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Condition Monitoring Technology for Steel Making Facilities Utilizing
Data Science

#i95  ffi— TATENO Junichi  JFE 29— 2 F— BT &IFTE R - @1 (1)
i 3 [IZUKA Yukinori  JFE 2 F— v R F—WHISEAT Y4 3—7 4 P Hvy R 7 AERFTE G - L (19
Z£5

—HE T a2 T, RIERED 7 TP FHET L CREANDOLEDPERKTH 5700, RIiFEE 2 HEHICR

RURRICHEZGIET 2 Z e 2R RD LN TR, TNLOEEREH, HEZHDRD &2 BBk
LT, &0 ICT (Information and Communication Technology, TE#GEERAT), Al (Artificial Intelligence, AL
HIRE) 7287 — 294 = A5l 2 A U 73 RREEE R O 72 B ) fHA DWW TR T 5,

Abstract:

In integrated steel making process, the influence of equipment troubles on production operation is significant.
Therefore, it is strongly required to find out faults in the equipment at an early stage and to prevent the damages.

New endeavors toward condition monitoring technology of the steel making facilities utilizing data science, such as

ICT (Information and Communication Technology) and Al (Artificial Intelligence) are introduced.
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Belt conveyor monitoring system
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Table 1 Wireless communication scheme

ZigBee IP, ZioBee Wireless LAN

Wi-SUN | “'& (Wi-Fi)
Frequency band | 900 MHz | 24 GHz | 24GHz | 5GHz
International IEEE IEEE IEEE IEEE
standard 802.15.4 | 802.15.4 | 802.11 b/g | 802.11 ac
Transmission
speed (max) 100 kbps | 250 kbps | 54 Mbps | 6.9 Gbps
Communication | 0 | 5o | 100m* | 100m*
range

* Approx. 1 000 m with directional antenna

Communication
error
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Fig. 2 Multi-hop networks
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Table 2 Test conditions of wireless communication

Straight
Condition £ Oyer
P2P 1 hop pile
High-directional 200-
A | antenna 1000 m — —
(3 dB beamwidth: 9°)
Medium-directional
200-
B | antenna 1000 m — 57Tm
(3 dB beamwidth: 30°)
Non-directional 100- | 100m*100m
¢ antenna 1000 m 200m+200m | —
500 m+500 m
Antenna 1
Raw material
Antenna 2 pile
' £ ]' Antenna 1 Antenna 2
b L 57m |
" - - I 1
(1) Straight(P2P/1 hop) (2) Over pile
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Fig.3 Wireless communication test in raw material yard
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Fig.4 Measurement results of transmission speed
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Fig.5 Taking images of conveyor belt

5 LIclif§ T — 2 2t LT, REEROZREME 2%
BICANTEEHEE T VEMEL., BEHEET v
MRRELE, FRTICHRGE L7C iR 80% D7 — 2 W E T
WERBEL, BTNV > TUIARAIC 255D D 20% D7 —
2 2R 5 2 TiTo e, FIRREEE, ST — %12
DV, BTV & o THBI L 7SR EROBIRA R D
HIESL PR Y =BT 2 28 5 OIEERIC & - THMI L 72,
ZORER, FHEHT — 2 ORRTIEERII T 87% TH Y,
WET Ve LTI RS vl T a1,

3. HHEEEREREEFH
31 T—A2YAITVRICEBEREFTIKESR

3R MBEHTTCEN R MRS B IS IE RO ZE(L SR 2>
¥\, JFEZF—TlE, ZNE T, P 7 VOEFER
ET37:02, 207 7VICFHE LB HE S VRS
BrWwSITTa—FRE 5 TE, LL, BADLHHE
P L cRoEIE LIz e b dH Y, MEor57
NDEEZTEY, RO 7 7o —F TR TR
DHb, —HT, bTTNVREZLOFEZREITICE VL TR
F=2EHRT A TR BN FEHHPZLH B, % 2T,
Ly 77— 2 RET AN 2 AN, KR T — % 23RN »
ORI T 2 Z2ic k), BESND L7 7L <
b IR ATRER RS 2 7 4%, VLT ot 2%
FEIBHRE LT,

