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(Analysis of electron beam landing shift of CRT by
thermal radiative effect and thermal deformation)
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Abstract

In this paper, we analyze the thermal deformation of mask frame assembly using finite element
method(FEM) and predict the beam landing shift during tube operation. For realistic analysis, the
apparent thermal conductivity and the apparent elastic modulus are calculated and the shadow mask
is modeled as a shell without apertures. Also, all parts inside the tube are modeled and the each
radiative effect is considered. Then the finite element analysis is performed for transient thermo-elastic
deformation of the mask frame assembly and the beam landing shift is calculated. Experiments are
performed for 17" cathode ray tube(CRT) to validate the FEM analysis. The temperatures of all parts
inside the tube and beam landing shift on the panel are measured and the results are discussed in
comparison with the results of the FEM analysis.
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Fig. 1. Beam landing shift due to a expansion
of the mask frame assembly.
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Fig. 2. Emissivity test apparatus.
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Table 2. Material properties of each parts
inside CRT.

Mask Frame Spring Shield
Young's
modulus 015x10° | 02x10° | 02x10° | 02x10°
(N/mm®)
b "o
Poisson's 03 0.28 032 0.28
ratio
Conduetivity | g0 | 043x10" | 0.151%10" | 0.43%10"
(W/mmT)
Density | 2064107 | 0785107 | 0765%10° | 078510
{(kg/mm”)
Specific heat i
4704 400 4770 470,
ThaT) 700 700
Coefficient
of thermal | 12,105 | 0103x10* | 020310 * | 0.12x10"
exXpansion
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Fig. 8. The deformations of shadow mask.
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Fig. 9. Beam landing shift on the panel.
%0
80 shadow mask
o 70 frame
§ :8 spring
30 E.7
20
10
0
0 2000 4000 6000 8000 10000
Time(sec)

a3 10, 7t ¥y 2xHs EAAs

Fig. 10. The test results of temperature varia—

tion of each parts.

23 102 Helegh) 28 BE & RS vk
ZHql, =8 ool grFo ¥ X WEE
Bal Aolch T2} 7)o =g vhazes g% &
EHEE Ralr) olF AE$ vhazie] de] i =
Adat 2xog e}l HAR s =Y
s smele] exw AAs LT ofrlN FuY
AL ol dre] 2x wzlo|r) of] dxo| 2

Bhe Ay ZQlY 2xAteRct G, o=



18 o 24 fdel o WYL

Hebed SakA dade] e 2

Qleo] o A5l

LS
80
shadow masH
5 70
=] frame
=
=%
£
L
=

0 2000 4000 6000 8000
Time(sec)
g 11, 2xwsE fAga)

. The analysis results of temperature
variation of each parts.

Hstel] ik a4t
MES- i, Zelg),
Edsla 7 EEAle) o]
ARe st sjAdk At Ajdst siMA)at
olell 4] HEEY LRl A AAFTE & S 9l
of 53 ol Hxe] 2may dahz siax)e} &
At 2 aide] Aesdee o 4 vk 212
oS mhem mesl, sae W ol Hugel
A eh AY Ans wlagt Qogs, 7 3Ee] &
swsteld s Ago] MHbdew 2t ke
= Qlek

“
zme) 9 ol A5

=

:
)
e

=

— Mecasured data

20 .
10 ® Numerical results
p . .
0 2000 4000 6000 8000
Time(sec)
(a) Shadow mask
20 ~— Measured data
10 ® Numerical results
4]
0 2000 4 6000 8000
'l‘ime?((?ec)
(h) Frame

(18}

28j CRTAH 24

20 ~— Measured data
10 ® Numerical results
0 ‘ .
0 1000 2000 3000 4000 5000 6000
Time{scc)
(d) Inner shield
T8 12, A= vbam, Zygl, Axy, o d=%
o] gxwsl M7} AYAE vl
Fig. 12. The data comparisons between analysis
and test of shadow mask, frame, spring
& inner shield.
LUC (-15%mm,117mm) :
. T
|
LC (-159m,0mm) MR (-79.5mm,0mm)
o -®- —
(a) The temperature test points on the panel

Landwng shift (pm)

3 4

AR 5+

60
~50
=3
=40
[=%
g 30
&
20 ~Measured data
10 ® Numerical results
0
0 2000 4000 6000 8000
Time(sec)

(c) Spring

Transient Landing Shift at LUC

Landing shift (um)

Qs o “Measured data
Y » Prodicied resulis

Time (sec)

(b) LUC(x=-159 mm, y = 117 mm)

Transient Landing Shift at LC

Time (sec)

(¢) LC(x=-159 mm, y=0 mm)



1974 15 BFILEHGE F4 8 CR £1%

Transient Landing Shift at MR

Landing shift (um)

Time (sec)
d) MR(x=-79.5 mm, y=0 mm)
38 13,90 Az a4 Asel 2974 v
Fig. 13. The data comparisons between analysis
and test of beam landing shift.

