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Abstract

Research into the maintenance management of the mining industry and equipment
maintenance is scant, despite the increased mining operation and productivity in recent years.
In this paper the appropriate maintenance method for the subsystems of tracked dump truck
and overall equipment is accomplished, by combining several maintenance analysis tools is.
The maintenance data were processed using Pareto analysis technique, which assumes that
80% of a project's benefit may be realized by completing 20% of the work—or, conversely, that
80% of issues can be traced back to 20% of the causes. Pareto analysis is a used as a useful
technique for evaluating quality and making decisions in this thesis. The target truck is
decomposed into subsystems and historical data is collected and analyzed using failure
analysis tools to evaluate the right maintenance plan. Since the data is very broad, the more
accurate results can be achieved by breaking down the subsystem into smaller components
level and analyzed. The results obtained from subsystem analysis proved that the proposed

method is applicable to the truck maintenance in component level.
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1 Introduction

1.1 Background

1.1.1 Significance of maintenance in mining operations

The primary objective of any business is to generate profit, since without profit the company
would cease to exist (Robbins, 1994). Regardless of the subdivisions within the industry,
companies function by earning a profit from the sale of goods produced, materials extracted
(coal, stone, mineral, etc.). Therefore, the company's structure is designed to effectively
produce and sell these goods. So the most essential thing in producing goods effectively is

choosing the right maintenance strategy.

Mongolia's mining industry contributes a significant amount of the country's annual GDP, thus
all mining organizations and businesses must maintain their operations at optimum level to
ensure high productivity and revenues. Regular maintenance checks and inspections on
mining equipment are one beneficial technique for all mining businesses to improve their

mining operations.

The mining equipment is built to survive the most extreme conditions, yet even the most
powerful mining equipment needs regular maintenance. Mining equipment that is not properly
maintained and serviced on a regular basis will not work as expected and will also pose a risk

to everyone on the mining site.

Because various mining equipment is utilized on different mining sites, each mining site should
have its own unique maintenance plan. This unigue maintenance schedule will ensure that
every piece of equipment will be properly maintained depending on the working environment,
capacity and type of equipment. Regular maintenance has several advantages on the working
site, including enhanced mining equipment lifetime, increased mineworker safety, fulfilling cost

targets by limiting mining equipment downtime, and many other advantages.
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1.1.2 Case study

The company mentioned on this paper is an open pit gold mining company. The company has
over 500 pieces of machinery including dump trucks, excavators, loaders and graders. The
company conducts a preventive maintenance schedule every 350 motor hours. Yet, the
proactive maintenance culture does not occupy a huge role in maintenance management of

the company.

The data used in this research was collected from the Komatsu Dump truck section. Historical
maintenance data of two different types of komatsu dump trucks with different capacity were
analyzed for the procedure. The first dump truck that was selected was a Komatsu HD1500-7
with a 1406-horsepower engine, a 7-speed automatic transmission and a capacity of 150 tons.
The second dump truck is Komatsu HD785 with a 1042-horsepower engine, a 7-speed
automatic transmission, and a capacity of 91 tons. The both dump trucks have same preventive
maintenance intervals and in other cases maintenance management is noticed to be run-to-

failure management.

From my observation, it seems that the waiting time for the parts to arrive is one of the biggest
problems. Due to the company having a lot of equipment, they rely on equipment in stock and
neglect the tasks related to the waiting for parts. Decreasing the number of equipment and
improving maintainability seems possible. Also, the company conducts almost the same

maintenance strategy to all equipment regardless of types is quite disadvantageous.

This paper outlines a simple, but powerful way of analyzing data in order to address these

issues.
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1.2 Objective of the study

1.2.1 General objective

Any company's principal goal is to make money, since without it, it would go out of business.
Companies operate by profiting from the sale of commaodities produced or materials mined,
regardless of the industry subdivisions. As a result, the company's structure is set up to create
and sell these commodities efficiently. So, the most essential thing in producing goods
effectively is choosing the right maintenance strategy. As mentioned before predictive
maintenance optimizes whole plant performance by utilizing the actual operational condition
of plant equipment and systems. Analyzing the maintenance status that is previously made
may help which subsystem of truck is having the most failures and downtime. So, the company
can focus on these subsystems more to increase availability and decrease downtime.

Rather than analyzing each dump truck one by one, taking all dump trucks as a whole will be
easier to generate the general condition of the certain type of truck. In this thesis, defining the
methodology to determine maintenance techniques, more specifically PM and PdM
techniques, for system failures and keeping balance between these maintenance techniques

was the goal.

1.2.2 Specific objectives

e Research on the combination of the PM and PdM service
e Analyze historical data on tracked Komatsu dump truck’s failure
e Evaluate the maintenance plan and make recommendation using analysis results

e Improve data collecting methods

1.2.3 Expected outcomes

This study focuses on analyzing the historical data on equipment (Komatsu dump truck) failure
to determine the possible maintenance methods for candidates. The case study's findings are
being utilized to look at the cost reductions that may be realized by using different types of

maintenance methods in mining.
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2 Literature review

2.1 Maintenance management methods

There are 2 main types of maintenance approach including reactive and proactive
maintenance. Reactive maintenance is unplanned maintenance and takes action after a
problem has occurred, costing company hundreds or thousands of dollars in repair. On the
other hand, proactive maintenance or planned methods (Preventive, Predictive) are
maintenance strategies that correct the source of underlying equipment conditions. The goal
of proactive maintenance is to reduce unplanned downtime, equipment failure, and risks

associated with operating faulty equipment.

2.1.1 Run-to-Failure Management

The logic of run-to-failure management is simply reactive maintenance method, it repairs
equipment after failure occurred. Since the first manufacturing plant was built, The run-to-
failure method of maintenance was the major maintenance method. It is also the most
expensive maintenance method. High spare parts inventory costs, high overtime labor costs,
high machine downtime, and low production availability are the principal costs associated with

this form of maintenance management.

This reactive management style compels the maintenance department to have large spare
parts inventories, which include spare machines or at the very least all significant components
for all of the plant's important equipment. The other option is to rely on equipment providers
that can deliver all essential spare parts right away. Even if the latter alternative is feasible, the
price of repair components and the downtime necessary to fix machine breakdowns are
significantly increased by charges for faster delivery. To reduce the impact of unexpected
machine breakdown on production, maintenance workers must be able to respond quickly to
any machine malfunctions. The end result of this reactive maintenance management is
increased maintenance costs and poorer process equipment availability. According to an
analysis of maintenance expenses, a reactive or run-to-failure repair will cost around three
times as much as a planned or preventative repair. Scheduling the maintenance minimizes

repair time and personnel costs.

Preventive and Predictive Maintenance for Heavy-duty Machinery

Khatansaikhan Sainbileg PAGE 11



2.1.1.1 Preventive Maintenance

Preventive maintenance (PM) is the routine repair of equipment and assets to keep them
functioning and avoid unplanned downtime due to unexpected equipment breakdown.
Preventive maintenance has different meanings, but all preventive maintenance management
plans are time-based. In other words, maintenance tasks are dependent on the amount of time
that has operated. Figure-1 depicts an example of a machine's statistical life. The bathtub
curve, or mean-time-to-failure, shows that a new machine has a high risk of failure due to
installation issues during the first few weeks of operation. For a long time after this first stage,
the chances of failure are minimal. After this normal machine life term, the likelihood of failure
grows dramatically as time passes. Machine repairs or rebuilds are planned based on the

MTTF statistic in preventative maintenance management.

Preventive maintenance is implemented in a variety of ways. Some programs are quite basic,
consisting mainly of lubrication and small changes. For all important plant machinery,
comprehensive preventative maintenance plans schedule repairs, lubrication, adjustments,

and machine rebuilds.

All preventative maintenance management strategies presume that machines will deteriorate
over time in accordance with their classification. A single-stage horizontal split-case centrifugal
pump, for example, will typically last 18 months before needing to be replaced. After 17 months
of operation, the pump would be taken from service and rebuilt using preventative
management approaches. The difficulty with this Impact of Maintenance is that the mode of
operation and system or plant-specific factors have a direct impact on the machinery's normal
working life. A pump that handles water and one that handles abrasive slurries have different
mean-time-between-failures (MTBF). Using MTBF statistics to plan maintenance usually
results in either unnecessary fixes or catastrophic failure. After 17 months, the pump in the
example may not need to be rebuilt. As a result, the time and materials spent on the repair

were wasted.
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Figure 1. Bathtub curve

The second alternative, which involves preventative maintenance, is much more expensive. If
the pump breaks before the 17-month period, a run-to-failure method must be used to fix it.
Repairs conducted in a reactive approach are typically three times more expensive than

repairs made on a planned basis. (3)

2.1.2 Predictive Maintenance

Predictive maintenance method is designed to analyze the condition of the equipment and help
to predict when the maintenance should be performed. The PdM method is the most effective
maintenance method among other methods. Predictive maintenance, like preventive
maintenance, is defined in a variety of ways. PdM involves monitoring the vibration of spinning
machinery in order to detect potential issues and avoid catastrophic failure. Otherwise, it's
looking at the infrared picture of electrical switchgear, motors, and other electrical equipment
to see if any issues are developing. Predictive maintenance is based on the idea that regular
monitoring of the actual mechanical condition, operating efficiency, and other indicators of the

operating condition of equipment and process systems will provide the data needed to ensure
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the longest possible interval between repairs and reduce the number and cost of unscheduled

outages caused by equipment failures.

Predictive maintenance is a philosophy or attitude that, simply put, optimizes whole plant

performance by utilizing the actual operational

.. . Maintenance
condition of plant equipment and systems. A

Systems

comprehensive predictive maintenance | | |
management program obtains the real Corrective Planned
operational status of essential plant systems | Maintenance Ma'"telnance
using the most cost-effective techniques and | |
schedules all maintenance actions on an as- Preventive Condition-Based

. . Maintenance Maintenance
needed basis based on this actual data. (Predictive)

Predictive maintenance, when included in a
comprehensive maintenance management | Decrease in failure rates and system downtime.
program, maximizes the availability of equipment _ _ _
] ] ] ] Figure 2. The two basic types of maintenance
while drastically lowering maintenance costs. It
improves the quality, productivity and profitability

of production facilities.

