Journal of the Korean Society of Manufacturing Technology Engineers 27:3 (2018) 218~227

/i \

Check for
updates

https://doi.org/10.7735/ksmte.2018.27.3.218

Technical Papers
C )

=252 WA MBS S8 XSS
CHI, o

J. Korean Soc. Manuf. Technol. Eng.

ISSN 2508-5107(Online)
| M58 BY Y 3 A2y o7
R

Study on Light Source and Its System for Automotive Headlight
Using Logic Circuit

Myeong-Jae Noh®, Soo-Young Lee®, Dong-Hoon Hyun®

* Course for Knowledge-based Technology (Opto-Nanotronics), Korea Polytechnic University,
237, Sangidaehak-ro, Siheung, Gyeonggi-do, 15073, Korea

ARTICLE INFO ABSTRACT

Article history:

We herein study the more advanced form of the Light Emitting Diode (LED) light

Received 29 January 2018 source used as an automotive headlight. We have attempted to convert the
Revised 3 April 2018 existing system configuration paradigm comprising a fixed simple light source
Accepted 9 April 2018 and a traditional illumination optical system that can convert or manipulate, to a
system comprising a combination of variously switched light sources and a fixed
Keywords: . illumination optical system. To achieve the above-mentioned objectives, we
Aut(.)moflve. headlight studied the internationally recognized North American Standard Light
Logic circuit Distribution Regulations [specifically, UB1, LB1M, and LB1V of Type F], and
LED the European Standard Light Distribution Regulations [specifically Class B of
SAE standard normal mode, and Class V, Class E and Class W of adaptive front-lighting
ECE regulation systems (AFS)]. The results show that the customized optical system paradigm
AFS with an existing fixed light source can be converted into a fixed optical system
paradigm with a convertible light source.
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Bo) g3 74(Table 1, Table 2)ol|4 53 Ax% A
2’10 FFHE= 632 Type AFH H7HA| vhekabd, 3 v
o] opd Tz w} 294, B, HEws7bA ket &
0BG A= A-SF(AFS: Adaptive front-lighting
systems)°ll ek A2 obF] glof & =iollie= Wi d FollA
Type F (Table 1)& 7|EEE 7|EC & 3}, Upper beam®l| Tt
dJA= UB1 (Table 2a), Lower beamol| tisirl= LBIM3}
LBIV (Table 2b)ell 7} 515-0] F & AA 9 AEdolds
Z1sysi3ict.

9 F329038 7778(Table 31'%, Table 4U)o) A B53k AxS
AN2H9 FRE 71EE L BY)d wet Class A% BE U AT
B =Fo A Class B (Table 3)2 13 glom, 2] T3 v
T4 Upper beamel2t W3t A& Driving beam2.E,
Lower beam©|g} WH & 22 Passing beam O 2 F21, 7 F
Passing beam®] 7% Table 49} 22 A58 32 A58 727}
718 4714 Class®} Driving beam3} Passing beam Z5-0|| U]
3ll Bending mode= Ydth Class 72 C& 71E3(Class BS}
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Table 1 Headlighting system type F

Photometry Requrements Reference
Unit Tables XVIII |Tables XIX-A, XIX-b, XIX-c
System Nominal
Designation : Upper Beam Lower Beam | Lower Beam
Size | Mechanical & . . .
. . Mech. Aim | Visual Aim
Visual Aim
92x150 UBI N.A. N.A.
Type F
mm N.A. LBIM LBIV

Table 2 Upper beam & lower beam standards

(a) UB1
Upper Beam #1 (UB1)
Tgsggz:;t Maximun.l Minimum

Photometric Photometric

Intensity (cd) Intensity (cd)
20 v - 1,500
1u 3L & 3R - 5,000
H v 70,000 40,000
H 3L & 3R - 15,000
H 6L & 6R - 5,000
1.5D A% - 5,000
2.5D A% - 2,500

