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Technology of Strip Rolling of Shadow Mask Steel
Plate By Reversing Cold Rolling Mill

K. S, Kim*, S, K. Park, J. Y, Lee, J, H. Kim
Cold Rolling Department, Pohang Works, POSCO

Abstract

The steel plate for shadow mask is used in a Cathode-ray tube of TV monitor and is
the strictest product in surface quality because hundreds thousand of holes are
perforated in a plane of 25 x 25 inches. To mass-produce this product, a reversible cold
rolling mill for silicon steel was used and the rolling technology and the activity for
quality improvement are described in this work. Because the steel plate is a mild steel,
which is very sensitive to strip-breakage even in a low tension, we reset the minimum
tension values matching to the operating conditions. The roll mark due to the multi-
segmented araangement of shape controlling roll was prevented by hardening the
intermediate shape controlling roll and by changing the exisiting working-roll into a HSS
(High Speed Steel) roll. The scratch caused by the speed difference between a idle roll
and a strip was prevented by increasing the roll roughness. With these activities, the
steel plate for shadow mask can be stable. The continuous improvement of quality is,
however, required for the customer satisfaction both of domestic and overseas market.

Key words : shadow mask, rolling technology, quality improvement, high speed steel roll
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Table 1. Characteristics of Shadow mask Products

Inner Shield

Frame

Fig 1. Use Of Shadow Mask Steel Plate
wE Hel AHTE BEYS Y= HY FFFYLS Table2 9 2o

Table 2. Manufacturing Process Of Shadow Mask

& 352 0. 65mm A1ge
Z.3mm 0.15~0.25mm
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2.1.2 7144 %4
S/MA) (Shadow Mask)9] ARMEA S ¢dFAA ol 243§ AF FUTHANZEH vndo

Fig 20) Yehilow A7)z v g530] 433 .

20

i 60 .
Yield Stress
(Kg/mm?) 40 -
eS|
iy | —e— A7 NO|
T detE®) | 9 10 20 30 40 50 60 10

Y.P 11.8 25.0 33.0 39.5 44.6 48.4 511 58.5
T.S 27.8 29.5 35.9 42.0 46.8 52.0 55.8 61.0

Shadow Mask

A7} NO Y.P 32.0 47.0 55.0 62.0 66.0 70.0 73.0 76.0

Table 3. Mechnical Property of Cold Roling Material

2.2 §+d7) AEALY

T 5 STS #1ZRM 7} CRM
Lay out Defroll
7] (mm)
Ti(mm) 0.3-3.0 0.2 ~2.5
K 700~1,600 550 ~ 1,160
Max.Tension(Ton)
i 60 13.5
W.R Dia' (mm)
76~94 190 ~ 225
Ist 1.M.R Dia(mm)
128~144 180 ~ 160
2nd [.M.R Dia'(m
) 230~240 None
m
1250 2000
Roll Force(Ton)
- 7 -Ray x -Ray
A A
FB,FF FB,FF, Mass Flow AGC
AGC Mode
. . Stressometer None
YaAZ7
(W.R: Work Roll, [.M.R: Intermediate Roll, B.U.R: Back Up Roll,

S.R.B: Support Roll Bearing, Def' Roll : Deflector Roll)
Fig.2 Specifications of Mill
Fig.4% SISO A7 3w339) ¢4d7] FLAISE vlnstgen SISF®e] W7 ZeETt &
Aol APAFo] worz FYE FA AT AU
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2.3 AU 29

YAANA 124 S gasdla 2zt ¢S STS Sendmizir 471 E o] 83+ 0.504mm X 830mm
o] AANE 0.222mn2 YAE AAstgdEd, HA AYAEo) 3.5Ton(HY A :8.3Kg/mm?) 0.2 &
13y ¥ % StartA] 7]AF Frictiono] &3t Over Shoot®ty oz Ago] BAstm A &
Ao Aoz ZStartzt s B en, n3E nFE gdo) A 27Roll @ T
&8 FEA 4T AHESZ Roll Bite]o] A& 3 o7} 1 Stripe T4 Yo| 3o Hio
oA EFE7E HAHRA D Aol BAFA A&ddd dE Aol A3 AstEge
o, Z4FAAFT EAFHo] Eo} Strip A FAlo] 9% FYHuntinge 2 Fabdko] of 2w
wogste] AN E 433 oy Aoz gdEHUY.

