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KK FAMEFEBL Abstract

Research and Application on Hot Strip Rolling
Finish Mill of Looper Control Technology

Abstract

With the rapid development of modern industrial technology, the steel industry has
developed rapidly and steel production has greatly improved. While it grows on the strip of
variety, size and quality of increasing demand. Meanwhile, a higher requirement related to
rolling process control was proposed as the increasing requirements of varieties,
specifications and quality of the strip. Looper control is a key technology in hot-rolling
process, which plays an important role in the rolling stability analysis, strip thickness control
and width control of hot-rolling process. The technology has been a hot research in the steel

rolling areas both at home and abroad.

In this paper, based on Shougang Corporation 2250 Hot Finishing Mill looper as
background, Firstly, the development process of hot rolling mill and looper control is
Secondly, the principle of mechanical structure, the dimension and Hydraulic control principle
of rolling looper is studied, as well as the dual-hydraulic servo valve control, At the same time,
the hardware and software of the automation control system as the integrated function block
structure is discussed, so is the looper computer control system. The paper studies the basic
mathematical model of looper height and tension control and relevant parameters. Then
looper system in tension and height control has been discussed in-depth. The looper from the
set of control and tension closed loop control is also studied.

In the actual application of the looper from the set, the slow movement speed leading to
loss of tension of strip head; and a live set up to work with the strip contact moment of impact
damage caused tension imbalance, and the front frame rate causing interference, so" Soft
touch" control concept is proposed. The paper mainly studies "Soft touch" controller design,
analysis the "Soft touch" control mathematical model for the design process, and optimize the

"Soft touch" controller of the relevant parameters, ultimately a suitable soft contact controller

-1V -



FILKERE R8T ' Abstract

parameters is chosen. And finally the before and after optimization looper control accuracy i
compared.

The development and application of "soft touch" controller play a good role in finishing
rolling and improving the quality of products. The conclusion in the actual production process
has been validated and related products technical indicators have improved significantly to

ensure stable operation in production, and obtain good economic benefits for enterprise.

Keywords: Hot strip mill; Finish roll; Soft touch; Looper; Tension control
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TIPSR K e R AR PURIATK 2R, AEBaRERL, IEEEGIE—E
GFRE. HEWERHLTY, CEERELE, RAEFMHRTEE, AT EEER
R — AN EZERE, AREFLBANBITLR, X ERFRRENS#EHT 5 R R BT,
HEAATARE. EECREATEE S, TERRT RERRERE, RELEEESS
%, EHEMNEERENEME MR ERRE T ERREHER. #

EASPREFF. KERIEY, ERRELEREET—PRANERREERSEN
BEESRENTHRE. THERE, EALEWNES] K, BTRELFNARY
WHNA, FTEHLZENEREE R JREFAEZMA 1.0mm £FH, WEEAE
FRFEF, TIRANIEREX NBAR . BL, h TIRIEF= RIS EERMR
SRR, FTRAEHASIREMEEEFRAAFERNILEN. &

1.3 AXHWFEANR

KB ZHW T

F—BARNERT S FENBTRELEHNRBURE R, NEARRER
F——EEMRL KR AERT T H#R; AN HEEERINCRIT R IERN R RT
FEEAT T VAN

F_BEERBENAT 2250 RELAEF LRI A EENRE B RREE B RE . A4
T—REFMCRERNR. TR

FE=HBEINBEEN TR E RS EEGREE, R TEEEHREAR
MEZEE. MATEEREEGRE., KAOE6ERENES BNEERS%. METRHREERE
BITREEL, . WK NHEMZ . WNENEEMB . HEERBREME . THNERS
B MD B EARR, WEESSFREMGI.
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R KR FAME FAERL B 1¥ &

FNERALMES, KEYEM TEASHRAAERENBOGRE, SoHR
AR R T IEE KA IS8, RSO S AT R, SR
MESSHRTIE . BENREMERISRET TANEE, UREHKEMERRR
HoRIT AL .

BHENALMBIAT/EHTT B4, HRE THREMEHNARMT—HITHE
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RIb K FMEFa8L F2E 2250 A IMILFE B EMER

0 & 2250 BUEELIEELEEE AR

B4R 2250 HGEELEELALA R AR T REL AR, EVRAAES 5 MERE
EE, BHABGRFIE MIEENBMNKS, IS KK ESaRE, A&
MiZ 2250 HABERENEUANAT, HEEVMAG. BERHIREUL 534k
BHIRGHAT U .