7 134 #EAke] 33" LUC(x= -159 mm, y=
117 mm), LC(x= -159 mm, y= 0 mm)} & MR(x=

795 mm, y= 0 mm )exl] Alxkzle} vzt 9 =4
o AEESE Blwsleick WY el R

B vEes % o) H)ow YRy me

= % uﬂ o Rsjstedeh Ea 2714, MRAe
el ) A AmedEe AEs dazsl suy
ol %7}54 = Yyuia FAgeR SRk of7)a 4l
A Amee] Hughe FAF 48] dolfu, ol

F RS vhazsl ZAgliels] LR} Zadel
wel, mA ] Aol Frhse] w) W=l 4zee]
WS S HRES el SAPIAF 307408
of 47 bR LUCHS] wae Hzes 43 )
REoR sEv} MRS vhaze] muael olsiA
Aol edapg WA eherh Lo W WY 4ze
FANA 27l MRA vl2al, A7) Al
of weh nppzkozel W WY #xes) swshl o
ofuteh. sheiabe] 3ol 4] W WY 4mEl S
4 AstaEve AN @b SHgel F4 2714
=5 4 nhiech metd @alel 4 Asz s A4
7 o] W A9 AEERe 4 dEe 4 ol ol
A% whaz zele) ojuEe) A qed
ke

A B Aol o]l e Lo A
24 exE ek wlaa A W 3 ol
ok 2 4 glonk W Al Ameo) s
soll ] A} AREE 1T 15 mAES] 2348
Qlek 7 9} ojy-re] dodelm vhazie] gt 9
ol Yolos AdAE YK wla Hwd e
ol gleh olefit WARE 1 3] wlmlgt ole
ohgsiol TSR AATFo] vl wHle] A%

B
Sl

L

Ly

L

Lo

(19)

19

dashe £ el ol Auidos 2 o
S vlqck AzeEck S8 ohaz Fay we e
o) BT el GF AL A7 Bas) o

3 Azt

©.
=
2

T

VI. 8 B

B 7R o] ARE Aot
D Bk 523 2ol Ay Ade) iy 2
I 25 ol deeo] 2nrb megle] 2y

sEoket ol Hekd 3hle] o A%l gle] Ba}
7h 7= AAelE S

2) ¥ Ao AR QRS vhrme] xS

Aaps W] Agdn] g gEg vhaze)

5% d&shs zed!Tgo)x ulalg

& = ik

3) ‘H*:% AFs) fall, et Az, ZHY, &

2 oy Hd el Lxel sdAile] wlaly

Aslglon 2% vl wagd Hzeo)

Ageh 2 wgicl aeld 2 e

vhaz 2q] oAl EelE dAlshe
- ok

},

ro

M. Ibana, K. Teshima, E. Higashinaka-
gawa and Y. Ohtake, Development of an
INVAR(Fe-36Ni) Shadow Mask for Color
Cathode Ray Tubes, IEEE Transactions on
Electron Devices, Vol. 35, No. 10, pp.
1721-1729, 1988,

K. Tokita, H. Urata, M. Nakamura and T.
Sone, A New Shadow Mask Suspension
System For a Color CRT : Corner-Sus—
pended Mask, Proceedings of the SID, Vol.
29/1, pp. 13-17, 1988.

M. M. Koitabashi and H.
Kimura, Improvement of Mislanding in
Shadow Mask Cathode Ray Tubes(CRTSs)
by Electron-Reflecting Coatings, Japan. J.
Appl. Phys., Vol. 32, Pt. 1, No. 5A, pp.
2083-2088, 1993.

A. M. Morrell, H. B. Law, E. G. Ranberg
and E. W. Herold, Color Television Pic-

(2]

Yamamoto,



20

ture Tubes, Academic Press, 1974.

T. Okada and M. Ikegaki, A Structural
Analytical Study on Shadow Mask Ther-
mal deformation of Color CRT, Japan
Display, pp. 20-22, 1983.

T. Ueyama, H. Kanai, R. Hirai and T. Yano,
Improved Computer Simulation Method for
Shadow Mask Thermal Deformation and
Beam Shift, Japan Display, pp. 558-561,
1989.

[7] H. Kim and S. Im, Analysis of Beam Lan-

E X IR(OE&8)
1057 39 2594, 19819 24 ek
 dista T AusARe) &
qI(3HAD), 1983+ 89 Frokstl A
W AR Z(MAD, 19964 10
A G kst WA}
A apalEbg g, @ LGAAF Helul
oJed PaolA EH-E, F Aok e, o)

CENE B R

al
PR B WESR)

1947+ 49 34, 1972+ FkeFst
o FoEr A AR &8
b, 197613 2% et Z1A
gl E<)(AAD), 19804 84 =3}
3 7AEskst 20k, 19969
129984 ghefoista Fajoist A
71AEE 2, Aok AFEA .

o A m3et o WHE weY CRTAAN 2% a4

X X2 7H

FEXIR St

ding Shifts Due to Thermal Deformations of
a Shadow Mask, IEEE Transactions on
Consumer Electronics, Vol. 40, No. 1, pp.
47-54, 1994.

R.R. Archer, N.H. Cook, and S.H. Crandall,
An introduction to the mechanics of solids,
Mcgraw-Hill Book Company, 1959.

A8t A7, 71E & AW, FALETH
(ITS-90) ] =3 77231e FH9] S2-7]%
2 7]&# KRISS-94-025-MO, 1994

(91

4+ B BEHR)
19651 114 1248, 1988 A-&-ff
= shw Bt A AR AR (3
Ab, 19909 29 ALkl 7]AA
At Z2QAAD, 1995 29 A&
tistel  lAAAISEE B,
19961 10984 LGHA Henir)
olAFaoll ] ZHF, Tkl ok AAldst B Fx
=0