A7) 7 ¢ = gtdStartA] Fig.59) 7o)
HAZAYE 3.0Tone.2 A3t Startdty
o1} STS¢} m3trix| 2 BaAeA 2wt
Qo h(Fig 38 z) Start o= wod s
ol zgiol ¥gste STSH vt Aol
$B}R o (Table SF2), FA4ANL
S.R.B(Support Roller Bearing)¢l o2&
Roil¢} Mark7} It A Fo} AAEo) X
H Ego] HAH.

JHAM GAAEY % AAA S EFold T

At A Yzste A7 74¢ YAdA7E

o] g3t} }it7I& g NEd7E .
Table 4. Productivity Of STS and Silicon Steel Mill

4.0Ton| -

~ STSZRM

Fig 3. Tension Qvershoot

STS
SHE A7 3G
Shadow Mask Z 2 A (STS304)
AAFAJ(TIH) 2.7 4.9 12.0
Pass4 3 4 ]

2.4 CRM Shadow Mask ¥d71€

2.4.1 F¥A AHH

AR Hax 0.27mm7hR] AE &9, AL Sergtel +2%0]joA Aoj7t Hu glont,
SIMZ TS A AHol™ 0.25mmoll A #H A 0.15mm7hx] Fubatoe] o) FojAE 2 479 o] ¢4
StartAl Reel®] 7]A3 Frictiono] 2% A PAlol7} B¢y 3dtol Stripo] LoopingE WA HEH
o] HAEn, ® AAZts HAGYFHo] 3.0Tono 2 0.35mme] 2AFAL H$, 433 (10.
8Kg/mm?)ol A A FEZ(11.8 Kg/mm?) FH A 2] vl&dte] 4LA7t AAH EFol oy F
o Helo] vpAe AFEHEs AP A o ¥ndn FF5 BAHUAG. 2 A Reelo] A
std R HA Torqued FA3tAon o]2H HAFHL 3.5Tono)Afo] Hojof A3
Friction®t} o] zo} tha Y Startz}t 7hestgch. 22lu 2AGA e 9% @igo)
FZ71E 3 Y AL StartFE 2 ulE Tensiond Fig 49} Zo] SetFH oz T E 3y
AP S FAANLF AN
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EAE= Set+(1)

Additional Teqsion
(Ton) Set(2.5)

Set Tension

0 1 2 3’ 4’ (Second)
Fig 4. Setting Up of Tension at Beginning of the Rolling

2.4.2 Deflector Roll Scratch ¥A

A dAETE ASES 952 Pulse Generator7t $2H¥ Deflecter RollS Idle2 7%
o A4 g4 13y Folg Roll-g hFste o] 24 3 YAAdE HAZHLE &
Agto] web Strip® Rolle) Siipel 9§ #AFE Ao 9] A Scratch?t A HP o ol & A3}
198 Rolle) 255 0.5904 2~3m3 Agste] npay F712 ScratchE AT + AN

2.4.3 S.R.Bearing Mark %%

Crown Device &+ 1A Wedge9} Adjusting Wedge 7+2] Sliding AEFH el ZAAtz 2ol
ol# Fig 59} Zo] Adjusting WedgeE (+) K& (-)¥¥dFog ZFA & Roll<l S.R.B
(SupportRoller Bearing)”} Bending¥lo]l AE A& +4/100mm7}%] o] 7b 7} &tct.

2 R Pxe) S.R.Bo] RZe Y& o} vPERe) xolo] ofa) YAXEF Ede] 1
iz datso] 254 Mark7t dehtE2 HFAESIE @

I3 Wedge

Adjust ing Wedge
T T
(po 3.45° 5 3 o
!
SRB
MR
WA

Fig 5. Printed Shape of the Product Surface by Support Roller Bearing
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o] & Rollo] AP ET 2V} HEE MAuE NRstd &8stA $A3e $yd dAo] =
HHE HASEES Rolle] ZEE 4¥ste 29 478 85 At

WA, S.R.B 7x HA Qo] HAAZALZ Roll Force= 600Ton, S.R.B2] Bendinge #tj
2/100mmo] o] Roll1 & Hd 400mmoj oA HAHEE st 713 k3] Azxst 7h538HA
S.RBFEE Rollerdor WHyaa ston MATE Fig 67 or 2hd3s) FEALG ) dis)
g

/ 7

I $a1 |ps la2 |p1 |p2 sHAFT I

L4 tA4/4
175 1150 175

1500

Fig 6. Remodeling Drawing of Support Roller Bearing

712l AAzANA Fig 79} #o] S.R.BEZ vl 8% 48.87Tono] &35 om o]d
o2} Table 8& 7] & Bending®ol 2/100mmo) ] 7}5 82 HESATE.