2.1 2250 EER ST RGHAMK
2. 1.1 RIEFEMNSGM

EEBRUT LSRR (G 2.1 JEEM. AR ENSASTE.
ABRITEELR., FER (KRR, BIEE. fEERE.

M., BAEMEEM KEER MR B A . EEEMNE MR EN
MLBEH LR, URGNEEREIENTERH. EBERFIEENRMRIMLE, LH2R
FIEENERALE. EBAERANA DO O SRERNFEROEEREME. &
EERFAER T A E, TERATEF BN, HENFRARIEIEIKTE
EEMNERE, —RE 10° £4, ERTELER 26" , BRKHEMER 61° .
EEERAHENBEA ML ENRELNTREEE —ERE, UHRIERETE
B

B 21 EEREHR
Fig. 2.1 The general view of looper
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RARFHMEFE8L F2F 2250 REFIFELEE I EEANZEAR,

EERSNE R R ERRIXE 8T, MR AHER SESMPIARARE, SEMmifE
FEHMEEE L, JIRESE—EEE. HEMZEEN—HNELOWN, LHKMT
7. BEEBIREAN —EERTEBL. HFEBIRFAN, FMADRL O IR
H—ERESHZME .

2. 1.2 BERIERS

FENMEBNEBER —RER RIS . BNRERFAREES, 2RS4 KA D661
(B15: D661-4651G35JOAA6VSX2HA ) BN HE RIBEFARER, F1REAIshAm N
fe, WERGIRERIEWMAE 2.2,

BD2 BDI
7T
> EEWRREL
l—r_..'_—'_l—'————l [
o€t~ r__ | _ |
| AR I | [T l {
! o€l ———-
| yvast ' YVHELL o TRR ———
| TI | YVHS2 I__ |
e L A e Ty
I VL Ly I | = Y |
L - - A 4 . v
(- _ - _ J
B 22 EERERGFEER

Fig.2.2 The looper hydraulic syetem drawing

TEERMNE 2 hIEEREFENEN, RMEBERET ABELNME. SV ER
SYERARRIR R RS 58 588 H i 4k A S SR BN A AR BB 1, TR AL
BT 7 ] R R R RLVE ZEOUAIAT U R ) b R BRI AR MR, TRk
FIRIAERIE S 7] AR BR Ay B VR IE B R BRI RATRE T — /M SR BR R
ERGMBR&EES, MR EERENZL. ARBMECFHETRE TaBETES,
PUMRUEFE V& RN AL AR R B SE S EE i B, D7 ILBEMEE 2 . FEReaSEmUR /B LMRIE
HEE T EERE

ERFAARBAERT, BESTFHEMNINHAESEHH TR

(1 FMARBEFBRERA S
B 2.3 AR AR F AR, H oy 1885 40 AP BLaa WA R IR, e B A A AR
H [ Bt O v s L B 4
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AR ZEHEFEHL F 2% 2250 iR SUMHBLE B MR

05 100%
T D ot
-100% : R
X \ 200% |
—_— 1 b +§— —_——— Y
/7 -200% \ *

N\, 100%
- __.L__>-Z Y2
/ -100% '\ 2
Bl 2.3 fa i B B

Fig. 2.3 The parallel mode of Servo valve
FIBERT, /AR AR A R A 50%, R ATRT
BEFMARE T, EF/SMARREREHNR.
(2) PR ENER A
B 2.4 SXUAREE NSRS, SEEEEENT 100%0, XEFABBIE DR
LR 100%E A, ATHRES .

