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R&D Overview

R&D growth and spending by contry (2023)
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i.  End of Year Edition — Against All Odds, Global R&D Has Grown Close to USD 3 Trillion in 2023 (https://www.wipo.int/web/global-innovation-index/w/blogs/2024/end-of-year-edition?utm_source=chatgpt.co
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R&D Overview

R&D Spending as a share of GDP (2021)

Research & development spending as a share of GDP, 2021 jitwi

Includes basic research, applied research, and experimental development.

R&D SPENDING: CHINA VS US

+Measured in billions: USD constant prices (2015) and PPP

1991 2022
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Data source: Multiple sources compiled by World Bank (2024) OurWorldInData.org/research-and-development | CC BY
Note: Spending includes current and capital expenditures (public and private) on research.

i.  World map by research and development spending, according to Our World in Data (https://en.wikipedia.org/wiki/List of sovereign states by research and development spending?utm_source=chatgpt.com
il. Global Times (https://www.globaltimes.cn/page/202408/1318030.shtml) 4



R&D Overview

Global manufacturing market share (up to 2024)
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i.  https://www.statista.com/chart/20858/top-10-countries-by-share-of-global-manufacturing-output/?utm_source=chatgpt.com 5



R&D Overview

R&D Spending as a share of GDP (2021~2025)
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Major Research Fields

Electric Motor-Driven Systems

| | | |
Various mobility systems Industrial Motors Robot Electrical Actuator  Energy Management System
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Energy Efficiency
Improvement Technology
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1.1 Background
1.2 Research Goals
1.3 Demonstration Strategy

1.4 R&D Progress
1.5 Achievements



Background
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Research Goals
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Solution — Technical Configuration
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Solution — Demonstration Strategy
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R&D Progress
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R&D Progress (Lab. Test)
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Achievements
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Achievements
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Achievements
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Thermal Management

Technology

Ctet FS2]1 S8 A 44 7=
1.1 Background
1.2 Thermal Characteristics
1.3 Motor Cooling Methods

1.4 Case Study # 01 ~ 06



Background

Relationship between motor efficiency and
motor loss (heat)

100 kW Input Outpout

Shaft power
(Torque x RPM)
Loss

Electric power

3 x voltage x current x power factor)

95 kW

S kW

. o/
Motor efficiency [%o)] Heat loss
|: Shaft power [kW] - Copper loss

- Iron loss
Electric power [kW] - Eddy current loss
- - Strray loss

- Magnet loss

- Mechanical loss

|: Shaft power :I C

Shaft power + Heat loss

Adequate cooling system needed
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Background

Motor heat — technical issue

Motor rotor heat test (80kW WFSM)

5 Heating part
 Stator Core
- Stator Coil

. Rotor Core
B =otor ot

$FLIR

Dist = 1.0 Trefl = 20.0

»
=
|
J

V Id
Power /E

input (5A)

4 '

$FLIR

Dist = 1.0 Trefl = 20.0 € = 0.95 0.0 Dist = 1.0 Trefl = 20.0 € = 0.95

15 min. elapsed 20 min. elapsed

Fig. EV motor heat saturation test results.

COPYRIGHT®© Korea Electronics Technology Institute. All Rights Reserved 20



Thermal Characteristics

Thermal aspects of materials

I. Insulation breakdown between the coil winding and the core

H class insulation was adopted in the research
Stator-Case Thermal Contact

Resistance

180
165 |-
156

145 |
130

120

Stator Laminations «,

Slot Liner or Ground Insulation
Slot Windings

7
©

g
3
B

=)
E}

Hotspot temperature margin

ise| 5

Permissible temperature rise

3
-
z
&
rd
a
E
&

40 |— Maximum ambient temperature

-20 (= Minimum ambient temperature
-30 | (Minimum ambient temperature)

Insulation class B F H class FIB
Maximum winding temperature 130°C 155°C 180°C 155°C
Fig. Passive stack thermal properties and terminology!. Fig. Thermal limits for insulation classes A, B, C and F'.

* The permissible temperature rise and the hot spot allowance temperature were defined in NEMA -
MG-1-2014 and IEC 60334-1.

* The highest temperature in the winding which is usually challenging to directly measure or estim
ate due to limitations of the available measurement methods.

* For every 10 degrees below the maximum allowable temperature that the motor operates, insulati
on life will approximately double.