4 Preventive Predictive Corrective,/ Reactive

Predictive maintenance is a condition-driven Maintenance (PM) ! Maintenance (PdM) Maintenance [CM)
|
preventive maintenance program. Predictive I
|
|

maintenance, rather than relying on average-

Optimum

life statistical data (i.e., mean-time-to-failure) to

COSTS

schedule maintenance activities, uses direct
monitoring of mechanical condition, system

efficiency, and other indicators to determine the

actual mean-time-to-failure or loss of efficiency

v

for each equipment and system in the industry. NUMBER OF FAILURES

Total Cost Prevention Cost

Repair Cost

The maintenance manager's intuition and
personal experience must be used to make the Figure 3. The correlation between the maintenance costs
. . . . . and failures for three different maintenance strategies
final choice on repair or rebuild schedules in
preventive or run-to-failure methods. As shown
on the Figure-3 predictive maintenance strategy has the lowest cost and number of failures

compared to the other maintenance methods.
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Figure 4. Three steps in CBM or PdM method

Predictive maintenance techniques

Vibration analysis

As part of a complete predictive maintenance program, a range of technologies may and
should be utilized. Vibration monitoring is usually a core component of most predictive
maintenance programs since mechanical systems or machines account for the majority of
plant equipment. On the other hand, vibration monitoring cannot give all of the information
needed for a good predictive maintenance program. This technique uses the noise or vibration

created by machinery or equipment to determine their actual condition.

Thermography

Thermography is a predictive maintenance technique that uses instrumentation designed to
monitor the emission of infrared energy or temperature in other words, to monitor the condition
of equipment or plant machinery structures and systems. The idea is to detect the thermal
abnormalities of the areas which are being colder or hotter than they should be. In this
technique special instrumentations are used to detect the infrared emissions. However, this
technique is quite complicated, due to the 3 sources of thermal energy which are emitted from
the object itself, energy reflected from the object and energy transmitted by the object. We

cannot tell if the source itself is producing the thermal energy.
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Tribology

Tribology is the general term that refers to the design and operating dynamics of the bearing
lubrication rotor support structure of machinery. There are several tribology techniques used
for predictive maintenance including lubricating oil analysis, spectrographic analysis,

ferrography and wear particle analysis.

Lubricating oil analysis is an analysis technique that determines the condition of lubricating oils
used by equipment or machinery. Oil analysis has turned into a valuable tool for preventative
maintenance. Samples of equipment lubricant should be obtained at regular intervals to
determine the condition of the lubricating layer, which is crucial to machine-train functioning,
according to the laboratory’s recommendation. Typically, 10 tests are conducted on lubrication
oil samples including viscosity, contamination, fuel dilution, solids content, fuel soot, oxidation,

nitration, total acid and base number and particle count.

Spectrographic analysis determines many elements present in lubricating oil in an accurate
and faster way compared to standard lubricating oil analyses. These elements are worn
metals, contaminates or additives. Standard lubricating oil analyses do not attempt to

determine the specific failure modes of developing machinery or equipment problems.

Wear particle analysis offers real-time data on the machine train's wearing state, while
lubricating oil analysis establishes the real condition of the oil sample. Particles in an
equipment's lubricant can provide important information about the equipment's condition. And
the data related to this analysis can be a particle shape, composition, size, and quantity.
According to particle categorization, there are five primary forms of wear: rubbing wear, cutting

wear, rolling fatigue wear, combined rolling and sliding wear, and severe sliding wear (Table

1.)(7)

Ferrography technique is similar to spectrography, but there are two major differences. First,
ferrography uses a magnetic field to separate particle contaminants while spectrographic

analysis burns a sample. Due to the pollutants being separated using a magnetic field, this
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approach is limited to ferrous or magnetic particles. The second distinction is the ability to

isolate and analyze patrticle pollution should be greater than 10 micrometers. Normal

ferrography examination will catch particles up to 100 micrometers in diameter and offer a

more accurate picture of the overall oil contamination than spectrographic approaches.

Type

Description

Rubbing wear

Result of normal wear in machine

Cutting wear

Caused by one surface penetrating

another machine surface

Rolling fatigue

Primary result of rolling contact within

bearings

Combined rolling and sliding wear

Results from moving of contact surfaces

within a gear system

Severe sliding wear

Caused by excessive loads or heat in a
gear system

Table 1. Five types of wear

2.1.3 Other Maintenance Improvement Methods

Over the past years, a variety of maintenance management methods has developed including

Total productive maintenance (TPM) and Reliability centered maintenance (RCM). To figure

out when to apply RCM and TPM, the decision-making grid acts as a map (DMG). The concept

of the DMG enables the user to determine when to apply TPM or RCM approaches shown in

Figure 4. Each of the DMG's nine divisions is represented by one of five distinct maintenance

techniques. The optimal maintenance plan is determined by the asset's position on the grid.
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The DMG is divided into nine components, each of which is represented by one of five maintenance
techniques. Assets are plotted on two dimensions in the DMG: downtime and failure frequency. The
goal is to take activities that will shift the asset's performance to the upper left area, which is

represented as low failure frequency and low downtime shown in

Downtime Downtime
Low Medium |High Medium |High

[y Run-to- =
E Low Failure |PM PdM ] Low
& &
E -]
o &

Medium |[PM PM PM Medium

High SLU PM DOM High

Figure 5. When to apply RCM and TPM
in decision making grid

The new abbreviations are included in Figure 5. Design Out Maintenance (DOM) represents
the worst performing assets in both criteria. For any equipment in this division, major design
out tasks must be considered. This section indicates that an asset is not suitable for its purpose
and should be scheduled for shutdown, overhaul, or turnaround. The skills level upgrade (SLU)
method should be employed when faults occur often and result in low downtime but are readily
repaired. The transmission of certain fundamental maintenance skills from maintenance

experts to front-line production operators is one of the foundational pillars of TPM. (8)

2.1.3.1 Total productive maintenance

Total productive maintenance (TPM) is the practice of increasing equipment effectiveness by
involving all supporting departments in the process. TPM aims to boost overall productivity by
maximizing the availability of equipment. TPM's quantitative advantages are expressed in

terms of capacity, product quality, and overall production cost. The major causes of equipment
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Autonomous Early Equipment
Maintenance Management

Planned Training and
Maintenance Education

Quality Safety, Health,
Maintenance Environment

Focused TPMin
Improvement Administration

5S Foundation

Figure 6. The eight Pillars of Total productive maintenance (TPM) (12)

losses are failure, set up adjustments, idling and minor stoppage, reduced speed, process
defects and reduced yield, and the TPM aimed at improving or eliminating those losses. In the
Japanese model for TPM, there are eight pillars (Figure 6) that help define how people work
together in this partnership. TPM is based on cooperation between manufacturing or
production workers, maintenance, engineering, and technical services to increase overall

equipment effectiveness (OEE). (7)

2.1.3.2 Reliability-Centered Maintenance

The idea that all machines must fail and have a finite useful life is a fundamental premise of
RCM, although none of these assumptions is true. Machinery and plant systems that are
correctly planned, built, operated, and maintained will not fail and will have a nearly unlimited
usable life. Reliability-centered maintenance analyzes the company's most vital tasks and then
works to improve maintenance procedures to reduce system failures and boost equipment
reliability and availability.
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Early Warning with Predictive Analytics
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Figure 7. P-F curve

RCM is based on the assumption that all machines will degrade and break shown in
Figure 7. Most tasks, such as failure modes and effects analysis (FMEA) and Weibull
distribution analysis, are used to predict when these failures will occur. Both theoretical
techniques rely on probability tables that assume adequate plant machinery design,
installation, operation, and maintenance. (7)

2.1.4 Failure analysis methods

2.1.4.1 Pareto Analysis

Pareto analysis is based on the assumption that 80% of a project's benefit may be realized by
completing 20% of the work. Conversely, that 80% of issues can be traced back to 20% of the
causes. Pareto analysis is a useful technique for evaluating quality and making decisions.
Generally, this technique is used for getting necessary information needed for setting priorities.
In maintenance it is commonly used for identifying failure types responsible for the majority of
equipment maintenance downtime. Based on the failure types, the maintenance plan can be

elaborated to lower maintenance costs or improved equipment availability.
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Recent studies on pareto analysis in maintenance, shows Pareto analysis of failure data is
useful for identifying problems within the maintenance process. Some studies showed that the

pareto analysis indicates failure downtime was independent of equipment type and component

Description Hours Cumulative Cum% Failures Cumulative Cum% Average
repair time, h

Hydraulics 5154 5154 26.9 1233 1233 30.4 4.2
Engines 4699 9852.5 51.5 980 2213 54.6 4.8
Drivetrain 2494 12346 64.6 411 2624 64.7 6.1
Miscellaneous 2178 14524 75.9 104 2728 67.3 209
Electrical 1789  16312.5 85.3 679 3407 84.0 2.6
Brakes 1149  17461.5 01.3 187 3504 88.7 6.1
Structure 847 183085 95.7 196 3790 93.5 43
Wheels and tyres 816 191245 100 264 4054 100 3.1
Total fleet 19124 4054 4.7
type. (4)

Table 2. Pareto analysis calculation results for underground mining scoop

Description Hours Cumulative Cum%  Failures Cumulative Cum% Average
repair time, h

Engines 2399.5 2399.5 23.5 485 485 21.0 4.9
Hydraulics 23755 4775 46.8 548 1033 44.8 4.3
Wheels and tyres 1723 6498 63.7 421 1454 63.0 4.1
Drivetrain 15235 8021.5 78.7 222 1676 72.6 6.9
Electrical 961 8982.5 88.1 387 2063 89.4 25
Misc. 477.5 9460 92.8 81 2144 92.9 5.9
Structure 382.5 98425 96.6 111 2255 97.7 3.4
Brakes 351.5 10194 100.0 52 2307 100.0 6.8
Fleet total 10194 2307 4.4

Table 3. Pareto analysis calculation for underground mining truck

As we can see from table 2 and 3 that the critical subsystems are set at different priorities due
to their working condition and equipment features. This distinction shows that every single

equipment needs a unique maintenance plan regardless of their equipment type.
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Code Description Quantity | Duration (min) % Time % Cum.
1 Electrical inspections 30 1015 13.0 13.0
2 Damaged feeder cable 15 785 10.1 23.1
11 Motor over temperature 36 745 9.6 32.6
3 Change of substation or shovel move 27 690 8.8 41.5
10 | Overload relay 23 685 8.8 50.3
7 Auxiliary motors 13 600 7.7 58.0
12 Earth faults 7 575 74 65.3
8 Main motors 12 555 7.1 72.5
5 Power cuts to substations 21 395 5.1 77.5
15 Air compressor 8 355 4.6 82.1
6 Rope limit protection 10 277 3.6 85.6
9 Lighting system 26 240 3.1 88.7
4 Coupling repairs or checks 15 225 2.9 91.6
17 Over current faults 6 220 2.8 94.4
14 Control system 7 165 2.1 96.5
16 | Operator controls 5 155 2.0 98.5
13 Miscellaneous 9 115 1.5 100
TOTAL 270 7797 100

Table 4. Unplanned shovel downtime data (15)

Some related studies show an alternative method for analyzing equipment downtime using

logarithmic (log) scatterplots to address some shortcomings of pareto histogram.