100%
> = X | v
/100% AR (E)
\  200% _\
__’_(_____,‘ =+(S-——>‘X Y2
/ 200% \ AARMR2(M)

2.4 AR = MR

Fig. 2.4 The master-slave mode of Servo valve

TEMERT, HAENE100%,100%EERE, RE—MIRESHE, TH
25 ETE[-200%, -100%] 78 A BL#[100%,200%) G B AR, 5H—MIREA S5t. &
5K, ENERAEHARBEESHIRA, BREFERSET, —BEHERAXFA
AXR; AR, £ HMI RET, EEARTUEER—MAREANE, BT—DHMN
(B A — B HIMEAREWRA T, RERER TER 1 R 2w e
B T4k, S i E MR, FHEEAREHI A IR s, 258K 1.
R 2. B 142, K 2+ 1.
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FAL R F A48 5 2F 2250 AEZFE0E 20 22 A ZEL AR,

2.1.3 FERARSH

EZRIEEREMEAR, BHIWERNBFERSTEHRAR, GEFERRTS. &
ENBARSHEEREGAR T, BEESAE, BEEL, THINES, BEIET
B, WEXEHE RS, SitieER, HERPLOEHANILEEEE, HENERHEL
REERBHREENS ETHRINKAESSYE, hESHESE5EEKN, BEK
WH, HEERREEERIEE.

EEHRRT: $275X2190 (2435) mm

WUERL:  F1: 125/80X430 mm

F2~F3: 100/70X 430mm
F4~F5: 80/56X430mm

¥EfE: 9° ~61°

PUBRR®I: 61°

2250 WEEAIBESHWE 2.5 fiF 2.1, L 2.2 FiR

Fit+l
Fi
1 L H
a A A
‘l‘ Hur X} How
//‘V"%_j\ ID
A §
<::> t . o gy
pivo/ ——
PLup Lev PLrp PLow
\d \ 4 Jl Y
Ia 1z 1s
< L S

2.5 2250 EESHRY
Fig.2.5 The parameters of the loop in 2250
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Rk FHEFEAT F 2% 2250 REFAFELE B0 L ML AR,

x21 HEREEX
Table 2.1 The definitions of looper variable

E W T
i BB —
L, LARSEEHTRANEN mm
L, AR A B R O B mm
L AL B F— S B mm

: EERKE mm
R, EERLR | mm
H AR LB AP I mm
H, AR R AT A A BB T2 ROBER mm

Hy, AR b — AL HLBL A TR R o

Hyy R T — BB Sk TR R mm

Py A BB AL R R mm

Frpw T35 BLB SRR ALK T4 RO BE B mm

P, R DB ALK T A OB mm
L, A B RALBK TR RBE mm

0 A deg

o H— A deg

B F— AR deg
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Rl XFMEF/EHL F2E S0 REFFILEE MR,

R22BRESH
Table 2.2 The parameters of looper

F1 F2 F3 F4 F5

H, (mm) 270 270 270 270 270

H, (mm) 1242 1242 1242 1242 1242

L (mm) 13 13 13 13 13

L, (mm) 360 360 260 260 200

R, (mm) 750 750 750 750 750
R, (mm) 137.5 137.5 137.5 137.5 137.5

v (deg) 49 49 35 35 43

6, (deg) 61 61 61 61 61

6. (deg) 9 9 9 9 9

L (mm) 5500 - 5500 5500 5500 5500

L, (mm) 1965 1965 1965 1965 1965
HEEREMEREER (mm) 125 100 100 80 80
EEBRERAREER (mm) 80 70 70 56 56
WIEFBRKRKES CAN)D 350 225 225 144 144
WIEFI B KM (AN -m) 126 81 58.5 37.4 28.8

2.2 HEITHRGAK
2.2.1 RGETEFLERK

HEMNBHRERAETT AR T RMOFT—RIET ISR 83K 64 A mE
#2438 TDC ( Technology and Drive Controller: L2583 BILRSE) KL, HT
TDC EFRERBELCEEFRES) SRR E TIREFI St 72 6 KB, AT S B3k
WEESTREBINUER RS TDC H—NEE MRS H B, Ha UEAPT RS
B, B8 EATHERENEEZE, LEF - MEAAHMATREIRNERR
JREIHLEE URS213, R REMFS B, RAERENIERERE; P REEHRIT CPUSSLATER
FEREEHERPITFAARZEMES: REFEFRET, ATERS R VO 1 VO #
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F ALK FAEFER _ % 2% 2250 MESMILE S B MER

R SM500; AT, EREEH A0 E IR CPSOMO. CP5100;/ T TDC HLAE (A& AT
4 REIEE M558 CP5210. CP52MO. CP52A0, B T JL/AMWIZRZ @Rz 5, M
GDM, AT SHFEN CREERTE. BHERatED MIMETHEE. MIFTHRE<ims. FHEXE
ML+t ILE 2.6 BT

