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RILKFHEFEAL Abstract

The Research and Application of the Flatness Control System in
the Shougang 1850 tandem cold mill

Abstract

The accurate thickness and flatness control is the core of the cold-rolled strip quality.
And the strip flatness is, however, not only one of the most important quality features of
cold-rolled products, but also the significant factor which determines the competence in the
market. In the past decades, although the research to the cold-rolled strip flatness has been the
most important direction and we have continuously been creating the new methods and
control ways, meanwhile we have got many developments in the theoretical and practical
application. But in the cold rolling production, flatness is still the most frequent and the most
difficult key technical problem to deal with.

Based on the research of HC, and CVC flatness control and the flatness control
technology like the vertical bending, traversing bending, roll traversing, roll crossing,
multi-zone cooling and so on, and under the background of Shougang Shunyi 1850 flatness
control cold stand mill, this thesis makes the research on the composition characteristics and
control ideology of the stand mill NO.5’s CVC six rolls stand mill’s execution unit. These
include hydraulic bending roll, intermediate roll shifting system, and stand mill NO.5‘s
multi-zone cooling spraying equipment and so on. And then this thesis begins the research on
this kind of stand mill’s flatness control system ‘s BFI flatness measuring, system component,
data processing, TDC control function, flatness difference adjusting, and mathematic mode
and so on. Besides, this paper also combines the practical problems that occur in the
commissioning and the production to make analysis and put forwards the adjusting method of
flatness curve, operation method of HMI system, the analyzing and detecting process of the
classical faults and specific dealing plan and so on. This contains significant guiding value to
direct the flatness system’s application.

Through the implement of this project, the flatness control system has reached the
designing target and put into operation on schedule, so it has greatly guaranteed the successful
production of the cold rolling plant. The research of this item will supply valuable practice
experience for Shougang to exploiting its cold rolling industry, and it has profound practical
meaning and popularizing value. This must bring Shougang with great market competitive
ability and considerable benefit.
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RN, BT IERSH. ARTH. ARERNEBNERSE, Uit
WIS, A HC HHLE S RS AT IR TR R R E MR, R
HC 3LHLAT ME R BN THER R, XS EE R TR ENNE .
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— U AR E T — L EAR =, FELES Al Tl
8B, XA BRRIESLHI R BN R 6F. TR HC 3LMERL RIS, wTL0EE
FlEES S, BATERS hkBMEROERNER, FRERENE— SRR
REFHIBRTE, T ELELHI= 5 A AN 52 7 % BR o

HC #ALKsk SRR m s e, MEEMESE, FHRAEIEK, H3R
ERmEMASTERERE DR, SUFREFEGM. i, HNEHER, BEARK.

2.CVC 5.1

CVC H M A EEE LR AR T 80 ERMFRMFME, XF4LYLAE SR T
THHRE S BAR, ETRERMER, BEAGNEE, FEMARY R REHE%
5. U5 CVC HL5 A ) fh 3 BSR4 JLARR (B 2.3), /38 CVC (H 2.4)
XS AR, ATLURR T/ERNE R, NS L riRag . TR (I
# CVC) Mha (N CVC) BRIERLHE.

e

E23 CVCR4REHE
Fig.2.3 CVC system theory

cvce ..

K2.4 6588CVCTREE
Fig.2.4 6rolls CVC :

CVC HALEFFRMIIUR, BTFH—RFMMRE, RBTRENE . HE, R
B METRMERA, TARELET. EAFAROEERG=M, M FEEL
Bl FESHAEARRBLENEE, WA CVC i, BETERNMEE,
RE-MHLBUNTHLSER, NS TIHRNEEE. HIK, CVC HANAHRETH



AR FHE FEHL o AURH ST
RS SR NN e, TURMARESES. CVC BMmEs). 2RAHLEFL
ANHTE, RKBRERSE, BIRETYEE. &E, BT CVC HANFZRIGELTLH
BNRE, BERTEHRSA, REfRnsANEREw.

CVC # MM EEMA:

(1) MERHEE K. B CVC RES W H SRR R ST

Q) BEAEMEHTUAK, BEHSHHELZN. FEHREAE ) 558 U EHR;

(3) WLIEAHE. CVC RN UE P HRIT, 5 5RBAFEH;

@) WEEHEENB R, CVC BMHEISTRANES, TTUHRUERBERE.

