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Abstract:

In today’s fast paced business world, companies are constantly looking for ways
to improve. Two improvement initiatives that have come to the forefront are Reliability
and Six-Sigma. It has been thought by some that the two initiatives are in competition
with each other. That because both initiatives require an investment in funds and
resources, that they cannot coexist. While competition may exist, both are vital to
achieving continuous improvement. This paper will discuss the two improvement
methodologies, show the similarities & differences, and illustrate how both initiatives are
vital to continuous improvement.

Background:

In August of 2002, the reliability program at Kennecott was kicked off with a
reliability study of the P&H 4100A shovels at the Bingham Canyon Mine. Under the
guidance of ARMS reliability engineers, using RCM Cost software and a team of
Operations and Maintenance personnel, the performance of the 4100A fleet was
improved markedly. Following the 4100A study, studies were done on the CAT 793B
fleet at the Mine, the Grind Plant at Copperton Concentrator, and on the Automatic
Guided Vehicles and the Cathode Stripping Machine at the Refinery. All of these studies
proved to be of significant value to Kennecott.

In late 2003, Kennecott Utah Copper decided to implement a Six-Sigma program
to augment the APEX (Achieving Performance EXcellence) initiative that was already
under way. Between then and June of 2004, extensive planning took place to make sure
the program implementation was a success. An implementation champion was selected
and a master black belt was hired. A six-sigma coordinator was also brought in from
outside the organization. In June of 2004, the first wave of black belts and green belts
began their training and first project. Since then, waves 2, 3, 4 have been completed and
training is almost completed for wave 5. In short, the six-sigma program is well
underway and so far looks to be very successful.

When six-sigma was first introduced, there was quite a bit of concern that
resources needed for the reliability effort would be compromised, and the reliability
effort would die. It is well known that six-sigma uses ad-hoc teams to accomplish much
of the improvement, relying on “process owners” from individual areas to sustain the
improvements once the “belt” moves on. This is very similar to what happens in a
reliability study. That is, extensive team participation is necessary to produce a workable
improvement strategy, and the improvements must be adopted by a “process owner” in
order for the improvements to be implemented and sustained.

This paper is a comparison of the reliability methodology and six-sigma
methodology, and how both can coexist in any organization.
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Reliability and Six-Sigma Methodologies:

Reliability

Reliability is many things to many people. It is predictive maintenance to some
and root cause analysis to others. Some think of failure elimination teams when they talk
reliability while others think about RCM. The truth of the matter is reliability is a
concept, a methodology, which uses many tools to accomplish the end goal. Predictive
maintenance, RCFA, RCM, and teams are only tools used to accomplish reliable

equipment operation.

Reliability is defined in the KMS (Kennecott Maintenance System) as the ability
of an asset to perform its intended function in producing a quality product or service for
the intended asset life cycle when operated under specified conditions. An effective
reliability program is closely associated with the maintenance program and operating
practices. It addresses the initial selection of assets, the quality of workmanship, the
reduction of failures, and the care taken in operating and maintaining assets.

In short, reliability at Kennecott is understanding how critical equipment failures,
operating practices, and maintenance strategy are intertwined, and maximizing the

outcome to provide optimum value to the business through systematic failure elimination.
Many tools, including RCM Cost, AvSim+, and RCFA are used to accomplish this goal.
The reliability process at KUCC is shown in Figure 1 below.

Determine Critical Equipment
or System (by Pareto) that
Requires Reliability Study

Three Year Review
as per KMS

/
>

Understand Failure
Type

®Input & Analyze Data

*Form RCM/RCO Team

*Run RCM Cost Weibull
o nndiint FNMEMA

Execute Plan
*Update Documentation
*Monitor Solution
*Evaluate Effectiveness

Audit, Review &
Improve Plan

®Assure optimized plan is
used

®Assure optimized plan

Failure

Elimination

Implement Plan
*Procedures and Practices
(Pareto the potential gains)
®Develop Std Jobs, MST,
APL
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DATA COLLECTION

- CMMS
- DISPATCH
- PPMS

-1 0GS

- WAREHOUSING

Develop Plan
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Figure 1: The Reliability Process
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Six-Sigma

Six-Sigma is thought by many to be only a statistical measurement that represents
3.4 failures per million opportunities. Having a six-sigma program does not mean all of
your processes need to reach six-sigma levels of performance. Six-Sigma is simply an
improvement initiative aimed at reducing variation.

Aaron Breen, the master black belt at Kennecott Utah Copper comments that
“Six-Sigma is an Attitude with a Tool Box.” The attitude is problems are opportunities in
disguise. The tool box represents strategies used to efficiently address and resolve the
concerns. Common tools are TEAMWORK (brainstorming, information sharing, etc.),
STATISTICS (data analysis to make decisions accurately, efficiently, and without
emotion), LEAN (structured method to remove waste from processes), and MISTAKE
PROOFING (designing process such that it is easy to do it right and hard to do it wrong).