B EE RS ERE

b

GDMM £&

TR

FRIZIE F3yURIZME

ARsnEye FHRIESE

pulilat k]

N

wersa] T T 7] I

Hemon| Jemon] Jemon]

o] ] {m] Ae] e

_1 ET200M | -1 ET200M I _1 ET200M I —1 ET200M I j EYZOOMJ

Profibus-DP Bl7&

B 2.6 KEELRERMLERIHE
Fig.2.6 FM network topology

DIKEELHLA F1 HLEEH 40041, TDC HIEAES = ZAHE CPU BRI, {55854
B, BIAELR 3 RIGHRIHIINT

(1) #— CPU (CPU551) #ith, XEATAGHBEMHETHKE. HNBBRA.
ML SR EKES . By AND SRS RS RIS & RS .

(2) # "3k CPU (CPU551) Bk, FLHLET R KELIIARE I REIE S

(3) =% CPU (CPU551) iR, T, BHIRINAEIZH.

(4) VUt CPU (CPU551) iR, FFIEEZRH.

558k SM500 3008k, FEERAGHERE (A EHERE. MG, Bk
R RIIME S RE, BARGS (WARKA. WHIESE) it U0 ZERIENE
RIFREFE SRR .

B SR = 28 0k,

(1) ProfibusDP M#% (& MPI) Bk CP50MO, %M%E XE A MEFMILG VO . HlF

- 17 -



RALKFMEFAHL F2FE 250 RFEIRILE RN ZAZL AR,

. PRSI IS REE

(2) GDM (&R FEEIR) MR CP52A0, %MK FEH TERESZ PLC. B4,
PDA JR %38t 2 H7E GDM M40, FTLL PDA WTLL#LPHIELE (H52 PDA BiE
HERH).

(3) BAKMIM%E CP5100, EEMTEZALRKBEIHER O, i, BELUK
B SNHRRZEENN (AB #HHRAK). BEKEHRERSE. K. UERTEAR
FUEE R

2.2.2 REEEHMHAERL

TDC f#H B2 2 RMRAISIMATIC Manager BEIL RS T ABITHA. ERiLL
HAGHERFRIEH, BREREAALTFLZINREBEIR. TDC REMHEH STEP7
BEHAKRTHE HW ConfigtTHSMSE M . ETDCELEMRIERMRPCST. %KM
HWEMCFC (E£:Di8eE) FISFC (UFDIREED) HATHASRFE, CFCHISFCHIZ R
FARIASRETLER . AICFCHATARR, £ ATEEHCA RN, FEEMAEE D7-SYS
RUFRELLRIFMFFEDIR, XEIhEERA DEREN BEEREAH, FEBUHEE
.

BilankE 2.7 2T AR T RIIE R TEEEAETHE LSTIF #51Th 5k,

%Zﬁtii— L
EkrfAE— LSTIF2 | T
USRI —
AP R —— REEREN
RIMIZEIEIR IR — MR R

EEHKE _—
Fek L mEm
BERE | AR
BE S — | mansRM
EERE — Thie e

EER RS U

EERLIEE
FETOLE

WIREE R —

RIEERER
SHmE

2.7 EERIETHE I RER
Fig. 2.7 The calculation torque function block
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F L K F AR+ FE X £ 2% 2250 #IEFLAFILE B 09 L5 MILE AR,

B 2.7 AT FRERETENE IR, ZPFRARMAKEELRAR. HLHl
SEE. BEENEILAER. BERKE. BERYRE. REEK. RERE. I
RENLTRAEMEFNREKRS. BEASAE (AREEEHE . BERE.
ZHTROREBEENRAEBEN SRS, aIHEEERNEE. BEENR
M. RBEERE. MEKNEE. RESMBEESSH. TANKSHETHEEFHR
B, WHETEER SR =RRHIT R R,

FEERASA TR, HAURBARNTERTE, ETO~TSREN AN EH
BRI RERTEEN T4 . ZERCFCHTASE, RUXERETIRIAEMEK, S
CFCR AR B TACFCRA R, BANCFCEH6TUARL, FIER R+ HITRESRA L
BARRE#TER, TRERERNERES.