Pw : Work Roll 43 ¢}3}g( (I

Pstr : Work Roll $4elA BIR F4Ho= A& §

Psl : Support Roller Bearing 3o g u]x& g
Psb : Support Roller bearing WHg

U : Work Roll3} BURY| v}&E (= Pwy)

a : Work Roll £43 BUR 49 #HAHEF (= 63~80)

Fig 7. Distribution of Rolling Force

Table 5. Calculation Table of S.R.B Shaft and Shell Diameter

T+ B d2 dl D2 D1 D3 H] I
CASE 1 140 130 330 170 225 7}1& & 4 SRBY} 49 x4
CASE 2 150 140 365 170 225 T =27
CASE 3 160 150 400 170 225 SRBe] Ho z7] Ag =A
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&% < Shello]u} Shaftol 24.435Kg(48.87/2)0) 2&3t] Nodeo]| ZU3tAl £ X3 Aoz
& o] §oks)Al% (A}S S/W : PAFEC-FE & PIGS)©.2 Bending®& AlAtatlevl Table 69t 2ol
Hgo] Erlsd ow debxton oge] ofeirtx PR RollF2F WAs dAsGAoY
48Tonoll M AW BFHte AL A}

Table 6. Calculation Result on S.R.B Bending Amount

ERY CASE 1 CASE 2 CASE 3 e
SHAFT 7(d2) 140 0150 0160 ]
5E e - @ 3 &¥90.02mm &
ARI T 0.287 0.225 0.179 25 2%
¥ 9 {(mm)
Y CASE | CASE 2 CASE 3 ) T
SHELL 7 (d2) 2330 365 400
—5 ® 51839 (0.02m) &
e 0.0078 0.0054 0.0039 BE g

Ao H9 (mm)

Ab718) Wi o2 E7 Bibsste atd Ao [.M.R(Intermediate Roll)& ZEAH 3
T2 1804 82(HsD)2 A&stel gdFAe FUFA2Y 27)HYE 3~43Y4e A
AE Qo 1olFE TYL ofF uAEA HAHAG. 2HAM FAA Fgd A7 AE 2355¢d
2Z 1AY9AAE 3~429 $Ystol #PTF YEAE FUdT ZAdeks) HAHHLZ Mark
Ae FAs) 25 Yo AF|uIL st ot &3] BT £ At

N S

2.4,4 HSS Roll A&
@ﬂ@%ﬂﬁ»%%ﬂ%wawmkmny%Twm7ﬂzy1z%&%iaﬂwﬁsmnq2%%

7} 9om HSSE FEdArt GFEEE UAE Rollz, £ddd ANARE Al s
U dnlE 257h 0.18molsh2 Ewo] W vl@ate] B.U.R(Back Up Roll) 7584 of ¢4

7\ M= Slipsl®ol ¥a, ulAg dvlScratchrt BEste] ARFFelT T AR 9l
= Aol e SIFEe) AN B FAFYE AW P AFA drpFEeR
ol Folationt AatEH Markst 22 A Fol AAb= ] ErT

Table 7. Characteristics of HSS Roll

Dia®] ¢ (mm) | 7 = (HsD) Al B (wi%)
T % A 25 7)
2711371 [&7)1|#7)] C|Cr | W Mo | V
HSS Roll 228 193 88 84 11.313.9]6.0]4.9[3.1| :2%F POWDER SINTERED ROLL
2.5%Cr W.R 228 193 | 88 78 |10.812.5] - 0.3 - LOW ALLOY FORGED ROLL

“1Ef A W.RP 7)o A debgl HSS Rolle] ZAHQ! AR Y] Mark, § @¥Mark®t ¥ Scratch %
A e g A dukxA WAADE R e AubA AL Table 89} Zo] C.B.N A& AHE
s A97t AvpE Ao s St o Ao sHe s wAHE vA AR e

Mark7} @A) AAHA robr AELA ] Fste Anpr] U zxsIden, 1dH A
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mh71e) 3YWEHECTH HSS Roll g vt wF A4 Spindled] 357t %A @7) W&ol %4
He ddoz dEaui.