Six-Sigma is nothing more than a survival strategy for today’s fast paced, high
pressure work environment. It provides a structured approach to address customer needs.
Six-Sigma uses proven tools and techniques to address business concerns. It provides
more rigor and structure than previous programs.

Six Sigma is very hierarchical in it structure and work process. Everyone within
the organization (from the CEO to shop floor workers) has a role to play in this process.
(Breen, 6). The basis of the six-sigma methodology is DMAIC (Define, Measure,
Analyze, Improve, & Control) as shown below in figure 2.

DEFINE:

®  Define scope
®  Define deliverables
®  Plan team structure

MEASURE:

® Baseline capabilities

® Verify measurements

® Initiate root — cause analysis
® Develop project plan

ANALYZE:

®  Prioritize / Analyze possible X's
® Identify critical X's (root cause)
®  Execute project plan

IMPROVE:

® Optimize settings for critical inputs
Define best practices

Develop implementation plan
Execute project plan

CONTROL:

® Implement improvements

® Provide CONTROL & RESPONSE
® Document changes

® Verify sustained results

Figure 2: The Six-Sigma DMAIC Process
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Figure 3 shows the reliability process and how the DMAIC process works in
parallel with it at KUCC.
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Figure 3: Parallel Reliability and DMAIC Process
It seems the basic difference between Six-Sigma and Reliability is the scope and
depth of the projects. In six-sigma, the “belt” is told to continually narrow the scope so
that an in-depth and detailed analysis takes place. In reliability, the scope is wider by
design. The scope must encompass an entire system.

In reality, reliability engineering and six-sigma use much the same approach in
solving problems. In fact, at Kennecott Utah Copper, six-sigma classes are taught a
reliability module, and many “belt” candidates are reliability engineers. At the Refinery,
the Manager is so confident in the six-sigma program, he has made a commitment to have
his Reliability Engineers all receive green belt training.

The similarities and differences will be seen in the following detailed analysis
comparing the five phases of the DMAIC process with the Reliability efforts at KUCC.

DMAIC, Six-Sigma, & Reliability:

In order to compare the two methodologies, an actual completed six-sigma project
will be compared to an actual completed reliability study. The six-sigma project was a
process improvement project dealing with reducing same day requisitions within the
warehousing and purchasing system. The reliability project will be the P&H 4100A
reliability study.
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Define Phase

Six-Sigma

In the Define Phase of a Six Sigma Project the main deliverables are a business
case, problem statement, objective statement, primary and secondary metrics. In the
same day requisition improvement project, the following were derived during the define
phase.

Same Day Requisition Define Phase Summary

Business Case:

Based upon functionality concerns of the Logistics Operations Project , the
Concentrator has an opportunity to improve its materials management system
effectiveness enabling an increase of uptime, reduced maintenance spend, reduced
inventory level, and reduced materials spend (estimated value of $500,000).

Problem Statement:

“This project will decrease the number of same day requisitions as a % of total
monthly requisitions from 50% to 20% by November of 2004 by improving the
conditions and/or practices that drive same day requisitions.”

Objective Statement:

“As a result of decreasing the percentage of same day requisitions by 30%, KUCC
will save in O&M costs, $35 thousand dollars in 2004, and $215 thousand dollars in
2005.”

Primary Metric:

Same day requisitions as a % of total monthly requisitions. This is the metric for
which improvement will be judged.
Secondary Metric:

Service Level. This is the metric that should not be adversely affected by
improving the primary metric.
Tools Used:

Data Mining

XIY Matrix (MS Excel)
Problem Selection Pareto
Negotiation

MS Power Point

Reliability

The first step in a reliability project is to determine what area requires a reliability
study. This can be done using simulation software, or simply by using a Pareto chart.
The following was developed in the reliability study equivalent of the Define Phase.
System on which to focus:

Mine management determined, based on production data, that the P&H 4100A
shovels were the main cause of below budget production. A CPQQRT (Context,
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Purpose, Quantity, Quality, Resources, and Time) analysis was developed to further
direct efforts.
What to do about it:

Prior to the reliability study kick-off, a Pareto of the main causes of downtime
were identified and a plan to address them was put into action.
The plan:

Perform a thorough Reliability Analysis on the five top contributors to downtime:

1. Crowd Machinery
2. Electrical — General/Misc
3. Electrical — Will Not Start
4. Dipper Sticks
5. Propel Machinery
Tools used:
CPQQRT
Data Mining (Ellipse & Excel)
Pareto
Negotiation

As can be seen, the two methodologies are very similar through the define phase.

Measure Phase

Six-Sigma

In the Measure Phase of a Six Sigma Project the main deliverables involve
forming a team and completing a list of Input Variables that affect the primary metric
(FMEA), developing a Baseline Capability Statistic (capability analysis) figure 4,
Validating the Measurement System (measurement system analysis) figure 5, and
developing a preliminary project plan.

