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Investigating Heat sink of IEC A55 LED Light Bulb

Student : Wen-Zeng Lu Advisor : Wu-Shung Fu
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National Chiao Tung University

ABSTRACT

Light Emitting Diode is called LED. Not only transforming electricity
into light directly and efficiently, it also can be used most up to 10 to 100
thousands hours. Unlike-traditional. fragile bulb, LED is stronger and more
power saving. It possesses-environmental, no mercury and small volume, and
LED also can be applied in low temperature environment. Directional light,
low light pollution and rich color gamut are all the benefits of LED.

As traditional light, LED produces heat when working, and the heat
depends.on lighting efficiency. Heat sinking becomes the main problem for
LED. Improper heat distributing leads life and light decay.

We will discuss the relationship between the most economical heat sink
device and its thermal power, when the shape of lamps is limited and in free
convection. It takes LED A55 as.a sample in this research.

This report will simulate different heat sink devices by physical value. It
Is expected to find the best device which is conforming to low cost for the

market.
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i B P
K : # 3% %* (heat conductivity ~ thermal conductivity)
Po : Operating Power (W)
[o : Operating current (A)
Ve : Forward voltage (V)
Ta : Ambient temperature (°C)
T :Time (sec)
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# 2-3 BAILRP

AL




% 2-4 RELEE EREHRES

LI B A356 (%) | A360 (%) | A380 (%) | ADC12 (%) | IM2 (%) | LM5 (%) | LM24 (%)
# (S1) 6.5-7.5 | 9.0-10.0 | 7.5-9.5 | 9.6-12.0 | 9.0-11.5| 0.3 max | 7.5-9.5
4 (Fe) 0.20 max | 1.3 max | 1.3 max | 1.3 max 1.0 max | 0.6 max | 1.3 max
4 (Cw) 0.20 max | 0.6 max | 3.0-4.0 | 1.5-3.5 | 0.7-2.5 | 0.1 max | 3.0-4.0
4% (Mn) 0.10 max | 0.35 max | 0.50 max | 0.50 max | 0.5 max | 0.3-0.7 | 0.5 max
4 (Mg) 0.25-0.45 | 0.40-0.6 | 0.10 max | 0.30 max | 0.30 max | 3.0-6.0 0.30 max
4 (N1) - 0.50 max | 0.50 max | 0.50 max | 0.5 max | 0.1 max | 0.50 max
& (Zn) 0.10 max | 0.50 max | 3.0 max | 1.00 max | 2.0 max | 0.1 max | 3.0 max
4 (Sn) 3 0.15 max | 0.35 max | 0.30 max | 0.20 max | 0.05 max | 0.2 max
4-(Pb) 4 - = E 0.3 max | 0.05 max | 0.3 max
45 (T1) 0.20 max - = 1 S 0.2 max | 0.2 max
(AL #E #E eE =i # #E #E
T kiR -
http://www. 1eekeegroup. com/
1 2B54EL £ F 02 B HEE
R 7 A356 A360 A380 ADC12 LM2 M5 LM24
2R (g/em 3) 2. 67 2.63 2.7 2.68 2.74 2. 65 2.79
#732/gk) 0. 963 0. 963 0. 963 0. 963 0. 963 0.963 0.963
#EE 5 (Wm-k 151.0 113.0 96. 2 96. 2 100.0 138.0 96. 3
% C) 557-613 | 555-595 | 540-595 | 515-582 | 525-570 | 580-642 | 538-593
it 1& 'L (Mpa) 234 320 330 310 300 170-280 324
Ay 1758 e (Mpa) 165 170 165 150 130 90-120 159
W& (%) 3.5 3.5 3 3.5 1-3 5 3.5

T E

http://www. leekeegroup. com/
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LED: £X_R#&

. gl v
B 2-2: LED % 4 A 2
AL KR - http://2amac pot. com
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Bl 2-3: LED &YX ¥ L4 bl
7oL kiR http://zhongzhao=1ed. com/

Bl 2-4 ¢ LED & /%#-COB series
R kiR - http://www. al ibaba. com/

“ Y/
—. Y
-~
Bl 2-5 ¢ LED £ /7-PKG series
ALK R
http://cpbay. com
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Alumina Thermal Adhesive 5 Gram Kit

B 2-6 : LED Thermal
http://www. bra

—

lue

5. com. au/

>~
/

P

Bl 2- ‘ D Thermal

http:/ ﬂ‘h\

"‘\‘\, \\‘\""'
‘\n\\\,g@\ 4 A N~

B 2-8 : LED Bulb Heat sink
AL kR
http://www. aludiecasting. com/
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B 2-9 : LED Driver
TR KR
http://www. hydroponic-growing-systems. com/