23 KENE

AEEEIHEENRE N . RS RE R AR, BT EANE, b
WS D RREINE) i E G D A A, 0 R A E 7 T 7 A FGT
P58k T 44 BRTINTDCE SR 4. A N5 G ER s R R E 5A.
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R RFHMEFERL %3 ERENZEAHAKRAEH

¥ 35 BEMSEERIMIK NG

NGk FE R E R R IR BELBELNVA R — MEASFE. ELFELFIERES, 5
DL Ha BB B R AR A= E S A TnE M, RELAIN B FESHE
REREES S, FMR T R4 RIS VURARE (e E X R, BB RETH
XK. FERERENE N HHRZEAZRRIREN YR BKEERLTNE
WE, AL EEHEERANET, REEREE, RIEELIEREHT. BHEN
EEH4EREALRE, IRERNIDRE TEENERTER, EHEEIERE
BRGHRE, MS5KATR. BEIMRERE KRR PITHIEETHNE
NI EER, DUBEGOER. BRI, RATRERCN &P (6 D AL (A8 L 4N
KAMBATF=ERBE ST EEREENERERNDER.

(1) EETKS X E RIS .
REHFIHARGE S, WK SHRARTE. BERRERHELRKNES R
45, ELBIE R AR TRk DI RS AR IR BEAT RO RT IR 1, LR REB KT H

6 BE RT AN RS AR RO B A
ELHIRETR S AR T AR AL, BB AR D BB B R M R TR I R . B

TR — R R ISR X R . aaawmzh=s+g, o

WKEH HELE S P HIBE, KRN R EE NS,
W BB A 30mm A ERTE 2250mm AR AELTTHKIRERLALA F1 HUERHIHIRTRE T,

YL EREE A h1=11.15mm, HA&XETE
Ah;=30-11.15=18.85(mm) 3.1

AL B HIELEL S Pr=20MN, SLHLEIRIME RS C=5500KN/mm, HIHLEEHEPE
B I AR A= 13-

AS, = A _ 20000 3. 64(mm)
c 5500 (3.2)

BEE Ed g, EEMISRIBTY, Fi 5 Firl PYLLERH4NETSZ /5K 18,
Fi LB B £.%077 P1 B 20MN %4 17MN, WA iz 28 i 3 Bk B (F B A -
17000
= = 3. l(mm) (3.3)

L' 5500
-21-



FAL K FALFi58H L KRS Y ] 5

MR, BRETLARS), EhTHRAOKNSEN, RER/NT

3.64—3.1=0.54(mm) 3.4
GHLRELRA H O EEE S 11.15mm KE

11.15+0.54=11.69(mm) (3.5)
PP i B AR ZA-0.54mm. (LT, FEKNXTHRN R EE SRR
o
(2) BEEKSFHN TR

—RBAERHNE AR RN R ELZEEEE, UREREILAA KRR
FRERKDKS, URE™HEEREMRERE. £EFEGIERS, WRMZH
FRAMARA, UHRBFFIEF FHB LR, D TENENEEL RN, Bl T
MIBREMSER, BUEHMESIIER, XK OEZLEWHMART; Tl
BREGEREE M, THWIRKBRER SR, BMERRINZRRAEE, IRE
BIFERK, MAHNRE RN BRRENTHENLE. TR, XPHE AT
ABEEIN. HEORENEENEREMKHTE.

EERNEHIN B W EERR T EH MRS IR R EFIEE /5K S 5L,
CARRR ™ EERE N R E . ZEERASRES, WHFTZRR N, %
RIFEFFTHPLHMR, KO NTREZTEHISIN 10%. HHTKN I RETH4N IR &
SN, FEAEEF R NACESN L e R R, R RIENLRR AL L,
HUZRIE)Hr AW SR AL T AR LT Z MK (1T SMPa Zoh, 4R B R LA,
TIEEREIA L, 23K ER M 17MPa EAR, HB A ETE .