Capability by Requisitioner % same day regs - Six Month Average

LSL Thrgjet

Process Data _ Potential (Within) C apability
LsL 0.05000 99 Yield zBench -1.55
Target 0.20200 zZ.sL 1.90
usL 0.20200 zZUSL 135
Sample Mean  0.57367 Cpk -0.45
Sample N 19 ] ] | cCpk 0.00
StDev (Within) ~ 0.27627 /""\
— Figure 4,
Capability

. N Analysis

T T T T
-0.0 0.2 0.4 0.6 0.8 1.0 A2

Observed Performance Exp. Within Performance
PPM < LSL 0.00 PPM < LSL 29012.90
PPM > USL 947368.42 PPM > USL 910738.21
PPM Total 947368.42 PPM Total 939751.11
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Attribute Agreement Analysis for Week One, Week Two
Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI

1 8 6 75.00 (34.91, 96.81)

# Matched: Appraiser agrees with him/herself across Appraisals

Assessment Agreement DX O ERe
Reported by:

Name of product:
Misc:

Within Appraisers

100 X 95.0% Cl
@ Percent

804

60

Percent

401

201

1
Appraiser

Figure 5, Attribute Assessment Agreement

Same Day Requisition Measure Phase Summary
At the conclusion of the Measure Phase, the following were in place:
e The Process Mapping and MSA identified fourteen variables for continued
investigation;
e Using the process capability functions in MiniTab, the process capability was
measured to be 91% of requisitioners exceeding goal (9% yield)
e Measurement system improvements were identified through the application of a
data audit and Attribute Assessment Agreement analysis.
e A project plan was formed in order to assign, coordinate, and track progress.

Tools used:

MiniTab statistical software
FMEA

Team building

Microsoft Excel

Microsoft Power Point
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Reliability

In the reliability equivalent of the measure phase, a reliability improvement team
is formed, training for the team takes place, a mission statement is developed, data is
input into the statistical analysis software, an equipment hierarchy is developed, and an
FMEA/FMECA are conducted. The output of this stage is a listing of areas that could
possibly be improved. This is very much like the list of variables developed in the six-
sigma process.

4100A reliability improvement team Phase Summary

® Two Day Team Building Exercise - Held August 8th and 9th, 2002
® Cross Functional Team Members:
o0 Team Sponsors
e Assets & Services Manager
= Material Prep & Technical Manager
0 Team Leader
e Lynn Nelson — Maintenance Support Superintendent
0 Team Members
e Shovel Maintenance Supervisor
e Engineer
e Planner
e Shovel Runner
e Shovel Mechanic
» Bill Keeter — BK Reliability, Inc.
e PLC & GUI Engineer
e P&H OEM Representative
» Shovel Operations Supervisor

® Mission Statement Development
o0 We as a Team support the people who do the work. Relying on Bingham

experience, fresh ideas, capabilities and tools we will safely improve the
reliability of 4100A shovels. We aim to be the BEST! Zero failures
between PMs and an optimized production cycle, sustainable after 9
months, will measure our success and help ensure our survival. We will
share the knowledge gained through our hard won successes within KUC
and with our partners.

The team participated in a two-day RCM Skills Building Course

An equipment hierarchy was constructed

An FMEA was conducted on the 4100A shovel identifying Systems, Sub-systems,

functions, functional failures, and failure modes

® A hierarchy incorporating the entire FMEA was then constructed, figure 6.
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ﬂ SYSTEM:
1200:SWING SYSTEM:Cost=3.105e+6

=l 1200-BL:Swing Blowers Front and Rear:Cost=1.723e+4
1:Provide Cooling Air for Swing Motor
A:Inadequate Cooling Air
1:Swing Blower Failure: Cost=8616
=l 1200-MO:Swing Motors Front and Rear:Cost=5.325e+5
1:Provide Motive Power to Swing Bucket
A:No Power
1:Failed Swing Motor: Cost=1.909e+5
2:Failed Swing Motor - Brush Inspection: Cost=7.53e+4
—=HIll 1200-SH:Swing Shaft and Pinion Front and Rear:Cost=2.659e+5
1:Transmit Power From Swing Transmission to Ring Gear
A:No Power Transmission
1:Broken Swing Shaft: Cost=1.33e+5
=l 1200-T R:Swing Transmission Frontand Rear:Cost=4.931e+5
1:Transmit Power From Motor to Swing Shaft
A:No Power
1:Failed Swing Transmission: Cost=2.466e+5
—=HIll 1200.1:Swing System General:Cost=1.796e+6
1:Swing Bucket Smoothly and Safely
EHEA:Won't Swing

1:Ring Gear Broken: Cost=1.669e+5

2:Convertor Failure - RTF:Cost=1.773e+5

3:Electrical Control- mechanically worn controller:Cost=1.106e+5
4:55 elec component control frame failure:Cost=1.829e+5

