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Dofasco Background

* Major North American metal solutions
producer

* Annual revenue approximately $3 Billion

* Produce approximately 4.5 million tons of
product per year

« Supply to automotive, manufacturing,
construction and packaging customers

 $5 Billion equipment replacement value
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Electric Arc Furnace
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Central Shipping
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Challenges of the late 80’s

* |nflation raised costs while market prices

dropped

* Globalization

— High quality Asian imports available at low price

— Buyer’s market

 Profit formula changed:

— From: Price = Cost + Profit Margin
— To: Price — Cost = Profit Margin

 Shareholder value substantia

* Created an urgent need to im

ly eroded

orove results
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Responding to the Changing World of Maintenance

» Dofasco conducted global benchmarking
research on:

— Industry maintenance and reliability practices
— Predictive maintenance technologies

— Information systems

— Reliability methodologies
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The Research Findings

* No single country, industry or plant had
developed comprehensive best practices

 Pockets of excellence existed

 Reliability improvement efforts were
Inconsistent and short lived

 Information systems (CMMS, PdM) fell short
of user expectations

* Equipment repair cultures were dominant
— Rather than asset reliability cultures
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Dofasco Response

A solution to the changing world of
maintenance required a Reliablility Driven
Maintenance focus
— Asset reliability business process
— Maintenance & reliability practices

— Enabling technologies
— Sustained corporate commitment to reliability



DO FASCO

Our product is steel. Our strength is people.

The Results
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The Results
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The Results

Quality increased from 76% yield to 91%
90 /
85
% Prime
Yield
) N/

75

70
Then Now
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The Results

Reductions achieved through voluntary attrition

12,500

# of
Employees 7,000

3,460 1,700

Maintenance Maintenance
employees employees

Then Now
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The Payoff

Winner of two prestigious maintenance awards:
— Best use of Innovation and Technology in Maintenance
— Best Maintenance for a Large Plant

* Most Profitable North American producer in their
sector

« Ranked as #1 worldwide manufacturer in their
Industry by Dow Jones 2 years running

« North American benchmark for World Class
maintenance practices and technologies
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Dofasco Maintenance Culture

 Historically Dofasco’s maintenance
department:

— Repaired broken equipment

— Or preferably, prevented equipment from
breaking

« Majority of attention was to:

— Improve trade repair skills
— Optimize time based equipment overhauls

— Better use of advanced planning & scheduling
tools

« “Equipment Repair Culture” rather than an
“Asset Management Culture”
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Asset Management Culture

Higher market demands

— Quality
— Price
— Delivery

Increasingly stringent safety and environmental
regulations

Equipment becoming increasingly complex
New research on modes of equipment failure
New computer and diagnostic technology

New failure paradigm
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New Failure Paradigm

New definition
Failure starts here of failure

Potential :  Equipment not
Failure : performing intended
- : function

Functionally failed

E = P'F
(o) Interval

& " el
definition

- Equipment
Condition

broken
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The Reality of Falilure

* There are six failure patterns

<20% time based >80% random
ill 4% III 7%
o ANNRRRRRAARNAA A nmm
Bathtub Condition Related
2% |I| 14%
I
Age Related Random Failure
5%
68%
Fatigue Related Infant Mortality

The majority of failures are random, not time-based
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Typical Current Situation

|
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Scattered - > Inconsistent

knowledge actions
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Preferred Situation

business process actionable consistent
and practices knowledge action

Consistent organized Information System o
way to capture and provides easy access > g
use Knowledge & to a Common at

Information Knowledge

Repository The Right Time
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Integration with OSlsoft PI

OSISOft e Asset
>

""" Management

P I e Work Order
Management

¢ Planning &
Scheduling

¢ MRO Materials
e Procurement
e Tasks and Jobs

e Personnel &
Trades
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Integration with OSlsoft PI