T —>» LEDIPKG

. m -
LED_Module <~ — i FR4/ MCPCB
=% Thermal tape / glue(Silicon-base)
I I I =+ Heat sink(Aluminum/Copper)

COACENT BRI
A

B 2-10 : LED Bulb # @i iz
TR KR
+ B : http://www. hydroponic-growing-systems. com/
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Bl 2-11 : Heat sink % & ®ig =
TR KR

1) http://www. ecvv. com/1
2)http://www. nobodybuy. com/
3)http://yongyingal. en. made-in-china. com/

4) http://www. ledray. com. tw/
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#0 @ LED A 2 Aple et 5 0 F % e Hfen 2 4 BT 52 R Ard
B2 BB AR > L iR ARG ”Vi*ﬂt' B S RCE Y REET
(Casting)£? i* & 4| (Punching) #¥c# B4 ¢ @%—”‘J’E( VRS - R a5
oM HERE P RANHEL ‘\ﬁ TR R o

3.2.2 35@&%*3%‘1'

1. -F)»ar.fizzﬂ SR e 7
(1) G S
(2)/m)§#?3"$/K ype Jg_‘ﬂ > 9}‘5?]3—2°
(3) & Tk ik » 5% 33 -

2. BBt g
(1)SolidWorks 7% = 3D 7 #84-= o
(2)Flow Simulation #% & #4% > t s 3 Hcdy o

F1 7 3D % WA 2 8 S B Bk v R ARl ) ¢
< F i E ADD 2 e H R AWT 24 B 34

3.2.4 #iafigie 7
ARS8 REE S x-S0 il
Ao g * M dhigie @ " R O HLREH TR Y > HTAE
‘o sgie g kR oo i Bl 35

2. ’Lﬁ@?‘vw—
HER A [ Hi 3 dhl b B2+ 5335
3. TEMEF :
dEHA el EMET XABRPERT ST R3S 2
AR AT

(1) % % /Housing : PC
(2) $# 1 % : Silicon base
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(3) #c# 4 © Aluminum
4. THERFR
T AR e e LED KR 0 B kok L i
el ARl e R R SRR T S RERERE 5T B
3-b e
5. TERPR -
SRR TR S R LRSS AN S R
< B 3- 5
6. & Kjirge
SEFANELE R R AT EERI L TRI35
7. # /»\#‘r
FEATTERERES FH3leiz £ & > 2 Casting 5
#% 22 Punching % 4= 2 2 53| e i3 H 2 A 9] 2 76 271°Ce
73.40C » & FEF 8§ 3CHE R < ;55 K 3-6 -
#d ﬁ—%”t‘*% B 5eif 4 0 Punching 3% ‘:_ﬁ:# BRI &
Casting 7"t 2 s 3 FARITAD P e > 7 @i K7 %
Bt 1d o 1935 fadk Sl F Y 2R e

3.2.5 PR AE 2

d PR EiR S & fr’Punchmg Fugklegi s 74 Casting 3¢k
oA e i AR AR P TR A 4 S A R RO AR S e i A
9 #8c7] o H Casting % # #-7) 2 & ¥ Punching 3% 3 03] 2 ik 2 474448
i AR e ﬂ 3T

FRR AR A A Ao ot RELED 2 e ik e XS
35 e Thermo couple F*@Anic# > T RS B 3-8 &2 % 3-1 % il
RERIE G4 A FHY ok BRI ER & %% B 3-9 ~ 3-10 o

3.2.6 R EPED R
l. H#RE2FHRSER TR
B&Egd LT §F FERF zPJ’zPJFéEﬁ‘F’& 5 L] P T 2edk Heat
sink 2 LR B > T ikRiesrE 3-23 o
Pl

¥
2. J?:%Pﬁﬂ’ﬁrf'/m :'%_
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WG] TMRTF FERF R RRERFRF L L) pF o T ek Heat
sink & BB B - T ik PRiosrk 3-2 judk2 o
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# 3-1 B & £ RIBERP &

Test Point
T1
T2
T3
T4
T5
T6
Ta

LED input info.
Vi (Voltage_V)
[o (Current_mA)
Po (Wattage W)

Thermal test result

Test point Max Temp.
T1
T2
T3
T4
T5
T6
Ta
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¥l 3-1 : iR % H(CPS-30300D)
FAL &R ¢ http://www. instek. co. jp/

B 3-2 : B BB (NI cDAQ-9174)
T kiR - http://sine.ni. com/
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Bl 3-3 @ £ ik (TVS-200EX)
TR kR - http://microndbs.