4D \% 5,000 -

(b) LBIM / LBIV

Lower Beam #1M

Lower Beam #1V

(LBIM) (LB1V)
Test Point Maximum | Minimum | Maximum | Minimum
(Degrees) Photometric|Photometric| Photometric | Photometric
Intensity | Intensity | Intensity | Intensity
(cd) (cd) (cd) (cd)
2U 4L - 135 - 135
1.5U [IR to 3R - 200 - 200
15U [IRto R 1,400 - 1,400 -
1IU [15Lto L 700 - 700 -
0.5U [1.SLto L| 1,000 - 1,000 -
0.5U [IR to 3R| 2,700 500 2,700 500
H v 5,000 - 5,000 -
0.5D [1.5SL to L| 3,000 - - -
0.5D 1.5R 20,000 10,000 - -
0.6D 1.3R - - - 10,000
0.86D v - - - 4,500
0.86D | 3.5L - - 12,000 1,800
1.5D 2R - 15,000 - 15,000
4D v 7,000 - 10,000 -
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Table 3 Class B

(a) Passing beam narrow test point

Headlamps for RH Traffic Class B Headlamp
. Test Point Required Luminous
Tes't P o%nt Angular Intensity (cd)
Designation Coordinates — Degrees Max Min
B50 L 0.57U, 3.43L 350
BR 1.0 U, 2.5R 1,750
75R 0.57D, 1.15R 10,100
75L 0.57D, 3.43L 10,600
50L 0.86D, 3.43L 13,200
50R 0.86D, 1.72R 10,100
50V 0.86D, 0 5,100
25L 1.72D, 9.0L 1,700
25R 1.72D, 9.0R 1,700

(b) Passing beam wide test point

Headlamps for RH Traffic

Test Point Angular Required Luminous
Coordinates - Degree Intensity-cd Min
1 4U, 8L
Points 14+2+3
2 4U, 0 190
3 4U, 8R
4 2U, 4L
Points 4+5+6
5 20, 0 375
6 2U, 4R
7 0, 8L 65
8 0, 4L 125

(c) Driving beam test point

Class B Headlamp

Test Point Coordin/:tlziul-arDegrees Required lunll(lilous intensity
Min
Imax 40,500
H-5L 0.0, S.0 L 5,100
H-2.5L 0.0, 25 L 20,300
H-2.5L 0.0, 25 R 20,300
H-5R 0.0, 5.0 R 5,100

fFARIEZ B =FA= A, Class VE =49, Class E&

P
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&, Class W 93 02 ) 4719} 2] Class Mode
7R ozl At Az o g Yol wy)z) Wk 7
20| X Bending mode”} 7o) vjgo] ABA $A4 A 2

2Aols U= 4 FHolslth
B =R Ae 7]E8 9] Class BE 7|ERE2 4339 Class
C+= Class B} Al E Aekslal Class V, E, WE S8 EE
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= 77y A3 3 A 2 AlEEelA 8191 21, Bending mode
© & =2oAe Agsidn

3 3 AR AREE OA A 50 2290 1] g
g ZoA Type F& Lower beam EE=9] LB1Vl %30 A2}
X1ey & oAolnt.

2.2 XS =Y YA MA uiFo|2

As2Hg Mxs 2HOE LDY LED+ 1A 3-9(Solid state
lighting) © 2] X342 HgLell 2zt sfjgst, 7|8 gl Q)
oJ4= LD7} 7F-A9K Gaussian) B3 ElE 7141 LED7} #
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AxT AN2EE ekl Qe FAIEA, 1A F9] ARl
gsto} desle 722 AT ofglgol gloH, 53] Aks
AR Ju] 5 Aol sEluebt ARgstaL
g ] wig-s TSl HaliAle 2359 T
2 < Al Ee 5 E5Ee Hol ol 1A Fe]
e aRH o A Fstal e A itk
7194, LEDE Asat Hg FPO 2 ARE- Al Fig. 1(a)°l
A Boja= nle} o), Feff 2 A 2Rlel] ARSE T Sl A7+
LED AlERllz2E 28351 HH, ol Fde whibge s =4
I ARALE sk FAEA BEAL IEE T1te] EA
st FA T} s s TAR B AR o)) Aedt W
Ho g9 FHo] I AFe] Sink 53] ALARI Wi B e}
a7EE 51 220 Eold 18 2 S ek
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FUOE AR Al Fig. 1(b)ollA BT uje} 2o, drt
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7Fsht, dARgel PAR Aleke] EAjskal Bl Fele dAdl
ofaf FAo] WAEE AR ] WAEHA itk A Tl AT
Z"(Numerical aperture, NA) $HAlo] we} B&-&o| A3l
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Table 4 Passing beam photometric requirements