Lubrication analysis

Plant process signals  ....ccceveuaes >
Vibration analysis

Infrared thermography

e Applied RCM
Motor circuit analysis e Condition-based
Non-destructive testing =============: P>  management
¢ Rules-based
diagnostic
RCM analysis ... p engine
Aladon tool kit :
¢ Indicator-based
job triggers

Operator rounds
Visual inspections
Mechanical
inspections

e Performance
.............. > ana|ysis and
tracking
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Integration with OSlsoft PI

OSISOft e Applied RCM e Asset

PI e Condition-based Management
management e Work Order
¢ Rules-based Management
diagnostic e Planning &
engine Scheduling
¢ Indicator-based ¢ MRO Materials

job triggers
] 99 e Procurement

e Performance
analysis and
tracking e Personnel &

Trades

e Tasks and Jobs
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Case Study:

Using Pl Data Collector to Improve Equipment Reliability
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File  Edit “iew Analy/D Plan/Sched ExefFolowup  Purch Stores Window  Help
TEaMBD L Ec=0"YDERhEdddd &
D B EEEBRE & B0 E 0

«#3 HCH Information Workzheet - [THFSWING]

Reference: |THFS'I.-“-.I1NG

Azset |Tap Haole ¢ Swing Cylinder System

Approved |:| Audit Trail |:|

|Funt.:tiunal Failure |Failure Mode

|5A

Failure Effect

[
ar

EQ

urnace tap hole face builds
p during casting.

weing Cylinder fails to
roperly position mudgun
ylinder over taphole.

M

once the furnace taphole has been drilled, motten
ron is relessed to atmosphere, and pours into the
frough runner system. As the molten iron is

-

released, it sprays over the existing equipment

urnace tap hole erodes
during normal use.

uring normal furnace operation, and when the

urnace iz tapped, the flow of motten iron travels
ver the tap hale refractory. Ower titme, the tap hg
efractary lining erodes, and folloves zame as

Caving Cylinder hydraulic
=yatem fails.

0 be analyzed seperately.

Swving Cylinder extend
Cylinder limit fouls.

ver time, the releaze of molten irvon spray from th
urnace tap hole, settles on the Swing Cylinder
wtend limit, and eventually melts the limit switch.
ext Swing Cylinder sequence,

An RCM analysis was done to identify the

maintenance prog

ram for this asset
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File Edit “iew Anal/lD Plan/Sched EgedFollowup  Purch  Stores Window  Help

IEaNed L Ec=0' Y8R EeR® B
O | &3 IHEgES=eNE D G E =

«#3 ACH Decision Worksheet - [THFSWING]

Az=et |Tap Hale /' =wing Cylinder System

Reference: I'FHFSI.-"-HNG Approved |:| Audit Trail |:|

Tazk Default e
Celection Tasks Maintenance Decision Prop intenance Initial —
1] 2] 3 |H4[H5] 54 Activity Type cision Descripti Interval

very trough rebuild, with survey
lazer equipment. Re-surface
ap hole if reguired.

_— I_ I_ I_ I_ I_ ||:|:|rr|3|3ti'\"l3 ﬂ on results of surve

bove, CE as
equired.

[ | | | | [on-Condtion Eurvey Tap Hole position after 4. \MWEEKIS) [Tirme

L =

rotection covers over the Swing

viinder extend limit. -
K | »

o [n [ ] ] [Redesion | Evestigate the instaling ) |

One of the Maintenance activities identified was an On-Condition task
to determine tap hole face condition with survey equipment.
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Before Pl Implementation

» Tap hole position was collected after every
trough rebuild

« Performed manually with surveying and
laser equipment

« Based on the results, the Tap hole face was
re-surfaced
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Pl Implementation Requirements

 |nstalled Linear Voltage Differential
Transducer (LVDT) into the end of the
Swing Cylinder

» Calibrated the LVDT to Tap Hole Face
based on a cylinder stroke of 1370mm

* Maintenance and Operations determined
the effective stroke ranges of the cylinder
required by the process
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Swing Cylinder with LVDT
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Cylinder Schematic




DOFASCO

Qur product is steel. Our strength is people.