Punching

net/

Heat sink

(ALS052 & ADC-12 )

Housing

Weight :39.9 g -

13-4 13D e gkt g 0

(PC)
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Punching Casting
,,—\\ Physical Features Value
Physical Features Value + Heat conduction in solids v
+ Heat conduction in solids v Radiation
Radiation Time-dependent
Time-dependent = Gravity v
= Gravity v X 0 mis*2
X 0 m's*2 Y component 9.81 mis*2 |
'Y component 9.81 mis*2 3 Z component 0 mis*2
Z component 0 mis*2 Rotation
Rotation
S 5 £ .
Gravity : 1f Gravi -"‘
ty : : ty
Punching Casting
FSTEER STREE
—
® #ARQ ® @R
-8 Input Data. L (08 InputData
Ei; d 5= < | Domain ] § ] Computational Domain
18 Component Control ~-*18 Component Control
Fluid Subdomains 8 Fluid Subdomains
(& Solid Materials \ ’ L | {759 Solid Materials 3
| @ 6061 22 Solid Material 1 | - : | @ 6061 &2 Solid Material 1 |
@ ABS PC Solid Material 1 i >! 1) AL-6061 (Heat sink & LED Substrate) | g | @ ABS PC Solid Material 1 |
l Q Silicon Solid Material 1 A g 2) PC{Cover & Housing) | i Q Silicon Solid Material 1 i
H Boundary Conditions i L 3) Siliconmemal pad & Give) ,: _______ g‘géﬂﬁaifyté—ﬁa"ﬁb—ﬁi """""" o
5 Transferred Boundary Conditions D e wh Transferred Boundary Conditions
g: Ffos =SS B BN T R > Fans
e 6 9 ‘ \ OF Heat Sources B
:[ ?_ | B4 s Heat Ratal ‘—) Heat source : 3.5W (—ﬂ |82 VS Heat GenerationRate 1 |
W ContactResistances oo o0 T \d Contact Resistances
Punching Casting

Punching
Jooee b mTal ripocy
.2 Thermal Joints
|88 Printed Circuit Boards
%9 Electrical Conditions
W _Initial Conditions e

«— Mesh ——

... & Thermal Joints
B Printed Circuit Boards
-.*9 Electrical Conditions
- _Initial Conditions

Casting

ncal ripges s

>

® Goals
B GG AvTemperature (Fluid) 1 |
-~ GGAvVelocity 1 L

# Goals
-.#% GG Av Temperature (Fluid) 1
GG Av Velocity 1

B 3-5 : Flow Simulation % %
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Punching
Result - Veloei

0.318 0.371

0.283 0.329 Y ; . =
0.248 0.288 o
0.212 0.247

0177 0.206 =

0141 0.165

0.106 0124

0.071 0.082

0.035 0.041

0 0

Velocity [m/s] Velocity [mfs]

CutPlot1: contours CutPlot 1: contours

Flow Trajectories 1—

Result'ﬁ— Temp.

10 6!
64 B8
5918
5348
aT.7a
4208
3639
30.70
2500
Température [*C)

Cut Plol 1: contours

Max _ Temp.

] 3-6 : Flow Simulation i %
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Punching

Casting

B 3-7 : Heat sink 7 #4-3] ®]

e

s
D,

—> T5

™
T2

T3

T4 9

T4

~J
s

3-8 8 A EAld B
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B 3-9 : 7 %~ & Bl (Casting)

B 3-10 : 7 2% = & B (Punching)
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4.1 FHREPS*
4.1.1 Heat sink A #» #cipiE =

F15 3 87 I %o Heat sink > &9 S 2 = 2 A A By o
’H—} N R £ o lﬂmﬁ. J %‘9\}1\ 4-1> £ p1E 8 EA740 B 4-1 ~ r]
4-2- 27 T EAcko fFa2 ] FMERD B E R R Y E E
ﬁ%ﬁ”% FEZF R IRE R

4.1.2 Heat sinki§ B & BlE% ¢
1. Casting :
(1) LED $* * & % /5%%> 210mA » # LED X #.c) 5 5. 5W ¢
(2)Heat sink X &£ 2% 63.5g > /¥ H#7% F B gL
PP R ARl R IR G o F 2 R 4-3 -

