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Table 1.1 Chemical composition and type of die casting alloy

3tetx A [wit%]

T8

Cu S Mg 7 = Mn Ni S Ph Ti Al

ADCI <1.0 1%-30(’; <04 RS 0-16(’; <03 | <05 | <01 | <020 | <030 | Bal
90~ | 045~ 0.6~

ADC3 <06 | 207 |/%27 | <05 | 9P5ul <03 | <05 | <01 | <015 | <030 | Bal

ADC5 <02 | <03 481§ <01 | <11 | <03 | <01 | <01 | <010 | <020 | Bal

ADC6 <01 | <10 Zfow Lo e 0046’; <01 | <01 | <010 | <020 | Bal
20~ | 75~ o

ADCI0 20 S0 [h<03 | <to- | 05| <05 | <05 | <02 | <020 | <030 | Bal
20~ | 75~ 06~

ADC10Z 0 o0 | <03 <30 | %05 4iw05 ] <05 | <02 | <020 | <030 | Bal
15~ | 96~ rol.!

ADCI12 2o 1955 | <03 | <to [ 9P <05 | <05 | <02 | <020 | <030 | Bal
15~ | 96~ 0.6~

ADC12Z 20 | 955 | <03 | <30 | 987 | <05 | <05 | <02 | <020 | <030 | Bal
40~ | 160~ | 050~ 0.6~

ADC14 Do D 0= | <5 | 907 | <05 | <03 | <03 | <020 | <030 | Bal
— 4 —
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Table 2.1 Typical values of convection coefficient 4] (W m? e K]

Convection with

Natural convection Forced convection
phase change
.. .. Boiling or
Gas Liguid Gases Liquid & )
Condensation

2~25 50~1,000 | 25~250 | 50~20,000 2,000~100,000

(3) &BA} (Radiation)
Hals= gl oy x| fAlolo] dAG EAo] glojk BlUgdo] AdEE
b
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N
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Table 2.3 Comparison of heat dissipation technology
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Fe
0.35
0.42
0.46
0.63

Cu
1.26
1.67

shaiet [291.

S

Al
Alloy

Table 3.1 Chemical compositions of Al alloys [wt%]
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Fig. 3.1 Aluminum alloy development
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IR detector

Fig. 3.3 Detail drawing of Thermal diffusivity measurement equipment
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Fig. 3.4 Specific heat measurement equipment

\

Temperature and Heat Fux
Sensors

Heat flow paths Thermal resistor

Heating and cooling system
a7 35 09 N A=

Fig. 3.5 Detail drawing of Specific heat measurement equipment
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Mkt o] U =AHS Sartoriusit ] MSA224S-100-DU FH| S o] &

p= A_B><p (3.1)

AR B (pE T HaldE Fr15 AAY FA(A)S} A
Gol el AlAe FA(B), Al UE (p)E ol&dtd 4 31 ol&
ato] Aol "MEE Fakdith S AME¥ HA= Diethyl phthalate®
W= 1117 g/are]th.

Fig. 3.6 Density measurement equipment
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3.3 /MEEFY A 2 AF2E ALY
LED Hex 2 dAE 4L £Wek [Ady 299 AaaAd
Hl g4 (K-factor)& o] &3] EA3 S| 7}5 3 Mentor Graphics

ite] T3sterg ol&ste] SAsAT 19 372 dAY 54 AN2d=

Ao AFg¥ LED+ Samsungiit®] LH351A-3535 Ceramic LED 3 W&
AbEela, BRE e €43 542 s LED-Modules AF-831S

a9 37 €43 =A A2~" (T3ster)

Fig. 3.7 Thermal resistance measurement system (T3ster)
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Fig. 3.9 Lumen maintenance measurement sample
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3.5 3 EQLI HH3} U

S| EAN A HA3t WHE Heatsink Designers o] -83}e] wjo]~ 7,
A A, " g M) mE SEANAY 2k WIE S HA Y Mo
2 7, & FA, @ TE gl