The ranking structure of Pareto histograms is preserved in log scatterplots, but new information
content about failure frequencies and Mean time to repair (MTTR) is included. Log scatterplots
are split into four quadrants using limit values as shown in figure 8, allowing failures to be

categorized by acute or chronic features and helping root cause investigation.
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Figure 8. Conversion of Pareto chart to Logarithmic Scatter plot with limit values (15)
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Subsystems included in the acute condition have a meaning of low frequency of failure and
results in high down time. On the other hand, chronic condition means that the frequency of
failure is high but the repair time is low. Acute and chronic condition is the worst one which
indicates that the both criteria is high. Using the limits, the reliability, availability and
maintainability problems can be determined as shown in the Figure 9. By identifying the

downtime priorities, it is helpful to improve the business performance. (15)
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Determining problems affecting system availability, reliability and maintainability by using logarithmic
scatter plot (15)

2.1.4.2 Root cause analysis (RCA)

The root cause analysis technique is used to investigate an issue or series of events in order
to determine what occurred, why it occurred, and what can be done to avoid it from occurring
again. The three basic types of root causes are physical causes, human causes and
organizational causes. Human causes occur when one person or several team members
conduct maintenance incorrectly. On the other hand, organizational causes happen when a
system or process that a company uses to do their job. Root Cause Analysis (RCA) is a step-
by-step process for determining the root cause of failures and issues down to their root cause.
The steps are defining the problem, collecting data, identifying possible causal factors,
identifying the root causes and recommending and implementing solutions. The problem

definition and data gathering can be obtained by questioning questions shown in Table 5. (11)
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What + What happened?

« What are the symptoms?

« What is the complaint?

+ What went wrong?

» What is the undesirable event or behavior?

When » When did it occur: what date and what time?
* During what phase of the production process?

Where « What plant?

« Where did it happen?

« What process?

« What production stream?
« What equipment?

How * How was the situation before the incident?

» What happened during the incident?

» How is the situation after the incident?

+ What is the normal operating condition?

+ |s there any injury, shutdown_ trip, or damage?

* How frequent is the problem?

* How many other processes, equipment or items were affected by this
incident?

Table 5. Questions that aid in defining the situation and gathering information (11)

The next important steps are identification of problem, event and causal factor charting and
conducting corrective actions. Event and causal factor charting is a type of analysis in which
events, circumstances, changes, barriers, and causal factors are represented on a timeline

using symbols similar to those illustrated in Table 6.
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Item

Symbols

Explanation

Eveni

[ ]

An action that occurs during some activity

Primary event

. .

The action directly leading up to or following the primary effect

Undesirable An undesirable event (failure, conditions deviation,

event O malfunction, or inappropriate action) that was critical for the
situation

Secondary An action that impacts the primary event but is not directly

event E involved in the situation

Terminal The end point of the analysis

event O

Condition Circumstances pertinent that may have influenced and/or

© changed the course of events, or caused the undesirable

event

Presumptive ————- An action that is assumed because it appears logical in the

event 1 sequence but cannot be proven

Causal A factor that shaped the outcome of the situation. the root

factor C> cause of the problem

Presumptive PR A factor that is assumed as it appears to logically affect the

Causal factor ‘. }’ outcome

Change A change in the condition of the situation aiter an event have
before ﬁ :aﬂer occurred
Barrier Physical or adminisirative barrier to prevent an unwanted
- situation
Failed Physical or administrative barrier that failed to prevent an
barrier l' umwanted situation

Table 6. Standard symbols for factor charting (11)

The team begins root cause analysis after identifying all causal elements. There will

certainly be several causes for each given incident.

There will probably be several root causes for each causal element. The final process

is generation of suggestions for remedial action based on the following questions:
1. What can be done to avoid a recurrence of the problem?
2. How will the solution be put into action?
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3. Who will be responsible for it?

4. What are the risks and consequences of putting the solution in place?

Also, it is important to make a report including a discussion of corrective actions,
management and personnel. The report should also include information that might be

useful to other departments. The report should include:

Definition of the problem
Event and causal factors chart
Cause and effect analysis
Root causes of the problem

Solution of the problem

S e o

Implementation plan with clear responsibilities and follow-up (11)
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3 3 Proposed methodology for Maintenance

3.1 Overview of methodology

The methodology proposed in this study is to analyze historical data on Komatsu dump trucks
to find an appropriate maintenance method for the candidates. Different types of dump trucks
with different capacities need to be maintained differently. In order to analyze historical data
and prioritize subsystem pareto analysis methods were used. The Pareto chart is only capable
of determining the priorities of defects. Due to some shortcomings of the pareto chart,
logarithmic scatter plots are used to determine the limits, acute and chronic conditions of the
failure. After that, using a decision-making grid the determination of the maintenance method
can be suggested by combining logarithmic scatter plot and DMG. After setting the priority of
subsystem failures, the company or organization can focus more on these subsystems and

apply more appropriate maintenance methods depending on the conditions.

The general methodology was illustrated by the case study of Komatsu HT-1500 and HD-785
dump trucks operating in the open pit gold mining site. The two dump trucks mentioned above

have different loading capacities and are from the same manufacturer.

Description Manufacturer | Model Year Capacity Quantity
Truck Komatsu HT1500-5 2011-2012 150 tn 20
Truck Komatsu HD785-5 2004-2005 9ltn 9

Table 7. General equipment specification

3.2 Decomposition of truck systems into subsystems

Predictive maintenance or condition-based maintenance requires knowledge of the condition
of equipment so that maintenance can be scheduled. In order to analyze the condition of the
truck, the dump truck's system was divided into subsystems shown in Figure 10. The Pareto

analysis approach was conducted to assess which subsystems are having significant failure.
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If necessary, the decomposing process can be reused in subsystems. By breaking down
subsystems, we can perform a more in-depth analysis at the component or part level using the

same pareto analysis to find the root cause of a significant problem.
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Figure 10. Decomposition of truck system into subsystems (13)

3.3 Construction of Pareto chart

The data was collected from the company’s work order log. The work order log included the
information about downtime period, backlogs, technicians who conducted the maintenance,

labor description, reason of delay, used parts and machine hour meter.

The analysis was presented using a Pareto diagram (or chart), which is a useful technique for
evaluating quality and making decisions. Unplanned downtime due to failure of relevant parts
of the subsystem was noted to the excel sheet. The collected failure data and repair time in
each subsystem were then used to represent cumulative percentage of downtime (Pareto

histogram) to find which system contributes the most downtime to the dump trucks.

A Pareto Chart is a combination of a bar graph and a line graph as shown in Figure 11. The
inputs are charted using a line graph along the horizontal y axis in descending order of output
frequency (using the cumulative percentage of the outputs). The vertical x axis calculates the

frequency of each input's output and plots it using a bar graph.
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Figure 11. Typical pareto histogram (14)

3.4 Limit determination and failure categorization

In order to categorize failures using logarithmic scatter plot of MTTR and Failure frequency,
threshold limits should be determined to categorize failures into acute, chronic and acute &
chronic. Threshold limits can either be absolute or relative values. But in this thesis work
average values were used as relative values. To determine the values, the following equations

were used.

Total downtime, D, caused by unplanned failures is calculated as:

D = ); Downtime; 1)

The total number of failures, N, is:

N = Zi n; (2)

The threshold limit for acute failures can be calculated as:
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.. D
leltMTTR = ﬁ

®3)

And threshold limit for chronic failure can be defined as:

.. N
Limit, = 2

(4)

where Q is the number of distinct failure codes used to categorize the downtime data.

3.5 Determining appropriate maintenance methods for

system failures.

To determine appropriate maintenance plans for the main system failures, the logarithmic

scatter plot of MTTR vs Failure frequency with threshold limits and decision-making grid (DMG)

were used. As both of them consider the same factors, downtime and failure frequency, the 9

components of DMG, each of which is represented by one of 5 maintenance techniques, could

be used in a logarithmic scatter plot to determine which maintenance plans could be

appropriate for which system failure, since, the logarithmic scatter plot categorizes failures

according to the failure characteristics DMG considers (see Fig 12). Downtime and MTTR for

this case are indicating the same thing for this case and could be interchangeably used.

Downtime
Low Medium |High
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o
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Figure 12. Adapting DMG in Logarithmic scatter plot of MTTR vs Failure frequency
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4 Results and discussion

4.1 Results

The Pareto analysis findings for each fleet of equipment are graphically represented in Figures
13 and 14 for trucks, respectively. Calculated results are represented on tables 8 and 9. From
the graph we can see a nearly linear relationship between the cumulative percent of failures
and downtime which means that there were no critical systems that possessed significant
amounts of downtime for certain subsystem. The linear relationship proves that the time to

repair a piece of equipment is roughly the same regardless of what fails.