3.1 BESEESF

FEEREES (BEREGD, EEIESG EHFVIREEINEERLIN . RIETRE
Bt Bt i e imE B ARME, W EFVIREAEE, REFEREE.
HFENEEEHRET, HEAIBREEHRARBFENMNERGS (FERAER
F) AREEREAARER RS, B EFYISHE DM TR DEEERRSREE
BHXRAD, HAERET, ZTESH (UREREE. REEs). REFHRLETRE
KAEZMN, FEOXERERERUN, HERERMBEMEE, MWRHZEMRAT Lige
R .

NP LR AR A2 ShR BB H T RIS 3B, A WA
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AR FMEFEHLT , B3 EEENGEEFRNESR

W . X ETIARNNAELN— AR A MELSIN TR, BEREHANEERHL
[EF —EREEREXR, TEIHRRAEK B XERGEA MRS, HORIE R
FE, NEEHLHEBEMER. CUFELIIA RSN AL, W EHIIREEE,
B2 RNERFSEP T AL, WHTBnET.

LB RERREN, %L PBHREEBRKERERL, NTUIEEENRE
U RAEREZ L. FERETXMERES, EENARKERREE —HREZH
LB, FEEEMERTHECL. BESENEARURELZmHE] EHISGEE.
SRR R X S MEIEE R E R ASREE BT ERHLIR AR
SETE, s — MEESIEERMS W, XHEFTEYRNEREIEELE
SHAXE T EARLA L, TOHRE KN e REFEE .

BHEERGERERNREEME 3.1 FiR.

——————————————————————————————————————————————————————————————————————————

G fEfemaE -H—

B 3.1 FEE R R R
Fig3.1 The block diagram of looper height control principal

CEEHMERNRER I BFEBERNAT 0. FERERHIF I AEH
% IV UHSER. REEREREMIFERE, BEKEHREABERF T,
MIRHR, JEEXEBNEETHN, oARITIE, U RREEKEHREMNRNE.
ERMmEEAGEHZE, i PLATE, REFIAVROEER.

3.1.1 RESEIEHRGZRIEK

(1) EEHBRERTI
EEmEREEnIR AT ENHERE. FERRERKREBRESERRE
HIRRS RIEL, TISEEABERENRS RIEEERR. FIUNRERMABEERXOE
AEEEAE, MK RAFERAL S,
-23-



ALK FAME FE6 X B EE 3 Y R i

LIRS ENRERN, FEEHHLR LSS HRBEERE BREFATEN
FREBA .. X TEANTFREEAR, REESENERERARAAR. REHREEE
P A S PP LT X R BREE B ERS H . XA 2250mm FENAFEEEH

FrENZE 3.1 FimR.

K3 EREFNFEEREERE
Table 3.1 Reference values of loops’ height in a hot strip mill

EEEREME, (mm)

B F1-F2 F2-F3 F3-F4 F4-F5 F5-F6
1.2<h<3.0 15 15 15 15 15
3.0<h<7.0 15 15 15 15 15
7.0<h<10.0 17 17 17 17 17
10.0<h<19 17 17 17 17 17

AN RIS BT LIV — S e BB 28T, MEERNINELLE, RN
BT, BEERIIRRN, RANBESIL. A THERYELFEERE, YHNE
EWEIT L —5REL YU, EEERPEE T, BTN EREEEERIE T LAEARE
TrEEAE, AR AR LRSI ENA O SR EFRE LA

RI2AHTEERRDEHHNEREE. N THENEENS, HEREBEL
RETRHHX I BN ERER R RN . YRR RS E A, IR
PlZELk, dflHRNEE CEFREL) BB HMENSE B ZYEER, IR
E 5 FPEENEEALE: T LAEXERE i, NEHVEREEE SR ER. T
EER, MAENENEGLSHSREKE, FERYLEMEEANE M EYIHA
NEBREEH. B, YT F2 FEE, 7 F2 MIEEET 4.4m, F2-F3 SHEEBBREIENE