3.6 & A AEHoolA WYY
d 3fA AEHoIAES Dassault Systemesite] SolidWorks Flow
Simulation ZZ 135 o] &3tAth. 29 3.9+ AlEH ol A&E A

se mAste JeEh o

Heatsink

MCPCB

LED

Lens

T-3.10 A 7| 9 o = A
Fig. 3.10 Schematic of The design files

2 98] mis™Y FH/MERE AAS, R &% 25 ColA LED Chip

=

3.2 YERR AT
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Table 3.2 Properties of the material

Collection @ pknu

. Conductivity | Density |Specific Heat
Layer | Material | "y %1 | [kg/m] | [/gK]
Lens Polycarbonate 0.227 1.33 1.510
LED Chip Sapphire 23.1 3.98 0.761
Metal-PCB A15052 137.0 2.68 0.880
- 30 -




A4 A3 R

4.1 NMEgFo A= =AHZAH
411 45 =R A7

Table 4.1 Mass of Al alloys

Alloy T7% A% [g] AAE AHF [g]
1 3.885 2.282
2 3.731 2.177
3 3.820 2.244
4 3.065 1.797

el Al AFe 2 BDS ol&ate] AEE T3t SA ALgE 9
A+ Diethyl phthalate2 " %=+ 1.117 g/cno|th. /&g &
268 ~ 270 g/cn Atole] Fo= UAREAQl dFwEe WSl 270 g/on

I BE Ao]lE Ho|A &okrh F 42+ R Wolr)
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Table 4.2 Density of Al alloys

Alloy 1 2 3 4
Density
2.70 2.68 2.70 2.69
[g/cr]

412 ¥|4E A4
g Z2AZA3E § 439 YEhg e, BlYg AL 25 TollA A A st

Aok N FE 4579 HE> 0882 ~ 0.896 J/g-K Atol= HlszstAl o

E 43 Mg v
Table 4.3 Specific Heat of Al alloys

Alloy 1 2 3 4

Specific Heat

0.896 0.894 0.882 0.893
[J/g K]

I =N E =A-AFEH et A= 3 449 YERUR
3.36 mi/s® 7HE =A 54

3
HAa, d3ta=rt b e alloys-49 d3AbE 7560 m/sK.tF 7.76
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Table 4.4 Thermal Diffusivity of Al alloys

Alloy 1 2 3 4
Thermal
Diffusivity 83.36 80.92 81.27 75.60
[mrf/s]

Table 4.5 The measured properties of Al alloys

Alloy 1 2 3 4
Density
2.70 2.68 2.70 2.69
[g/cn]
Specific Heat
0.896 0.894 0.882 0.893
[J/g-KI
Thermal
Diffusivity 83.36 80.92 81.27 75.60
[mrf/s]
Thermal
conductivity 201.66 193.88 193.54 181.60
[W/m-K]
- 33 -
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60 |-
40 |

Thermal conductivity [W/m-K]

20 -

Alloy-1 Alloy-2 Alloy-4

a9 4] 9AEE =A g =

Fig. 4.1 Thermal conductivity measurement graph
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4.2 MdFo dAY € FF2: SHZH
421 MNEF=9 24F

WA dA3 A Oz He UHS 9 429 39stA UERY
Bkt AFEAQd dAT S 4] M= SAHE FAHA TR

T35ter Master: cumulative structure function(s)

I I I
10000 | alloy-3_300_300_15A-0t 5-Ch.0 | R .
thja
. Y
) Cal
g
o
2
=
O
14
1
1
1
T3Ster Master: differential structure function(s)
LT N —— ; —
|:— alloy-3-300_300_t5&-oul S - Ch.0 BN ‘_5 2
10000 ——— = %:f thj‘ﬂ;
1000 f€ -
100 |
% 10 E
£ . Al-Alloy
1k I ! !
= i i i
o1 | — Package — PpCB |
0m E T M =
0.001 | I l ]
fe.d I i i 1 I LV

0 T 2 4 g 8 10 12 14

a9 42 €48 54 =

Fig. 4.2 Thermal resistance measurement graph
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MEstaE dA S4& F 534 Ao 54 Al AdEE+s
25 CE FAsAT 238 438 Alloys-19] €A =4 a#Zoly %
46> A SANES HEdHY

T3SterMaster. differential structure function(s)
g 10 — —
S 2 A VUL
- = = -
. TN ]
| E—
19 4.3 Alloy-18] €48 a9 =
Fig. 4.3 Thermal resistance graph of Alloy—1
3 46 Alloy-19] €43 =43k
Table 4.6 Thermal resistance measurement value of Alloy-1
No. 1 2 3 4 5 Average
Thermal
Resistance 14.033 | 14.048 | 14.041 | 13.839 | 13.717 13.936
[K/W]
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T3SterMaster. differential structure function(s)