HD785 (5) Pareto analysis for Down
time and Failures

120.00%
100.00%
80.00%
60.00%
40.00%

20.00%

Cumulative % of Down Hours

0.00%
0.00% 20.00% 40.00% 60.00% 80.00%  100.00%  120.00%

Cumulative % of Failures

Figure 13. Pareto analysis for downtime and failures for HD785(5) trucks
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HT-1500 (5) Pareto analysis for Down time
and Failures
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Figure 14.Pareto analysis for downtime and failures for HT-1500(5) trucks

1 Hydraulics 361 45% 2.85 1027.6 33% 33%
2 Structure 116 59% 5.04 585.15 19% 52%
3 Engines 107 72% 5.14 550.2 18% 69%
4 Drivetrain 74 82% 6.04 447 14% 84%
5 Brakes 78 91% 3.27 255 8% 92%
6 Electrical 59 99% 3.14 185.5 6% 98%
7 Wheels and 12 100% 5.42 65 2% 100%
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tyres

8 Fleet total 807 3.9 3115.45 100%

Table 8. Komatsu HT1500-5 Dump truck unplanned failure and down time.

1 Engines 185 39% 6.03 | 1115.13 44% 33%
2 Brakes 74 55% 4.61 341.47 13% 52%
3 Electrical 80 71% 4.15 332.17 13% 69%
4 Drivetrain 43 80% 6.14 264 10% 84%
5 Hydraulics 54 92% 4.85 262 10% 92%
6 Structure 27 97% 6.95 187.73 7% 98%
7 Wheels 12 100% 4.275 51.30 2% 100%

and tyres

Fleet total 475 5.4 2553.81 100%

Table 9. Komatsu HD785-5 Dump truck unplanned failure and down time
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4.1.1 Detailed breakdown of failures for HD785-5 truck

The total down hours were analyzed by subsystems and equipment. Figure 15 and 16 present
failure downtime by equipment as well as the major failure categories by capacity. As we can

see, the major faults categories are different depending on the capacity and series of the truck.

For the HD785-5 series truck major failures are caused by engines, brakes, electrical and
drivetrain. During data collection, it was observed that most of all engine system failures are
caused by fuel systems, especially fuel hardline tubing leak. The occurrence of fuel system
failure seemed unusual. For the brake subsystem, air compressor and air hose failures are the
most common causes of failure and downtime. In addition, during the winter, this type of dump
truck has problems related to the starting up. The fuel system usually freezes and requires
more labor to start the truck than the HT1500-5 truck. The total machine days lost through was
estimated to be 127.65 machine days. According to the data, 89.4 machine days, or 71 percent
of the total time, were spent repairing engine, brake, and electrical systems for the truck.

Komatsu HD785 (5) Pareto Chart
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Figure 15. Pareto chart for Komatsu HD785(5) truck
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Major truck failures by capacity
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Figure 16. Major truck failures by capacity

4.1.2 Detailed breakdown of failures for HT1500-5 truck

Compared to the HD785 truck, HT1500-5 truck has major failures on hydraulics, structure,
engine and drivetrain subsystems. The total machine days lost through was estimated to be
155.75 machine days. According to the data, 108 machine days, or 72 percent of the total
time, were spent repairing hydraulics, structure, and engine systems for the truck. From my
observation, in the hydraulic subsystem, the damage to the pressure hoses and cylinders is
very high, leading to a large amount of hydraulic fluid leakage. Structure subsystem related
failures were mostly shock absorbers, buckets and structure related failures requiring high
maintenance time. In my opinion, the breakdown of these trucks is due to its capacity. The HT-
1500 truck has a capacity of 150 tons and can handle much more loads than the HD785,

resulting in higher structural and hydraulic failures.
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Figure 17. Pareto chart for Komatsu HT-1500

4.1.3 Logarithmic scatter

categorization

determination and failure

Using the equations 1-4, threshold limits were determined using total downtime, D, total failure
frequency, N, number of distinct failures, Q for trucks HD785-5 and HT1500-5. The results of

determining threshold limits were shown in the tables 10 and 11.

Limits for HT1500-5 X Y
Limit 1 for number of failures | 1 3.9
Limit 2 for number of failures | 1000 3.9
Limit 1 for MTTR 115.3 1
Limit 2 for MTTR 115.3 100

Table 10. Threshold limits for failure categorization determined for HT1500-5
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Using the values from table 10, Figure 18 was constructed to categorize the system

failures. As logarithmic scatter plot indicates, the hydraulic system failure was

determined as chronic failure, meaning that it occurs frequently but does not take much

time to fix compared to other system failures. Failures of engine, structure and wheels

and tire were determined as acute failures which occur infrequently and require much

time to repair.

Limits for HD785-5 X Y
Limit 1 for number of failures 1 5.4
Limit 2 for number of failures 1000 5.4
Limit 1 for MTTR 67.9 1
Limit 2 for MTTR 67.9 100

Table 11. Threshold limits for failure categorization determined for HD785-5

The same method was used to categorize system failures (see Figure 19). Unlike HT1500-5

truck, Braking and Electrical systems were categorized as chronic failures and as Figure 19

indicates, there is both acute and chronic failure, Engine system failure, exists for HD785-5.

Same system failures were categorized differently for these 2 trucks as figures indicate.
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Scatter plot in logarithmic scale for Komatsu HT1500-5
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Figure 18. Log scatter plot of MTTR vs Number of Failures for HT1500-5 truck
Scatter plot in logarithmic scale for Komatsu HD785-5
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Figure 19. Log scatter plot of MTTR vs Number of Failures for HD785-5
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4.1.4 Results of determining appropriate maintenance method for

system failures

Not only identifying the subsystems that have the most failures and downtimes, by combing
DMG with Logarithmic scatter plot of MTTR vs Number of failures, the recommended
maintenance methods were determined for these unplanned system failures (see Table 12
and 13). Since some subsystems were plotted near to the limits, it proves that these systems
can be maintained by preventive maintenance methods using Figure 12 in the Methodology

section. At the same time, the results seemed relatively reasonable and feasible.

PdM + - - + - - +
PM + + + + - - +
SLU - + - - - - -
DOM - - - = - - -
Reactive - - - - + + .

Table 12. Selection of maintenance method for HT1500-5 truck subsystems

PdM - - + + - - -
PM + + + + + + +
SLU - : . : . v ]
DOM A - = = - - -
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Reactive -

Table 13. Selection of maintenance method for HD785-5 truck subsystems

From the tables it can be seen that, these 2 trucks require different maintenance technigues
for its main system. For example, for the HT1500-5 truck, it is more recommendable to practice

PdM more than PM, and for other truck it could be more recommendable to employ PM more

than PdM.
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5 Conclusion and recommendation for future

research

5.1 Conclusion

In this thesis, the methodology to determine maintenance techniques, more specifically PM
and PdM techniques, for system failures and keep balance between these maintenance

techniques was considered.

5.1.1 Pareto analysis

Pareto analysis of failure data is effective in identifying significant problems in maintenance
process. The Pareto analysis revealed that downtime was independent of equipment type and
component type. The pareto itself has number of deficiencies. A Pareto histogram based on
downtime alone can't determine which factor (or factors) are the most critical in causing the
downtime associated with specific failure codes. As well as, Pareto analysis of machinery
downtime could exclude individual incidents with a significant related downtime or often
occurring failures with a low associated downtime but frequent operational disruptions.
Because of Pareto graphs are only created for the major contributors to system downtime,
failures related with minor components or functional failures will not be investigated. It's likely
that we'll miss a component or failure mode that has a ton of potential in forming reliability
issue. It is observed that pareto analysis is more efficient when used with additional tools,
logarithmic scatter plots etc. By using additional tools, the chronic and acute condition of the
equipment is considered and now we can conclude the right maintenance methods for the

candidates.

5.1.2 Detailed breakdown of failures for the trucks

Two different trucks had different load capacities and the analysis results were different. The
dump truck with higher loading capacity which is HT1500-5 has more failures related to
hydraulic system and structure subsystems. Especially broken hoses were dominant failure in
the subsystem which was unusually high. Further investigation or RCA method may suggest

why the failure is occurring more often. As suggested on table 12, The SLU and PM methods
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are more suitable in the hydraulic section. Chronic breakdown conditions or short average
maintenance time are the main reasons for the proposed skill level upgrade approach. For the
HT1500-5 truck, the proposed reactive method of maintenance seemed reasonable, as no

chronic or acute conditions were observed in the electrical and brakes subsystems.

For the HD785-5 series truck major failures are caused by engines, brakes, electrical and
drivetrain. It was observed that most of all engine system failures are caused by fuel systems,
especially fuel hardline tubing leak. During the winter, the fuel system’s freezing and other fuel
system failures increase, as | see it from the company’s job order records. As well as, it was
the only subsystem which is included to the chronic and acute failure condition resulting in
suggesting design out maintenance (DOM) approach. DOM indicates the system or equipment
is not suitable for the process or work. For the HD785-5 truck, the proposed reactive method
of maintenance seemed reasonable, as no chronic or acute conditions were observed in the

hydraulic and wheel subsystems.

5.1.3 Failure categorization

Logarithmic scatter plot of MTTR vs Number of failures categorized system failures into acute,
chronic failures and acute & chronic failures, showing all of them in the same figure. From the
plots, system failures of the trucks, even if they had the same system with the same working

principle, categorized into different kinds of failures compared to one another.

From this, it can be concluded that as they have different characteristics of failure it could be

not recommendable to plan the same course of actions for these 2 kinds of trucks.

5.1.4 Determining appropriate maintenance methods for system

failures

Using the DMG model, the maintenance techniques were determined for system failures
distinctly. After determining maintenance techniques for the systems of 2 different kinds of
trucks, it was clear that distinct kinds of trucks required different maintenance techniques for

the same systems.
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In conclusion, it could be wrong to assume they require the same maintenance technique
based on the assumption that they have systems which have the same working principle. It

can be better to keep balance between PdM and PM

5.1.5 Final remarks

In this paper the goal to find appropriate maintenance method for the subsystems and overall
equipment, by combining several maintenance analyzing tools is accomplished. Since the data
is very broad, the more accurate results can be achieved by breaking down the subsystem into

smaller components level and analyzed.

