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Synopsis :

The development of basic techniques, the acceleration of automation and labor saving,
and the maintenance of the quality assurance system were carried out for establishing a
highly productive and high-class wire rod and bar steel manufacturing system. A fired
furnace was realized by perfect non-sliding transportation and low-temperature and
uniform heating through one-man operation. Four-stand compact mill and also tension
control were introduced to the bar steel rolling mill. With a high-rigidity mill and a
retarded Stelmor adopted to the wire rod rolling mill, its temperature-control function
was greatly improved. Further, with introduction of a hot eddy current flaw detector
and an all cross-sectional billet ultrasonic flaw detector, the quality assurance system
was established. A a result, a high accuracy of £0.08mm in the overall length was
obtained in precision rolling bar steel, and the first-grade acceptance ratio of 98% was
achieved. also through control rolling, the manufacturing system of direct softening

wire rod which required no annealing process was established.
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Synopsis:

The development of basic techniques, the acceleration of automa-
tion and labor saving, and the maintenance of the quality assurance
system were carried out for establishing a highly productive and high-
class wire rod and bar steel manufacturing system. A fired furnace
was realized by perfect non-sliding transportation and low-tempt_erature
and uniform heating through one-man operation. Four-stand com-
pact mill and also tension control were introduced to the bar steel
rolling mill. With a high-rigidity mill and a retarded Stelmor adopt-
ed to the wire rod roll‘ing mill, its temperature-control function was
greatly improved. Further, with introduction of a hot eddy current
flaw detector and an all cross-sectional billet ultrasonic flaw detector,
the quality assurance system was established. As aresult, a high
accuracy of +0.08 mm in the overall length was obtained in preci-
sion rolling bar steel, a.nd the first-grade acceptance ratio of 989 was
achieved. Also through control rolling, the manufacturing system

of direct softening wire rod which required no annealing process was
established.
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Table 1 Use and material quality

Material quality & #
Eﬂ ) ::E. o .CE 3]
z = & = s g @
g W = : - -2 g g g
= 5 5 F 8 5 = =2 2
¥ § £ B £ g & £ 3 £
Required 5 = 3 G T = & &L = =
quire . s [ o ] = =1 of m "E =) i
Use Example function S i & = o] & & 2 & 2 @
. Tire-code Easy-drawing
Drawing Piano-wire Easy-descaling O S C O O e
. Machine parts
Drawing ‘Accel-shaft Close tollerance O O o o o
Extraction Cold-finished Tar Stiffness
Crankshaft L
. : Rolling 1if
Hot-forging %gzgiglng rod \ﬁ?ealrn %eslist:ance O O O C © o O
Semi-hot forging | Joint Close tollerance O O O O
. Joint Close tollerance
Cold-forging High-tention bolt Stiffness O O & o O
Machining Drive-shaft Close tollerance O O @) O O O
Table 2 New equipment and technology and their purposes Table 3 Furnace specification
Equipment and technology Purpose Type Walking heam type
’84/2 | Reconstruction of billet |- Reconstruction of material Capacity 150 t/h
mill | supplying process
+ V-H mill installation | - Improvement of billet quality Effective width
and length 13.8mx17m
'84/9 | Reconstruction of bar |- Improvement of surface
androd mill qualiy _ Gas Mixed gas 100%
« NT mill installation « Data gathering for quality
- Computer control assurance .
+ KS burner - High productivity by auto- Charging By roller table
. rggézcﬁ?:éa:éitating Discharging By roller table in the furnace and extracter
'86/% | Installation of compact |- Mill power up for low tem- Maker Ishikawajima-Harima Heavy Industries
mill perature rolling
'87j4 | Development of FTC + Increase in dimention accu-
binid . 2, WMEMERe -5 —, Rl=*A 525 —12Xb, EV
*87/9 | Installation of hot ECT |- Assurance of surface quality o P OELEBEEXEYERE L, UREAEREYR/NEICE
or bar -
Ex5RMEEERT L,
’88/3 Development of detect- |- Assurance of surface quality (2) (EEL—in
ing syrface defect sys- -
tem using special pyro- HyHEEE 900~1000°C ERE—M#E R+ 570D, (a)
meter B F B~ DS — > — BT L B B C O MAE D & R
’89/1 | Reconstruction into - Preventing of surflace defects L X5z, (b) KS »i—3— (Kawatetsu sandwich burner)
ti tracti - Aut ti t . .
System e uromatic contre DRI b, BATRICS €y, FREHHOL—MA
n feotse KS Ak, MMy AOPAE L b S
'89/12] Installation of billet « Establishment of quality as- THEE fe o b 7
UST equipment surance system for internal EhopiEegshy@dBETL - 212k b, AFEENCERLAL
defect —E 7 ABAELRA L WIFIEY LD, FY Ly FD
90 Development of con |- Elirpination of center segre- AF .y, Fiix A+, FEMEORESE (A, Fv—7) OE
tinuous forging machine gation ML LM, (© Aab A%, FABALTB, oh
rhAF, Fv— 28Rk 60°C » bk 40°C EF Sh T
Bo (8), (b) HIT (0) LT, BEH—MBNTRE &
2 b, MeTEEENELEBRREOERNE bR,
3 EEJERE RO
{(3) v~k eay
_ DnEhtE E B 1 4 48 FCC (Furnace computer control) D# A
1 WA dR LD, €y, EA~BE~HlDEERABLE R, ER
F{l#e#4 Table 3 iz, SO irnT, EA 1 ZOZTORELFEH L T35, FCC DiEEs LT
(1) Ev., MEREDRR ‘ DIMBFEAT — 7 Am bl cory, FEBHRE @3
mEBFEEAfle —5—F 74, FRT7 s ~-Fr - sk ATEEHREFHECLS OV, P ERERHE L FEHNE, ©
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Production
specs. from O/C ]
£
Automatic operatior] <2
lof the billet scale ]
[Direct digital controller | (DDC) : I : £
Charging pitch b
control =]
Charging position
control a,
Data linkage : ; Billet transfer -
with furnace Billet tracking comtrol
oDpc
@
£
Bitlet temp. Temp. control E
calculation * Extraction pace 2
- Difference prediction En
equation + In-the-furnace =
+ Simple model time prediction =
+ Target temp calc.
+ Furnace temp calc.
Furnace temp.
set to DDC
=
Mill pacing | £
e control ﬁ(_ 3
Qualification B
data to Q/C K
Operational B
results to C/C b=