32 BREERBREERY AT LOHE

BUL 7 0t 2 DR #IE, ZREZ R B0 i b> & RE L
I, SHIHEENLGERTERIICHE, 22T, B6IC
AT LI, EeRr oy, BEIRL v, 2LV LR
NABSRZRER L, &L ~VIiy) e TE 258 L,

TRIDFHER L RVIIHEKRD EFRF 2 v 2 THISTE 2
BHTH B, PROBEIL ~oviZ, FRD % ATz
R Y, F— 2 BEEE 7 & 7o 2R E R B
TELEHTFEY LCEALR Y, Fioffkr ~ovig,
P BREAPBEL LY RICR 10, €y rT—4
M AR 72 28— 22 F ) o 2 O—FTdH 5 Lasso [l ”
WWHO K FERZEA L, WINOBE D IERHRFO SR

JFE $#R No. 44 (2019 £ 8 H)



T =R A T2 A U TR IR R AR

[T}—
an entire process
Monitoring Variable | » Variable 1 5
level 3 Ky, XK
4 4
6 S 6 S
E - / Detecting change of relation

Level of facilities

- Principal component
analysis 3 S

 Data-driven Query y 47
moddling Hican o

fneighborhopd
Normal

Entire

< o
process Anomaly o855
< I

Facilities

Sensors

l Motor | |Rotation
current || speed

L Level of sensors

Normal A fault Conventional

* limit-check
A
= —;lmﬁ:,Jr. A

6 LANIVBIREFIKER

Fig. 6 Concept of anomaly sign detection by hierarchy level of
a manufacturing process
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Fig. 7 An example of heat mapping display
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Fig. 8 System configuration of anomaly signs detection
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To construct models of relationship among variables
under normal operation

X1 X2 Xl= al2-X2 +al4-X4
X2 = 221-X1 +a24-X4
X3
S X3 = a31-X1
x4 X4=adlXitan X2
X5 =-
'

To detect breakage of local relationship by estimating
prediction error

X1 X2 Xl= al2-X2 +al4-X4
X5 X3 X2 =a2l1-X1 + 0-X4
o) X3 =a3l-Xl1

X4 =a4l1-X1+0-X2

X5=-

Anomaly score=f (Xi actual-Xi prediction)
Prediction error
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Fig.9 Application of lasso regression method to detecting
anomaly signs of the entire process
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Fig. 10 An example of detecting anomaly signs by the level of
the entire process
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Fig. 11 Application of PCA method to detecting anomaly signs
in a facility

34 HSEBELANIVDOEER

2 ITUE, BRI & A IEREAHICIRE LAY
%o —EEIEERTRML, ZORMOIREZ RTEED
WED—ETH Y, BWEHIZESENG Ze»EL,
NeFker sz b, 22T, LRI EHW TRIEOLL
NE B LREZIT 5 kiR L O, (iEknE—4
BB E R R T MR 3T H 5o B 1T IINLETR
DE— 2 THBSNIRIEOBIEDOWEE L RLIZKTH
3, WEERKT 29> TV o 7P kmdbseT5e, 1
DO k KTTZER ETIE 1 SIS T 5, BV &S 9
Y ZRBEED H B 0w, EHEORIEIE k oz
METHWIZHBEYET 2 T4 T 5, 22 CEXRDD
MrEzdHs 52T, ERROBEEY ZMD e LTty
ZZEMHREE B, KILIRT ST Fr oyl
TOWIRIE DAL B ¢ 313, B 60N 5 DTIK
MICERERE PO ERSNEEMELEHL, BEHT 2
X THETIREAITE 5,

i BRI B0 2 TIREIE] ¢ U CERIBRE R O
THEERE A BE R LI R 2 B 12 1R T, 2 2C, LAME
M H > 7o BHEEPHERIIK N L TW 3 DR ERETE 2,

4. HHYIC

F—2Y 4 T RE A LR iIREER o7 7
Y AHA DWW THANT LTce kY — PR ol Tla~
VA R7 ERRICFGERBR 21T, ST — 2 PRI
ARAR IR 2 v b7 — 2 IR E AR Y, ~ov FBIRR

Repair

Anomaly score

Sequence of rolling

12 HEREAED IR

Fig. 12 An example of detecting anomaly signs by the level of
facilities
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