100000

— New-aloy-2-1-Ch. 0
— New-alloy-2-2-Ch. 0
10000 H— New-alloy-2-3- Ch.0
— New-aloy-2-4-Ch. 0
— New-aloy-2-5-Ch. 0

1000 £

100

1% 44"Alloys-2°] €43 g =

Fig. 4.4 Thermal resistance graph of Alloy—2

3 47 Alloy-29] A3 A%

Table 4.7 Thermal resistance measurement value of Alloy-2

No. 1 2 3 4 5 Average
Thermal
Resistance | 14.070 | 14.074 | 14.131 | 14.217 | 14.264 14.151
[K/W]
- 37 -

Collection @ pknu



=5
N
[0
flo
Le,
2
O~
A\
o

18 452 Alloys-39 €A3 =4 gz o|n,
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T3SterMaster. differential structure function(s)
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Fig. 4.5 Thermal resistance graph of Alloy—3

3% 4.8 Alloy-39] A3 A%

Table 4.8 Thermal resistance measurement value of Alloy—3

No. 1 2 3 4 5 Average
Thermal
Resistance | 14.140 | 14.195 | 14.18% | 14.182 | 14.162 14.173
[K/W]
- 38 -
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T3SterMaster. differential structure function(s)
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Fig. 4.6 Thermal resistance graph of Alloy-4

3% 49 Alloy-4°] A3 A%

Table 4.9 Thermal resistance measurement value of Alloy—-4

No. 1 2 3 4 5 Average
Thermal
Resistance | 14.413 | 14.633 | 14529 | 14.756 | 14.391 14.544
[K/W]
- 39 -
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Table 4.10 Thermal resistance measurement value of Alloy

LB NP -
e

%Z b
E %Z .
HURL

Y 47 59 dAEE =4 2=

Fig. 4.7 Thermal resistance measurement graph of Alloys
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422 MNEEF=Y LED FF=2&E

T35terMaster: Smoothed response
80 —TT T —TT

— MNew-alloy-1-1-Ch. 0
— New-alloy-1-2 - Ch. 0
— MHew-aloy-1-3-Ch.0 ||
— New-alloy-1-4-Ch. 0
— MNew-alloy-1-5-Ch. 0

0 —

60 —

40 1 A | 1 L

Temperature change [FC]

0E | - N ™

N— I . S -

1000

Time [s]

a9 48 Alloys—19] LED %W 3} 1z
Fig. 4.8 LED Temperature change graph of Alloys-1

¥ 4.11 Alloys-1¢] LED Hg=%
Table 4.11 LED Junction Temperature of Alloy-1

1 2 3 4 5 Average
Junction
Temperature | 99.835 | 983517 | 97.747 | 96.636 | 98.474 98.241
[TC]
-_ 41 -
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a9 498 Alloys-2¢] LED &% W3} 1g3xzoly % 4.12
= yeha.,

rlo
i)
A

T33ter Master. Smoothed response

Temperature change [ C]

L 1S . i I | 1] . 1 1 I N
e fe-5 e 0.001 0.0 01 1 10 100 1000

Time []

19 49 Alloys-29] LED = =W3} 1=
Fig. 4.9 LED. Temperature change graph of Alloys-2

¥ 4.12 Alloys-2¢] LED =%
Table 4.12 LED Junction Temperature of Alloy-2

1 2 3 4 5 Average
Junction
Temperature | 99542 | 99.227 | 99.493 | 9956 | 98.345 99.233
[T]
- 42 -
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5 Yehdd

flo
i)
%
rlo

T33ter Master. Smoothed response

— New-aloy-3-1-Ch. 0
— New-alloy-3-2- Ch. 0
0k I |- | | EEEEH 1 =S Ll izt | | | - | || New-aloy-3-3-Ch.0 ||

i — New-aloy-3-4- Ch. 0
— New-aloy-3-5-Ch. 0

Temperature change [ C]