Tabled ) dined Position/deg Passing-beam
abled requirements expressed in ¢ Horizontal Vertical Class V Class E Class W
No Element at/from to at min max min max min max
1 B50L 1L3.43 U0.57 50 50 50 6258 50 625
2 HV \Y% H 50 625 50 50 2650
3 BR R2.5 Ul 50 880 50 1750 50 5300
4 Srgment BRR R8 R20 U0.57 880 3550 880
5 Segment BLL L8 120 U0.57 880 880
6 P L7 H 63 880
7 S0R R1.72 D0.86 5100
Part A 8 75R R1.15 DO0.57 15200 20300
9 50V \Y D0.86 5100 10100 10100
10 50L 13.43 D0.86 3550 132009 6300 6300 264009
jp | Seement 02.and |y % D2 176002
below it
jp | Segment Ol and | & R2.0 D4 123001 123001 71002
below it
13 Emax3 8400 44100 16900 | 793008 19530 | 705002
Part B(bending modes) : Table 4 Part A applies, however with the lines Nos. 1,2,10 and 13 being replaced by those listed hereunder
1 B50L 13.43 U0.57 530 7901
Part B 2 HV4 880
10 S50L 13.43 D0.86 1700 3400 3400
13 Emax6 5100 44100 10100 | 793008 | 20300 | 705002
Optical o oot ‘Q‘ﬂ-l}'% E‘I:T:‘ IS Zi]/‘% 7]’":“5‘]-74] 6‘]—:17__ 9] -.?__r i{——‘% ‘—Elj]/}_%%
S&E[r)c)e '» Optical Path Sgulrcc?e Optical blas; “/[: 9;1]\ %‘ :‘]'Q "J"“}\] 0401 %ﬂﬂ —Z—A]'% 7}%’6}74] ‘5‘]'111,
\ “ Difference (LED) loss - - - -
Dp . m>®1 48 9 FHEF 2L o|Fold 4 YRR I AFA HEEE
‘1,& \'Q; . Difference | (FOOT PR|NT) Incident light ~  (DISPLAY) %:]_1301—63: %ﬂ- 7} A= }(‘}/\ﬂ J}ﬁ}ﬁ]ﬂ- 017'] O] Zj_g% X]-%—f(]-%‘ %j}_%
AE AT,
(a) LED lighting (b) Projection type display B 7o) 243 FaAI= 7| RA 02 Collimate LensE 7|3
Fig. 1 Methods for LED lighting & Projection type display = i on Tt B =R WA RS HEsL] A
& 5 b F8 A7) sasiolof s,

Reﬂecto_rﬂ Cut-Off parts
i

Optical | [J _J
Source
(HID, Halogen)

Optical Cut Off parts
Source

(HID, Halogen)

(a) HID & Halogen (b) LED : US 9,222,638 B2
Fig. 2 Conventional method of headlight projection systems
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71 3hks W3] LDY LEDIA e 33 H5-5 240
] A%t Collimate”} Qo{o]; b= Blolt). o] & wEslr] sl
A= Fig. 3004 Boja= 7 o] JaPdAVdollA Fe3t 1xk01=
(L1 Al 1HLIRI) ?M 299} 1212 ARW(LIR2)S] &
A7) W97} A ofEofok TS & ¢ Qlth o] FHEo] A|okEA|
%S 73 AL 2 RS S| B, o= Bl dzrle
o4l Ghostt Vignetting®] <lo] ). o|2i3t Ghost333
Vignetting == 0] 9 gle W22 FEL20] Fojxjok
st ojuf] T3k 22 A Zhbelle FEEHA| AL FHkel| 75
z7lo] Fojrjof g}, ol F3MEA Y| Trickelth