Ref.1: K. Bennion., "Electric motor thermal management research,”"” NREL Annual progress report, NREL/MP-5400-67121, Oct., 2017.
RABYRIGHEPH L iFR f Welifalaa e CANaaH A IENER) MbRisbtn &5t S@fdard, MG-1-2014. 21



Thermal Characteristics

Thermal aspects of materials

IL Irreversible demagnetization temperature range for PM

Exposure to high temperatures can cause permanent

Buried magnetin / St demagnetization of the magnet.
double V-shape ’\g % Q@ 1.4
arrangement e f Tangential ribs
0
Q IV Radial ribs E 12 140 uc 160 \C
=4 ) ) \“ﬁ \ 210 1209C
%}% \_/(\ Lightening hole A% 0.8 100 °C )
/ <
/ %
2 06
\ Flux barrier o
S 04
B ] N
D E 0'2 \
~1000 -900 -800 —700 —-600 —500 -400 —-300 —-200 -100 0
Magnetic field strength, H (kA/m)
Fig. Cross-section of general IPMSM! and 160kW actual Fig. Family of demagnetization characteristics B(H, 1) of
research item. magnetically hard N38SH material,

* In PMSM motors, exposure to high temperatures can cause permanent magnet demagnetization
because the thermal energy disrupts the alignment of magnetic domains within the magnet
material.

» The typical operating temperature range for N45SH neodymium magnets is up to 150°C (302°F).
Beyond this temperature, the magnet can begin to experience permanent demagnetization.

Ref.1: M. Clauer and A. Binder, "Investigation of permanent magnet synchronous machines with buried magnets and carbon fiber sleeve for automotive application," e & i Elektrotechnik und Informat
ionstechnik, vol. 140, no. 2, pp. 302-313, 2023/04/01 2023, doi: 10.1007/s00502-023-01131-7.

Ref.2: M. Baranski, W. Szelag, and W. Lyskawinski, ""Analysis of the Partial Demagnetization Process of Magnets in a Line Start Permanent Magnet Synchronous Motor," Energies, vol. 13, no. 21, doi: 1
0 S8IYRIGHBS6Korea Electronics Technology Institute. All Rights Reserved 22



Case Study #1 : 80kW EV WFSM

Temp(’C) Temperature - Coolant Flow Rate Curve
300
.,%%-E— HE e ® RotorCoil
260 oat
-] T o H RotorCore
; EHo
220 % H 2 ® StatorCoil
180 “ W StatorCore
140 2
100
60
(] 10 20 30 40 50 Q(Lpm)
b) 4Z R0 ULE HE7| 75 442

> 10LPM OISt E5& SAFE 774/ 20LPM 0| & 1t S5
> 10~20LPM M8 4zt 3& 717t

Temp(*C) Temperature - Coolant Flow Rate Curve

260
=55 HE 1k @ Heat Sink
220 O 2F
" - OIGBT
; H
180
=
140
100 " i
Wmem = &
60
0 10 20 30 40 so Q(LPM)
a) 4Z a0l ME IHE £F WZaa
HeatFlow(kw) Heat Transfer & Required Power Pump Power(W)
8.00 350
700 °® Hea!_Elow_(km,) L i
6.00 ® Pum}) Power i/\/)

' 250
5.00 o
400 @

150
3.00
2.00 100
1.00 50
0.00 we o & &= 0
0 10 20 30 40 50 Q (LPM)
o) dZR Y0 ME WYS F8
2 274 (22 HZ 53 tjs| FHL)
o —

COPYRIGHT®© Korea Electronics Technology Institute. All Rights Reserved

23



Case Study #4 : Hybrid-cooling for UAM 150kW AFPM
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Case Study #4 : Hybrid-cooling for UAM 150kW AFPM
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Case Study #5 : Air-cooling for 11kW IM

Compensated motor loss condition

- Velocity magnitude

CASE 01: Original fan cover CASE 02: Stepped fan cover CASE 03: Tapered fan cover

Velocity in Stn Frame
20.0

5.0

0.0
[m s*-1]
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Case Study #5 : Air-cooling for 11kW IM

Compensated motor loss condition

- Pressure distribution

CASE 01: Original fan cover CASE 02: Stepped fan cover CASE 03: Tapered fan cover
Pressure
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Case Study #5 : Air-cooling for 11kW IM

Compensated motor loss condition

100
94.3 L 100
95 93.8
90 | 0
— 85 -
S s,
> - 60 &
£ 80 §
8 O
= 2)
RVE L 40 &
70
L 20
65
60 L 0

Original cover Stepped cover Tapered cover
Fan cover cases

mmm Avg. temp. (Frame) 77+ Max. Temp. (Frame)
mmm Avg. Temp (Cover). s/ Max. Temp (Cover).
—O~Cooling efficiency —O—Motor efficiency