5:Field Circuit Breaker fault:Cost=2.469e+4
6:Ladder limit switch broken - See 12.2.B.6:Cost=2.289e+4
—=HEB:Rough Swing
1 Electrical Control Problems:Cost=1.407e+5
2 Loose CenterPin:Cost=0
—=HEIC:Slow Swing
1:Dragging Brakes -faulty pressure switch - See 12.2.B.5:Cost=6.859e+4
2:Low Field Curent:Cost=2910
3:Low reference:Cost=2095
—EHEID: Swmgs in One Direction
1 S55 elec component swing control frame:Cost=1.311e+5
—=HEE:Vibration in Swing
1:Broken Ring Gear Tooth - See 1200.1.1.A.1:Cost=9
“—=2:Slow or Stop Bucket
A:Overshoot/Won't Plug
1:Sticky Worn Controller -see1200.1.1.A.3:Cost=0
B:Brakes won't Release
1:Airleaks Worn hose:Cost=4.641e+4
2:Worn Brake seals:Cost=6.739e+4
3:AirSolenoid fails:Cost=6.874e+4
4:Quick Release Failure:Cost=1.698e+4
— 5:Brake pressure switch failure: Cost=1.047e+5

Figure 6: FMEA Hierarchy

Tools used:

RCM Cost statistical software
FMEA

Team building

Microsoft Excel

Microsoft Power Point

Once again, the process is very similar to the measure phase in the six-sigma same day

requisition project.
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Analyze Phase

Six-Sigma

The purpose of the Analyze Phase is to scrutinize each input variable identified
during the Measure Phase. As a result of this examination, the “critical few” inputs are
identified for optimization in the Improve Phase. For the same day requisition project,
the following tools were used: FMEA, MSA, Hypothesis Testing (Variance Testing,
Tests of Proportions), and Simple Regression.

As a result of this work effort, the list of 14 potential “X” variables identified in
the FMEA was reduced to 7 critical input variables in Table 1 (below). To focus work
efforts on these input variables, a project plan was created.

Analyze Phase Critical Input Variables

Training

System Modification (Priority Code Usage)

Logistics Project (Parts Issues)

Operations and Maintenance Procedures

Focused Communication

Same Day Requisition Report

Failure Mode Detection

Table 1: Analyze Phase Critical Input Variables

Tools used:

FMEA

MSA (Minitab)

ANOVA (Minitab)

Tests of Proportions (Minitab)
Simple Regression (Minitab)
Team Process

Microsoft Excel

Microsoft Power Point

Reliability

In the Plan Development phase of the 4100A reliability study, a FMECA (Failure
Modes and Effects Criticality Analysis) was done on the hierarchical model developed in
the previous phase. The purpose is to scrutinize each failure mode (known as input
variables in six-sigma) identified during the FMEA using the failure effects that were
identified in table 2.
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1D Description Cost Per Hour Cost Per Occurrence
Down Shovel Down $1,500 $300
Red10% 10% Reduced Output $150
Red25% 25% Reduced Output $375
Red50% 50% Reduced Output $750
Sl Safety Near Mess
S2 Safety Potential First Aid Treatment Case
S3 Safety Potential Medical Treatment
S4 Safety Potential Lost Time Injury
S5 Safety Potential for Fatality
EDamageA | Equipment Damage 1000 $1,000
EdamageB Equipment Damage 5000 $5,000
EdamageC Equipment Damage 10000 $10,000
EdamageD Equipment Damage 25000 $25,000
EdamageF Equipment Damage 100000 $100,000
EdamageE Equipment Damage 50000 $50,000
EdamageG Equipment Damage 150000 $150,000

Table 2, Failure Effects

During the 4100A project, RCM Cost was used extensively to analyze the failure
modes. The above effects were input into the model as were labor costs, material costs,
equipment costs, and operational costs. Using Weibull data from the CMMS, and Monte
Carlo simulation, the resultant RCM Cost model was used to identify the critical failure
modes for analysis. As a result of this analysis, the “critical few” failure modes are
identified for optimization.

Tools used:

FMECA

RCM Cost

Weibull Analysis
Monte Carlo Simulation
Team Process
Microsoft Excel
Microsoft Power Point

At this point it is very easy to integrate six-sigma tools and reliability tools.
Depending on the project, ANOVA, testing of means and tests of proportions could be
used to validate results of the FMECA. Conversely, RCM Cost, Weibull analysis, and
Monte Carlo simulation could be used in the six-sigma study to quantify gains and
optimize strategies.
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Improve Phase

Six-Sigma

The purpose of the Improve Phase is to identify and verify optimal operating
conditions for each of the critical process variables identified during the Analyze Phase.
This is typically done through the application of structured analysis tools like DOE
(Design of Experiments), Pugh Analysis, system constraint analysis, or modeling. Table
3 summarizes the work completed during the Improve Phase of the same day requisition
improvement project.