FePAI= <2129] Ray tracing=S R AA AAle FA 0l
o] FoiA BE 2AMA(L2) Egk 1A= AR o7 P&z
o] FojAof gt} o714 Aedt 1A}z FE&27 2AR-I=
o &2 719k 2ol & 4 Utk
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tl <b (1)
1/16 < tana=b/a < 1/8 @)
27° < Bl < 37° A3)
37° < 3% < 50° “)
50° < Bl < 75° ®)
30° < y < 40° (6)

of7]o) A, L19] LIR1 F4elA L29] L2R2 FA7HA AlE

12, %471 113} 237] PAOIA F9H O it T o)F & FAMS
d%ate] L19] LIR2% Bhte= A% (S sl A& PS134e]

ARSIZH(£SOPS1)& BYs, 871 t13 471 PRlCIA THOR Yit]

B olE § FAAAE AA8k] L19] LIR2% Thuk= A1%(S2)

< Sle A PS2319] ARIZN(£S0PS2)< (%, t13} PRICIA <

PO {19 o)F & M-S ARt L19] LIR2Y This

A7(S3)e ole A PS3e] ARSIZH(£S0PS3)= B, 129 PA
oA FHOR tE oF § $AAE ddstel L29] L2R2
7 shbe AF(S4)S Sl AdEPS4TR] ARSIZH(£SOPS4)2 v
Z F

I Shfe] AR A A A, NA HHAE Al
A RS FAS 17 B3R T V1ete g offdue
Zloltk. YHHAQ FekaAe] 2HE H9E 1.4~2.00]H, E4HA
o] W9l 23~90(E AT 2 Aol AR A=)olTk way
£ AP SRl AR A2E ARg3ledok s AR J gz
= Azdgolehs Gerol WA Aok =3 Sk A2E 1)

HEg 2A) Ako] Atk

o|Z ) dsh] flaiM £ AFE vlEE fol 3 aAE
Sl 5399 At 239 vl o g A A48t
3h= HAs} 7]es A838lth 2 (7)2 vl Sl sldaAd
o] Eqtel W ajola, 4 (8)2 Wl WAHolH, 4 (9)9] 4

Fig. 4= Lambda researchA2] Oslo program’gollA] 2 A
AE Z3}9] Ray lay-out®]1, Table 5+ Oslo programol|*] %%
AR 234 DatalA 2] (8)3 4] (9)7F AH Bl 9ol 314
2ol BtE FURYC] HFH(Kino-form surface) & H
A 2A0ZX12)E FAs= F92 Datathe FE3 Ul80]H, Fig.
52 MicrosoftA}2] Excel programs 8310 4] (7)& 283}

Table 52| DatacllA] HolF= 7 o] H3z A & L2R1HH
LED-Ligh L—C/G_180d_L2R12D UNITS: MV
FOCAL LENGTH = 37.89 NA = 0.0001477 DES: MJ Noh

%0
—

Fig. 4 Lens design in OSLO

420000007 48000000 —3Z. 4760159

ta

Ref, Wavelength 0.587560 wn
1.490000

-15.389268 EA

58,95510204 mm
0.430
50.000000

Lens material nd
#/zone N

KinoForm ZoneDepth
Weight
Phase increment per zone

%
4800000

(a) Converting of the design data
to kino-form surface in Excel

L0
5,0000

KincForm Sag Z(n[22()]
—0.3996719

(b) Generating of kino-form
surface in Excel

Q
L2R2 B
N (c) 2D drawing elements with ~ (d) Converting 2D elements to
S kino-form surface 3D optical elements
Fig. 5 Generating of 3D kinoform elements
[ )
L2R1 Q) 31 SO—< Table 5 Lens Surface Data
n
ssCRNE- L2 Surface L2R1 L2R2
“~s3 = cv 1/160.024 -1/28.8458
b cc 6.506304 -1.299755
= ——,ﬁ 5 AS2 -1.4858E-06 -3.4644E-06
e |_1 R1 AS3 4.5684E-11 4.62E-10
b Refractive rate of lens 1.49
Center wavelength 0.58756 um
Fig_ 3 Lens sketch DF1 -0.0000526 -0.000289
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L2R2%0)| sfiahe vl 9fol] 3)diabde] H3E FURge
H] 7 (Kino-form surface)< A/33e] 3D cad = H¥ksl= 24
ojtk
UkA]] v 7]&Tko 2 AAIE Datast B3 3]-AA7}
L3 vl 7)es BlaskAl HH, Fig. 6(a)c HITHE 7]EThe
ARg3te] AAEel Mt 43t Aol Fig. 6(b)= -4t
7} B3k vl 716 AMESIGhE 7399 At HAst el
2 O A7 7% A SolME /4R £00H 53] 52t A
o2 A7 HE 500~700 nmtje] spAThE 1/8704] A7t