CVC LS S RBEE A, BHIEEK, SRR ERH. ATIRHCVCEH
LGS S, BDRATNIFRT ESS #. ESS #—Blih CVC thek, B5—B AT,
WER ESS A, CVC 3LHLMMERA kS HC LIEAL: A F= Rz AR 5 BT 3L
BEHWRE, EEIGRIAE,

2.1.2 HEELHERITHA

HTRBREFNEE, MIENRNLE LEF, B REVHERELRK, KR
HIRE R LT BT TR R, RTTXL R F B 7 75 W N
18, FEELIMAEL MM EHSEREZ LM, EFXMER, AR HERT AL
VAS, NRENEHEER, TR HESESHPITIHERREESEN. UTE
BEARMRCEHTR, 250 SRS S R EE—LHENNEH.

1. T

(1) ZEELZH

HEERONE, REENEERNERANTREERE 7R LR, SukAFx
TEREETAATZS M. XUEILNTE, RBAFRENTZEAHNAR, T
TIAEREH, WE 2.5 fir. BREARTEAES, HEARSE. XTFARAIIT
=, BT IERSHE, CAEfAYRESHE.

|—J:/zﬂ: P/2+F 1) le
- - F :f‘F
— - = — =
F :E:WIF ] L

e F :{_“‘ F
T T T T,
TP/2+F _TJP/2+F P2 PR

(@ ()

E2.5 REERTEE
Fig.2.5 Hydraulic roli bending
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He. aTHERED, bI{ERAS.

R, RAEESEHTESNHNEFENRZL, H—RAGEEES TR
HRMULERAY, ZREGINBENREZIRENTH; X-RTRENNKAZE]
HBEEAR S, BICRERMABESERENGL, MRE—/AENER, REL
HEEEHRANRB IR, RRASRFRN, THHALCEHTFEIHER, $
RS REARHKIBERTHEEEE. BREZANWBRITE, 77K & BT
ERZIREAR.

DA BETERESHERAAA N BHETLATFE+ERTRH—TRSERE
TREHIRENMFEAR. HEEY, S @ RMAE RS REENAE, WITHE
AR BN )RR T AR, B TR — o =, AR BHENSE S,
SEIFBIE, 5. BTASMRBRINRES T, BRI TEEHBTHE, A
T AR ST R B, RO FIRHRRE, MARBINNGERE, MASHRES, 7
REDLE DN ST .

HT XA E THEREREANEAREZFIAK, BFLEHENZHRER, &
GINEARFERAEELN, AHEEN, BV AN A FENSSHAR LN L
CEIA

RN IR RERSITHIRYE, TERMIEEY MEEEEES it
K. REREHEE MRS TR EME N TR REESE, F1ER
T, NTZmELEROERRD. B, XFREEHE MR sk,
WHRNEEFEHERRBR, NT5IEMFHREHERER. KIMREREZ I TER
EX BN LEMERE T ERARNEERE. ETULERER, TR TR #HI#
# BMC FIK ™ X #48 NBCM.

TSR BCM, RSB TR, FEREZ IS ES TR
el B, NTTHRA TN THROEW, ¥ K ITEESRIME, FidX
B BERAEN— B EE, —EXMBENIES, WHKEHRERE, R
HAESRT AR BEARRIEEREN, EENARREGM, TEEZDRN
HIBUR X B RN K E B AR R TIE R

R NBCM, =K K M B SR AR oW B SR AN REE A AR S 4L
Hi R BRABLEAREEHRNE AN RAX 1S, M HC LML T
REBE R RUHHRIIN, TERBWME 2.6 Frx. SRAKOESHE, 5556
i, FBEANBR, THERSHEBZ AMEMKEHERK, TEEESAN, bl
EABA, ERTERSEBRZENEMERBR/D, NS BFEEEMKESRE.
i, BEEMKETEREARTEL, MATHNTHAFAEELR. EARE
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AT, SLBIERRER R, TR & UEAREAZ, Fit, NBCM 2353
B B SR LI KA —.

nlID=R s =
ik T
1 1]