(3) Heat sink ~%8 5 - 54 HAf A LR G FHF > H 2
EE.L.;E'J%!:"/‘E&Tﬁ&ﬁ%ﬁ—%@f@i}ﬁﬁli&kiﬁQbyﬁ\ » v & R plaep 1R
Jo BB A 2CH o 2T Bl 44

(4) HZPlESaBh B ERE TP IS 61C 5 <FRE RS LT -
BHRALZTCe 75 Wl 44> K 45-

2. Punchmg.

(1)LED # * %% in=s# 210mA - 2 LED X #%) 5 5. 5We

(2) Heat sink * & 2 % 16g > ApHs H A5 B RI$ 0 0069 20
AN 5 N S 18 o D S+ A 7f,u kgL o V2 F B 4-6 -

(3) Heat sink A% %= (# 5% » & - $r B2 (7§ ME @
F- TR A A AL A BT L o g E L
PIBEE B A 2L PRAES R 2 RAT MERIE LRt > g X L 2
BRI LR A e o T AT R AT

(DD HEERFHEPEFERTPRES 66.8C 2MERERSZ 56.4
C AaHR4A510.4C-7%TR4-T B 4-8-

g
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4.2 5 plER

% 4-1 Heat sink data base :

Percentage

[tem Casting Punching

(Casting : Punching)

Aluminum

Casting type
LED input info.

Vi (Voltage_V) 26. 4

[o (Current_mA) 209

Po (Wattage W) 5. 52
Thermal test result

Test point Max Temp.

T1 61.0
T2 59. 6
T3 58. 0
T4 56. 6
T5 55.9
T6 54. 0
Ta 25.5
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B 4-1 : Heat sink € & & BB
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E3 - 40W Assembly |
adralfPde-a-d (2

H<10>@Heat sink.
T <11>@Heat sink:
&< i

L REEIT1E

&8 - Tw-Assembly =
[-mfPr-a-d (&
| H<693>@Aluminum -
msq ]

BEE 2097923 B

Bl 4-2 : Heat sink $t# % ## £ Rl @l

YT Graph

55 Casting 1(Deg €] |2ond
e T 1 IR TR R A RN NN NN TR R AR AR NI R A} S == = e Castingaibeg 01 ||
5= : - - — Tatingileg 01

o 50- s I TR | Casting4Tug.C)

E Fr | Casting-fbag €1
40 Casting8(leg C) g
- TaDeat) [3
-
ol Il IR TR i
el i | ¥ | i | i i [ i | E

o 200 400 E00 BOG 1k 13 1.4k 18k 18 Fo 233K

Timais) _I J
B 4-3 : Casting-Heat sink <& ¢ 4[]

Bar Chart
1000 Coepting. 1 (D £
0 Cating-2Teg £
- Casting H ey L)

o B R
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Bl 4-5 : Casting-Heat sink = /§ B8

YT Graph

+ Punching1(leg.C) |
1

1 Funching-=2(Feg.C1 ]

| Funching-#&leg.C)

" Funching S(keg.C) @
" FunchingEiGeq.CJ @

[

T Talbeg ) @
25— YA s e
20 _I ' ] 1 ] ] 1 ] ] ] ] ' ] [
i 200 400 £00 800 1k 1.2k 1.4k 16k 1.8k 2k 2 236k
Timets) J

B 4-6 * Punching-Heat sink = /8 ¢ 4% ]

Bar Chart
180 Punching-1{0ed.C)
90+ Funching-ZDea.C]
G0 - Punching=3(Eeg <)
665 &1 6
70 : B2a 515 Punching-diDegq.C)

&0

a0 -

40 -

30—

20—
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330

Punching-s(Deg.C)

nching-G(0eg.C)
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@] 4-8 : Punching-Heat sink =B 384248 = 15 » H & R FE >~ F
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3 A AATig AL Bt TG %’ﬁﬁ“ Z B %3¢ Casting ¥ Punching
FE AT RS AR AR o
FHiE A AR AT N R EAFRE R D
Casting £ Punching % » @ ¥ &2 2 @Azt 2 2
fa— B FE? Hitim 2%k o
5.1 =2 &t i
] Casting £ Punching 3@ H #rR G2 7 4pk > ok 7 T4
12 4% 100,000 & 'ﬂ‘““ﬂﬁ EQ g RE MG E-HTE ST
@ RE4 A X R #ok-Casting 3 s — tex < 3% 5 Punching B =
AL AN
5. LLIHEE § % v
WCasting(— fife X 3Y) :
< - e xFHECE 7 = NID 550, 000
MPunching (it 4 #i50 )
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