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An Application and Verification of thermoelectric module in COTS
in accordance with MIL-STD-810 high temperature method
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Abstract Naval battleships apply a combat management system to perform special missions. The combat
management system consists of a command and fire control system (CFCS), sensors and weapon system,
and various fast and accurate data processing equipment. An application of commercial off-the-shelf
(COTS) to equipment of combat management system is essential for processing large amounts of
information and for the logistic support and convenience of maintenance. Even though the equipment
is operated in various environments, it in particular has to be designed observing the MIL-STD-810G
high-temperature Hot Dry (A1) standard. This standard corresponds to an environment with an ambient
temperature of 50 degrees for survivability. This paper proposes a method of applying a thermoelectric
module to check for the high temperature criteria. Among the equipment of the CFCS, a display
assembly was selected, and the operating temperature was compared with the specified value when the
ambient temperature was 50 degrees. For the part exceeding the specified operating range, heat
dissipation structure improvement and thermoelectric module were applied. Also, a control method of
the thermoelectric module using experimental data was proposed for the stable operation of the display
assembly. The display assembly with a thermoelectric module was verified using the MIL-STD-810G
high-temperature standard.
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Table 1. MIL-STD-810G High temperature cycles
for operational test[1]

Hot dry(Al) Basic Hot(A2)
Time of Day
Temperature C Temperature C
0100 35 33
0200 34 32
0300 34 32
0400 33 31
0500 33 30
0600 32 30
0700 33 31
0800 35 34
0900 38 37
1000 41 39
1100 43 41
1200 44 42
1300 47 43
1400 48 43
1500 48 43
1600 49 43
1700 48 43
1800 48 42
1900 46 40
2000 42 38
2100 41 36
2200 39 35
2300 38 34
2400 37 33
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Aol Boll =& 20 WEAE £ JEE ofiet. v Table 2. Configuration specification of display
Q 72 2UYS 59 B84S UFIAL I 2 assembly
X]'Q’] Z'HOPE E]'OJ'—‘?_J' EO"H—‘] X ] 1:-"0 E']% §1]' Configuration part Device Temperature
3ol Ao] /\] AAE 2 510} AAE HA7]o] o (Temp sensor position) Range(C)
KEG6900T
#ste MIL-STD-810G, Hot DI‘Y(AD (Internal temp sensor) Spartan-6 0~8
7]& oAl FHLL 50 T 7|&E0&® A5S Y&tk KEG900T(®) RTL8363SB 0~ 70
LCD(®) LM240WU8 0~ 65
(surface)
AD part(@) RTD2271DW 0~ 70
LCD control SPI-1260SDN
2' EE (Internal temp sensor) -470 40 ~ 125
Power(®) ECP150PS12 -20 ~ 70
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Fig. 1. Schematic diagram of Peltier effect[4]
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Table 3. Temperature test result(ambient temp: 50C)
Configuration part Temperature Temperature
(device) result(C) Range(C)
KE6900T
(Spartan-6) 72.8 0~ 85
KE6900T
(RTL8363SB) 740 0~70
LCD 55.8 0~ 65
(LM240WU8) . (surface)
AD part N
(RTD2271DW) 6063 0~70
LCD control
(SPI-1260SDN-470) 77:68 ~40 ~ 125
Power
(ECP150PS12) 5363 20 ~70
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3. Comparison of temperature of display
assembly with KE6900T
(a) Ambient temp: 25 € (b) Ambient temp: 35 T
(c) Ambient temp: 45 C
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Fig. 5. Surface heat distribution in display assembly
(a) Before applying heat sink structure(b) After
applying heat sink structure

Table 4. Thermoelectric module(HMN1710) technical

data
Technical Data
Resistance 1.0 Ohm at 25 T
Imax 1.7 A
Vinax 2.24 V
Thot = 25 € Thot = 50 T
Qmax
2.4 watt 2.7 watt
A Tinax 70 T 77 C
Bottom side AI203 white 96%
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Fig. 6. Control board for temperature sensing and
Thermoelectric module input control
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Table 5. Display assembly inside temperature comparison
according to ambient temperature

Ambient Temp Temp KEG6900T
temperature(t) sensor 1 sensor 2 (RTL8363SB)
P (© (©) (©
25 37.6 38.0 50.1
30 42.5 42.7 54.6
33 45.3 46.1 58.3
36 48.7 49.2 61.4
50 64.0 67.0 74.5
2.2.2 X AXO| X0 AIBA
T A 49 ANE o 9 27 54 £
52 BISt 2710 1. Ay RS ML
QA 279] B/BL Aofols A7HE FelES 319
o} o A2 Q7|% 50 ToA AA7E B3sta
Q8 270 BB 54 A 24 B9 Ao 28
& Eelsket E37F itk IF 4749] Alo] Ad
2 7} Alo] AJEA vt} F 33]9] Alo] R AAISIA L

o KEG900T HEF29 FA 2kt 97259 22
50 € "Rt ® We7A = s sttt

Table 6= EH 279 Ao} A[EA E HAZ] Y&
2%, KE6900T AEEY 2%, ¥ =9 &4 A7t
E et A1E 23 AmE 2 Alo] AIEA E 33
9] AJolE AAIFH Pt 2xolth AldZToA & 5
%ol KEG900T HEEH 9 2%7F 50 T mIvte = g
ojZ]7] YEE Aofobr] Yoie A 2E 58T 5
Zlstofof of, o] & 7|Eo R IH A9 ulH& Ak
< OYotA 24 sttt A1E A Ed A ek 15
% ol mlsA & A9 KEG00T AEER 9 Ltk