o X

I-Ll

Zo] 9SS & 4 3tk Fig 72 Fig. 69 AAAE A#z oz
3l & = 9l= AlEY o)A Blal Data®|th Fig. 7 (a)olA= BIF
H 71Ehs ARSI we] 1 27l i TR (AR
S AA BT o, SHAAPT B vl 7]E0] AL
¥ 23] Fig. 1(b)olAe FAN gl 433l E0+5 47
23l 7hssitt

Sagmmbin,ed(r) = 8QY,sphere (r) + sagdiffrurz‘,i’ue(r) ™

cv * 7’2

+Y 484 (8
1+ Vi—(cct+1)c? « 12 ; @

sagu,sphere (7”) =

LONGITUDTNAL CHROMATIC LONGLTUDINAL CHROMA
SPHERICAL ABER. (D) FOCAL SHIFT (D) SPHERICAL ABER. (D) FOCAL SHIFT (D)

UNITS:

(a) Only Aspherics (b) Kino-forms

UNITS

Fig. 6 Comparison of aspheric surfaces and kino-form surfaces

(a) Aspherlcs result

(b) Kino-forms result

Fig. 7 Comparison of simulation results

1 ) 1
Sagn',iff'ranfwe (’f’) n 29 i n [

VU o B8] 3, col S, 2 B50 24
wWaAel, ASE wTE A% [ s
AE B4 M 093 DRE 91 9 ﬂl?oli}.

3. SRulE MA

3.1 YROE MAY

B Ao e AsAke Axs FdS wEd wETE=E 2
sFolm, 3 LED #W¥$ 2= COB(Chip on board)d LEDXE
¥ %+ Mocro LED 8#]€-2g Zh= Micro LED EEZ 443}
7Ht‘aﬂ3§f% el 1%‘%"’4% Yo R Hﬂﬁo}"q 7y 2 A

ﬂtl

7} HX];H—E ‘3}—7ﬂ stk

7oA, =e] 3& P wjdTEE 7 REE, SARE, ASR
Tl 3TAE g st AlEH oA dtoH, 24 74 ogt
2ol Zds4t). 712 == Fig 894 B vl 240] Lower
beam WA Passing beam< F9<] H71E 44808 A4S
TRl Fo] ¥7)S 283k 23 1%L Upper beam WA
Driving beam- PB39] EAH-9|9] LED7} Offe AJE|E On
FHZ SHAY 7]€ OndEle] LEDE ¥7I%t 24dste] 713 s}
ek

THREE 7[ERE tsle] £xzdo] v wwit} 4%
o= It 24 He Z0g 1 si5on, AgRE 4] 7
BREG FHARCI} $ASS 7|F0E W ANo|BEE B =
wollAE Attt A28l a3 ¥ 15399 941 2
)7 WEkE & Qe 33 7AY B FE LRE
R A ﬁ—?s}?&ﬁ}.

[ESES[ER[ERs: [R[EE[E S
— R R R e e R e ) S e

(c) On state of UB(DB) on LB(PB) LEDs footprint
Fig. 8 Footprints of LEDs

223



Myeong-Jae Noh, Soo-Young Lee, Dong-Hoon Hyun

3.2 20| =& HA(SAE Standard) ZRTE A

FATE Al oA A afsfof sh= ARe] itk COBE
LED®E9| Sample 54 AZH& #4724 o= FLEDS] 7}
T EEA Aol27} wlg- Fasith

T2 WA Yol A 2o} 817]37) ol g 2 w3 el cut-off
Hj34-& ThEojof 317] wliolt), o5 98] o] 7Fed LnHA
9l Lateral LED Chip 0.4W3J Small ChipZolA 7} 2
LED Chip%ll 342! Table 6] 4¢3k S-30KBMUP
TPl 132 Meeigla, olRt 25 o AU 97|14 de=
288 4= = Table 69 CSP(Chip scale package) LED A&
HEEAARe] Z8Y11 BElS 2212 Hesie] AlEgo)dS S}
st