Analyze Phase Tool Used For Re_sul_ts C.)f Conclusion / Path
. o Optimization
Variable Optimization Forward
Effort
Training Training of supervisors in bi-

Brainstormed needs and
methods

Defined training needs.
Developed training
materials.

monthly training. Also, training
to concentrator employees is
planned. This specific training
is part of the GENOO Ellipse
training for new users and for
refresher training.

System Modification
(Priority Code Usage)

Brainstormed Best
Practices

Actions for a Priority Code
E were identified and
justification sent to
Logistics

Project has been created and
specification is being developed.

Logistics Project (Parts
Issues)

Utilized existing Logistics
Project

A justification memo was
written and forwarded to
RTP to assist in the
“Catalogue Cleansing
Project”

Project has been approved and
will proceed in 2005

Operations and
Maintenance

A memo was written
outlining the effect of

Memo to be discussed at KMLT

Procedures Brainstorming with group break-in work and meeting and distributed to the
unplanned work on
on the effects . plants.
maintenance and
Logistics.
Focused Vendors are being given

Communication

Brainstorming and
utilization of existing
communication.

rules to live by, but KUCC
personnel are not being
informed. It was decided
the memo given to
vendors would be sent to
end-users.

Memo to end users to be
finalized and sent to end-users
by COO or CEO to show top
down commitment.

Same Day Requisition
Report

Brainstorming with RTSI
and Team

Report mods to eliminate
duplicate regs, count req
only once, query by plant
and date range, include
work order # and Maint

Type

Once report is complete, query
will be used to update control
chart and trigger response plan
when out of control range.

Failure Mode
Detection

I-Chart, P-Chart

Determined set-points for
Control Chart

Include in Control and Response
Plan

Table 3: Improve Phase Work
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Tools used:
Brainstorming
Modeling

Team Process
Microsoft Excel
Microsoft Power Point

Reliability

Once the RCM Cost model from the previous phase is completed, it is possible to
determine the optimum maintenance strategy. Strategies such as: Run-To-Failure,
performing Preventive Maintenance Tasks, or Predictive Maintenance Tasks are
considered. Picking the correct strategy is crucial since over-maintaining assets costs
excess maintenance dollars and often leads to decreased availability due to induced infant
failures, and under-maintaining assets results in more frequent failures, higher levels of
chaos, and higher overall costs. The goal is to find the point where the combined costs of
maintenance activities and costs of failures are minimized. The RCMCost model, using
Monte Carlo simulation, makes this task possible (Keeter, 10). This minimized point
from RCM Cost for Swing Blower failures is illustrated in Figure 7.

- B i D i O D 8 079
1l i |SEe E
Effects l Failure l Comective ] Freventive ] Inspection ] Condtion Alamn ~ Strategy ]

NSpPeCion aASHK 051 DIMPar1s5on
—— Cost — - Safety Threshold
—— Safety Criticality Operational Threshold
Operational Critic
4. 1e+4 .06
3 2e+44 H1.045
)
3 23e+- 003 3
=
1 de+44 H1.015
5000 T T T 0
564.3 1400 2215 303 Jad6
Interval {hrs)
Scales.. ‘ Frint. .. | Help | Guit | J

Figure 7 — Minimized Cost Point for Swing Blower Inspection
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Three models were generated for the 4100A shovels. The first was Run-To-
Failure, the second was current practice, and the third was the optimized strategy. The
model was generated over a lifetime of 100,000 hours of operation. Table 4 below
shows the results of comparing run to failure, the current maintenance strategy, and an
optimized maintenance strategy.

Lifetime Lifetime Lifetime
Description Cost Cost Cost
1200 | SWING SYSTEM $1,701,000 $1,544,000 $1,147,000
12BL | Swing Blowers Front and Rear $159,100 $16,120 $16,120
12MO | Swing Motors Front and Rear $147,300 $159,200 $116,000
Swing Shaft and Pinion Front and
12SH | Rear $68,040 $12,570 $12,570
12TR | Swing Transmission Front and Rear $143,100 $90,740 $49,850
1300 | PROPEL SYSTEM Safely $1,292,000 $714,500 $1,144,000
13BK | Propel Brakes Left and Right $87,140 $87,140 $87,140
13BL | Propel Blowers Left and Right $293,500 $295,500 $293,500
Propel Final Drive Shaft Left and
13FN | Right $2,560,000 $3,763,000 $1,845,000
13MO | Propel Motors Left and Right $196,400 $175,600 $175,600
13PD | Crawler Shoes $1,972,000 $1,515,000 $1,515,000
Propel Sprocket/Tumbler Left and
13SP | Right $411,100 $535,600 $245,900
13TR | Propel Transmissions Left and Right $753,300 $651,800 $514,200
3300 | BUCKET/DIPPER $6,621,000 $5,762,000 $5,584,000
3400 | CROWD SYSTEM $3,220,000 $3,100,000 $2,442,000
3500 | HOIST SYSTEM $1,192,000 $928,300 $895,800
35BK | Hoist Brakes Front and Rear $1,164,000 | $1,164,000 $635,500
35BL | Hoist Blowers Front and Rear $946,100 $30,760 $30,760
35MO | Hoist Motors Front and Rear $1,376,000 | $1,750,000 | $1,253,000
4300 | CABINETS $24,210 $24,210 $12,760
43FA | ELECTRICAL CABINET FAN $24,210 $24,210 $12,760
4X00 | TRANSFORMER $80,760 $80,760 $56,930
AXFA | AUX. TRANSFORMER $0 $0 $0
AXFM | MAIN TRANSFORMER $80,760 $80,760 $56,930
7200 | Compressed Air System $440,000 $432,400 $344,200
Total $24,953,020 | $22,938,170 | $18,486,520
Savings Over RTF $2,014,850 $6,466,500
RTF Current Optimized