5.2 Recommendation for future work

In the thesis, not only major system failures were considered but other minor system failures
are included and their suitable maintenance methods are suggested. However, in order to
achieve more accurate results, it is recommended to break down the basic subsystem into
components and analyze the breakdown of the components. Because major systems are so

broad that some critical component failures might be left without any consideration.

It can be better to perform analysis at the component level and compare them with the result
of the analysis at a broad system level. In order to perform analysis at component level, it is
recommended to use Failure mode and effects analysis (FMEA) to determine maintenance

techniques and to keep the balance between them more effectively.

Determining the cause of the downtime requires recording more detailed information, such as
the actual repair time, waiting for parts, manpower, and waiting for spare parts. Training the

employees to record the data fully and appropriate will be important as well.

Tribology, thermography, and vibration testing are also recommended to determine the major
failures. Since the company is overrunning the machinery and conducting PM service in every
350 hours which is 100 more hours than the recommended value, the oil sampling techniques

should do the prevention job.
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For the HT1500-5 truck the pressure hose, suspension system and bucket failures were
unusually high. So, the root cause analysis (RCA) is strongly recommended to assess more
deep knowledge on these certain types of failures and we can get a clue that whether it is
caused by inappropriate service or environmental factors are causing these issues. After
determining the causal factors, we can put barriers to the issue and prevent it from happening
often. Since the company is conducting PM service in 350 hours interval, there should be
planned down time and the pressure hose, suspension system and bucket conditions should
be inspected diligently during the PM downtime.

For the HD785-5 truck the fuel system has significant failures in engine subsystem. After
applying the pareto analysis and related tools on historical data it is considered to be
maintained in DOM. The failure was occurring too often and requiring much time to repair
which was pretty reasonable to choose DOM method. Since PM or PdM are considered
ineffective in solving the problem, designing an RCA or fuel system independently may be a
more appropriate solution to the problem.
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7 Appendix

Table 14. HT-1500 Dump truck work order log example

Napk ) axancaH o o

Axnbin ayraap ayrea Start Tenesnery Axrbik Taitn6ap A - XWiArACOH aXnbiH Taitnan -

ECO200130-006 | DT-1082 2020.1-p cap.30 A TYBLUMH Wnakr Gakyynax 130 | 1530 14:00 LLinan 6asyynan Ynaan6aatap xot 60n0H 3aaiH YYA PYY SByynca

ECO200130-007 | DT-1081 2020.1-p cap.30 A TYBLVH Winawr Gakyynax 130 | 1530 14:00 LLinan Gasyynan Ynaaugaatap xot Gonon 3aabik YA PyY siByyncan

ECO200130-008 | DT-1216 2020.1-p cap.30 A TYBLUMH Winakr Gakyynax 130 | 1530 14:00 LLinan Gasyynan YnaaGaatap xot 600K 3aMsik YYA PYY SByynCaH

ECO200130-009 | DT-1045 2020.1-p cap.30 A TYBLVH Winawr Gakyynax 130 | 1530 14:00 LLinan Gasyynan Ynaaugaatap xot 6onon 3ambik YA pyy seyyncan

ECO200130-010 | DT-1241 2020.1-p cap.30 A TYBLMH Winakr Gakyynax 130 | 1530 14:00 LLinak Gasyynan Ynaaaatap xor 600K 3aMbik YYA PYY SBYynCaH

£C0200204-020 | DT-1231 2020.2-p cap.04 H.MArCAP)KAB Winawr Gasyynax 100 | 1500 14:00 Linan Gasyynan YnaauGaatap xot 6onon 3ambik YA pyy seyyncan
EC0200204-021 | DT-1241 2020.2-p cap.04 H.MATCAP)KAB Wnakr Gasyynax 100 | 1500 14:00 LLinak Gasyynan YnaaGaatap xor 60n0H 3aMbiH YYA PYY SBYynCaH
EC0200209-030 DT1007 2020.2-p cap.09 H.MArCAP)KAB HOSE Itapo xyauapnarsuiin wnanr connx 1500 | 17:00 200 3ambiH Yya sieyyncan. 3eslueepnuiin Aaryy
EC0200213-034 DT-1081 2020.2-p cap.13 H.MATCAPYAB TopwocHe! "eprwp‘””:am";:; Gasyymk aMH YA [ .00 15:00 1:00 Basyyna YnaanGaatap ssyyncan
EC0200228-U143 | DT-1216 2020.2-p cap.25 ATYBUMH Yanar sacaap 1500 | 18:00 300 y’":z': TOPMIAH YTC MaCCTalt Ga/iCHLIT XONGOMT XK X3BUIiH GOfIrox, Rawm
EC0200228-050 | DT-1228 2020.2-p cap.25 A TYBLIMH TopmacHs! wnaHr Gasyynax 1600 | 17:30 1:30 Xﬁ:ﬁaﬂaurqzs:s:ﬂh:{y)};nﬁc:&j:ﬁ::\: ;r:‘r::gisww Tanan M Wi
EC0200229-U146 DT-1217 2020.2-p cap.26 ATYBLWWH Dyryi saceap 8:00 13:00 5:00 3.4-p Aiyry¥ LeMepCeH GaVicHbir asy, saAnan saceapniax GyliaaH yrcap' Wnnnkar
EC0200229-U147 | DT-1231 2020.2-p cap.27 ATYBIWH Dyryi saceap 15:00 19:00 2:00 1:5.5!1155: 3aANaH LIBIPNIOX 3aCBaAPNaH ByLaaH Yreapy rarkyyp Xk
EC0200229-U148 | DT-1216 2020.2-p cap.27 ATYBIWWH Nyryi saceap 15:00 19:00 2:00 S;:M’:r‘m;yr”: f:; :'a_‘::’" U9B9pNaK 3aCEapIIaH ByliaaH yrcapH rarHyyp X
EC0200229-U149 | DT-1217 2020.2-p cap.27 ATYBIWH Xepenryypuii anxaapyynra accaw 14:00 16:00 2:00 XeRONTYYpHIH TOC CONOH KYMGHTUIH TOBLIMHT WanracaH. Tynw AyycoaH GaicHsir
Ty it TeXHUKMiAT BCaEK WANTACaH, _

EC0200229-U153 | DT-1231 2020.2-p cap.28 ATYBLWH WWim waxax 14:00 19:00 5:00 OAbEMHSI AL X0nX¥O OPCOH BAWGHSIT Fartyypaap Witk GOnAYYIToH, TaBUMiT
«DaHHAZD EDIVVDOH, NANLULIF CyraM, BANACIH WHME XK WAXAX, NANbuaa

EC0200229-053 | DT-1216 2020.2-p cap.28 A TYBLMH Laxunraan saceap 0:00

EC0200303-056 DT-1231 2020.2-p cap.29 A TYBUVH UAPWIH WnaHr conmx 14:30 15:00 0:30 TPaHCMUCCHIH NamnHaac ’a"ca" UINaHF XOFOrAOX 00PGOH BalCHBIT WNaHrbir
Al WikoSD Ba3VYNIAH TaBkCa

EC0200303-U155 | DT-1217 2020.2-p cap.29 ATYBIWWH WWnm waxax 15:00 17:00 2:00 FSlinit Nt XONoXoOT BahCH TSI KpaRTaaR SpTYYTn Tt
CvranaK WAwwiir Waxax GvuaaH NanksUbIr XACaE

ECO200303-U156 | DT-1216 2020.2-p cap.29 ATYBUIMH Wim waxax 17:00 | 1900 200 Ts::ﬂ"m":n:‘:; Xu‘j;‘:aﬁ‘g":agi”::;!u:f‘:L"M“rstpah;‘:aa" o 2060

EC0200303-058 DT-1217 2020.3-p cap.01 A TYBUMH Wnakr conux 1800 | 1830 030 f::fc Sopwacre unant TOOANTTOR BaACHLIr WNAHTWTAr L3P Ga3yymK

E£C0200303-061 DT-1217 2020.3-p cap.02 A TYBLUMH Wnakr conux 1530 | 19:00 330 22591:‘:”“;;'::2;°°’“"""°” GAViCHbIF WNaKTHF TalinaH 38 WAHISP 2.8M WwnaHr
ECO200303-U157 | DT-1245 2020.3-p cap.01 ATYBIIMH Wim waxax 1300 | 1840 540 S;:M nansy m":ﬂﬁ‘g::ﬂ:”::::ﬁf:‘”"C'a:"a”"aap e a0e
ECO200303-U159 | DT-1217 2020.3-p cap.01 ATYBIMH 3acaap 8:00 19:00 1100 35°Ba°3°’°°°""‘” ';:Z::’r‘:‘::’g::";:”r:‘E'"D?:M;Zm:a°°°”"‘ e anraca
ECO200305-U161 | DT-1217 2020.3-p cap.02 ATYBLWH 3acsap 1000 | 17:00 7:00 ::fgf:::;zi;:"aﬁ::::f:osfzz‘ﬁ’:’c"ozvﬁ';:g::;m i‘;’;‘;ﬁ:’;cg“”p””“
ECO200305-U164 | DT-1217 2020.3-p cap.02 ATYBIIMH 3acaap 1400 | 17:00 300 Iz;’:ﬂ”ﬁ’;’ﬁ oy 5;:;:33:;2 ;T:::m?;::::::; X‘F:z?)g“:;fg;fk;a:“a“
ECO200305-U166 | DT-1231 2020.3-p cap.04 ATYBUWMH Uaxanraan saceap 17:00 | 19:00 200 |Anpaar wanracan. XaHax cambapaac pynwiin AapanTsi switch-r wanracan
EC0200305-U167 | DT-1245 2020.3-p cap.04 ATYBIWH Llaxwnraan sacsap 16:00 19:00 3:00 :'If:‘ ”r::;m;ex:;: Sf"’gﬂg“ra;::f;;":”g ‘;J:;‘;a:::o;y::r”::nﬁwc"b' AapanTeir
EC0200305-U168 DT-1217 2020.3-p cap.04 ATYBLWWH Uaxunraan saceap 10:00 12:00 2:00 r““:’;'r:;r“‘:::;:;T""MEC"”‘ XOPerenTulii XONGOr AT aHrancax.