Micro-LEDEE2] 7% LED ChipAte]2 EAIU =232 7]
olo]] B} 229 COBH ol vIs) B} 1% A7ES
S g Qo) opH L B =FoA] A A2l AHRE AlES
T317] o1e19] Table 6914 Hi= 22AL] Prototype Eviyos
ARHEPIE Zhzslolom, AEEolAE A3 3] Sl Unitzh

(a) UB1

(b) LBIM

(c) LB1V
Fig. 9 Footprints of S-30KBMUP

Fig. 10 Footprints of Z8Y11 for LB1V

PitchE Minimum pitch® 0t & B 2 385 um= A48t Z57E
Hrg BeE E9 FHA3} A7 9=l Pixel d Maximum
brightness= AF¥-S 23149 4.6 Im/pixel7HA] 3E3h= 202
A3k o AAA| o)M= Typical brightness$! 3 Im/pixel 3
S8% FEe] A4S TGtk

Fig. 9t 4937 ALe] S-30KBMUP 222 djE AA %
Hjgolm, Fig. 102 AW ALe] Z8Y 11 EE=E LBIV
Aoz e A% wjdo]|x, Fig. 11& 22#A] Micro
LED (Evioys)$! Table 69 AF¥0.2 LBIVTHACE jd A
Ag wjdoltt. z8Y11 223} Micro LEDS] 7%, UB1#%
LBIM7tAel thet siel A7 3 AlEgolde B =Zolse
ATt

Fig. 11 Footprints of Micro LED (Eviyos) for LB1V

(d) Class W
Fig. 12 Footprints of S-30KBMUP

Table 6 Specification of LEDs

LED Mocule Lateral LED Chip CSP LED Micro-LED
Model no. S-30KBMUP Z8Y11 Eviyos
. 30x15 mil (mil = 1/1000 inch)
Unit size — 0.8%04 mm 1.14x1.14 mm 115115 um
Minimum pitch (Simulation pitch) NA (200 pm) NA (100 pum) 125 pum (385 um)
Typical brightness (Maximum brightness) NA 70 lm/pixel (140 lm/pixel) 3 lm/pixel (4.6 lm/pixel)
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H EZH[Y JE(ECE Regulation) ZHfEl AMA|

E%BHJ’L 7742] 7% Driving beam®] Z$+= 21| %
ol oju] R UB1H FAKEIY] £ =RoAE
R E= Class Bol %50] Fig. 12(a)9} 2]
H2 e dA sk, 8P A9 Class Ce 7[EEE9
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5. AlE|old P

ol Al oE A
]t} Table 2(b)2] 4

A 71Eg B

3 HlwAzo

Table
LB1Vdl rﬁﬂ AEF o)A A

o) 363

4.1 20| ITHZ A AAE M5 A8 0[M Table 7 Comparison of SAE Standard & Simulation
Aol 7S TheFsE Fo] TRt Aol theste] 5 g:;tt H | V | Min. | Max. | Actual | *STD | Result
2G2S 2831l Fig 9, Fig. 10, Fig. 119] 2= 2212 315 1 S| 4 | & | NA |8221664 1577832
o, & mrdllAe Azl sk UE Ak F AR > | 8 | 4| & | na 8810336 14.50172
3 4 | 2 | 135 | NA |1101.871 | 13.69772
4 1| 15 ] 200 | NA [996.7869 | 13.61244
5 2 | 15| 200 | N/A |1007.259 | 11.70062
6 30 15| 200 | NA 1033256 | 14.7709
) 7 1| 15| NA | 1400 [996.7869 | 13.61244
8 0 | 15| NA | 1400 |3265217|9.360092
9 |15 1 | NA | 700 |[107.0563 |5.765653
10 | -1 | 1 | NA | 700 [70.02566 | 5.391566
ZZZZZ 1|05 1 | nA | 700 [99.51966 8912911
. 2 | o | 1 | NnA| 700 [237.6501]12.72528
13 [-15] 05| wa | 1000 [2386723|14.44402
o [ e 14 | ;1 | 05| NA | 1000 |2856659 ] 23.4866
15 [ 05[] 05| NA | 1000 [442.5482 | 33.58362
16 | 0 [ 05| NA | 1000 |685.6792]45.16106
17 | 1 [ 05| s00 | 2700 |1620.187|72.77842
18 | 2 [ 05| 500 | 2700 |2093.178 | 74.38894
19 | 3 [ 05| 500 | 2700 |1287.017 | 52.69803
20 | 0 | 0 | NA | 5000 [2113.951 [90.63861
21 | 4 | 0 | 135 | NA [2340915 | 25.64257
2 | 8| 0| 64 | NA [2150.986 | 258689
23 | 13 | 06| 10000 | NA |10677.11 |243.9242
24 | 0 |-086] 4500 | N/A |13612.32 | 220.9684
25 | 3.5 |-086| 1800 | 12000 [2713.008 |32.09753
Fig. 14 Simulation with S-30KBMUP for Class W 26 | 2 | -15 [ 15000 ] NA |47839.45 ] 551.6594
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Table 7 Comparison of SAE Standard & Simulation (continued)