Fig. 1 Relations among the FCC functions
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APCHBREL, + o M7 » "HEOE EYE -1,

(3) #vsSAve—ALBMHEELEN, 4252 FT Tminod
ERHESETEL L
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Table 4 Main specification of compact mill

Type Compact mill locked flame
Arrangement of stand H-V-H-V stand
Stand
AH BV 1H 2v
Roll barrel length  (mm) 320 320 320 320
Roll diameter (mm) 630 540 540 540
Motor (kW-DC) 450 800 1100 900

ERL, BENEEADESEEL S, HEMETES SR
FAFITH, M-SR IAERNMESBLERLSETED, B
BUHI DA~ FHETEA LTS, H 3 ARIUHH I v0B
AORMERHERH LT, 25 v FREEBEORGBH D
BRI O MEL St A, L—A—DBEARRETESL, 20
Foh YT, ARV FHEREOEL B L0 & v PR S
Tvi—A—, FOMORE I AFIESRE S AFIDR 2 v VECI b
2T —a i) —HEAORHHEEEAL L,
FLEEFAZ2Y ERERSZBEL LTe A A2,
MM K, X BaRlEEE - L CIETEHE, EREREN
REMfniic bR L, UaTETS R IRz 2E
TrlHEEE LT 5,

3.3 REEEXE

Wk OEH R, REEHM ORED L HIEL, 1965 FiLE
BEREABHTEBO Y 41 A+ 2 4 FEEHRE, 40mfs § Lok
bbb, 1IBIFEN AR TBAEYHBLLEFH L+ TH2Y,
Table 5 iz 47T, YRHEOBBIKDEEYTHS,

(1) BEE/ YIYA4AD L
LAFS Y Vit i B, 5.5mmd ¢ 103 m/s, 9 mmé
AT 130th OoBEEFELEHL, AXUFERO2X + Fv
P YT 58I b0,
(2) BEWESE
Fr oy 2 I AHBREHEEIC TR, 73 APFTO T ARK
BREEL L, EEREOHBARENTETCHSL, TRy 2
I AFIASSEELTII N2 A2 v PRSI LS 7+ — F
7+ —7— VEH BEFlzFA2AGERHREE, +7
» ZHIESEAZR TS, Fi i ABASTCE LTI, &
RBENLO7 4= FA, 2HMAAEASh TR IEEORH
AHBIEA L2 T 5, '
(3) BHEFETZE
ey s IAELTRTHD THEETERESHEAZR T
Be ThIEE e — AET & — A BEIEEBES SR, +
4 ABRHOEHREE ML K E L FELTW3,
(4} V&E—F 4 FAFALET
FTRULYE—F, FAA-2HBTAEKI-T, @A
WAHEEYRAZ EATES, H& B IZERA 10min O
BEMEF Sy TELAL D, BERENENTETS
Bo T2 v TRFAOCKHIAELTIE, =7F 4 v--%k
3SELETHEL, = -5 -BXTROBH L vig—BH
b @R LT3
(5) #m, #H
H#RMa, XAV v /B 1170mm CHRBETEE CH -
el a4 ATEOHBFXZHMTLY 7+ — I v x FPSHEL
hEARY v /2% 1120mm CEEO S5 2, RETCEEEE