Table 4 — Comparison of Maintenance Strategies
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In addition to optimized tasks, the reliability study targets areas for possible
redesign, and items/issues that required RCFA. Many of the items requiring RCFA will
become more focused six-sigma projects.

Tools used:

RCM Cost

Modeling

Team Process
Microsoft Excel
Microsoft Power Point

Once again, the two initiatives have similar tools and methodologies, the
difference being the scope and depth of the project.

Control Phase

Six-Sigma

The five deliverables of the Control Phase are:

1. A completed project plan that focused work efforts upon placing the critical input
variables identified in the Analyze Phase to their optimal operating set points
determined in the Improve Phase.

2. An active Control Plan that ensures critical process variables remain at their set
point levels across time, crew, and environmental change.

3. A well-defined Response Plan that focuses corrective actions in the event that a
critical process variable drifts from its optimal setting.

4. A data based verification of project improvements / gains (i.e. comparison of
current performance against stated goals).

5. The submission of KOIS Project Initiation forms for potential projects /
improvements that were identified as a result of this work effort.

Completed Project Plan

During the Improve Phase, work efforts defined the optimal set points for the critical
input variables. These actions were incorporated into the existing Project and all required
work was completed.

Control Plan

The Control Plan is a formal document that summarizes the minimal activities /
responsibilities that are needed operate the process in a state of control (i.e. the process
output always meets or exceeds customer expectations

Response Plan

When the Control Plan detects a process drift or an out-of-control condition, corrective
action must be taken. Response Plans direct and focus these actions to minimize COPQ
losses (downtime, lost product, etc.).
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Verification of Gains

After implementing the identified improvements for the same day requisition (SDR)
project, a second capability analysis was performed to verify gains. Graphs illustrating
BEFORE and AFTER performance of the process are shown in Figure 8. The reader will
note that process yield increased by a factor of 5, (9% to 46%). This is an impressive
improvement, but in and of itself does not show the annualized financial gain to the

concentrator.

Capability by Requisitioner % same day regs - Six Month Average

LSL Targjet

Capability of % SDR at Conclusion - July - Oct, 2004 (4 Months)

LSL_UsL

Process Data Potential (Within) C apability
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Target 0.20200 Y | e I d —_ 90/0 z1sL 1.90
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L
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PPM <LSL 39130435 || PPM <LSL 272070.08
PPM > USL 304347.83 || PPM > USL 542466.14
PPM Total  695652.17 | | PPM Total  814536.22

Capability Before Start of Project

Capability After Start of Project

Figure 8: Process Performance Before & After the Start of This Project

However, Figure 9 shows the improvement in the primary metric before and after the

project started.

A two-proportion test was then run on the summarized data. The null hypothesis was that
the SDR% was equal before and after the start of the project. The alternative hypothesis
was that the SDR% before was greater than the SDR% after. The P value was low, so the
null hypothesis was rejected. The SDR% before the project started was statistically

greater than the SDR% after the project started.

The concentrator cost accountant was in agreement that each 1% drop in SDR% is valued
at $480.38 in monthly savings. This means the 30% decrease associated with this project
is worth $173,000 on an annualized basis. In addition, the secondary metric was not
negatively affected by the improvement as shown in Figure 10.
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Individual Value

I Chart for % Same Day Regs by Month - Before & After Project Start
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Figure 9: Primary Metric Before and After Project Start
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Figure 10: Secondary Metric Performance
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Identification of Potential Future Projects
While working on this project, two potential improvement efforts were identified. Facts

about these projects are provided in Table 5.