M.
& 3.2 TR ANETHRI Z]
Table 3.2 The loops control changes into small height value

BES NEFLFILE
Fi-F, Fy ML ZET X,
F2-F; Fa HLEEZ BT X,
F3-F, F3 HLEEZ BT Xs
F4-Fs Fy HLEEZ /T X4
Fs-Fe Fs HLEEZ B Xs

NS E I ESANAT, BEEFEETERA, DaMER N ESSEASE,
RAEBHEWSE. YHARRERNE 1 KEL, HBLZERBFETRTE. £
-24 -



CRAAKFAEFEBT £ 3 EZENGRAENKANER

B, JREE BRI INEN S SR L, KRERENEN—F, IARK
NEEEMRES—F.
(2) FERERMIAY I
EEREATEET, EEARNEEAFONTY . 0B RRAEREIEREE
B FHE SRS E AR (ESHERBRE) RITTR, 2R G BHEME
FEE.
ARFHLZE M & HVEE B AL 7T UL B ANET . BRI R R E IR R 7R
R18:
AL = [Avdt = [(v;, = vy, )t (3.6)

KA v, , A5 I NBERHOLEE
Vo N i+ HIBEAN DL
SHRE. DFATHh KRR, 5

ML= 1AV = 20, ~ Vi)
; ,

s (3.7

(3) THEEEEHAT I

EERERHIBUERI-AL-AL, VRANES. HRAANESHREN, AERGRBE
YERR b EA TR, IBREME S TR SR IR, PR BT, EkE SR N RS
P, FTLOEERE G KA (PD HWH. HETHAANREEER
RS SOL AN, HMF IR 0H T — AR R4y, SHRHLEN
HEREM VL BT BN, Wl — M EERGES, B ATEERIREIRERER
PUBRIERE, ROl BB Bl —EMTEEZ A &L =0, MKNKEREREHAV
BHEZN, APEAERROEEET,

(4) THINZ IV

BHIRGRAT SR ENL. PIREHMAEER S, BB S i YIEERHNEE
KU FEKE, NTSREEIRSNREE. TREHRXTR S E— MM
TR

3.1. 2 REEEITENRFIED

WREMYEZ AR ROERTE AT UERNENE, MR HFHERENA
BERIERS, MBI B RS HAE RER AR EE T HEREERRANE
HIEEE. BRERBMEEERIEENEASSIERERNTE. DEHERELT,
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AKX F AL FALHE L 3F7 5 B &

RCFRE L AR A AL B AR G, T R AR AL SCI AR BEAE BT 7 HOSRAE R A A PR S
HUtREE A ESK H B AR, ELAEERRNRERNAT, MESTHNREREREHA
RHMEFREEE T ENF BRI, MAERSCIFEREEESE. ARKEERITE
FHRART, EEREEIEEARNRARY, /AR EIE 3.2 fir.

L1 : i—| 2
B 3.2 PLEEVEE LA RSB
Fig3.2 The looper structure dimension diagram
b, x—WEESCRS LEAR, °
D, —EE BRI A E LIS FALGIFREEE, mm;
D, —EEX BRI R B TR Fro SLEPFEK R, mm;
RI—EEXHBIBKE, mm;
r—EERKFR, mm;
L—IEEER R E LWL FKUKFERE, mm;
Ly~ EEXHBIRE LR FIKKPERE, mm;
wm EEFTR, BERNER
Al = A+ B - (L1 + L2)
=&+ (Bl + 12 + B+ (B2 + 0 = (L, + L)

(3.8)

a=/L1+Kl-cosx
=/[2—- Kl .cosx
Al = Rl-sinx - D1

-26-



ik F I+ F A £ 3TFLENGEBEFRAES

h2 = Rl-sinx — D2
Eflz
Al =A+B-(1+L12)
= J(1 + R - cos x} + (RL- sin x — D1 + 1)’
~JI12 - Rl-cosx? + (RL-sinx — D2 +1)? = (L, + L,) (3.9
L% 2250mm FELHLA NG, HEEAENNAERERTE 3.3 Fim:

50

LFER(MM)
45 |

40 +
35
30
25

20 -

5L EEME(deg)

0 L e S AT ET R A A N S SN U U S0 U0 U 0T SO0 SR 0 000 B S0 0 I S N U 20 VAU T 0 0 B W

DS e N M T OO - N® T W W~ O - N
———————————— N N N N N NN NMOmm

B33 EEARSERNNIRE

Fig3.3 The curve of looper angle-stock

B (3.9) 5 3.3 WA, BEERINGEHN. HEREE. EEY LRAE,
FEEXREKE. BERLRMAE, IERS5AERIEENEER. ”

3. 1. 3 LI BYIRE KB
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