(a) % (b) EH

/2.6 NBCMALHI R
Fig.2.6 Control principle of NBCM

WFTIER), NBCM #i B T FisHl4eny o B KR N s Hl6e 1, RESHAE, 7
S TR ERE A E . ARINAS, LHIZERARMNEESE.HRER
CVC LM, REREHELVRATER GBH) BHEE, B5 NBCMEAHLS,
R MEBHEEN TS 6 BELVE R XEHMEY, TP 6 BMELMBTRZ AL
b

() K¥S5HE

EAKER W LN TAEREMSES, FAEHIERLNREEEN LNERE,
EIELRE ERORERES. ETREBEFRT FEE B hisH%Ll FFC $LH1(Flatness
Control Mill). ZELHLH ETFX#®, EXERTER, TMAERTHER, THEREK
K phAR A A SO R T A RUE LS KT R, KT e, B
BIOZENERTEBIKTRE, NI SRS

2. ¥R

EABBENBERRE, YEHAEXBLART 20 HE-E+ERYITF R HC
%|Hl(Hitachi High Crown Control Mill), I 2.7 fiin. TAEMERAIHATER, 7 AHL
WA BHTEABS. B LT REEHER T B HENES, R TERSPER
MR, F T/EBA X ERAEREREZ A G A, NTIEREHER T B8
T, SFENWEnT THERSBOEHBER.

e, ATHHEREERERN®HM, FEXA/MEENIER, e
KRB HREHEHFER. TR, & HC HANER EXRBRER-FHEMNE, B
UC ##1(Universal Crown Control Mill)'®, RFH/MEZTEHA HC L0, HTHNIE
RE, GREFFHHEMNNREE SRR, HHEREFE, W UC IR 2




R K FHAE FABX FoF AABRT L EMBSTAMN

THRMM. UC HAEEHTFRMSTHT: PRESHEHTNNIRRE; TE
REREHTRANNKRY: FREREWEETREWNER, HTF K EEMNT
TERAEHIRR . LREHFRMELLEE, B3 Er T I & FR kG IE
S GELR P

2.7 HCHL#L 2.8 X3 X (PCYELHL
Fig.2.7 HC mill Fig.2.8 PC mill

3. HERX

PC #LHl(Pair Cross Mill)2& H A H &M= & T A TR FFR RN EEHERZ,
RELBE AT XM 4 AN, BT AN 0~1.2°, WA 2.8 Fim. B XEMMT
TERERE: B ITERMHERTN, FEALERSEMYATY, MLATIFREAS
IR, XMYEHENEC THTAERR:

C,=b2tan20= b 0’
2D, 2D,

AH: b: WHARE, B mm, 0: ARXXNA, BAIrad, D,: HTIEHER, B
mm,

B AR THERRX /A0 MaT SR E N E, LB NAN L0, AT
& 1000um. VIEAFAROEREERFRINGHAEH RN T ERHEE, EEHE
RIEFIRTY, FARGEFTEL MM RS LS8 M B i B3 X A e,

BEEXR, PC HMAA TR ROFEEHTEE, BRERAEZHENZ
H: BUREARTX A, FRHBOENTWL, X, BTSRRI
K4 TERENANE LA KE T 2508, 8 PCHNFERE ALY
MEHXEHENN, SHER, ENE, BHEHRBAELE N 5%~10%).

4. B H

2.1
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AR, AFEHER R SRR AT R R LR R T,

ML= B, U ARLKAFEHFRRRERN~ S, Bk, B4

BB ESRMAE L ITRNNTIR . [0 R L3R B0 35 i 2.

HAEEED, LENEEEHRE— M HITE, HABEHERAERRE. 3
BEH AR ANRBETERAREAR, EEHBN, THEREROFZS.
B ERATAHN, WA TEREREEM, FTEREERK.

T VRS ) {8 B 7 5 AN AR A ) o () R 5 B MR A ] . E SRR NI
GERAL, WRBETE T .

PR EN — B AL T ELE9AI A, FLAR AL R R B KT [ A4 2057IA
ARZSHHORE, LBEEEREARE, JOERKEK. BELHE, HLERKK
REMFEHNHAENE, LTFPERS, JURAOERE-REME.