x v e e e T i )
EC0200306-U173 | DT-1216 2020.3-p cap.06 A TYBUVH FooXunT 30rco0X 15:00 15:30 0:30 :”:p: ’::;':‘:J:;;’::D‘r’:z:“ TMAPO LUYYP GONIOH TOPKOOP FOOXMNTTON Gavica
EC0200306-U174 | DT-1217 2020.3-p cap.06 A TYBLMH FooMNT 30rCo0X 15:00 15:30 0:30 WAPO TOOKMNTLIF WANITaX TMAPO aKK-bIH XyBUapnariHsi GOOnToop Gyloy nakr

iiCa11 600NTOOD [OOXMANTTO! BaHCaH TV [ArHaX BKNNA raDrACaH
ECO200306-U170 | HT-1216 2020.3-p cap.06 ATYBLWMH Yynem pyyanara 22000 | 2040 | H;z‘f':wl P MOABGOX GYYGaH HOGaN AYyARaraap NapK Tanbai A3op AyyAaH

ECO200306-069 | DT-1245 2020.3-p cap.06 A TYBUWMH STEERING PUMP TRANSMISSION PUMP conix 800 | 18:30 10:30 g’::s::“ﬁ:;:" e o %“U'B‘;C‘r’:ﬂ:‘D/y::;}‘?h;‘ygfgoi‘i::;*‘a’;:;

EC0200307-070 | DT-1092 2020.3-p cap.06 H.MAFCAP)KAB WINAHT BABYYIIAX 1500 | 1800 300 DT-1092-bIH ruapuitn wnanr sanapcar Baiicak Tyn Gayynak Tasscan
EC0200307-U176 | DT-1216 2020.3-p cap.07 H.MA"CAPXAB YynbiH ayyanara 15:00 15:30 0:30 :(::;”::;;E“ ”W“”a'”"“ Aaryy wanra Y39xoR 4 AYrO9X NOABECKHOOC asoT

EC0200308-073 DT-1241 2020.3-p cap.08 H.MATCAPYAB [yryit saceapt 7:00 18:00 11:00 B84 56 o araaprars Tacapd VHE':: :affr”g::fg‘::ﬁyarry:w

EC0200308-076 DT-1097 2020.3-p cap.08 H.MACAPXAB MOAEM WM CONMX 7:00 19:00 12:00 0AGVHE LM GaitXTyit BACaH Ty KpaHaAP BPrYYIIOH LM XAitH NOASMH!

338CaDNar ML 600K TOMbHbI CYVDLIT TAADVYNIAH XV GoOCOH. [viATens

EC0200309-079 | DT-1241 2020.3-p cap.09 H.MAFCAP)KAB Tarvyyp6H axun 700 | 1830 1130 ::n:i:;:llhfmr:mz Tocox asan Liwioop 6000 rrs::rxﬁzsza;a:g;pr:»;s)gmn

EC0200309-080 DT-1097 2020.3-p cap.09 H.MACAPAB MoaBeck LaHarnax 8:00 9:00 1:00 [Hamnis! 4u1 NOABECK CyynT TCoH Gaiican Ty a3oToop USHANMACoH.YpA XOHA

[100beCKHb TOXADIOOT XUIACH
EC0200310-U183 | DT-1216 2020.3-p cap.10 H.MATCAPYAB Ayyanara sacsap 12:00 13:00 1:00 (Criank axunnaxyi 53““‘“ W” Yanar Wanfant XAk uaxnraak acyynansi
wiiineopnon axna rapra _

EC0200310-082 DT-1245 2020.3-p cap.10 H.MAFCAPYKAB LM XUX 7:00 18:30 11:30 Y4548 i corc voc G 2 e oA 70 WA )

concon. IUlonki cvvouH Toconrootooc 480 ToC 264 ConbCoK. Mer ToBWHiA

E£C0200310-083 DT-1241 2020.3-p cap.10 H.MATCAPYKAB AHXHBI YPBAUANOH CIPTMANIX 3aCBaP 7:00 17:00 10:00 ?‘Zﬁ;’; e V“W”“f‘T:J‘Zn‘:’:c”a':?1")(;‘:?;5“&2%?;‘2:;:x‘;ﬁgc‘;’:";::‘z;

EC0200310-084 | DT-1097 2020.3-p cap.10 H.MATCAPKAB TpaHeMMcoHiiH 3aceap 17:00 | 19:00 200 Tparcunce angaar wanracay. IASBxroi anaaar Ak Tompyyncas.

[lonaecktsl 12DANTHI CYACAH XGRXNATH CONCOH, AJOTIC )

EC0200310-085 DT-1216 2020.3-p cap.10 H.MATCAPXXAB TpaHeMUCCHiAH 3acBap, cUrHans 14:00 17:00 3:00 :‘?:::::CFCM‘::::SVSGH wanracaH. T| apaa conw pUiAr

EC0200311-088 DT-1245 2020.3-p cap.11 H.MATCAPXAB LUNAHT BA3YYNAX 17:00 18:00 1.00 ;::“’::;’:::’2::’QZ:ZLué’éf‘:ggg:”‘”""w GalicaH Ty SaRamK WAHS3P WiaHr

EC0200311-089 DT-1245 2020.3-p cap.11 H.MATCAPXAB XaparusoT sacsap 18:00 18:30 0:30 gf‘i’a‘: MaJ Gara Gaicak Ty yanar XA BOn KYYNeHT HOMONT XuitH axinA

EC0200312-093 DT-1007 2020.3-p cap.12 H.MATCAPYAB Y3N3r OHOWNOr00 7:30 8:00 0:30 s’:::g”” V’"“”“" TWApo Gara BaiicaH Ty TMAPO HAMK YaNor XU aXuna

EC0200312-094 DT-1216 2020.3-p cap.12 H.MATCAPAB Y3N3r OHOWNOroo 7:00 0:30 oot yansrsp TaBwT W MyNTapy yHacaH Gavican Tyn saceapnat

6yuaan 600con @xwna Banat Gonros
EC0200312-U192 | DT-1097 2020.3-p cap.12 H.MATCAP)XAB Ayyanara sacsap 1:00 422 322 DT-1097-bIH XOWA TaflslH HOF LMPXII yXpaXbIH 13pain acaxryi GaicaH. Mopnuir
TaiinaH 884 NAMNLIC WANraH V39X00 WaTaArVit 6acaK 6 1 4VraoD 2omiuHa.

E£C0200313-096 DT-1002 2020.3-p cap.12 H.MATCAPYKAB 3ACBAP 7:00 19:00 12:00 ToopHOCHs! e Aviam o ?T"”e""‘" yrouir

E£C0200313-097 HT-1245 2020.3-p cap.13 H.MAICAPKAB Tyryit saceap 1430 | 1530 1:00 o 9“"”:’;': iy i ::'::;ii’:crar:"';a":r;:‘:‘ ”‘/r'i:: :;CE;"MT;‘; o

EC0200313-100 DT-1007 2020.3-p cap.13 H.MATCAPYAB BRAKE 3ACBAP 8:00 9:00 1:00 ::2::;‘”E!f:’}‘f;i’:ﬂiFé’:‘:i';:‘;:ﬁ:pyy”ra acaH yanar XitH saceapnax

EC0200314-105 DT-1245 2020.3-p cap.14 H.MATCAPAB LWNAHI BASYYTIAX 9:00 15:00 6:00 WAPWIH WNaHT MaLl WX FOOXWNTTON Galicak Ty Taiink asaH wnakr basyynan

\vrcapy axung ravracan.

E£C0200315-108 DT-1092 2020.3-p cap.15 H.MAFCAP)KAB LUVM LIALIAX 8:00 19:00 1100 Z°“e"' ‘E‘MXM':Z::“'T’:IBKEEE”STZ?:::”“’:p'r:’:"aif;‘:::’:c:’:"}”:;m“ﬁf*
ECO200315-U197 | DT-1216 2020.3-p cap.15 H.MATCAP)KAB Lyyanara saceap 17:20 | 17:50 030 anﬂ'a':;i: oot A fas ho35€ PUMP TaT cynapeart baficaneir
ECo200317-Utes | DT1097 202055 cap.16 P — Lyyanara saceap 500 | 1600 500 Vanar xuiih ABLIAA KAPAGH XaMraanTanaaa Ypu MarACIH GaAAITal GaViceH My

DT-127 rajii a8y 33CBADAH XIBMIH XN FODUMA ODVVICAN

ECO200317-113 | DT-1002 2020.3-p cap.A7. H.MATCAPYAB 3ACBAPBIH AXIN 730 | 19:00 1130 P T D T C T TS SO

EC0200318-116 DT-1241 2020.3-p cap.18 H.MACAPYAB LINAHI BASYYNIAX 8:00 12:00 2:00 e’”eer ;:’;9':::’;::2: F:ﬂ‘;g :‘::):;’»’(’;’:;?;;:’;:Hﬁa”°a“ Y niaop

EC0200820-121 | DT-1097 2020.3-p cap.20 H.MArCAP)KAB WINAHT BABYYIIAX 1230 | 15:30 300 [Oyyanareit Aaryy YIaor XAMXoA TWAPWIH LINaHT TOOKWITTTON Gancar [0oRATTI

Lnanr Gasvynak Taskk conyi XANA rapraca;

EC0200320-123 DT-1092 2020.3-p cap.20 H.MATCAP)KAB Mopseck yrcpant 7:30 19:00 11:30 DT-1092 AAV??Z:?::::: :ﬁ"’rﬁc’:’::'g i::”“” o Eo

EC0200321-125 DT-1216 2020.3-p cap.20 H.MATCAPXKAB UYMUMPII3H BYYPYYIIATY ACYYAANTAN 7:00 18:30 11:30 Iuuprao syy"yy"a”“”" xaaneit ”*"frzxf:a;?m AYYPracoH. TOBYA GaHKbIr
EC0200321-U206 | DT-1097 2020.3-p cap.20 H.MATCAPKAB [Nyyanara sacsap 14:00 15:00 1:00 Ayyanarei ”a'yy VAN XAVXOR IUAPUAT XyBUAPNar WNaHraap rooxunTIon