2 CMMS Production L TR TR i 3

File  Edit “iew Analp/D Plan/Sched ExeFollowup  Puch  Stores Window  Help
FREANEB PR R0 Y DER R RD Y
O il = %% 2 E Es

«¢; Activity Description - [242317]
Acte Title: |#4EIF-East Swing Cvl LNDT Pl Test

Acty Type: [On-Condition -] Ecjuip Type: oY LINDER-HYDRAULIC
PrPdi Tech: |PERFORMANCE AMNALY SIS-ON-C-MECHANMICA + | Location Cd... Ba v PROC IRON BF 4 CAST GUDR EGLIM S
Potd Test. | Eqquip Location: BEF EAST CLAYGUN - SWING CYLINDER

ALY | This activity was crested to collect data sutomatically, via the PI J CMMS Interface. There is one indicator that is
Dezcription: |monitored. Cerain process criteria must be met before data will be captured. The first being linear motion of
the hydraulic cylinder (Z1-DE79). If the linear mation of hydraulic cylinder iz measured to be 0 - 1370 mm, the

process data is captured, and Stnred.l

Performance Details Created By...Ext: | 26199 HRIBLJAN, FRAMK | B33z
Req Dept: [IRMK - IROMMAKING WAINTENAMNCE ~| | conditions

[ Dizassembly Reg'd [ Coast Down

. ) _ |: Maintenance Period
Attachment: I_ Aoty Duration (HH: b Q0000 Intervat:| & [MINLITECS) [Time] —

Standards: I— Tot Acty Labour He=s (HH: hab | Fixed: m

Open Activity Description
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L.CMMS Production ] "8 MEd 3

Eile Edit Anal/ID  Plan/Sched Eze/Followwup  Puch  Stores Window  Help
FEAMR SR Hc=0 YD ED BT RB Y
m R

=

-¢s;Analysiz Techmigue: Fixed Limits - [33323/242317/40]
Condition Indicator Mame: Length-l:'flinder Stroke
Units: b [[Rone]]
Equipmert Location: MBF EAST CLAYGUM - SWANG CyLINDER
8 severity Lirnit State
e @t = FIGH CRITICAL
when exceeding! . £370.000 [ '
i@ [2larm iz HIGH ALARM
when exceeding | 1365000 | S
(T Warning iz HIGH WARNING
when excesding | 1360000 [
{1 Marmsal iz ORMAL
when excesding | 1347000 |
(T ¥arning iz LY WARNMING
when exceeding | 1341000 | S
i@ [ larm iz LOWA ALARM
when exceeding | 1335.000 [ %
i fCritical iz LOWY CRITICAL
when excesding | 9992999000 | 3

Ready
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E&IEHE E xternal Data Collection Configuration - [Production] H” =]|_,.-"_?"I mﬂ |ﬁ

File Edit “iew Mapping indow Help

- L Activity Mapping - [242317] #4BF-East Swing Cyl LYDT Pl Test

Activity Mapping Details ] Indicator Links  Pre-conditions

SOoOuUrces
Source Summanry

t=ubsystem: zerver } Tagname [Unitz] (Descriptar)
Activity Collection Pre-conditions

Source Sumimary Operator State... ! Yalue Yalue Toler. + Duration Units
f? < 1350 a0 0.5 [MINLTECS
fPLSDSYS) ZIDETS . [mm] (East budgur 5 | — | 5| = =]

Search for &ctivities
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After Pl Implementation
A PI-ProcessBook - [Untitled 17] | Cl =P 2

@Eile Edit “iew |nzert Toolz Draw  Arange  Window  Help _|E’|i|
DR SR fBE o s Qs |Ea|o: <] K
2 B

