NEW GLASS

ANy NPy TF4XTLA

TP IAMT R FoSAAE Y- B Bfﬁ’

Head-up display

. @ELUsHic

ey BT o T A7 4 (HUDY & — s
EE DRI O R B DB RN RO
W& ERE LB WIS T I v — 5 — bl A
EE, HMEBN R LERLERA S Y- b
EFOBELEEL T LATL, RiToyr ek

SENSAOMAN A Y EHA I LR HME LT
SR AT A TH S, 2R
FATE, AN e PGB A
3 E, MEEPSIYEEa 7T 4 MO
MR B EDRF VLT 5,

HAE IO HUD S, BiE R ITaEnligs
WRTES L didrs, HrHEETIBO%ES
Wi b s LTASmERe ML) <
AL sTELRY, 27 LR FLE
LTHEIERT o bmE(onRANLT IR

Tk,
CHAEDLAFATE, HEELFHFF ALY
»HEE,

DA F—nF (Vor b5 R)Y DA
MlgEETMaR LR 2 ) - DIIRRT A,
AR S 3 N SRV VA, S IV SRt (o A
FENTEOEMICERT B,
v 2EDOFENEES T A, BIET
ey Ko s R RO S, Bimal
AT ACEWIATHD

186

Kensuke Makita
Central Glass Co., Lid.
FTechwical center

HE R Bhdl (W), BRSO X i, &
ruﬁ’c'*@m?:wﬁc_ EdTrst7 P4 HUD 2 W5

L, HEZHT AT AL, "R AET, "8v%
k) EHREEHICEE TS THEN A
TL‘E}%),EE.

AT, oo HUD o#E =, Sy L
et e ORI AT A R e RIS
TR LA B A 7 U — o BBz 0 TH
T4,

2. HUD 384 F—
HUD Q% % Fig, LIORT, 57350
DEREFE (VET), HIHEB LU 4 > F i
N R DEG RS U b5, F— ERTRLS
BMREGRAZ LT wh, ot
—fFEY A R —u B # Fig 2(2) R,

% 465 ﬁ‘?}“_ vt me e h

"""""" B Driver's Eye

Transparent Cover . e'e _vFT
Projector

ey Controd Clrenit

Eaarl

Fig. 1 Optical system of HUD

NEW GLASS Vol. 5 No. 2 1880



RO B L g, F—~THE,
fzFig 2{b i, ERBICHEEMERENHE
FERT UREEBETO 25 IR,

A R B raa sy ﬂ"mmﬁ‘ziﬁé‘ﬂi,
MEAE AT ot e DICERS R S
DY T4y SRR S, &%&:%ﬁu #

O L RE S HEEN LN L
Twd,

HUD #ERICE - TWAHEHORRS 2 F
i3, Dussq -

CaEtah

HELTHEET S

DHEEE Ao af A A 0% L L bl
e,

@50 nm V-7 B EOBIRRMESRL,
PO~ 7 DE S %M LR
BT,

TP I R 11 S AR AR N W) R S AR A
T He s,

S EHEE R T ST T ARESH B,

DO EEEREDL, A P FioHT

AUEHBETHY, DB TE-TH

Fig. 2{8) The windshield coated with the combiner

Fig. 2( b} Displaied image of HUD system

NEW GLASS Vol 5 No. 2 1980

187



IORBEET LR B0,

D, Flg 3isd L9, Fo4 e rime
fﬁ?j‘\'@“? 2HTHG L VET ﬁf}h T & 505
it TEY Fig 3 A), JheArin
%Q . B (Fig W B AOEHGIEEOWR
RN CHELABH RT3 mizE—
FEFOREALI PALLTERLAY, B4
o, HF GHED HFEEOR ﬁwﬁﬁmﬁwmm
WELBESL PR AGESAE TR A TLE RS A

Er SEHROERF TS LHATE LS
Wi, ROCERRE/ (BRI }m!‘]"’f’tﬁ‘ %) T
REhdo2r bR PG CRTRET SR
w._ﬂmmzﬂwﬁﬁé%%ﬁﬁt.:/nd
F =13 530 nm W RIS T — 7 RO GHEIRK

OT"}; TS g A e B i FON
HERHCHEER IR EOT, 22— —FHe 7
f—F—THE L2, B »Tb U R A
PRECE DL ED—RT IR EET S
&, BUERESE, EEAES L GEEEEL O
AMEE, PR LR, ML TR RUTR S
Tk,