MR ENRENERIEE K, LRONOEFECRESHBCRES. —7
R ERBE RSN, UEHRNE. F—HHENRE RERIAR.

S B I R B B H 77 Y, @i A R B R 5 T R M A R SRR
—B . READFXFEOS NS, TREEREARE. BEESENWEITE
SHBAERYE . KREBEERK, ERREMK.

2.2 BN 1850 A &L RLELH

2.2.1 B 1850 A EELHE

B 1850 My — R ELEEANIA, EAT HAASHR LREHNAESTE, N4k
H1#%E SMS-Demag A 8 F1 HZ TMEIC A R4, BRRLHER Siemens 2 AR 4.
ML= GVRERR RS S, TERENESERNRIKRAERERRRITH,
[FIERET] DL B A 7= 5K H ATAR

$and bol Stand Nc Strd Had e Nod Sland Ncb

Cacusy tangior ndl

2.9 BH1850/4 % ELH4
Fig.2.9 Shougang1850 tandem cold mill
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REBRKXANRRERRRLE, 5EANKEREAL, 7TLUMEEMIANK A
BB, A ETRENRALERR, ARTRENFEAINZESFA, FEREERE
B, REREAE. BENATRERETSHRE, B TEHEEN AT RTHE
#l, TURBTNRIARERE, BAOEFRA, FREHRAEEENRRIHEELNR

HALBR AR FLNEENE CVCTUS BUHL, RIS & fZ R FLIKDT CVC i,
XHEBES MR EIRTT CVC 2L, A AKEE TEHNMREESRED. 5
b, TE 1. 2 HIRIRTEA 5 MLEMEERF BN, 7E8 | HIEKETER 5 HLARMET
JERAH BOLIEN, 76 S HIRMEEERERBN, XEMRNELERTHINERE
BHARZHIRERE. A5h, £ AGC ##l L, SINTTRPRENES, NTHRS
T AGC M HIXEE .

FESH:
R2.1 HWI8S0AEMASH
Table 2.1 Shougang1850 tandem cold mill parameter
PR DU RE REBH

F¥E Q. DQ. DDQ. EDDQ. SEDDQ.  AB  Max. 700m/min MtaEh Max. 600t /h

7= HSS. BH. DP, TRIP
REHEHE 1. 6~6. Omm BMIEB  Max. 230m/min HEED Max. 33000KN
RE B 800~1900mm 4%y Mex.260m/min  THRES 480~ D560
29Y; 4 0.2~2. 5mm HAHBR  Max. 1400n/min  FERER ©570~ D650
FLAh B 800~1870mm HOB  Max. 1470n/min  XEEHEE  ©1300~D1465

2.2.2 B 1850 7558 CVCP™ %[ Hl

HM 1850 AEFHMNEATES R —ELKR AR FRAHIZE 6 # CVCplus LA,
CVCplus #Hl RS CVC FLAERE LR BERN, B5E% CVC 5LHUHEL, LR
R TRB 2 T ik, FHE S ERTEEESINR T . RE S
REERT, EELBITERE. BR. KETERMN=5H.

1. 548

B 1850 A% CVC AN TERRARRY, 5TILEMeEY; XHE. +
BN CVC™ 8, FITFREE.

HIERS: (BEERXBAKE)

TE#: $480~d 560X 1970mm;

FEH: & 570~ d 650X 2540mm;

XHE: $ 1300~ 1465X 1970mm.
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(1) LIER

AHN N TR EESHNEM. L TERERKMFSEEMsEE T LE
LBRESHMZ MEEEERNEES, HERENE, METEREFHRT R
Py, FRAEFPATBEMIMAEY, WHR. TES EETa-EaTHAN AR
B #epd, FELMBRRRE. REEHRE TR IERLARE THIMHAE:

(a) RAREMTISFATHEERE:

(b) EFHEHNTIAT FIRRREL) ARFRMEET;

() RAEREHHEERE, AMRIENROREFE.

Fit, AHEEAFRREEE. REFHTiHrhEE. SREENREE.

