controller Zco(t) can be
expressed by Eqn. (3) ∼ Eqn.(11):

Zco(t) = Zinv(t)+ Rch + Rthk (12)

According to the basic definition of thermal impedance,
the average junction temperature of IGBT module in motor
controller Tvj(t) can be expressed as:

Tvj(t) = Tair(t)+ Zco(t)Pm(t) (13)
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The temperature sensor in the IGBT module is placed in the
silica gel near the IGBT chip, the actual temperature value
collected in the IGBT module is consequently5 ∼ 8◦C lower
than that of the IGBT chip, the actual average temperature of
IGBT module Tco(t) can be expressed as [27]:

Tco(t) = Tvj(t)− 8 (14)

According to the theory of material mechanics and fluid
mechanics, fan speed and flow can be expressed by the fol-
lowing equation [28]:

Mfan · nfan(t)
159.2

=
Ffan · Qfan(t) · ρ(Tair) · g

ηfan
, (15)

whereMfan is the fan shaft torque; nfan(t) is the rotation speed
of fan; Ffan is the average stress of fan blade;Qfan(t) is the fan
flow rate, ηfan is the efficiency of fan; g is the acceleration of
weight.

The fan shaft torque Mfan can be expressed as:

Mfan = 2ρ(Tair) · g · Ffan · Sfan · rfan, (16)

where Sfan is the effective stress area of fan blade; rfan is the
average stress radius.

The fan flow rate Qfan(t) can be obtained from Eqn. (15)
and Eqn. (16):

Qfan(t) =
nfan(t)rfanηfanSfan

79.6
(17)

It can be seen from Eqn. (17) that for a given fan model,
the effective force area, efficiency and force radius of the fan
blade are approximately constant, so the relationship between
fan speed and flow is approximately linear.

The wind velocity generated by fan can be approximated
as [29]:

vfan(t) =
Qfan(t)

3600l · dr
, (18)

where vfan(t) is the wind velocity generated by fan, which is
the same as the air inlet speed of the radiator vs(t); dr is the
width of radiator.

Assuming that the aircraft is accelerating uniformly during
the take-off phase, the inflow velocity is the same as the
horizontal velocity during the take-off phase.

vf (t) = vst +
v2c − v

2
st

2Dd
t, (19)

where vf (t) is the horizontal velocity; vst is the horizon-
tal component of take-off speed; vc is the cruising speed;
Dd is the horizontal distance between the aircraft take-off and
cruising.

The air inlet of the radiator of the motor controller is the
same as the flight direction of the aircraft, air flow is affected
by thewind resistance in the radiator, and speed of the radiator
air inlet of the motor controller in the climbing stage of the
aircraft can be approximated as:

vin(t) = k1
vf (t)
cosα

, (20)

FIGURE 4. Two-seat manned electric aircraft.

where vin(t) is the air inlet speed of motor controller radiator
during the take-off phase, which is the same as the fan wind
speed vfan(t); α is the angle of climb, which is about 5◦; k1 is
the loss factor of wind speed.

It can be obtained from Eqn. (15) ∼ Eqn. (20) that:

nfan(t) =
1.4k1lmdr (2Ddvst + (v2c − v

2
st)t)

rfanηfanSfanDd cosα
× 105 (21)

Taking the fin height lm of radiator of motor controller as
optimization variable and other structural design parameters
of radiator as constant, the objective function for optimizing
the structure of air-cooled radiator is established as follows:

Tcomax = max[f1(VDC (t) , IDC(t),Urms(t),
Irms(t), cosφ(t), nfan(t), lm)]

lm = l − m1l, m = 0, 1, 2 · · ·
l
1l

Tcomax ≤ Tmax,

(22)

where Tmax is the maximum allowable temperature of the
IGBTmodule; lm is the given fin height of the air-cooled radi-
ator; Tcomax is the maximum temperature of IGBT module
under the given fin height of radiator in the aircraft take-off
phase; l is the fin height of radiator designed according to the
rated power dissipation requirement of the motor controller;
1l is the step size.