Table 6. Temperature measurement results according to Thermoelectric module control sequence(ambient

temperature: 50 C)

KEG6900T

Thermoelectric module Temp Temp (RTL8363SB) Display | Chamber
1 sensor 1 sensor 2 assembly Temp
control sequence (©) (©) Thermoelectric | Thermoelectric ©) (©)

module: On module: Off

5 min on / 4 sec off 64.0 67.0 50.0 59.1 55.4 51.1
5 min on / 6 sec off 64.0 67.0 50.2 63.7 55.4 51.2
5 min on / 8 sec off 64.0 67.0 50.0 65.8 55.5 51.1
5 min on / 10 sec off 64.0 67.0 49.9 67.5 55.4 51.1
5 min on / 12 sec off 64.0 67.0 50.0 69.2 55.4 51.2
5 min on / 15 sec off 64.0 67.0 49.9 70.6 55.4 51.1
5 min on / 20 sec off 64.0 67.0 49.9 72.5 55.5 51.2
5 min on / 30 sec off 64.0 67.0 49.8 74.4 55.5 51.2
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Fig. 7. Test results with various ambient temperature
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(c) Ambient temp: 50 C

AA719] @7 A5 ETS SEATEOIN Sl

HAAN7)7 AbEe 2= =)ol th] o A
£ 91 50 T NS 3712 st 274 A
o] 2 Z2ulUL Fig 83} Zo] AFLofA s}

7t ol% 2= H3kE F3l 50 ColA 8AIHS st
%},

[e]
T

L P2
ovT =

AR
Temp
n mpe ge @ie - 1w
s0°C Lo ___ __ loms w0 i
\ |
/ \ !
/ \\ |
i
/ \ |
25C E
] ] ] ] 1
- Lo ;
0+ : >
2h 25m 2h 25m 2h Time

Fig. 8. High temperature test profile for Multi
Function Console



A
g =9

Satel7| &8sl =2 A A23d A%, 2022

—— Ambient —— Dispiay Unit KES00T cf hu
Tempsensor1 —— Tempsensor2 —— Tempss

Temperature("C}

&

S g B
FILELS TP PP L PP E TP LI P ISP

@S PP PP IS BT

Time

Fig. 9. Multi function console high temperature test
result

Al¥ A= Fig. 99 2tk I8 ZoA Temp sensor
1, 2, 3___ ]:]—7] =S4 LHO" 7(]-;(]-12401 OL‘: 2 kﬂ/ﬂi

5 2% 9Hglo] gt )sEE Wi 255 UE
Wt QRE2E7} 50 T #7hs%t AA7E Hu2e
53.9 TolA ZIFEHE olFUeH HAZ] HF<
KE6900T AEE# Y 2&+= B4 479 Alo] AJldA
of wet 2k WIS Btk A 2%+= 63.35 CE A
ALY B2 AlRR1 70 CTE WSole AT YERH I

3. g2
£ ROl A8ES 483 CRCS THEY 1
DAEE DL 4 WES stol IH 248 B85

thoFst Z)ofA] AR

3 o1& Alo] WHE Atelsic
THE 5 880 o

Hi A= AA7IE AF 01

OO

-

Aok A @ 1.2 Wy A3 2siich A3 Anks
ol vl ZARRE] BA| gke BES AEsteleH

g 250 sl IA 47 A48
of. AA71Y] &F L2ARES B9l ot 971
et W 2% A 2 94 4% B& olRg ERIsHY
ot 1 A3 9712% 50 ColA 4879 54 228
AZ ARF 70 Colskel 45.5 oA 69.6 T HYH=
Alolsts Aats FRIst3rt

ol A AIE A-golo] HA7| @] obd CFCS
£ ok teE&e Faolo] 12 AEE AT
A7} u] FAHEZEQ] MIL-STD-810G W/CHANGE 1,
Method 501.6 Hot Dry(A1)Z &3t} SA]0] 9)7]L
T 50 €9 7} AlgolA = KEG900T AEZZ9] 1
2EE 63.53 TE ARFS B8-S Rl ol
S IA 27 A ] oM E Al s
UetE 2S A3t

2 Ao} Wue At

=
<)

o
=

640

FFle o AT et B4 2 28 Aol o
A7t Base] L J1E ¥ et £% 5 T

Aol et FH B4 dgol aTHc

References

Department of Defence(DoD) (2014). “Environmental
Engineering Considerations and Laboratory Tests”,
Military Standard, MIL-STD-810G w/Change 1.

[2] Y. 1. Jung, “An Analysis of the Thermal Flow
Characteristics in  Engine-Room and VTRU
accordance with Application of Thermoelectric
module Cooling System to Prevent Overheating of the
Korean Navy Ship VRTU”, Journal of the Korea
Academia-Industrial cooperation Society, Vol.21,
No.9, pp.610-616, Sep. 2020.

DOI: https://doi.org/10.5762/KAIS.2020.21.9.610

H. S. Chun,
Thermoelectric
Telecommunications
Telecommunications
pp.144-153.

DOI: https://doi.org/10.22648/ETRI.2015.].300115

in

S. E. Moon, Application Trends in

Materials, Electronics and
Trends,  Electronics  and
Research Institute, Korea,

Iceqube, Thermoelectrics/Peltier Effect Described,
https://www.iceqube.com/technical/thermoelectrics-
peltier-effect-described/, cited 2021 August 18

M 9 M(Byung-Seok Seo) EER)
+ 20099 24 : AEHSw AAA
ARELE (FSAD
* 201149 24 : ARdiska dApd
7\RFE SR (FAA
« 20179 7€ ~ @A : TR AH
HFATA AJYATH

(HAED

Aol g, ARz A