- JI AR EERER Vol 23 No. 2 1991



88 MM IR BRUERER

Table 5 Block mill line facilities

Table 6 Main specification of billet UST

Water spray box ahead of block mill
Type: Cooling nozzle type (2 zones)
Capacity: 200 m®/h max
Maker: SHI-Morgan

Block mill
Type: 10 stands non-twist mill
Roll size: #19~¥20 stand 210 mm¢
#21~%28 stand 138 mmg
Maker: SHI-Morgan

Main motor of block mill
Capacity: AC 6 000 kW {700/1 400 rpm) x 1
Control: AC-VVVF, Digital ASR control
Maker: Toshiba

Water spray box after block mill
Type: Cooling nozzle type x4 zones
Capacity: 600 m*/h max
Maker: SHI-Morgan

Laying head
Type: Inclined type {10°)
Ring diameter: 1120 mm
Pipe: 1 piece pipe
Motor: DC 185 kW (1 350 rpm)
Maker: SHI-Morgan

Stelmor conveyer
Type: Roller conveyer x 8 zones (with retarded cover)
Blower: 250 mm Aqx 1 100 m¥/minx 11
Control: AC-VVVF
Maker: SHI-Morgan

BEOBAFE LA T ORKE, MEFO = ATENRE
feFaskebm =1 AEELRACALL TS,

4 RERKRT

BERECOTEMTFINIO HEE, L, BICEBEYRAL
fERAEA T b, THRIEIIEE Lo L AHREHT,
TG, PSRN & ORBERTE Y <ABELL DAERSTH
B. X L TEREMAA Y OEAIEL, EHCERELOGEN
BELich, SROHERE LUTRBERFE L~z ¥ TEELET
BE#EZ A, BTk, cheDs -~ XEhr b~ SRR
BEOFERLHEEL TEL,

4.1 El v FREER

411 EL v b+ AUT
W L, b AUT (automatic ultrasonic tester} (¥, =
SROMER IUER TRBORIEY B E LTIWIFI12H LY
TREHA LT3, Table 8 EftHdFRT. £ KRETT.
(1) ¥v, b AUT gicsms o (HiREsonz i) RER
BT, o by - Y YEeRELREELT
ST\ Aidh, SREAER LA, &L OREY S0mm b
FEFO2 =, 7HETH D, ERETEVFETES.
(2) EHE, $A7e-—7oRFELAGbEILLY, AYV, T
ETEOFREE 100% &R LTV 3,
(3) EBEETAEDCOWTE, BHEBC<—+ v 7T, 8
TEDO< I — 7734 X —THREREL TV 5,
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Purpose of installation « Perfect assurance of coil internal

quality
- Assurance of quality of hot scarf-
ing
Accuracy 1 mm¢ x 10 mmL
Probe 6chx4=24ch

Cover ratio in

the section 100%

Scope of detecting Except 50 mm from top

and bottom ends

Capacity 150 tfh
Maker Mitsubishi Electric Corp.
30 - x Man-made defect
O Internal defect (natural}
@ Defect below the surface (natural)
o]
25 F
. 0g° X
) . _ a
= Pl = (o] X S/N =3
o ]
=
o)
£ S
S /)< S/N=2
15
X
1{) 1 i i 1 2 F — |

0 0.5 o 15 20 25 30 35
Diimension of defect (mm)

Fig. 2 Relationship between dimensions of defect and output
at billet AUT
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B
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Fig. 3 ©RT X3S ROBENPLr — F2AXRBELTH3,
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(D Billet scale

@ Charged billet thermometer

(@ In-the-furnace hillet pyrometer
@ Extracted billet pyrometer

& Load cells

® Bar line pyrometers (mono-color)
@ Bar line pyrometers {two-color)

@ Profile meter for bars
Straight bar pyrometer

(% BIC coiling pyrometer

@ Cold shear thermometer

@ Block mill metal thermometer
@ Eddy current flaw detector
Profile meter for rods

@ Machine vibration monitors
@® Rod line pyrometers

@ Reod coiling pyrometer
Stelmor pyrometers

Coil scale

Fig. 3 Locations of the sensors

Pyrometer
Mill . Product surface
O Water cooling zone temp. 600~880°C
—

I >
. ]

!

te < lms
Product surface Response ra

temp, 900~ 1 100°C
Product velocity
10~-100 m/s

High-
response

recorder

Fig. 4 Defect detector system by high-response pyrometer

Surface temp\ v e — o

o A ’ -

(Normal} ' . . ‘/ *

Product temp.