When Tmax is known, the optimization flow of the radiator
structure of the motor controller is as follows:

(1) Given a step size 1l, let n = 0;
(2) Bring l1 = l into Eqn. (22) to calculate T [0]

comax;
(3) Determine whether T [0]

comax − Tmax ≤ 0.01;
(4) If T [0]

comax − Tmax ≤ 0.01, then l1 = l is the optimal fin
height of the air-cooled radiator;

(5) If T [0]
comax-Tmax > 0.01, let n = 1;

(6) Repeat steps (2), (3) until T [m]
comax-Tmax ≤ 0.01, the iter-

ation ends;
(7) lm = l−m1l is the optimumfin height of the air-cooled

radiator, and l/1l > m ≥ 1.

IV. RADIATOR DESIGN OPTIMIZATION
In order to verify the effectiveness of the above optimiza-
tion method, a two-seat manned electric aircraft, as shown
in Fig. 4, is used to verify the motor controller radiator opti-
mization method. Fig. 5 shows the IGBTmodule temperature
variation characteristic curve of the motor controller during
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FIGURE 5. Characteristic curve of motor controller temperature.

FIGURE 6. The controller for two-seat electric aircraft.

TABLE 1. Motor controller design parameters.

the completion of a flight. It can be seen from the characteris-
tic curve that the IGBTmodule reaches its maximum junction
temperature during the take-off phase of the aircraft, so this
paper only analyzes the take-off phase of the aircraft. It can
be assumed that the aircraft has a ground speed of 100km/h
during the take-off phase, which generally last 90s, 120km/h
during the cruise phase. The inlet wind speed of the motor
controller radiator during the take-off could then be approxi-
mated. 50kW air-cooled motor controller, as shown in Fig. 6,
is used for the taking-off phase. The radiator of the motor
controller adopts a conventional fin-type structure, and the
IGBTmodule in themotor controller is produced by Infineon.
Three-phase two-level control system is used on a third-
generation FF600R06ME3 module. The input DC voltage,
DC current, output three-phase voltage, three-phase current
and power factor of the motor controller are respectively
collected through the power analyzer.

The design parameters of the motor controller, as shown
in Table 1, need to meet the performance requirements of the
aircraft.

In order to meet the heat dissipation requirements of the
motor controller under actual operating conditions, the design
parameters of the air-cooled radiator for motor controller

TABLE 2. The design parameters of radiator structure of air-cooled.

TABLE 3. Fourth-order foster model coefficient.

FIGURE 7. Characteristics curve of battery discharge current and voltage
during take-off phase.

designed according to the rated power of the motor controller
of 50kW are calculated and shown in Table 2.

The fourth-order foster model coefficients of IGBT
and FWD can be obtained through the IGBT Module
(FF600R06ME3) Manual, as shown in Table 3 [30].

The discharge characteristic curve of the battery during the
actual take-off of a certain type of aircraft is shown in Fig. 7;
the battery discharge voltage and current fitting coefficients
obtained by fitting the actual battery discharge characteristic
curve are shown in Table 4. The output current, voltage and
power factor characteristics of the motor controller obtained
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TABLE 4. Battery discharge voltage and current fitting coefficient.

FIGURE 8. Characteristics curve of output voltage and current during
take-off phase.

FIGURE 9. Characteristics curve of power factor during take-off phase.

TABLE 5. Output voltage, output current and power factor fitting
coefficient.

from the actual aircraft flight are shown in Fig. 8 and Fig. 9;
the output voltage, current and power factor coefficients
obtained by fitting the output characteristic curve of themotor
controller are shown in Table 5.

FIGURE 10. Temperature characteristic curve of IGBT module in take-off
phase.

TABLE 6. Simulated flight profile of aircraft.

TABLE 7. Performance parameters of fan.

Assuming that the ambient temperature is 20◦C, the
characteristic curve of radiator fin height and IGBT mod-
ule temperature change calculated according to the above
optimizationmethod of radiator fin height is shown in Fig. 10.