Table 7. Testing Result of Grinding Wheel on HSS Roll

24 M55 (rpm) A Rl
ROLL - (Fa28, [ 25 | Az dvhd #
™ | Wheel | Roll |Table nm) (1m) ()
AALA]  Z ok F 3] ok7lo
2.5%Cr 1500~ 0.30~ R 2 ke ool
ROLL SA | 1290 | 60~64 150 0.05 040 45 SCRATCH 2t &L} A 74
' ALEAl EA Qs
227 UF vlgsla du}
HSS 902~ 1100~ 0.13~ Al7E B A Q.
SA 40~45 00 0.02 50~60 1A 28
Roll 963 150 0.17 o)A WEYMARK IHZ
A7 dEFFE ARy &
902~ 1100 0.16~ SCRATCH, & YMARK, 3} AF MARK
5SG 40~45 0.02 45~50
963 ~ 165 0.20 AEZ AFREY}
AAMA 3 HEEz] ¢F
1032 1100 0.30~ s o VAFRL Y] Mark
CBN 60~64 0.03 s5~s0 | T PIA RARH Mar
~1091 ~ 120 0.65 LAY AGF: ALE
(AN &6

A 71 Zol dArktl e YA SIMGR gdagel FUste Table 103 o] 7]&
the] YA FFEAl ANHAoH, Ed ol AFF S.R.B MarkE G438 A e &
37t AT

Table 8. Rolling Resuit of HSS Roll

TR T/H FARZE(%) HEZ(®) 7] e}
2.5%Cr W.R 12.0 98.5 0.85 S.R.B.Mark ®u)A} wA
HSS Roll 13.5 99.0 0.75 S.R.B Mark &

2.4.5 49HF wHo= @AY AA
SINZES gAnFo g HPEr Bstd a2l 7 A oA Bdge] wgHEE gAY E
FATesed YA PO A 4dE HuS gutd oz g@x)yp 5k wksl, W7 7w CRMES
TFHEA AAA] AdLHE 8l FREFREES Zole: 204A-YS AAF wat ¢
Ao Halo] M2 ngdted e vtRA L] A e do] TFA AN s By
gro gith. 2elx CRM 42t HEF AFT7LS AdF dHste] ddoluo] Asy Ay Adu)
FUda A=E FHAEHE s k. 2 P FUlEAY EF3 S0 d88A e
A AFHEHA FA AL S ez Z2EFHQ
1 Base 0il9] 2078 YWio WALGHANE =9

L=
P
=
Ir
18
=

A4 AL 8] Table 129 7o} ¢+l

g
gAY e AN AEE 2F5o 43
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4 GAEEEE 7SN FETFELR FAMNSES sdAon dA Pilot MillelM A SAl
dadal 9¥Fo] AL Sof HejHolrt
Table 9. Basic Property of Cold Rolling Oil
T ' 71 &R NFH 5 3
24 2 40.2 10.2 @ VA A HA
PPN - 30 @ 24 MA
pH(5%5= ) 8.9 8.9
SETP HAE(50C) 35 30 @ 4 SLIPAY
7 3} 7} (mgKOH/ g) 120 130 ® ¥EA
R =7k(mgKl/g) 64 31.4 @ HAUAAA AA
3- a!
Shadow Mask7 & TV Brown#@ o g2 AR E]wn], 25¢1% Hde| AN TUF a7 79

7tz ggol #uF Aol i A4 AFUE 7ty A BT s Yzt
715 ol &5t dAAPAIAFFE A HoZ FYH )7} o] Fo)A L E ParameterE ZAF Y
o d g Ael7]FRol 1o Fejrt AER W] 2HZ Printgol wel Folle] AEAEH
E& HSS ROLLZ W73t HAMarkE @435 wx&4 s, IdletERoli Strip¥ 9]
Zpoll o)&f WA @Scratchi Rolie] ZXEE F7hAlA AMZER P4 207148 $RE

¥ 4y i R R e
P zQ

12
n

2 aARED gANEE % Fol7l ) HREAe A5H MY AFAS
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