KANOTOrmOL L ERTG | 0= =@ &KX

Flat-0
1400
1200

Ton0
00

500

Bl

=200
o L

31501 09:21:09 A 8.00 Hour(s) 1501 043726 P
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M Graph - BAYN.PROC.IRON_BF4.CAST.GUDR.EGUN.SWIMN.CYL: PI: Length-Cylinder Stroke vg Date

Pl: Length-Cvlinder Stroke

Rl

*

13401

1330

1320

1310

1300

oy 09 Ploy 11 oy 13 Pl 15 Paw 17 Moy 19 Ploy 21 Moy 23 Pl 25 oy 27

We can visually see how mudgun nozzle to

tap hole face fit has deteriorated into alarm
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File Yiew pAnalw/lll Plan/Sched EgeFollowup  Puch Stores Window  Help
PoHMN s Rk <=0 YRR BT HH Y
DE®M&Bo 9 &y

[:]Equipment Location Hierarchy
Stat. Equipment Location Code o
[- TOP CHARGIMNG ARND BLEEDER - "HYDRALLIC S STEM" (INCLUDES ROOME BAYM PROCIRCOMN.BF4 TOPH
[- CASTHOUSE BANM PROC IROMN BF4 CAST
|- 4BF CASTHOUSE - FREEBOARD BANM PROC IROMN.BF4 CAST FREE
|- 4BF CASTHOUSE - RUMMERS BAYM PROC RO BF4 CAST RUMM
l:::::l |- 4BF CASTHOUSE - STRUCTURE & SERVICES BAYM PROC IROMN BF4 CAST STEY
|- 4BF CASTHOUSE CRAME 216 (T-E92) (25 TOM) BaYM PROCIROMN BF4 CAST CRAM
|- 4BF CASTHOUSE - CLAYGUNS AND DRILLS BaAYH PROCIROMN.BF4 CAST GUDR
l::::l |- 48F EAST CLANGUMN (MUDGUM) S STEM BAYM PROC IRON BF4 CAST GLUDR EGLUMN
l::::l |- 4BF EAST CLAYGUM ASSEMBLY BAYM PROC RO BF4 CAST GUDR EGUR.CLAY
|- 4BF EAST CLAYGUM - SWiING MECHARISK BAYMN PROC IROMN BF4 CAST GUDR EGLM SR
* - 4BF EAST CLAYGUN - SWING CWLINDER: |E|.'-"-."-.-"I'-]_F'F:Il:::":::_IF.:I:::lr'-l_E|F-'4_I:::.-'-"-.E:T_I::;I_I[:IF.:_El::;l_lr'-l_E.‘I.-"'-.l'lr'-]_l:::"-.-"L
- 4BF EAST CLAYGUM - PIPING (WATER & LUBRICATION) BaNYM PROCIROMN BF4 CAST GUDR EGUM FIPE
__ |- 4BF . i
- .« The ICMS system has triggered an alarm based
— ! on data received from the PI Interface bringing -
= the problem to the attention of the maintenance
e and operations personnel.
|- 4BF ¢ . . .
-« The stroke of the Swing Cylinder has gone into
- bacH alarm relative to the pre-determined levels
R identified when the maintenance program was
< set up. f
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fle Edt vew endb/D P The glarm is shown to be caused by the failure mode

) s () “Re-Surface East Tap Hole Face”.
DEMEEZEEBL o

«#3 Equipmert.Locaiion ralure Moae - | 30033

Failure Mode: Fe-Surface Eazt Tap Hole Face The IlSt Of COnd |t|0n
e e east tap haole face has fouled fodh There the prop Indlcators Va|UeS that

eopardized. The prevents the proper amount of clay from bei

Target Loc Cd... B4 N PROC IRON BF4.CAST GLUDR EGUR SWIN.CYL triggered the fau |t are

Target Equip. Type: hYLINDER-H‘r’DR.&.ULIC .
listed.
Failure Moce Mo | 36853 Crested: |IZIE.I‘25.I‘2IZII32 0559 Crigin: EMP