1000

15 1e e 0.00
Time []

a9 410 Alloys-3¢] LED =&=W3} g
Fig. 410 LED Temperature change graph of Alloys-3

# 4.13 Alloys-3¢] LED 4@ <2%
Table 4.13 LED Junction Temperature of Alloy-3

1 2 3 4 5 Average
Junction
Temperature | 99.449 | 99.421 | 99.641 | 98.674 | 98.615 99.16
[T]
- 43 -
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a9 4118 Alloys-4¢] LED =% W3} adfxzoly, 1 4142 H
L5 yednh
T33ter Master. Smoothed response
E{ 0+ = =
N . Time []
o9 411 Alloys-4¢] LED = =W 3} 13>
Fig. 4.11 LED Temperature change graph of ‘Allos—4

¥ 4.14 Alloy-4¢] LED &=L
Table 4.14 LED Junction Temperature of Alloy-4

1 2 3 4 5 Average

Junction
Temperature | 100.161 | 103.269 | 102.642 | 104.314 | 101.509 | 102.379
[TC]
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Table 4.15 LED Junction temperature of Alloys
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Fig. 4.12 Junction temperature measurement graph of Alloys
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Fig. 4.13 Lumen maintenance of Alloys

E 416 F=e] B

4

Table 4.16 Luminous Flux of Alloys

0 60 120 180 240 300 360 - 420 480 540

1 2 3 4
Initial Luminous 1941 971 1958.145 1957.737 1954.743
Flux [Im]
Final Luminous 1802.609 1785.205 1786.106 1776.504
Flux [Im]
-_ 46 -
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4.4 € 4 A gl 23

4.4.1 3| EAX 3 FHA3}
SJEA A HA3SE 93] Heatsink DesignerE o] &3t H A3 2
ol Qo] W= ol T, 3 FA, 3 JFola, SIE F= 21 W,

AL Al 6063 o]&3ttt 3E 4175 Heatsink Designerd A zEe

¥ 4.17 Heatsink Designer A7 7k

Table 4.17 Heatsink Designer Setting Data

Heatsink size [mm] 150 % 65 x 60
Heat source size [mm] L7 < "Hoet% \L
Heat power [W] 21
Material Al 6063

[P Ir
s o L = 3 W

L LR

19 4.14 Heatsink Designer 23 E 9] o]

Fig. 4.14 Heatsink Designer Software
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29 4118 dols A 15 mmel W A FA, T 4ol sl we
SlEqae) SEg el gk b e 2R 8 7 15 mm,

A M7 1) d W2 4885 CTE YERRiTh

oy

62 T T T T T T T T T T ] T T T I T T T | T T

58 -

54 |

Temperatuer [ C ]

50 |---:

48 [

Fin Count

18] 415 Mo AFA 15 d W SEANA =3}

Fig. 4.15 Heatsink temperature change when the base thickness 1.5
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s N SR . P i S ot N S N I S N O N S
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9 416 B ENA =W (a) #Wlol~ T 21, (b) Hlel2 FA 25,
(c) o]z~ FA 3.1, (d) wlo]2 F7 35
Fig. 4.16 Heatsink temperature change (a) Base thickness 2.1,
(b) Base thickness 2.5, (c) Base thickness 3.1, (d) Base thickness 3.5
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T, 8 R W3t wE FEANZY 22 el It 4714 9
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a9 417 S|EA A =W (a) ol T4 4.1, (b) wWlol2 T/ 45,
(c) o]z~ FA 5.1, (d) Wlo]2 F7 55
Fig. 4.17 Heatsink temperature change (a) Base thickness 4.1,
(b) Base thickness 4.5, (c) Base thickness 5.1, (d) Base thickness 5.5

e Hol A FACA F FA 15 mm, & JiF 17TE W P @S
o

SeE ey, 29 4145 F3 #olx FA7F 35 mmY W 7HE
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Fig. 4.18 Heat sink temperature according to the base thickness

¥ 418 Wlo] 2~ =AM e e

Table 4.18 Heatsink temperature for base thickness

Thi?{sneess Fin Thickness Fin Count Temperature
[rm] [mm] [TC]
1.5 1.5 17 48.85
2.1 1.5 17 48.50
2.5 1.5 17 48.38
3.1 1.5 17 48.29
3.5 1.5 17 48.27
4.1 1.5 17 48.28
4.5 1.5 17 48.29
5.1 1.5 17 48.34
5.5 1.5 17 48.37
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4.4.2 25W LED Engine @ 34 A3}

o|a, LED ®2E°| 712, Az Zolgt AFTHe 4w 9o Al
oo} 3lH, Eoli= 60 mm °ldtZ A3t

150
140 »
130 ﬂ|

9 [ JBR

19 419 FFdA AAE LED 259 9F
Fig. 4.19 Outer shape of designated LED Module by standard

o

Heatsink Designerg &3l wlo]2~ F7 35 mm, & %7 15 mm, ¥
Mo 179 o S|EA A7 HASI A& &star, sl A4 LED
2E o AggsiAl 29 4104H AASET. 9o Av|E R