3. IR F~ORRERE
3.1 BEOAPIEEDD

MEEO LB EHE T L 22, 2D
By, WL THROL YIRS aiﬂ‘* LTd
Wi, DO, BEOREINE LM, R
HFoai=n-—-iK (o, K 2REER SR Lx, BWRET
=00 SR 4 2k 2 bl — Sk
A, LI AM, M, &5 VITPWEEE L
FHETIE, N SR A RO RIERHE & Bo ot

10
Pl
d
206
t:]
L oo
|
= 82
&
300 400 00 500 4 200
Wavelengthinm)

Fig. 3 The luminance of VFT corrected by the
sensitivity characteristics of human eyves

188

TERWIELAD, Zod B, HEIBLT,

AE L D ICHE B, SO/ 0 IR E £,
HHEOR DO R BAT 5,

BRI TH L Eved LB, Sliko o
DAL ERT L, bbb, HATEROES
&, BT H LI RO B o g ik
TAWETH DL, BHORYERD PR S %

Wi, MEEIEMINTEE AL SO R
O TEEL, EREELTHET onE®T
Hb,

Fig. 4 1235 £ 342, BRI hmndrE
OEFHE L TEEL TS L B, ok 4
EREECHEBT S, FHEO LR D B 25
BTAF L2 5, T2 TRO.S
Heavens, F. Abglss % & 208 L 2 kT8
e

iFBEFHOBEON M BLvikB®
MAEHE M E2R(1), (2)EH<

M,?L.[ ' ”"‘] (1)
b ii} jl"h- 1
explig) 0 ]
M;m 2
o A B

SIS, Ay vy EERER TV A NOEEESR
B, BWEERETS D sy it BOMBER T
BB,
BRATHER () L EL Ly,
BB
Lo
F R ORNE AR . B L RIEE R E £
wR(4), (5)THZLNS,

]"—“.’le‘Mz'MEB"'M{mwnm ( 3 )

.
Eod
5 matrix between i-th
3 FE B ' Meu i lpyer and j-Uk inyer
¥ M Ml My ! Maz.a:
£ | B S i ix within 1
il fagl Y My matrix within the
& My My My 5M': MJ: ﬁ"'“ MM uyer
= 1 |2iat 'l ’; ! maimd m  numberofihe

o N i lnper
Incident Inhune %‘.‘neuus F‘Slm Emergent
medium retizlti-layer medium

TPhysieai thickness

Fig. 4 The multi-layer medel for an in-
homogeneous iim

NEW GLASS Vol.5 No. 2 1890



Table 1 The Fresnel coefficients and the phase thickness
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Tabel 2 Results of durability test

Test items

Procedures

Results

Heat resistance
Light resistance
Humidity test
Acid resistance
Alkali resistance
Gasoline resistance
Heat cycle
Weathering fest

Abrasion test

keep 2 hrs. in boiling water

irradiate with 730 watts UV lamp for 2 weeks
keep 2 weeks in high humidity of 5°C/95% RH
immerse in 1% HoS50 for 30 min

immerse in 1% NaOH for 24 hrs.

immerse in regular gasoline for 24 hrs,

9 Cidhrs.~ - 40°C/ 1.5hrs. for 10 cycles
Sunshine Weather Meter for 2000 brs,

Taber abrasion test;

100 revolutions on combiner surface

No change was recognized
No change was recognized
No change was recognized
No change was recognized
No change wag recognized
No change was recognized
No change was recognized
No change was recognized

Haze : less than 4%
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Abstract

The head-up display system (HUI} has been
developed for the windshield of Nissan Motor’s
passenger car, ‘88 model of Silvia (2405X)} and
"85 model of Maxima. HUD congists of
a projector with high brightness VFT and a
combiner which is a light-selective reflective
film applied on the surface of the windshield.
The system provides nice display legibility of
speed in a threedigit reading at the position
more than one meter far from driver’s eve even
under the bright sunlight. In this report, we
present the optical properties and manufactur-
ing process of the advanced combiner.

The combiner has to have high transmittance
as well as high reflectance so that a driver can
see both foreground object and display reading
at the same time. The optical design for the
combiner is based on the concepts: {2) Visible
light transmittance has to be 70% or more in
accordance with a legal requirement, and (b}
taking both peak wavelengths of VFT and
sensitivity characteristics of human eyes into
consideration, 530nm of wave length is chosen
as a reflective light.

The combiner consists of a dielectric thin
faver of Ti(,-5i0: system. Its basic structure is
decided by simulation with matrix method of
the resultant waves. The coating film is applied
on the restricted area of the forth surface of
laminated windshield by newly developed sol-
gel printing process using a metal alkoxide
solution with a relatively long storage life.

NEW GLASS Vol. 5 No. 2 1990