When the fin height of the air-cooled controller reaches
72mm during the take-off phase, the temperature of the IGBT
module reaches 84.5◦C, which is close to the allowable
temperature of the IGBT module. Therefore, the fin height
of the 72mm controller air-cooled radiator is the minimum
allowable height.

V. PROTOTYPE TEST
A ground test was carried out using the test prototype as
shown in Fig. 4.Two air-cooled radiator motor controllers
with fin heights of 90mm and 72mm are respectively installed
on the test prototype for testing. The simulated flight profile
is shown in Table 6, a 612NHH-118 type fan is selected
to simulate wind speed, and the performance parameters of
the fan are shown in Table 7.The temperature of the motor
controller IGBT module is recorded at every 0.1s during the
90s take-off interval.

The flight operation profile contains two main phases,
take-off phase and cruise phase. Fig. 11 and Fig. 12 shows the
temperature characteristic curve of IGBT module when the
motor controller with radiator fin height of 90mm and 72mm
reaches stable temperature rise, respectively.

The IGBT module temperature characteristic curve when
the radiator fin height of 90mm is shown in Fig. 11. The
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FIGURE 11. Characteristic curve of controller temperature when reaching
steady state (90mm fin height).

FIGURE 12. Characteristic curve of controller temperature when reaching
steady state (72mm fin height).

temperature of the IGBT module during the simulation flight
phase is up to 47 ◦C during the whole test. Fig. 12 shows the
temperature characteristic curve of the IGBT module when
the height of the radiator fin is 72 mm, while the temper-
ature of the IGBT module during the flight phase is 77 ◦C
during the whole test, which does not exceed the allowable
temperature of the IGBT module in the motor controller
manual(85 ◦C). The result of the prototype test is lower than
the simulation result. The reason for this error is that the
thermistor in the IGBT module is placed in the silica gel near
the IGBT chip, and the heat insulation effect of the silica
gel causes the measured temperature to be lower. Therefore,
the effectiveness of the optimization method is demonstrated
from the results of the prototype test. The 72mm wing high
air-cooled radiator canmeet the heat dissipation requirements
of the electric aircraft motor controller, and the weight is
reduced by 5% compared with the 90mm wing high air-
cooled radiator. The heat dissipation structure of electric
aircraft air-cooled controller is optimized.

Actual flight characteristics and ground simulated flight
test characteristics when the height of radiator fins 90mm
are shown in Fig. 5 and Fig. 11. It can be seen from the
characteristic curve that the heat dissipation efficiency of
the motor controller of the variable speed fan used to simulate
the actual flight is slightly lower than that of the aircraft in the
actual flight. Therefore, the radiator size designed according
to the ground simulation flight test can satisfythe actual flight
cooling requirements of the line process.

VI. CONCLUSION
This paper proposes a novel optimized design flow for
air-cooled radiator based on studying the heat dissipation

structure of the electric aircraft motor controller radiator.
Unlike conventional design methods which rely on rated
power consumption, the proposed method can reduce the
weight and the size of the radiator while ensuring the flight
safety of the aircraftby optimizing the heat dissipation struc-
ture of the electric motor controller based on the actual
operating conditions of the electric aircraft. The proposed
method focuses on the temperature of the IGBT module,
which can simplify the analysis complexity while maintain a
relatively accurate analysis of heat dissipation. Experimental
results obtained from a prototype test on a two-seat electric
aircraft shows that performance parameters calculated using
the proposed method are very close to the results collected,
which provides a theoretical basis for the optimization of
controller radiator design. The proposed method can reduce
weight of the radiator by 5% compared to the one designed
using conventional method, which suggest the effectiveness
of the proposed method. This work suggests a new approach
in electric aircraft controller radiator design.We believe that it
could be further extended and improved by taking additional
parameters into consideration, such as shape and thickness of
radiator fin, engine cabin temperature and external environ-
mental parameters.
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