(2) Fial%H

HEABEEEETESRUTHER:

() MRIFFIE3E CVC R AE LR, T EEM IR MR AT RE AL, Lo
W>EFEF CVC BRE BT

(b) MELFIFHREOTESZR, AP LRYEAR, TERREZIHRG, AW
WA, B P 45 AR B B b TR

() X#H

FERAZARER, EREENBAERE:

(2) REEBEEMERBPRAETBE, URHHE.

(b) BRI RE A LIRS ) S Ho A BB

(c) BEMHNEE —EHHirEEee, UBAMREANTERSIARZEANE
MR GBUREER.

@) BEAABRERDERRCAL S, B ARG EEHE.

ARB—RRAESBNAR, BT ARG, NEEE RN
i, MEEERNPME. FREE.

2. WESH

BETRER 20 4 60 ERKRBERM—FEHHRREHA R T . EREL
R R IR TR B A R S i — T 2RSS 7, (LR 2 bk 42 i o LAKS
EHRRE . BESBETFHLRRNNERE—ETEARERRN, HEEELT
RIRBEE, FHTFLIRY RERN 3.

BN 1850 AELNA, RAKBESHREENIUTHMEN: ESTHR. AT
THE®. ESFRABMAESHEE. FEIIERNSEEERREE TERMARE |,
PEENSRASHLENRE, FIEEEERRES alEh5RMEMT R, W
AL AT RPN I RR R e, WRAZEANTEREE, AT TERNTHEE
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R TAERMR BRI AR A& B 2 8], Xt TR A AR — A 5540 77 mA R
MITER D, TAERR ™R3 dh 5 ALl 5 R TR Bt 5 mAER . s
HIL P AR, TSR A ZEEE R ERE.

BETHRBARREBRIERE, BEH. BEAN L. MLHABRESHE, ®&LE
RERARELAZHEER, ASLENFEEERERBELT.

Theg: WIEMHR: RRZH EX B PEREE. PREDREET.

B R TR P ()4 5 AR R DL R TR S 3R L

frE: WEMREEERY L SRIEREIRPEHIES).

(1) WL R

4 MBERR, MERZTHEIEAEN. ERELRA, B8 MFEREMEE
THGHE, SIRTHERTRE. 4 MEERERTEE 4 N EXBETERELR 16
AR RS R

(2) B

8 NLIERTIRE, MEELTHAENBMN, HEFH. ERELRNEEEZES,
Fish, 8 AHPERTERS, MEERLTALENEN, HEEHR., EREMRAESE
23, BANTIERSHEIANE SR G4 TEBTEBER.

BARYIE: BUHBRET EMPES: K4 S00KN, & TAEET ENERE
J1: 43+ 500/-350 kN, il I EMEES: 4+ 650/-450 kN, TRBERAKR.
EFMAL, PEMEAR: E3hmi.

TR AR AR M SEERANR B3k, REETHER L, BT
(B 458 7 B SE AR S TR N R A

1. Work Roll Chock 3. Bending Blocks with Double Acting Cylinders
2, Intermediate Roll Chock 4. Cylinder Block with BUR Balancing Cylinder

E2.10 ZRH;TEE
Fig.2.10 Roll bending block

3. PERERARS
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B 1850 WIEELHIALIRA 6 3 CVCP™5LHL, Pialig#iH. CVC™™ AL LUE
b B AR R ENEERR. VO™ ERAKELSERES, BiEXE
“HHMIELS TS E. REERBEYE, REREEEZRAETHHITIIE. 5
HBEANABRRAMNIEEMER, PRBERALE QBT mRAhAE. 4
R, ERZHERMAEENNE, PRETURERSHE.

ME: ZHALNESNPERET RS L,

BAREYE: BBED (BHR%B): FMUEL (B—MEEEREMLEERS),
EXE:-0.5mm, FIRITE: +-200mm (CVCH.

FETRENM, BT A A PR R R B G 0, PR R R AR EE AT T
. BRYURES, HAFANESRARERERRRGES.

B ERASAENESEEE, —ZEATLYRE, —ERATTHRE; 58F
BB HAE MRS ATAR, B3 EEEAN DR O RO T R L,

FAEB RITHH R

(1) —MEERARREMEEE, BT R #E 8RR L fH .

Q) —MRES, FIREHPEHR. —MNEIBER, HEHERBES.