Gaiica Tvn 3aCBADNAH WU ODUAT ABX TABUK KN raDraCAK
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Table 15. HD785 dump truck work order log example

A yraap | T12PX Start Tenesnery Axnui Tain6ap EEIEE] XWiArACoH aXnLH Tainan
~ | Ayraa x| - uAr - .
ECO100611-005 | HT-02 2019.6-p cap.11 4. MEHXMAHTNAZ NAMI 3ACBAP 0
ECO190611-006 | HT-03 2019.6-p cap.11 4. MEHXMAHNAV NAMI 3ACBAP 0
ECO190611-007 | HT-07 2019.6-p cap.11 4. MEHXMAHTNIA NAMI 3ACBAP 0
ECO190611-008 | HT-03 2019.6-p cap.11 4. MEHXMAHTNAZ LINAHT BABYYIDK CYYPBITUYIIAX 0
ECO100612-010 | HT-07 2019.6-p cap.12 4. MEHXMAHTNAZ LIAXVNTAAH BACBAP - TATI XAMTAATIATY 0
ECO190612-014 | HT-17 2019.6-p cap.12 Y. MEHXMAHNA 2800PM YANUMNIa3 14:00 20:00 6:00 XeRanryYpHiiH TOC TOCOK @BCaH. MaCAbiH YYP 6 LMH3IP CONbCOH.
XeenryypHii Toc WiHaop cone. TpaHCMMCCHIH TOC WiHAGD Conbcon. Macrsik
) ) g » ; [2800PM ypronxun Gaitraa. [ucdbepeHLuansin ambcranard (REAR AXLE
ECO100613-015 | HT-17 2019.6-p cap.13 Y. MOHXMAHTIAZ 2800PM YAUMNTG3 7:30 15:10 7:40 BREATHER 0703000250 Y1500 Tt ancatt
ECO190613-016 | HT-02 2019.6-p cap.13 Y. MEHXMAHTIAN WNAHT BA3YYIDK CYYPBIMYSIAX /XAVH WAAHT | 7:00 10:00 3:00 XVt LINaHr LOOPCOH, X TYPUrY Ho TOXMPIOO anAaraax 98AIpcon Gatican
| XWitH WNAHbIr BadyynaH XuitH TYPruribiH WMHI3P CONWUH YrepaH 3aBCapbl axun
ECO100614-017 | HT-03 2019.6-p cap.14 4. MEHXMAHTNAV XVViH CHCTEM BACBAP 0:00
ECO190614-020 | HT-17 2019.6-p cap.14 4. MOHXMAHNA XUVH CUCTEM 3ACBAP WNAHT BASYYIIAX 13:50 15:30 140 34:5,6-p Ayryiii it Cy r3C3K AYYRNATBI AATYY Yanar ik, 6-p Ayryiiel
Wwnunka cynapcaH GaicHbIr YaHranaH, XuitH 4apanTbiH WnaHreir 6asyynau conbx
ECO190616-023 | HT-03 2019.6-p cap.16 Y. MEHXMAHNA/ XAVH WNAHT BA3YYITK CYYPBIUYNIAX 7:30 19:00 11:30 KOMIIpecoopir i WNaHr 241 Gasyyx cyypenuyican xoa i
xyeuapnariaac DTON 5M OpHWMBIH XU LWNGHT MyyABX XaTCaH
ECO190616-025 | HT-03 2019.6-p cap.16 Y. MOHXMAHNAM XIAVH LNAHT BA3YYIDK CYYPBIYIIAX 0:00 KOMIDECOOpLIT X WNaHT 24 633y cyypenuysIca xOHa ik
| XyBMapnaryaac DTAN 5M OPUNMBIH XWIAH WNAHT MyyaaX XaTcaH
ECO190617-026 | HT-19 2019.6-p cap.17 Y. MEHXMAHTIAN [LYTY1 3ACBAP 7:00 19:00 12:00 yryi sacaapLit axun xuix | CapaoT aHury Goro AyryiH Kowmpeccop
axunnaxryi Gaiiraal
ECO100617-028 | HT-03 2019.6-p cap.17 4. MEHXMAHTNA TPAHCMMCC 3ACBAP 0:00
ECO190619-029 | HT-17 2019.6-p cap.19 Y. MOHXMAHAN TYPBYIH 3ACBAP 7:30 19:00 11:30 Kynakwiir 70G4 asa, araapuik X00MOWHYYA GONOH, TYpGMKLI XOnGoNTyyALIr
canrax, MBCNO UaucaH BAICHLIr TYDBYHSIT LHOD COMbCOH
) ) g » . 1-2-6-p AYTYHr COMbCOH 6-p AYTyiHbI LUMATKA COMbCOH
ECO100620-031 | HT-19 2019.6-p cap.19 Y. MOHXMAHTIAZ XUIH CUCTEM 3ACBAP 7.00 19:00 12:00 L1400 0860 5220121125 L 8301212081
ECO100621-032 | HT-07 2019.6-p cap.21 4. MOHXMAHTNAZ LYYV WIMHA3P COMBX TABMX 0:00
ECO100623-035 | HT-04 2019.6-p cap.19 ATysumn TW3PMiAH WnaKr connx 7.00 19:00 12:00
ECO190625-038 | HT-07 2019.6-p cap.19 ATyswmH Macnsi WyYpHHit X00MOM Conux 14:30 16:00 1:30 Machbik LyYpHAH X00m0ft COMbCOH
ECO190626-040 | HT-16 2019.6-p cap.19 ATyeuwm Craptep GonoH rMAPH/H INGHT, MoH AuHaMHL! 0:00
Dewexs conux
ECO100626-042 | HT-06 2019.6-p cap.19 ATysuwmn TW3PHiAH WwAaH connx 16:30 18:30 200 FWAPMIAH LWNGHT 38RAPCaH BaliCHSIT LuMHO9P 6a3yYK TaBbCaH
ECO190627-043 | HT-04 2019.6-p cap.19 ATyswmH KoHAGHiHb! pemers conimx 0:00 KoHGEiLLHbI peveHs Tacapcan BICHI WHaOP ConK @XANA FapracaH,
ECO100628-045 | HT-03 2019.6-p cap.19 ATyeuwmn Moselick connx 0:00 2-p NoRBECK TOC XA TOCOH LAHAT XHIAra3R aBAXIYH BAICHBIT CONbCOH
EC0100702:049 | HT-02 2019.7-p cap.02 ATyewmn AxymynsTop connx 0:00 | AKyMPATOp MyyACaH BaliCHBIT CoNbK @XANA rapracan.
y » y XYy CTapTepIiT TAMTK GBaH XYy CanGarT TYLAaH LG CONbaraac Lire
ECO100704-052 | HT-06 2019.7-p cap.04 ATyewns CTATEP CONMX 8:30 18:30 10:00 e aem ot LA AL AACOAD Xt
ECO100704-053 | HT-07 2019.7-p cap.04 ATyeumn ABOTOOP LIBHATIOX 14:00 1.00 A3OTOOP LIgHaI3con
EC0190707-060 | HT-03 2019.7-p cap.07 H.Marcapxas NOABECK, MNAH3 CONNX 14:00 prr———— Q::::CK NINH3 COMbX TABUH WaNTaX YANHIMNrad XANToH axuna opxoknaxaap
ECO190708-063 | HT-03 2019.7-p cap.08 H.Marcapxas NOMBECKA LIGHIMNAX, YTY YT CAPAX 19:00 s m;fg;"z’fﬂm"” AYry¥ yreapa TaBUK Wanrax yin-unra Xainrak axuna
ECO190709-064 | HT-03 2019.7-p cap.09 H.Marcapxas 350PM YRUMATa3 19:00 st |00 MUAT TY UMK, XOAONTYYPUIiH TOCHIT TOCOH 84, MACTILIK WYYP Bu, Ty
LUVVD 210 TVE TVC WAHARD COnk TaBUH, 140 IUTD XeNeNIVVONH TOC LMHAAD.
ECO100712-067 | HT-19 2019.7-p cap.12 H.Marcapxas Lyryin OPVIHT conx 7.00 w2 3, 4-p AYTyViHLI OPHHT COMbX X1/t HOVDK LMWK YaHFANGH BKANG FapracaH
ECO100715-072 | HT-06 2019.7-p cap.15 H.Marcapxas 1 wmpxar Ayryih aryynaxaac aex Tasix 13.00 | 1 WApXr QyTyi aryynaxaac aBX Tasbcan
ECO100716-073 | HT-16 2019.7-p cap.16 H.Marcapxas TWapHiiH Wwyyp conux 13:00 o5 TWAPMIAH LYYP CONbX ypCran 3aceap XAACIH
ECO100716-074 | HT-10 2019.7-p cap.18 H.Marcapxas TWAPMIAH BakKHbI aMbCranary conux 13.00 5 | TWRPWIH GaHKHS! BMbCTaNary CONbX XUNA rapracan
ECO190721-078 | HT-03 2019.7-p cap.21 ATyswn Tapan Aox1o 3acsapnax 16:00 B
EC0190722-080 HT-06 2019.7-p cap.22 ATyeuwns TypouH conux 18:00 T
EC0190722-081 HT-06 2019.7-p cap.22 ATyewnn [yryin opuHr connx 19:00 a2 yryitn Opukr conscon
ECO190724-082 HT-06 2019.7-p cap.24 ATyswmH 350 mot/uar TY 20:00 g | SO0MOTIUAT TY YUK MBCTbIH WYYP 4, GYUAXeIH LWYYP 2, TYAWHW yYp 2w Tye
TyC CONbK X8ASNTYYPUIH TOCHIT LUUH33P CONbCOH.
ECO190724-084 HT-06 2019.7-p cap.24 ATyswwH Jyryi conux 22:00 i73 - Ayryi unaraok Myyacan Garicueir 932812213531 cepuan Ayraaprait wita
nvrviiraap conex 1-p avrviir 3-p Avrviind TaBbCaH
EC0190725-085 HT-06 2019.7-p cap.25 ATyewnn AyryiiH sascapnary conux 23:00 B4 | TlTyANG 33BCAPNATY LIMHIOP TaBbCAN
ECO190725-086 HT-07 2019.7-p cap.25 ATyswHH TPHCMYCC WYYP COnUX 0:00 2:00 200 TPAHWIICO 4 L LIYYDHAT 3aAnaX WWanraxai GOWAPACOH Gaiicar. TpaomHocs
a0 xor Tviacan Gaiix Garican TocsIr T0COK
EC0190726-087 HT-17 2019.7-p cap.26 ATyeuwm hoist pump conux 1.00 300 0:00 [axuanrein Pump 3aceapaac UPCoH Ty UM -r yroapy XOOMO/HYYALIr BypoH
07604 U0 LMHT LT BYLiaaH XCaH
EC0190727-089 HT-17 2019.7-p cap.27 ATyswms XuitH cucTem saceap 3.00 500 4 | T BNAK NOTIEM OPTOXTYA GAHCHLIT XUIH WNZHT CONLX XM NIAGNTLIT SOTCO0H
100ENH| DUNAKGHEL TOXADIO0 XAACIH
EC0190730-094 HT-17 2019.7-p cap.30 ATyeuwm TparcmuccsiH LLyyp conx 8:00 10:00 [ | E’W”’:‘“W” Xauprusis XOrBOr GyyTaX TORMpYYCaH. BYPXYYA
cvnracan. 1 LUUHESH HOWGOH, XVDAHA GOMIOH YOOI Ui
EC0190731-095 HT-07 2019.7-p cap.31 ATyswmn Tynuwhwia 1y6 3aceap 9:00 11:00 N o L Syuax b ay"’y awisar 12-00p Ty TOOKWX Baical Tyn
raiinan aeu wanrax vaxon R Tankik 1 90 TarHb XaCrHi 110K
EC0190802-097 HT-19 2019.8-p cap.02 ATyswms Iuam conux 11:00 300 acaay GaiiCHbIr Y3131 XAIXIA AHaM WaTcar Gakcat
1V AVHAMBIC WAHG0D CONBX BN Fapracal, _ _
EC0190803-098 HT-07 2019.8-p cap.03 ATyeuwm BRAKE CHAMBER COMMUX 12:00 200 oaaf GaRGHAIT Yanor uxan AU LaTCaH Gatfcal
Tv1 AVHAMLIC WHGOD CONEX XN rapracal, _ _
0190808100 e 2019070 can 04 A Tvaum —— 500 1000 200 (AKKYMITATOPbIH GHXAAPYYNTa aCaaA GHCHBIT YaNaT XATIGR AMHAM LIaTCaH Bavcan
1V QHAMLIC WHH33D ConpX XN raDracaK,
ECO190806-104 HT-19 2019.8-p cap.06 ATysuwmH TyRWHA Wyyp conix 7:00 09:00 #VALUE! TYALIHUK WYYP COMbCOH. YSISF XWWXKSA FWAPMIAH Nawn pessa anaraak iapo
anacan Gaiicar, [1ADO AWML FAANA FOPWAT XyVuH CONBOTGAC 3BY GO
ECO190807-105 HT-07 2019.8-p cap.07 H.Marcapxas Araap wyyrd conx 7:00 200 s | ATAAP WYYTUWAH TADHA TATVIAT ABK 3LU ATAAP LUYYTY CONAVIB
EC0190808-106 HT-19 2019.8-p cap.08 H.Marcapxas 3ac waite 6ycap 3ACBAPLIH AXUN XAIrAOX 7.00 1:00 ity | | VU ANNAPTYPT MPOXTYH XA COPX aCaXYii GaiCHIr annapTypaac TYWHU TY6
WNaHrVVAbIC X6 Wanracan, TVIWHAA 0DOXbIH TV6 2 CTVBLHME Wal
ECO190811-107 HT-04 2019.8p cap.11 HMarcapxas 350pM WINUMN33 800 200 3 |00 WUBT TY YUK, XRONrYYDUAH TOCHIT TOCOH a8 MACTH YYP 3l Conb,
TVt WYVD 31 WVVD WiHG9D GOy TaBkx B0 MMTD XeAeNTVWOUliH TC
ECO190818-114 HT-16 2019.8-p cap.18 H.Marcapxas TOPMACHI LWITAH CONMX 8:00 4:00 5 | TOPMOCHb LUNAHKGIT CONbCOH
ECO190818-117 HT-19 2019.8-p cap.19 H.Marcapxas RING COfVX 3ACBAPLIH AU 19:00 240 SR [5-D YTYRHBL HYYX COMbX 6-p AYTYFIT 3A0AMK YTCPaH ByLaaH XAACOH
EC0190820-119 HT-19 2019.8-p cap.20 H.Marcapxas 3axbit AaMDKyYNArATiH WAMNK CONUX 19:00 2:40 s | P AYTYVHS! S8X6IH AAWKYYNr PYY OPCOH TPaHCUUCCHIH T4 LnaHr
6a3aruaapaa ranapcan Gaiicisir HT 16-aac agy HT 19-3 TaBEX. 1ADO HoMOH _
EC0190821-120 HT-19 2019.8-p cap.21 H.Marcapxas 1400 morfuar TY 12:00 3:00 sty | |00 PM YANNUTITG0 XVt XGQONTyYpA/iH MACTbIH LLIYYP 2 WAPXOT, XOAGNTyYpUiik
MACHbIH BVUaXbIH WYVD 4 WpXar. Araap wyvrs Jranwal 3 wApxar, Araan Wi
E£CO190821-121 HT-06 2019.8-p cap.21 HMarcapxas Ba Tpy6a conux TMapHiiH 13:00 j25 rUAPHiiH 62 TpyBa Cone TasHo GaMTaH BOTOCOH
EC0190822-125 HT-19 2019.8-p cap.22 H.Marcapxas TynWwHM TRYN conx 17:00 i 398 TNl 6-p Tyl XyTapl TOOKUNTTON CaliCkr Taian aet rarkyynasa
2Drvy4 600K 2XUNA rADrACAH, 6 UANUHA TV TOVG XVTADCAH TOOKCOH Gaiicanr
EC0190823-126 HT-02 2019.8-p cap.23 2020.March.29 KYOHTHIH MOAParY conix 17:00 85 | KYTONTATH MOHAPOTY CONbCOH.
EC0190823-127 HT-07 2019.8p cap.23 A Tysumn KoHgefiLumbi MoTOp conx 17:00 55 Konmeun axnna i Gaixyi BaWCHSIT LD Gatar A33p3C LIMHD KORAGLI
351 HT-07 ik Ka6UHbl CYVANbIN D0 TANA Wb CYYDL TAADVVIX FATHYVIZH WOK
EC0190824-128 HT-06 2019.8-p cap.24 4. MEHXMAHTAZ CUHATb CONBX TABUX 0:00
EC0190825-130 HT-06 2019.8-p cap.25 A Tyeuwm TeMnepaTyp Maaparid TPaHCMUCE LLYYP COnMX 0:00 ::::c:w\'e”awp MOAPar 9BAGPCHHIT COMLK TaBLCAH WHHO GINGIraC a6
ECO190825-132 HT-06 2019.8-p cap.25 A Tyaumn YomyT convx 0:00 KynaHTWiiH XOMyT 333apCaH GaiCHIT CONbCOH
ECO190825-133 HT-04 2019.8-p cap.25 A Tyaumn TynwHMi TRYN conix p9 X GorioK YLK 8cyy2an TYrapoaH. OHOLINOXOR TYALIHA TPYM Xyrapy
TV r0OXUNTTON GaliCHAIr 66D TOVN33D CONEX( TABLCAH
CO190826.135 s N19Bp S A Ty Toancmco oo 000 L TaflbiH nNaparypbir Cairax KabnH A0TOP XUIHCaH GalCHEIT MOTOP yrcap
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Table 16. HT — 1500 dump truck SMR data
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Table 17. HD — 785 dump truck SM data