Short Description Of

Appendix With

Area Problem / Impact Range Of Savings / Benefits Project Definition
Since annualized gains at the
concentrator are
Entire KUCC | The gains obtained in this apprOX|mater_$18(%,_OOO per
Maintenance | project need to be spread year, by SPr eading this across No KO.IS
and Logistics across all of KUC. . _th_e entire company, a connection
minimum of $720,000 per
year could be realized (4
plants X $180K).
Work Order history shows
Packaged jobs are needed | that 168 P/S W/O with actual
to increase maintenance | costs are generated per week
planning & efficiency. It | with an average actual cost
is estimated unplanned of $3,000 per W/O. 33% of
corrective work this value is $1,000 per W/O
Increase “universally is 1-% times | savings. By increasing well-
number of more expensive than planned jobs by 10 per week,
packaged planned/PM work” and | it follows that the savings to
jobs at the “emergency work is 3 KUC would be $520,000 Appendix V-3
concentrator | times more costly than (52*10*$1,000) at the
from 0 to 10 planned/PM work.” Concentrator per year. An
per week. Being able to provide improved maintenance
packaged jobs JIT would schedule that predicts
demonstrate that jobs are | maintenance requirements
well planned and three weeks in advance will
scheduled, and thus 33% | be necessary to drive the JIT
less expensive. . delivery of parts required for
this to succeed.
Table 5: Projects
Tools Used:
Minitab

Microsoft Excel
Microsoft Powe

r Point

Control and Response Plan
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Reliability

In the final phase of the reliability study, the goal is to assist in executing the plan
while working to turn it over to the maintenance department (process owner). This is
done by updating documentation, providing guidance in modifying the CMMS,
monitoring the solutions, providing training/communication, and evaluating the
effectiveness of the optimized plan.

In addition, long-term support is needed to embed the changes in the maintenance
organization. The reliability engineer will audit, review, and improve the plan until it is
embedded. The engineer will assure the optimized plan is used, assure the optimized
plan works, conduct RCFA on failures, update documentation in the RCM software, and
document actual savings

The implementation plan was developed by examining the current maintenance
practices and comparing those against the optimized program. By subtracting the
optimized lifetime cost from the current practices lifetime cost, the lifetime opportunity
savings was found. There were 35 practices identified as having an opportunity savings.
These 35 were put into a Pareto analysis. It was discovered 85% of the savings could be
realized by completing the first 16 tasks. In addition, the optimum PM interval was
determined and is part of this implementation. The A-PM (long) and B-PM (short)
principle was also implemented. Figure 11 shows a Pareto of these opportunities. Table 6
shows a list of the optimized strategy and RCFA opportunities on the 4100A shovels.
Table 7 shows the Redesign Opportunities. Figure 12 shows the improvement in 4100A
fleet Availability.

Pareto of Optimized Lifetime Savings per Shovel - 4100A
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Figure 11: Pareto of Redesign Opportunities
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Parent Functional Failure Opportunity Flagged for
Item # Reference Description Description Savings 12/18/02 Redesign Redesign Action
1 1200.1.1.A.1 Won't Swing Ring Gear Broken 1042012.11 No
2 1300-FN.1.A.1 No Power Broken Final Drive Shaft 828256.18 No
3 1300-PD.1.A.1 [Won't Support Shovel Broken Crawler Shoe 484184.7 No
4 1300.1.2.A.3 Can't go Left or Right Excessive Metal Flow 481405.67 No
AFE for hydraulic snubbers has
been submitted. If purchased,
model shold be updated to
5 3300.1.A.2 Won't Hold material Worn dipper requiring replacement 384051.47 No reflect change.
6 2100.1.1.A.2 Fails to Support Propel Parts Cracks in Side Frame 339546 No
7 1300.1.2.A.2 Can't go Left or Right ‘Worn Tracks (out of adjustment) 277144.29 No
Hoist Motor Burnt out - Vibration _
8 3500-MO.1.A.1 [No Power mixed mode failures rcfa needed 244290.4 Yes RCFA - Dewelop Strategy
Transmission failure- Hoist Gear
9 3500.1.1.A.2 Won't move Case fault 194702.3 No
10 1300-ID.1.A.1 Low Tension Worn Take Up Idler 189877.12 Yes Dewelop Go/No-Go Gauge
11 3500-BK.1.A.1 |Won't Stop Hoist Brake Failed 176103.26 No
12 1300.1.2.A.4 Can't go Left or Right Control failure 175138.92 No
13 3400.1.C.3 Won't Move Crossed Sticks Anti bank swing circuitry faulty 166901.29
Broken Propel Transmission - Lube
14 1300-TR.1.A.1 No Power and Vibe Analysis 137255.94 No
15 1300-SP.1.A.1 |Jerky Or Weak Transfer Worn Drive tumbler 123544 No
Brake pressure switch Out of Dewelop Procedure to Quickly
16 1200.1.2.B.7 Brakes won't Release Calibration 121410.99 Yes Calibrate
17 1200-MO.1.A.1 |No Power Failed Swing Motor 98391.14 No
18 3500-BM.1.A.1 [Fails to Support Components Excessive Cracking 84047.6 No
19 4XFM.5.1.A.1 No Voltage Open Windings 83248.34 No
20 3400.1.E.2 Brakes won't Release Brake pressure switch failure 79349.09 No
21 1200-SH.1.A.1 |No Power Transmission Broken Swing Shaft 76223.88 No
22 7200.1.D.1 Oil In Air Oil Seperator Failed 69115.63 No
23 1300-MO.1.A.1 |No Power Propel Motor burnt out - Vibration 65732.64 No
24 3400.1.A.2 Rough Operation Broken Tooth Rack 59268.23 No
25 1200.1.2.B.4 Brakes won't Release Quick Release Failure 55471.42 No
26 3400.1.E.4 Brakes won't Release Quick Release Failure 55471.42 No
Failed Crowd Transmission - Lube &
27 3400.1.B.4 Won't Move - drive failure Vibe Analysis 47275.2 No
28 3400.1.A.3 Rough Operation Broken Pinion Tooth 36200 No
29 3400.1.E.1 Brakes won't Release Crowd Brake Worn Out 32694.17 No
30 7200.1.A.1 Low Pressure Compressor Worn 21589.72 No
31 3500-BK.1.A.2 |Won't Stop Mac Valve Failed 17697.27 No

