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Analysis of Tension Mask Thermal Deformations under Localized Heating
and Prediction of Electron Beam Landing Shifts

Woon Seo Shin*, Se Joon You*, Bo Woong Jang*

ABSTRACT

Thermal deformations of tension mask under localized heating are analyzed using finite element method and
electron beam landing shifts are predicted by the analysis results. In CRT, electron beam landing shifts due to thermal
deformations of the tension mask make the color purity of screen worse. In order to get the final results of thermal
deformations, firstly the tension processes of the mask and following welding processes between the tensioned mask and
rail must be analyzed sequentially. And then, nonlinear transient thermo-elastic finite element analysis is performed on
every part inside CRT including tension mask, wherein thermal radiation is a main heat transfer mechanism. Because the
tension mask has numerous slits, the effective thermal conductivity and effective elastic modulus is calculated, and the
tension mask is modeled as a shell without slits. From the displacement results of tension mask, electron beam landing
shifts is calculated directly. Experiments are performed to confirm our analysis results. Temperature distributions and
beam landing shifts of tension mask are measured and the results are in good agreement with those of analyses.

Key Words : CRT(2- %1 #), Tension mask(¥1 2 v}2 ), Electron beam(# }9]), Landing shift(.2 2}), Color purity
M=y, Slit(= R 3 1), Thermal deformation(E H &)

7|54y £y = strain component
g;(’; = thermal strain component
T.1,,1; I, T, = absolute temperature Dy = elasticity matrix
'ij = form factor from surface i to j T = time

g = Stefan-Boltzman constant k = thermal conductivity
n = outer normal vector Q = heat generation rate
P = density 0, = heat flow rate
c = specific heat £; = emissivity
h = film coefficient A = area

o, = stress component u = displacement
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Analysis of Tension Mask Thermal Deformations under Localized Heating
and Prediction of Electron Beam Landing Shifts

Woon Seo Shin*, Se Joon You*, Bo Woong Jang*

ABSTRACT

Thermal deformations of tension mask under localized heating are analyzed using finite element method and
electron beam landing shifts are predicted by the analysis results. In CRT, electron beam landing shifts due to thermal
deformations of the tension mask make the color purity of screen worse. In order to get the final results of thermal
deformations, firstly the tension processes of the mask and following welding processes between the tensioned mask and
rail must be analyzed sequentially. And then, nonlinear transient thermo-elastic finite element analysis is performed on
every part inside CRT including tension mask, wherein thermal radiation is a main heat transfer mechanism. Because the
tension mask has numerous slits, the effective thermal conductivity and effective elastic modulus is calculated, and the
tension mask is modeled as a shell without slits. From the displacement results of tension mask, electron beam landing
shifts is calculated directly. Experiments are performed to confirm our analysis results. Temperature distributions and
beam landing shifts of tension mask are measured and the results are in good agreement with those of analyses.

Key Words : CRT(2-= %1 #), Tension mask(¥14 v} 3), Electron beam( 2} 1), Landing shift(.2. &), Color purity
M X)), SliERE + 1), Thermal deformation(E H )

71549 £y = strain component
ey = thermal strain component

T.1..1;, Lo T, = absolute temperature Dy = elasticity matrix
Fy = form factor from surface i to j T = time
o = Stefan-Boltzman constant k = thermal conductivity
n = outer normal vector 0 = heat generation rate
p = density 0, = heat flow rate
c = specific heat €, = emissivity
h = film coefficient A = area

o = stress component U; = displacement
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Fig. 1(a) Schematic figures for electron beam landing
shifts due to thermal expansion of mask in
conventional CRT
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Fig. 1(b) Schematic figures for electron beam landing

shifts due to thermal expansion of mask in
perfectly flat CRT

2. Aot AN

2.1 X|uf 24

X,
2
<
o
ol
)
okl )
{
ol
o
=
i g2

[ oo

2L

2
T, Y
X

o2
[o]
[,

AT
ey
)
g X
2 i
Vzrsi
B o —
o n
_E

ot
2
o
fu
oo
4
e
8 |
05 )
o
-z

z7el 2
948 2tz L}E}Lnow}w g4, 24}
Agel A4 Aloﬂ% HE ol%dtn dE 7 ¥

& BAppgos AAsty, & T4

case FRNS FHA

. T
V- (kVT)+ Q = pc— H
dt

0, =oe,F A (T ~T}) @

JoT
k5 =I5~ To)
OHHQI 2@ ~ 2©)l

o e s a4, HY PP, WS-

A% 2 e,

e 01

th
i D ijkl(gkl h gkl) @

4

22 7E BAMX

A4 vhadole "ol Bdste THE
Fglol ol s o] TYEL BF nly
drhs AL BIbs® dolth geby
a8 shA] FoHME A
R} 22 ang I 94

= TYE°l o

B BAXDOE AT A& BAXES Fig 2
of vERA upe} o] €M ﬂ}*aﬂl/ﬂ Ay 8E
Zte A P4E A9t 3a9 F324 Y
& AAEdE 78 4 ok =% ?“*4 5172
e Ao dis] FoE FHY 37]9} 2]
FEE YU ATHFAE 25um).

>
O
D

\c—
\

-C D+
— /]

5.5

+q<LU N

4.4\

T'ﬂ
U (10

Fig. 2 Finite element model for effective material
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Table 1 Material properties of tension mask

Al-Killed Effective
Steel Material properties
E (N /mm") 359x10°*
- 22x10*
E (N /mm") 15.988x10*
Vix 0.05963
025
Vi 0.26556
K W/ mm’C) 1.147 x 10*2
545x107
K W/ mm'C) 3.055x107°
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