< Fig. Cooling and Motor Efficiency with Temperature Profiles under Various Fan Cover Configurations. >
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Case Study #6 150kW EV Oil-Cooled-Motor (IPMSM)

Cooling scheme of motor oil-cooled system

6 Main oil channels

Oil channel

Chiller module

Oil immersion

BEEER BEEE
160kW xEYV traction motor

Locations of oil channels

COPYRIGHT® KorefE%CQ%(?c'sq\gcﬁr?oh‘% e of mo tﬁ’ﬁ. -cooled system: oil channel locations and flow behavior during operation. 29



Case Study #6 150kW EV Oil-Cooled-Motor (IPMSM)
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Data Preparation

L Factors for classifying normal and abnormal operation of industrial motors

O Mlsallgnment Angular Misalignment

> Misalignment is a major factor causing unstable mechanical vibration
and noise.

» Misalignment conditions that do not cause mechanical damage.

O Electrical fault

> Electrical faults in industrial motors cause frequency and waveform changes.

> Electrical fault conditions considering motor resistor faults.

O Configuration of environmental conditions for acquiring
vibration data of industrial motors
O Load conditions

> Separate collection of motor vibration data under full load and half load conditions
— A definition of the load condition is needed.

> Fix the operating frequency to the rated speed condition, change the shaft torque
condition.

> Simplify experimental configuration by adding dual full/half load conditions.

O  Environmental noise conditions
> Use two motors with the same output and configuration for proximity tests.
> The first motor is the main motor for classifying abnormal operating modes.

> The second motor is the environmental noise-generating motor for adding sync noise.
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Results of Classitier Modeling

[ Statistical analysis of data to classify the abnormal data
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Data acquisition environment for prototype IE3/1E4 motors

Installation configuration of IE3/I1E4-grade motors

o 37kW induction motor

= 3-axis vibration data
: Continuous data acquisition via wireless API communication.

T

Y,

[ IE4 motor | [ IE3 motor |

= Thermal distribution data
: Instantaneous data acquisition for CFD mapping.

——

e

me
yREEEEE B
T

[Side view | [ x-axis view | [ y-axis view |

=  Noise data

: Instantaneous data acquisition for measuring noise specifications.
7y ——

— . == _‘
4 .8 = — r A "‘! “‘ |

il & -
| Environmental noise |

* Demonstration site: Gukje Food, 1498 Nakdong-daero, Sasang-gu, Busan, Republic of Korea
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Demo: Three-axis vibration data analysis

Waveform acceleration analysis (Time domain)

o Operational state

Lime Series

Acceleration

b Mﬂﬂ{r(?ﬁmfwt’ ﬂlﬂlw||IIHMWifﬂﬂ“ﬁqWMW{ rﬂimﬂfhW‘ﬁ‘fﬁl,‘mh‘!‘m#ﬂ!wm B0 A e

< 1E3 Grade: Conventional motor > < IE4 Grade: Developed motor >

* The developed IE4 motor exhibits pronounced periodicity and a high signal-to-noise ratio (SNR),
which are advantageous for health condition analysis.

o Idle state

< IE3 Grade: Conventional motor > <IE4 Grade: B&eloped motor >

» Since the IE3 and IE4 motors operate alternately, their vibration characteristics during idle periods provide mutual
insight into each other's behavior.

+ Accordingly, it can be confirmed that the characteristics imposed by the IE3-class motor on the overall system are not
within the normal range.
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Demo: Three-axis vibration data analysis

Waveform acceleration analysis (Frequency domain)

o Operational state

Frequency Domain (FFT) Frequency Domain (FFT)
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<IE3 Grade: Conventional motor > <1E4 Grade: Developed motor >

* The IE4 motor exhibits a concentration of vibration energy at the rotational frequency (1X) with minimal harmo
nic dispersion in the FFT spectrum, indicating superior vibration stability during operation compared to the I
E3 motor, in accordance with ISO 10816 and SKF vibration diagnostic standards.

o Idle state

Frequency Domain (FFT) Frequency Domain (E1'T)

Amplitude

Ll )

0 200 4 00 00 Loy 1200 1400 1600 Q 200 £ 600 F1 N (111} 1200 Lo 1600

<1E3 Grade: Conventional motor > <1E4 Grade: Bmz\;eloped motor >

* During idle periods, the transmitted vibration measured on the IE4 motor is lower than that observed during IE3
motor operation, suggesting that the IE4 motor exhibits better vibration isolation characteristics in terms of
structural vibration transmission.
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