150, A= 65, *=°] 41 mm ©]t},
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Fig. 4.20 25W LED engine

dafA AlEeleol e E 4199 #Zo] 256W LED X A= &4
g g ssgon, wAFe & 21 Wolth. wH ADCI2 Fo

A3 AlEFoIA S 1 41690 YEFATH

¥ 419 256W LED 979 =4 A
Table 4.19 Properties of 20W LED engine

. Conductivity | Density |Specific Heat

Layer Material [W/m-K] [ke/m] [J/e K]
Lens Polycarbonate 0.227 1.33 1.510
LED Chip Sapphire 23.1 3.98 0.761
Metal-PCB A15052 137.0 2.68 0.880
_ ADCI12 92 2.82 0.960

Heatsink
Alloy-1 201.6 2.70 0.896
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19 421 ADCI12 3| EA A d3lA Ay
Fig. 4.21 Thermal analysis of ADC12 Heatsnik

ADC12 &=9 g3l AlE#olA 43} Heatsink 56.20 C, MCPCB
63.43 C, Lens 59.09 C, LED 70.24 C& 3l =] St}

19 4178 Alloy-19] @3lA AlE el Ado|tt. ADCI2 ¥+ 9
|4 AlEe oA P 2AI Heatsink A2 A3 Uz L3

23 =

g

Tompesatn (Sobd) ']

O PIal 1 pomBUrs

17 422 Alloy-1 3 EA A D4 A

Fig. 4.22 Thermal analysis of Alloy—-1 Heatsnik

_54_

Collection @ pknu



112 €,

T T T T T T T T T T T T

T

T

W7/ ADC 12 |
R Alloy-1 |1

1.70 C, MCPCB

Heatsink 5450 C, MCPCB
B At

)

T

T

|

=

=

2 3

1.29 Tl z}o]

)

ADCI12 &334 Alloy-19] ga|4 A Ewo)A Ao v

dafA AlEd ol A

9]
KR
)

K e o R R R, ...‘_....‘1.0qiu.*.‘q#.‘_..‘”q.‘u‘.qf.‘_q RS
R de e e g o e e e e
et et T e e Tttt L 0N % N %

At .,

i i 1 ¥ 1 ' 1 i
' i ¥ i v H
i E ¥ £l i E
1 " ¥ ¥

B R R R B B B B B R TBER?
R RN K HNE X KR KK KKK

FFFFFFFFFFFFFFFFFFFFFFFF

1 i 1 L 1 i 1 i ] i 1

1.11 C, Lens

UEl 2 2t} Heatsink® &% =}o]

)

T

19 418

Alloy-1
62.31 C, LED 69.13 C, Lens 5780 T= 2

LED

=

=

1 L
] o o o (=] [==] =] o
[ w Ts ] =T o] o -

[0] simeiadwa |

LED Lens
dafA H
-_ 55 -

MCPCB

19 4.23 ADC12¢} Alloy-1
Fig. 4.18 Comparison of thermal analysis ADC12 and Alloy—-1
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B AFN s dFrEe AERSIE 59 nE9dEEE VA= §F
o] dEAXS EA35 L, Heatsink DesignerE ©]€3Fe] 25W LED Engine

