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Development of Data-driven Thermal Protection Algorithm
for Protecting Overheating of Motor in the Sunroof System
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(Abstract)

This paper presents data-driven thermal protection algorithm for preventing
overheating of automotive sunroof motor. When a sunroof motor operates abnormally,
its coil is overheated and it is failed. Besides, drivers and passengers are damaged.
Hence, the sunroof motor observes its temperature and will be stoped when its
temperature reach a predefined level. In order to implement low-cost thermal
protection function, we drew a knowledge-based temperature increasing and
decreasing curve from the result of experimental test. And then, we implemented
data-driven thermal protection algorithm which prevents motor's On/Off operation
according to motor operating voltage and motor speed. Finally, we implemented
experimental test bed and evaluated its feasibility.
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Fig. 3 Part list for experimental test
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Table 1. Temperature according to input voltage
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(sec)




MEZ ZE I

=
e

45000 -
40000 -}
35000
30000 |

25000

20000 |

temperature (0.00175°C/ADC value)

15000 i

10000 -}

5000

45000

[e:]

HFZ =z

EXE:

GloIE 7|k

16V: 2345
14v:27.1S
13V: 29.65 11V: 35.55

~ o mow oo o = o M ow e e n

TMmMmmE e IR RERR SRR

g

3.3 GlIOIE] 7]t B Kl

Ay

. A

Lu2E

adn

i)

<

o]
=2 7} AxHheating routine)2
=017k 100msec F71= 25 F7F 54 Heo
59 2% ol golA HAAH] G 57t
AZILE AJZEo] ARAE T2 FooE R
7F A% On HHIE fFAISHA == 4%, @A
Bl ol AL Ftee]l @ A Fthermal
limit)Ql 40,0005 A ol #d Hi7t setd
ot g A7t set =W, @7 AXKcooling
routine)ol] Eo17ttt. W7h AxolA= HEQ F
W33, 100msec F71& 25 {4
glolES 2% o] koA HAAEHY
AN HAAES gho] HAaEoe] 4
#lower bounde] HW IHE HIE
clearstA ¥t

=

~EREsaBEaa

—~ERES
E R

Y
thermal alarm? I

es
No

cooling routine

‘ thermal alarm clear }—'

Yes

‘ heating routine ‘

register =
hermal limi

No

thermal alarm set F-

delay for 100msec

{

Fig. 5 Flowchart of data-driven thermal protection
algorithm

‘




re
Hi
rx
14
ojo
%
it
fon
rir
Ho
N

| 192 A45

4. HOJH 7[EH @ XtH LII2E ds
=2

=0

2 oA dlojg 79t d A darelas
AR AFZ AA" Hgsto] dare]Ee] 1§
3 BT

9 62 A5 7k $I% HAEHES Y
HAEHEE AR AIAES Aofdh &
Aol TE(control part), AFIL AJAHO]

= =2 2B A L
A5, AP 25 4L 5 e

Jf fr

==
27

M oox ¥ =

YE® oE(measurement part), AIFI A]A
ge A $%t 719 stE(motor+ECU  test
par)E TAES] otk ATIZ AJAEH TE9] ¢
2 AR 13V, MFLo] 172N Ate]o]
o] 7FHA =5 STt

< Measurement PART>

<Control Part>

<Motor+ECU Test Part>

80C OO %7 LieRdet. web olejdt vl
YA BE AR YA Sletel I A

Table 2. Temperature without data-driven thermal
protection algorithm

Sample No. | Temperature | Sample No. | Temperature | Sample No. | Temperature
#1 8640 [C] #21 84.80 [*C] #41 84.50 [*C]
#2 8430 [C] #22 §2.10 [C] #42 84.30 [*C]
#3 83.70 [C] #23 83.70 [C] #43 82,60 [*C]
#4 86.20 [C] #24 83.00 [C] #44 86.20 [*C]
#5 86.50 [C] #25 82.20 [*C] #45 85.70 [*C]
#6 88.50 [C] #26 89.90 [*C] #46 83.30 [*C]
#7 8310 [C] #27 84.70 [C] #47 8740 [*C]
#8 83.60 [C] #28 8640 [C] #43 88.80 [C]
#9 8140 [C] #29 87.50 [C] #49 82.50 [*C]
#10 8100 [C] #30 88.30 [C] #50 84.20 [*C]

EEER 89.90 [’C] i 85.09 [*C]
HAZH 81.00 [*C] EFEA 2.268

Table 3. Temperature with data-driven thermal

protection algorithm

Sample No. | Temperature | Sample No. | Temperaturs | Sample No. | Temperature
#1 64.79 [°C] #21 63.99 [C] #41 64.67 [°C]
=2 64.66 [C] #22 64.99 [°C] #42 64.17 [°C]
23 64.73 [C] #23 64.83 [°C] #43 64.62 [C]
#4 64.80 [C] #24 6551 [°’C] #44 65.27 [*C]
25 64.63 [C] #25 6451 [ #45 65.14 [*C]
6 65.00 [C] #26 6511 [C] #46 6517 [’C]
#7 6572 [C] #27 65.30 [’C] #47 6521 [’C]
28 65.11 [*C] #23 64.98 [C] #48 6513 [C]
#9 6525 [C] #29 64.16 [C] #49 64.60 [*C]
#10 6570 [C] #30 65.20 [C] #50 63.82 [*C]
#11 64.52 [°C] #31 6547 ['C] #51 6431 [’C]
#12 64.91 [C] #32 64.52 [’C] #52 6531 [*C]
#13 64.80 [C] #33 64.05 [*C] #53 65.05 [*C]
#14 6399 [C] #34 6450 [C] #54 64.97 [*C]
#15 6539 [C] #35 64.39 [°’C] #55 64.88 [°C]
#16 64.87 [C] #36 65.93 [C] #56 65.69 [C]
#17 64.93 [C] #37 6530 [C] #57 64.55 [*C]
#18 64.43 [C] #38 64.90 [C] #58 65.93 [C]
#19 6491 [C] #39 64.28 [’C] #59 6521 [’C]
#20 64.66 [C] #40 64.80 [’C] #60 64.60 [*C]

EER 65.93 [°C] is 64.88 [°)C]
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