I}:iiltt H A% Min. Max. Actual *STD | Result
27 -9 2 1250 N/A  |2333.431|29.31684
28 9 2 1250 N/A | 1973.932 | 23.8414
29 -15 | 2 1000 N/A | 1605.471 | 21.8689
30 15 2 1000 N/A | 1632.364 | 21.02537
31 0 -4 N/A | 10000 |3598.045 | 42.81543
32 4 -4 N/A | 12500 |6096.226 | 74.44543
33 20 | 4 300 N/A | 624.4019 | 15.13312
34 20 -4 300 N/A  |629.9543 | 15.31175
*STD : Standard Deviation

Case of Z8Y11 for LB1V

3} ¥ A, Table 79] test point 23,24,262] 7% Minimum
candelagte] 22} 10,000 cd, 4,500 cd, 15,000 cd¥T} H& 3+
7k ok sk Ao 71E AEEBEFU A2FloA 7 7T EE
A GO, Table 7914 B50] test point 23,24,262] & 247}
10,677 od, 13,612 cd, 47,839 ¢do] T, THE 7124 % Table 2(b)
o] 774 tinl 2% KAl green)3tith

Table 8- 8 EFH%F 14 7Ed & =204 e A%
Class Wl tjgh Al Eg|o|d A5 BlmAlEolt) Table 49 Class
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Minimum candela#t®] 22+ 10,100 cd, 20,300 cd BT} =& 4
< 7F40F 3h4, 50 L2 Minimum ~ Maxium candela 6,800 ~
26,400 cd £t g FAlsloF she Ao 71 HexgEY Al
Hlol| A 71 71t 2 FAIF 2, Table 8914 H50] test point

Table 8 Comparison of ECE Regulation & Simulation

I;l;)eiiltt H v Min. Max. Actual STD Result
B50L | -3.43 | 0.57 | N/A 625 | 57.55654 | 12.23842
HV | 0.01 | 0.01 50 N/A | 1788.974 | 126.2719
BR 2.5 1 50 2650 | 365.6852 | 1436706
50L | -3.43[-0.86 | 6800 | 26400 |7349.375 |389.6261
25LL | -16 |-1.72 | 3400 N/A | 4001.969 | 190.0198
25RR | 11 |-1.72/| 3400 N/A | 5790.503 | 234.3467
50V 0 |[-0.86| 10100 | N/A |19287.52|688.9613
75R | 1.15 [ -0.57 | 20300 | N/A |29401.41 | 873.1923
1 -8 1 N/A 880 | 120.1782 | 17.62666
2 -8 4 N/A 880 | 47.24757 | 13.32533
3 8 4 N/A 880 [37.90698 | 12.98192
4 8 2 N/A 830 | 110.0114 | 16.19141
5 6 1.5 | NA 880 [256.2851 | 16.97102
6 1.5 | 1.5 | NA 880 | 10.07268 | 6.426909
7 -4 0 N/A 880 |368.7524 | 35.32545

Case of S-30KBMUP for Class W
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