EAA HAHE JAYstAt. T3k HHs 2yE EYR IR
LEDZWS7] 7+ X9 54 Ao B33k LED Engme AAE &

2
il
fr
>
ofo
i
ky
%0
e
>
5
@
o
o
H
)
[

1. 7Pt se € =%+ Alloy-1(1.26Cu-0.35Fe-0.51Mg-Al)°] 201.66
W/ m-KZ 7F4 =4 SA4FAT. Alloy-2(1.67Cu-0.42Fe-0.58Mg-Al) <]
AAEEE 193.88 W/m- K, Alloy-3(0.46Fe-0.80Mg-2.49Zn-AD2] EH %
T+ 19354 W/m-K, Alloy-4(0.63Fe~1.06Mg-3.33Zn-AD¢] dAE=%
18160 W/m-K=Z SAHHJeH, 4+5F EHF 7|E JEAI A=
ADCI12¢] dHEE 92 Wm:KEY FA4 A=At

rlr

o

2. MAgae A4S Alloy-1(1.26Cu0.35Fe-0.51Mg-Al°] 13.936
K/W=z 7} @A 45 Ak Alloy-2(1.67Cu-0.42Fe-0.58Mg-AD 2] <&
AL 14151 K/W, Alloy-3(0.46Fe-0.80Mg-2.49Zn-Al)2e] <& A&
14.173 K/W, Alloy-4(0.63Fe-1.06Mg-3.33Zn-AD<] €A 32 14544 K/W
= SAHA

3. MEEgF HIgderxE= Alloy-1(1.26Cu-0.35Fe-0.51Mg-Al)°] 98.241
TZ 7F¢ @A A5 A} Alloy-2(1.67Cu-0.42Fe-0.58Mg-Al) ¢ % &<

T+ 99.233 T, Alloy-3(0.46Fe-0.80Mg-2.49Zn-AD9] HFZE=+ 99.160
T, Alloy-4(0.63Fe-1.06Mg-3.33Zn-AD9] H¥=E+ 102379 CT= =4
= At
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4. e FEHAEES Alloy-1(1.26Cu-0.35Fe-0.51Mg-A
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LT 4827 TR 7 e 222 74 = AL ey

6. 25W LED Engine €314 ZA3} Alloy-1(1.26Cu-0.35Fe-0.51Mg-Al)
o] JJEANA &% 5450 C, PCB €=+ 6231 C, LED €%+ 69.13
T, Lens &% 57.80 CTZ . ADCI29 ¥€ald ZHAzgrt EHIE 1.70
T, PCBE 1.12 C, LED¥ 111 C, Lens® 1.29 T7} @55 gelsi.

S

Bl 45 7ol gEn

N

Esrs 2% ADCI2 d5HT

= S
545 7ME As gYsi e, 25W LED Engine WEAA

» e
ool

o
ANRE F3 25W LED Engine A A A] x5 =2 &8 = 7oz

Atg g wd 100, 150, 200WH Z=H o slEAN = AAS ADCI2 &+
o] ol Jfgtg o At WA TS FY AE F Us R A}
ERh=
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Analysis of the thermal characteristics due to component change of
aluminum and optimization of 25W LED engine heat design

Kyu Jung Yeo

Department of LED Convergence Engineering , Spedalized Graduate School
Science & Technology Convergence,
Pukyong National University

Abstract

The world according to the Environmental Protection trend is the
development and production of environmentally friendly and efficient
products are being made briskly. Without the use of hazardous
materials, unlike fluorescent lamps at all, more environmentally friendly
and low efficiency of incandescent lamps with high efficient LED
lighting development has been made.

LED light output is increased the LED flood light, street lamps,
sports lighting, landscape lighting products with a high light output
has been developed. Increases the- amount of heat generated due to
high light outputof the LED junction temperature rises higher. Due to
the rise in the junction temperature the decrease in light output and
light efficiency, in the long term, to reduce the reliability of the LED
device is a factor that reduces the life time of the LED chip.

In the method of releasing the generated heat, convection,
conduction, radiation, there are three method. Most lighting products
are releasing heat generated by using conduction. Heat conduction

method in the LED lighting product is to discharge the heat to the
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outside through the heatsink.

In order to increase the thermal conductivity of the heat sink studies
using carbon materials and graphene and engineering plastics and
surface treatment method have been actively promoted. But heatsink
are mainly produced by die casting techniques using the thermal
conductivity is 90 7 130 W / m - K about aluminum material ADC12.

In this paper, through the component change of aluminum has
developed a high thermal conductivity of aluminum alloy. Use
developed aluminum alloy, the thermal resistance and junction
temperature, thermal conductivity, and have a luminous flux
maintenance factor were compared analyzed and measured. Also, by

using the developed alloy, 25 W LED heatsink designed to optimize the
design was performed through Computational Fluid Dynamics simulation

according to the Base thickness and Fin count, Fin thickness variation
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