(3) 5 B R o ot R o AR I bk, AT X ) A RN TR

(4) EEBERIR I B A b AR A A R A S EWR L, A TR B RIER .

() —/MHESUER RS, FTFERBENIESE S k.

E2.11 FEREERNGRER
Fig.2.11 IR shifting structure
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R X FAEFET FoF MM MBS

7B AIEHIER B LR AN E B RS ER N — MR E T . %4
ARG TR BE TR R, BYERSKEANRREN AR IRERE
Faf, NTTETRMERRAD, REBFRBOEN. fi, LHIRRERN, o
KA (BN AHVREIRE, RN, SHRARH IR,
BAFREIR (BINARM) AHBORE, UmKLBARNE, FREBE%E.

BN 1850 WiEFLHLA SHPLZEA O TR RILIBSA MR A A R H A H, 4 38
MK, @i 152 (4x38) NEBLEFSIBMREE, HTFLBRBAOMATREE . TE
RBBEEN L THERESEEEAH, BLEETL, ST UBRES OB, #Es
W FEE.

E: FANEAOMESHIZE. Th,

BAREHE

(1) MR FAH;

() R T TR BAH: BN ILEES,

(3) HTRBHT/ERA H BB

(@) KRB SEEHIB— A RER;

(b) #EHES: &K 10bar.

- (A)FEH IR R R

(a) £H: HERFIEUR, BAEBHES,

(b) EHIRKES): BERETFEEEHRE.

BRI R SRR EE —E, BEEEEREE. ERFREER, 2RANEE
HIA R X SRR AR 45 R R 5 B T 30

I R B

BRI BRI MR, MEERHET; BELNRREN, Bk
FEAIBE IR 2 8] o

il e AT 5 A e Bk k.

(1) FEMER 5 T B R AR A T70 )5 T SRV I « X S AR 36 2 iR L,
B G T IERFE A

() MR EFHBUKEATEREEHLZ,

() BHEHRFRE GFERERE) WP REELERE, FEHE. K
B 5 WiR s mE e T kiE .

() FRTEHTHENERZHKERE.
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FBZEF FHN 1850 AFL IR F R G 1T

EWAELHNA S MUEBRET CVC RE, @1 CVC™ BEL T RLIRER
SARFELYLH O LR AT (FIAZRA CVC™ ). BT 4 HLARMRE H 5 T
HRE, LREGRE ML, BERITINE. SELNEEREEHFRERE R R
HICT, EIZES SR ORE T I R AZIAREHRE, CHEE TR
7 WEMERE, FORERE, HRNALHERENE, SUBRHHEN, #Ha
IR, WESHREMALNEHRS.

3.1 BN 1850 HRIZN & R G HIE1T

BREMNERARRVEH RN ERA RIS, REIRYAFERNETREE.
WEHFEOEREN TRVEHOMR, BERANRERE. RPRMBERK, L
T B R AR Y R B B B B =R A TR N AR A, MEEE. Wik,
MBI, M8, EEEP. BREASHROEMT RTHES N AL SHH
BEZMERFACH MR, NSRS IR R AL RE R
A, BFAFTRARUESERRK, LHELRBURNEFSEIRE. RE.
A HEEE. BE. RSFLHTEOTH. B, BRI R — R
TR AR A

% 3.1 |
Table 3.1 Flatness meter

RIAX THER Rl & B

ABB B, EitRE REBEAERE
VIDIMON  #fit, &K3)EH& b pi At HESEER
PLANICIM  #, Z3VREMREHHER feRD, Ltfie

BFI X, EHARGAERE fER D
VOLLMER  #ftSE KA 15888

NKK  JeEmimmE BRORRE)  AERNRDERR
BLD-91  JembonisE - '

O (R MR, BEATAE  BEEEE)  RSAssEm
W)

BAR (CA FEMBLNE, BARSATE EHETEKE) RARALEEH
)




RIKFHEFMERL FZF B 1850 AILKRH 4] £ 49kt

BEl, ¥ARRBE 3.1 Fim. B 1850 BELAEFLER T HEE BFI &K
KIS UR AUE AR B S R MRS BRI REANR A SRS ENE
HfERSE, WEBFMBRANKNDSMA, WIRMEYEFHEORERT. BFISERNER
B, WRNAR. RGP HE, HeXENAEN, REATEHRENEX.

