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92/1/8 09 | 97 | 51 |383| 714|551 0.0 Semi - Cloudy 1/8
92/1/9 15 | 7.7 | 42 | 492|999 | 67.3 04 Overcast 8/8
Temp (°C) Humidity (%) (Tnarir:])
MONTH
Min | Max | Avr | Min | Max | Avr Sum
farvardin | -6.3 | 188 | 51 | 11.7 | 99.9 | 69.0 48.3
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-2.526 | 0.452 1 0 B C 1 249 | 124
4.467 | 1.357 2 0 F B 1| 1878 | 125
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Non-failed

Scoop

Economic ordering quantities
Cumulative hazard concept
Ljung-Box Q statistic (LBQ)
Unit root test
Autocorrelation function
Serial correlation test
Mil-Hdbk-189

Goodness of fit test

Wald statistic

Rain

Schoenfeld residuals

Take-off

Reliability block diagram (RBD)
As bad as old (BAO)

As good as new (GAN)

Worst repair or maintenance

Product support
External support

Non-homogeneous Poisson process (NHPP)

Link function

Cumulative Distribution Function (DCF)
Failure distribution density function
Baseline maintainability function
Hazard function

Failure rate function

Renewal density function
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Instantaneous availability function
Date

Joint effect

Replenishment cycle

Part replenishment

Fault tree analysis (FTA)
Throughput capacity analysis (TCA)
Spare parts provisioning (SPP)
Logistics

Production assurance

Degradation

Worse repair or maintenance

Processed

Pivot table
Component

Jump

Replenishment cycle

Taxi

Shear loading failure
Material flaw failure

Stress concentration failure
Creep or rupture failure
Fatigue failure

Bending failure
Compressive failure

Bearing failure

Metallurgical failure
Tensile-yield-strength failure
Ultimate tensile-strength failure
Instability failure

Autocorrelogram
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Truncated data

Suspended data

Complete failure data
Censored data
Operational historical data

Temperature

Inherent

Relative Humidity

Backward stepwise method (BSTEP)
Failure mode and effects analysis (FMEA)
Event tree analysis (ETA)

Maximum likelihood estimation (MLE)
Phased mission system (PMS or RPD)
Graphical procedure

Time-dependent variables procedure
Trend

Primary events

Subsidiary events

Time to repaire (TTRs)

Time between maintenance (TBMs)
Time between failure (TBFs)

Time between orders (TBO)
Delivery time (DT)

Time to delivery (TTD)

Time to failure (TTFs)

Lead time

Total time to failures

Systems breakdown structuring
Importance measurement

Availability importance measurement
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Time-dependent normalized availability importance factor

Control-limit PM policies

Periodic policy

Periodic review system (P)
Continuous review system (Q system)

Reorder point (Rp)

Failure criticality index (FCI)
Success-oriented network
Operating environment

Environmental conditions

Norwegian Oil and Gas industries

Time-dependent normalized reliability importance factor

Age reduction factor (ARF)

Modification factor

Capacity performance
Throughput capacity (TC)
Physical throughput

Excess capacity

Production performance

Phase

Hazard rate increase factor (HRIF)
Covariates or risk factors
Goodness-of-fit testing procedure
Branching Poisson process (BPP)
Homogeneous Poisson process (HPP)
Renewal process (RP)

Superimposed renewal process (SRP)
Branching renewal process (BRP)

Power law process model (PLP)
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Markov process (MP)

Semi-Markov process (SMP)

independent and identically distributed (iid)
Proportional hazards (PH) assumption
Landing

Surveillance activities

Reliability R)
Dependability (De)
Functional performance
Deliverability

Baseline deliverability
Supportability (S)
Maintainability (M)
Auvailability (A)
Production availability
Steady-state availability

Spare part

Kolmogorov—Smirnov test

International Electrotechnical Commission

Cruising

Stratum

Phased mission

Response variable

Dummy variable

Mean time to repair (MTTR)

Mean time to failure (MTBF)

Sojourn time

Stratified Cox regression model (SCRM)
Proportional repair model (PRM)

Proportional hazard model (PHM)
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Extended proportional hazards model (EPHM) a8l arwgl cowliine Ol bl &5 Jow

Semi-parametric proportional hazard model S sl ) b-dans sl &l blre o
Jomgowline Dbl 5 Joe
JLe 33—l Ol bl &5 Jow

Weibull proportional hazard model (WPHM)
Lognormal proportional hazard model (LPHM)

Exponential proportional hazard model (EPHM)

Accelerated failure time model (AFTM)
Proportional odds model (POM)
Additive hazard model (AHM)

Aelen linear regression model (ALRM)
Mixed model or additive multiplicative
Proportional covariate model

Point process model

Proportional intensity model (PIM)
Hybrid imperfect PM model (HIPM)
Boundaries

Significance

Economic order quantity (EOQ)

Safety stock

Rate

Maintenance quality/effect

Thins out

Sequential preventive maintenance
Periodic preventive maintenance
Perfect preventive maintenance
Minimal repair or minimal maintenance
Imperfect maintenance or imperfect repair
Hazard ratio