Table 6: Optimized Strategy and RCFA Opportunities
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Parent Functional Failure Opportunity Flagged for
Item # Reference Description Description Savings 12/18/02 Redesign Redesign Action
Work with vendor to develop
teeth that will last from PM to
PM to eliminate downtime and
36 3300.3.A.1 Low Rate Missing /Worn Dipper Teeth 0 Yes minimize material cost
37 3300.4.A.1 Dipper Door Swinging Violently Snubber Worn Out 0 Yes AFE - Hydraulic snubber
38 3300.4.A.2 Dipper Door Swinging Violently Snubber Out of Adjustment 0 Yes AFE - Hydraulic snubber
Redesign to improwe life of
switch. Protect from random
failure and possibly use lock
39 1200.1.2.B.6 Brakes won't Release Ladder limit switch broken 0 Yes tight
40 3400.1.D.1 Won't Move- Out Of Limits Resolver Coupling Failed 0 Yes Redesign coupling
Redesign crowd brake solenoid,
41 3500-BK.2.A.3 |Brakes Won't Release Electrical Failure 0 Yes and control
42 3400.1.D.4 Won't Move- Out Of Limits Faulty Boom Jack Limit Switch 0 Yes Go to ABSS?
Dewelop PM task to eliminat the
need to periodically trouble-
43 3500.1.1.A.3 Won't move Limits Failure 0 Yes shoot limit problems
Winterize Air Dryer system prior
44 7200.1.C.1 Water In Air Dryer Failed 0 Yes to cold weather
Research a wy to seal the roof
45 2000.2.B.1 Leaks Leaking Sheet Metal Joints 0 Yes to eliminate leaks.
Redesign to improwe life of
switch. Protect from random
Ladder limit switch broken - See failure and possibly use lock
46 1200.1.1.A.6 Won't Swing 12.2.B.6 0 Yes tight
Dewelop PM task to eliminat the
need to periodically trouble-
47 3500.1.1.B.1 Weak Hoist Controls Out of Adjustment 0 Yes shoot controls
Redesign spotting flag to
eliminate damage from Truck
and hitting the bank. Whip
Light type device has been
48 2000.3.A.1 Spotting Flag Damaged Knocked Off 0 Yes suggested
Table 7: Redesign Opportunities
4100A Fleet AVAILABILITY BY QUARTER
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Figure 12:

4100A Fleet Availability
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In the end, the final step of the reliability study looks much like the output of the
six-sigma control phase. The two main differences are 1) Scope, and 2) the Kennecott
Maintenance System requirement that calls for the reliability study to be performed on
critical equipment every three years, thus ensuring the optimized strategy is followed and
continually improved.

Conclusion:

Six-Sigma and Reliability have much in common. Both use statistical analysis to
base decisions. Both rely heavily on teamwork, and involvement of the end user. Both
have a structured approach to problem solving that is very similar. In addition, both have
an audit, or control, phase to assure long term sustainability of optimized solutions. In
fact, many of the tools used are sometimes very similar, and in many cases
interchangeable. It is the author’s opinion that it would be wise to integrate six-sigma
tools into reliability, and reliability tools into six-sigma, as is being done at Kennecott
Utah Copper. In fact, at the Refinery, the Manager is so confident in the six-sigma
program, he has made a commitment to have his Reliability Engineers all receive green
belt training. Recently, the Smelter requested a special green belt wave be launched for
all reliability engineers.

The main difference is in the scope of the projects. Six-Sigma focuses on a very
specific problem while Reliability looks at a wide area. In six-sigma, the black belt is
taught to narrow the focus. In reliability engineering, the reliability engineer sets system
limits on his project based on the largest area of focus that can be practically analyzed.
Regardless of the process used they both have a place, and coexist, at Kennecott Utah
Copper.
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