3.1.1 RENZEE

I XHREEEFRSER RO FEERNTE, AT SRUESE ¥ I8N
HIF B . AELENELES R i THARMR. T, BRE R G NE BT
ERHX SRR, RS MR N IR R R R,
BIR . H4NRAR TR M ERAL / L Rk Rw, BRREREEN—HE. Wi
3.1 Fivw:

& 3.1 Hrtax TR
Fig.3.1 Strip relative elongation

BEHAORRER [RARER, —A 1248 10-5 (10um/1m). EHIFLA
FLAE P80 A A BFI R EEARE I BRI B RE TR 11 847, e i R FLTEx
AR FAZHIR EE K

FREMFEE X AAL / L, TERHA L LB THHHRZEMEIENEKS,
AR KBRS ) T 5N e T BT | _ERIK N 20 A BRIE BE » BRI AR
HRE— RN AMA, BHRNR I ERAHS, WRREMET AL AETMIEKX,
BAMUBXAE—MERR, NEBNRE LFNK AN, WivaT AR RN
EHEEHEG M, RS RRHNORES, mE 32 B,

BN EXPBROER S

Fr = Fn*(Z*sm %J G.D
SRR

Fr=L1Y Fa (3.2)
n
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He: n AMHHEMAERNERHHE.
W2, ETWERKNAZR:

Acrvi:MxE (3.3)
Fr A

Hep: S: HWKS, A: FHEER,
REMEHEIEER E, WL i A AA XY 2.
oL/L=(-1)xAc/E =xI#$Af (3.4)

HIRAOHES, RPNBHREDLEHED, HEEMER FHRE RH
NBRNBRANLTFHEK, HAREHEED,

FR,n
Fr.1

I ~ MEXn

o —

\VAYJ
I

AEX1

kA
Fra

B 3.2 REHERE
Fig.3.2 Strip flatness measuring theory

3.1.2 B 1850 AL E RS RI4E K

ERMUOGA LA g R EE BFI BRI RS, WRIBEHNARE
HEEE SHMGTHRNAER, RENBRREE S#HIREO, B RBRHEALL
FR AT IR T 2 2 T 28 ER

IR R EABUEAEE, BFIIBREHRAAE T MIEX. SME
XAE-MUIEEER ETEFREMLOLY, XELRAEHRES, HHRHE
—RRIKRRL, TR ERSHTLRNTELS, M H3% TAhEELtERER.
RBNEHRZ MH—KAH 10-30um RS, HSRA— “0” B,
R EMHRREBRB RN A EN, AEERETRTE 5 IR
FRTHRBRETHROMERE, RETHERTFONERE.
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& 3.3 K
Fig. 3.3 The shape meter

W REM BRI ER AR, SRS ENRTSHNK N RRSER

FfEERS R ARIEL, XERFHENEM. ERGBERSENENETHELR
EREMEED, Wik, eRATERENREIERES.

R TR 2% P S g I oL AR I 38 7= AR Y LA IBOK,  WTLARIB RN TK ) B3V B
B, ENERAA LA EBREMENAEME LRGN BEHARRITIE. EEE
HEEFN BRI ARE, SWER—EHY. T ERARSESEFREUMEERN
fESERS, BRETUE 8 MEBREHF— AR S. ERRERTRALE
—fE, BEZAUE § MEBRBMTR—£ME& L. LERFLTUERE AT L%
BBRMMEERK, —MUEBNEERBARBENERNABELE. X, £EE0
BEREHERR ARG (AL EARREHKNE ) BXBEREBORE, BREARH
W) A /D B, BEOEIE SRR RFEEY. RE, BA PCM (K
IS REEREE TS SRITRISEEE PCM XHBHITT, A/ D H#HHEN PCM %
BRbETREANER L, MNER—EED.

PCM B E AR AKE, Bl EHsMEEBsHm. B2
BIAMOBRIRTRES, RESSREENERL, ANBE—R®Z). B8
&, E—HIERBIHNERSREBMBRIE B, H— RIEEIEEE A RERE
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Fig.4.14 Flatness meter calibration interface
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