Surface temp.
{Surface-defect)

N

Rolling Water cooling Measuring point

=

Time
Fig. 5 Principle of detecting surface defect by high-response
pyrometer
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EEEFC AL HFLELT WD, FERECOWTL, HERKES
Beoftlcr vBEEEY R ET o baiTtdl,

4.2.3 <ERE

¥R EEHO—RNLAIHTHEL, UEEEALOLDIC

5

TEELEHLTV,

(1) ¥2 Az v VHEABRES ONTEE b XK I BERFORES
BEEFACL - TFRL, HETERREERT50EE
RBET S, FoE, WETEME-NEEREOEYET L
BEREAFBARS, chitkoC, Ev, FE%lsbIERE:
BErA-THETRET LA TES,

(2) MERc{EEEEYERLRRRL R, RHEEOHRET
HUTERLSTRERAHEE L

4.3 BRBREDR

BETOBRBEEES oY Table 7 1R T, BBO LB HEK
& LBRERWOFTELE - T 5, HEEHEECELTE, BEeS
fEitiE R RRESRIT X 5 0. mm BOERHARE LA TH
L, FEEEIEEST o R LT, BENARE LTl A
e, BEEECY Y REREY 0.05mm # E CREERT
B. PIERRIERR LT, 1085 oL TEHHERE (RUT)®
DBAR LY, RETITCEDLMBORESTTRES o, L
A Licath, FEMCHEL T, ATFYETH2BRBEEE MMT)
CELIEHESTEGE (AMT) ofiErSHE o EEZRE L
Wi e

Table 7 Inspection equipment for bars

Equipment Specification Installation
RUT
Method Probe rotary type
Frequency 5 MHz '85/9
Number of probes Normal 2, angle 4
Inspection velocity Max 75 m/min
AMT
Method Probe rotary type 7677
Accuracy 0.3 mmg
Inspection velocity Max 90 m/min
MMT
Numb 2
umber 73/4
Method AC
Accuracy 0.1 mm in diameter
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Table 8 Factors to accuracy of dimension

Dimension Di jon deviati
Factor ens t imension deviation
deviation Countermeasure after countermeasure®!
Accuracy g « Caliver design « Development of FTC
at rolling "5":3 - Caliver machining accu- + Limitation of number of billets
“ racy +0.13 mm for one caliver +0.03 mm
5 + Caliver wear . Developrpent of accuracy of set-
5 . Roll thrust ting parting and roll location
= » Deviation of tension » Development of FTC
:.5 g| - Deviation of tempera- - Controlled reheating
=t
o0 ture #0.16 mm « Reconstruction to new NC turn- #+0.05mm
g 21 - Roll eccentricity ing machine
= + Standard
Influence Straightening machine —0.06 mm - Establishment of rolling dimen- —0.06 mm
of off-line sion aim considering decrease of
treatment Shot blasting —0.05 mm dimension —0.05 mm

*. Deviation at 55 mmg rod
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FETIL BRE (TEEBH BERHO—ML LT, BRE
ERR, HERLHE OGNS BEEMCOWTRAMT S,

5.1 WMBEEEH
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BRI OBEYRATL 2 EATEEE b, & )2 -EEET
KR E L,

€ Dft, RrhicmT L 5 il ol mBEl o, 2y -

BERERFIRIC S SR € vy P AR, UC RBOEFIC XDy

VAR B EE A OREYER L, EEROSETERES
BEI 20.08mm LRFECREALDOEB TV B,
BEEEERAENOL 5 — 0k HE & LT HTIERD 228
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h, BEERAEIDIGDICEENEHEE D, TR0 L 5 in
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5.2 EER{LRK

ESSMBHOEEREY Y 2 ~F, FAFLE?2FIHLTH
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WETILERI T, 72T A5 rEAlF 51y
THLLDTH L, SCMABI T, MG LR T £ T FEx
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DRBILEFLZ LT LT, SOEBREL LTV, BiESCM
435 (T Lt mmg Ll o+ 4 X CHEHEBIESTEES o T 5,
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B R ORI & 0 L A B TR OB R A S T » 7o £
OEERILTOER I CHS,
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