Baseline hazard rate

Usage rate

Usage rate

Water oil ratio

Gas oil ratio

Reorder point system (ROP)
Maintenance

Scatter plots
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Abstract

For requirements of buyers to be met, manufacturers are urged to deliver products in accordance
with specifications sought by customers. The theme of ‘production assurance’ has been proposed
in a bid to cope with this demand as it analyzes system behavior and boosts its performance by
integrating various operation indices ranging from availability, reliability, maintainability as well
as supportability. ldentifying functional behavior of these systems on the basis of failures,
operation conditions as well as their share in undertaking the task of production plays a vital role
in reducing the overall costs of production and would provide the possibility to compete in global
markets.

In the present study, parts of mining fleet of Sungun copper mine complex was chosen for
development of operational production capacity using idea of production assurance. Sungun
marks Iran’s second largest copper producer and is situated in Varzeghan in East Azerbaijan
province.

Production assurance remains as a function of system performance and is controlled by failures.
Failures, in turn, comprise two major parameters including functional properties and
environmental conditions. Required information for the first parameter was collected via up-time
and down-time data of systems. Information for the second parameter was however obtained from
operating environment conditions like surroundings, vibration and pressure not to mention
operator skills which entered the analysis through risk factors or covariates.

As the first step following collection of necessary data, functional behaviors of bulldozer, loader
and dump truck subsystems were investigated in view of availability index without taking into
account impact of environmental conditions and results revealed that repair status of loader
subsystem was in critical conditions.

Afterwards, reliability of a loader subsystem was evaluated in view of impact of conditions under
investigation and the threefold difference in productivity, as compared to the case when impacts
were ignored, revealed the undeniable effect of environmental conditions on the index.
Furthermore, in order to investigate effects of risk factors on maintainability, a different part of
the fleet was studies within the framework of a system which consisted of a loader and a bulldozer
as well as two dump truck subsystems. Results indicated that possibility of minor and major
overhauls for loader subsystems stood at 25 and 80 percent respectively while the figure would
be 30 percent if impact of environmental conditions are ignored.

In the next step, the notion of importance measurement was exploited to determine critical
subsystems for the two broad cases of with and without considering impact of environmental
conditions. For the case in which influence ambient conditions were ignored, a part of the fleet
was selected within a fleet comprising a wagon drill, a loader, a bulldozer subsystem in additions
to five dump truck subsystems. As the results reveal, enhancement of system availability requires
improvement in accessibility of subsystems. Also for loader subsystem, upgrading of system
reliability enjoys a higher priority as compared with its reparability. For the second case, that is
importance measured while considering impact of environmental conditions, system reliability of
a mining fleet was considered which consisted of two loader and eight dump truck subsystems.
Results stated that the best option for improving reliability of the system was to promote that of
loader subsystems. In the last part of importance measurement, availability of a system,
comprising a wagon drill, a loader, a bulldozer and five dump truck subsystems, were investigated



and results showed that any rise in system availability was subject to an upsurge in availability of
loader and bulldozer subsystems.

Then, the concept of spare part prediction as the main branch of supportability for tires were
analyzed. To this end, an algorithm for predicting number of tires required for 100-ton dump
trucks was offered which entailed system performance within framework of reliability without
considering impact of environmental conditions. Calculations revealed that the higher the
reliability of subsystem and the better its performance, the fewer tires will be needed. The issue
can be seen in 3.2, 2 and 1.2 values of required number of tires per year for the lower, optimum
and upper estimated limits, respectively. By entering impact of environmental conditions, time-
dependent risk factors (dump truck modern and tire trademark) of dump truck tire data were
divided into 12 layers and stratified Cox regression model was used. In these model axial, rainfall
and temperature risk factors were found to be the most effective factors on behavior of dump
truck tire failures and will consequently affect the number of spare parts required to a great extent.
Maintenance was investigated as the second branch of supportability in a dump truck subsystem.
The suggested method in this sector was reliability-based preventive maintenance which aimed
to maintain reliability at the level of 80 percent. Accordingly, reliability analyses of the subsystem
were carried out with four reliability functions depending on whether maintenance was done
perfectly, imperfectly and in presence of absence of environmental impacts and, subsequently,
four types of preventive maintenance strategy were proposed.

The last step was to analyze deliverability using results of the analysis of historical data of
performance where impact of environmental conditions and production capacity of a system
consisting of a wagon drill, a bulldozer, a loader and six dump trucks were studies. Overall results
indicated the undeniable effects of environmental conditions as well as that achieving real
outcomes was subject to inclusion of risk factors in calculations. The analyses proved loader and
mine drill wagon subsystems as critical devices. Therefore, enhancement of reliability and
reparability of these two subsystems must be put high on the agenda.

Keywords: Production Assurance, Deliverability, Dependability, Maintenance, Spare
part, Operating environment, Extraction Fleet of Sungun Copper mine
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