Created By: | 27314 Diuric, Yiada | 2043
source Location Code... Activy ndicator Hame... Operator Indic la
| EA‘HN.F‘HDC.IHON.EIF4.CAST.GLIDR. 24237 Length-l:ylinder Stroke - DR AL

Y5 EMNPR@CJHON.E|F4.CAST.GUD(.E| 183333 Pressure-Hydraulic System (P.31)| = |Low Pressure .-'-Rlar_>

[BMD BAYN PROC IROMN BF4 CAST GUDR 183333 Pressure-Hydraulic System (PS1)| < Lﬂ.hnw
-
« Ll_‘

Enc 3
Perf. Dept., WO Ho. WO Description Req. Action (Days)

JRrig ] | 123154 RE-SURFACE & REAM #4BF TAP HOLE FACE & TAP HOLE | 1
1| ' »
The recommended sequence of

corrective work to rectify the problem
IS provided.




An Automated Work Request was generated by the EXP to re-surface and
ream the furnace tap hole. After the supervisor/planner approved the
Automated Work Request, the company’s CMMS planned, scheduled
and generated the Work Order necessary to have the work completed.

ORESC® " %X 8 i

"'.lul"ulk Request - [new]

Regst No#Group Mo | Redst StatusDate: PLARN [02/26i2002

Perf Dept... iHON ab Pric oo Mo | Created: |DE.|EE.QEIEIE 11:15

Sugg Bench Dept AW JRMM © F123154 | ICMS Sugg Route.. Auth. by/Date: | |

ICMZ Initisted

Orig Dept.... Wo: JRrh [ Reqd by Date: | 0z/26/2002

Originator.../Ext: | 273 + Pjuric, Yiada (2043 Assigned to. Ext: | 17756 fiecel, Renzo G A {506

woMaint Type: [0 | rp =l = Contact Empl. Ext: | 26199 Hriblian, Frank £352
in T P RO ar LS O L

Cost Ctriscct [f234 o4 oo Project Mo...

Created WO o | Mare Motes: [

Wiark el
lstlDate Expet: | ﬂ | Call Req Flog: | - Send Dwweg: | - | Suggestion Mo:

Fin To GateDoar: | ﬂ | ﬂ Zin Dwavg Mo | | | tem: |
Stock Co._iGty: | | |

Part Dwvettermind: | | [ =] migca. |
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&l Graph - BAYN.PROC.IRON.BF4.CAST.GUDR.EGUMN.SWIN.CYL: Pl: Length-Cylinder Stroke vz Date

13501
I

.’M, ;- “}

-

m

*

1340 Savings:

~$1M/yr

1330

1320

Pl Length-Cylinder Stroke

The work initiated by Dofasco’s ICMS system, with the help of
the PI Interface, resulted in a complete recovery of mudgun
nozzle to tap hole fit, saving the company $1 million per year,
for every year the furnace operates past an 8 year campaign.
The poor fit between the mudgun nozzle to tap hole, would
not have been evident or remedied by the operators, based
on existing control room data.

1

1




DO FASCO

Qur product is steel. Our strength is people.

Benefits of Pl Integration

 Collecting important equipment indicator
Information automatically and more often

 Early warning of impending failure
» Scheduling the right work at the right time

* Significantly increased time between
furnace re-linings
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Benefits of Pl Integration

e Savings

— Furnace #4

« Extending campaign from 8 years to 15 years
« Save $1 million per year after 8 years = projected
$7 million

— Furnace #3

« Extending campaign from 8 years to 20 years
« Save $1 million per year after 8 years = projected
$12 million

— Total Projected Savings
» $19 million (just for this one example)
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Benefits of Pl Integration

Extended Furnace Campaigns (Projected)

Furnace #4 Furnace #3
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Benefits of Pl Integration

Projected Savings

$20,000,000 -

$15,000,000 -

$10,000,000 -

L

$0 -

$5,000,000

Furnace #4 Furnace #3 Total
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Questions?
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