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD785-5

KOMATSU HD465
KMTHDO06E26007891
KOMATSU HD465

KMTHDO06L 26007899

KOMATSU HD465-5

18205

18216

18231

18415

24128

18611

KTMHD034T29016215

18212

18224

18238

18424

18619

KOMATSU HD465-7R

17521

17552

17755

KOMATSU HD465-7R

KOMATSU HD465-7R

17534

17543

17561

17943

KOMATSU HD465-7R

KOMATSU HD465-7R | 15403 | 15406 | 15417 | 15435 | 15454 | 15472 | 15492 | 15507 | 15627 | 15547 | 15667 | 15587 | 15606 15640 | 15652 | 15673 | 15682 | 15695 15734 | 15740 | 15752 | 15767 | 15783 15830 | 15847

KMTHDO034JFDO16349 15415 | 15426 | 15445 | 15462 | 15483 | 15497 | 15518 | 15538 15578 | 15596 | 15615 15662 15689 | 15705 15727 15745 | 15761 | 15775 | 15791 | 15800 | 15622 | 15839 | 15857 |
KOMATSU HD465-5 15378 | 15387 | 15400 | 15414 15466 | 15484 | 15503 | 15521 | 15541 | 15570 15597 | 15610 | 15617 | 15636 | 15651 | 15671 | 15683 | 15703 15746 15832

KMTHDO34PFD016350 15606 15616 | 15644 | 1566 | 15681 | 15694 | 16713 | 15726 | 15738 | 15757 | 15773 | 15792 | 15805 | 15623 | 15840

24143 | 24140

24186

24193

24197

24157

24165

13672

13695

15865 15897 | 15915 | 15942 | 15933 15966 | 15991 16011 16027 | 16034 | 16045 | 16063 16120 | 16127

15874 | 15888 15924 15957 | 15975 | 15984 | 15996 16055 16085 | 16103 | 16115 | 16119 | 16124
15867 | 15885 | 15904 | 15923 | 15938 | 15964 | 15973 | 15989 | 16008 16039 | 16054 | 16070 | 16087 16142 | 16155 | 16157 | 16166 16199 | 16215 | 16230

15858 | 15876 15914 | 15930 | 15048 | 15957 16000 | 16015 16064 16107 16132 16208 | 16224
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