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Mineragao

Increased power efﬁcienci/ in
mining by using high-fidelity
haul truck simulation

Abstract

The current economic and political scenario in Brazil has allowed small, medium
and large companies to adopt cost cutdown and productivity increase strategies. Diesel
fuel consumption by off-highway haul trucks stands for one of the largest costs at the
Sossego Mine operational management department. Based on this fact, as well as on
the 8% increase in the budgeted diesel fuel cost for 2017, the mining unit has decided
to implement a project, previously implemented at the Capdo Xavier mine site, which
makes use of a high-fidelity haul truck simulator for operators’ qualification, by work-
ing on the major factors impacting fuel consumption. The application of the simula-
tor has been observed to be a potential upturn for the identification and correction
of major failures and bad habits impacting fuel consumption. The results suggest a
significant diesel fuel consumption cutdown, as well as enhanced haul truck operation
ability and performance.
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1. Introduction

In the mining industry, cost con-
trol during the haulage phase, as well as
throughout the production chain, has
become quite relevant in a time of low
market value of commodities worldwide.
One of the consequences of this uncertainty
scenario is a downsized demand, which
forces mineral resource companies to op-
timize costs and increase their operational
efficiency (Teixeira, 2016).

In high-production mine sites, where
common material handling practice is
carried out by large-size haul trucks, also
known as off-highway trucks, one of the
major issues encountered is high fuel con-
sumption, due to a high value of Average
Haulage Distance (AHD) for the work cycle
haulage, from the mine site to the crusher,
deposit or stockpiles (LOPES, 2010).

With that, requirements such as profit
maximization, operational cost cutdown,
and better mining throughput oblige min-
ing companies to be always on the outlook
for new alternatives to be able to meet
proposed results and targets. Therefore,
technology incorporation into the mining
industry has become essential for attaining

2. Methodology

The study has been divided into two
stages. The first stage, Pilot Project, aimed
at ascertaining the methodology, with a
smaller sample of operators. The second
stage, Extended Project, consisted of the
application of pilot project techniques to
all operators.

A Pilot Project was carried out in two
phases: 1) Simulator: operators’ training
and qualification, focused on major failures
impacting fuel consumption; 2) Hands-on
Practice: monitoring of operators’ haul
truck consumption performance for valida-
tion of simulation results.

For the training sessions, eight op-
erators were selected, two from each one
of the four mine groups, of the two haul
trucks with the highest average specific fuel
consumption (liters/hour) in 2017. By using
such criterion, some of the operators with
the highest diesel fuel consumption per
equipment could be selected.

The four-hour simulation training
consisted of driving on a preset route,
common for all operators, divided in five
stages: 1) Familiarization: five-minute stage
to make operator familiar with the training
equipment (simulator); 2) Initial Assess-
ment: operator drove freely on the preset
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cost reduction and high productivity rates
(Dias, 2017).

Technology development has brought
about a new integration and sophistication
aspect to evolving maintenance of both
processes and real-world issues. In such
scenario, virtual reality (Riener et al., 2004)
plays a major role, for it stands for advanced
computer interfaces, which have not yet
been fully implemented by society at large.

The latest evolution for advanced
training solutions are high-fidelity simula-
tors for the mining industry. Such simulators
offer an array of visual effects, consisting
of high-definition screens and an advanced
movement system, with simulation con-
nected to a learning management system,
in order to follow up on the progress of
the driver in training. Simulation scenarios
reproduce climate and dynamic conditions
of the ore exploration location, so that
professionals may be trained exactly as they
were on an actual mine site (VALE, 2017).

Operator training based on this new
learning system using simulation, has been
successfully applied in the mining indus-
try, where high risk and cost are everyday

route, without any guidance or interference
by the instructor; 3) Feedback: instructor
assesses the data reported by the simulator
and guides the operator about which ac-
tions to take; 4) Practices: three practical
procedures performed with full instructor
guidance, aiming at developing operator’s
abilities to cut down on fuel consumption;
5) Final Assessment: similarly to the initial
assessment, operator drove again on the
same preset route, without guidance by
the instructor, aiming at comparison with
initial assessment data. At the end, instruc-
tor collected and assessed the training data.

Based on the mandatory variable,
specific diesel fuel consumption (L/h), if
the operator got a result on final assess-
ment higher than the one recorded in the
initial assessment, he/she would go through
the training sessions again, otherwise the
operator would go to the analysis of the
second variable, average speed (L/h). For
this one, the adopted rule was that the
operator could not have a result below the
overall average, calculated from the data
of all trained operators.

Upon finishing the simulation train-
ing, the eight operators were taken to the
haul truck for hands-on practice on site.
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issues demanding immediate and effec-
tive solutions. According to Immersive
Technologies (2013), the use of advanced
simulation adds significant enhancement
to the production environment.

The present study aimed at developing
an in-depth study of simulation technol-
ogy application as a supporting system for
operator qualification, as well as a study
instrument for haul truck fuel consumption
cutdown at the Vale Sossego mine site.

The operating Sossego copper mine
unit is located in the municipality of
Canai dos Carajas, state of Para, Brazil.
The copper deposit was discovered in
1997 and operational startup took place
in 2004 (Costa and Scoble, 2006). The
project derives from a wide and success-
ful mineral exploration program for base
metals started out by Vale. It is considered
an important milestone in copper mining
history in Brazil, for it has opened up a
path for the discovery, characterization
and development of several medium to
large-size copper ore deposits (Brazilian
Mines and Energy Ministery, 2009).

For comparison purposes, eight other
operators and a second haul truck were
selected according to the same selection
criteria described above. Over 15 days, the
two haul trucks were always driven on the
same preset routes, so that the influence of
distance and haulage profile over diesel fuel
consumption might be minimized. During
this stage, all persons involved (opera-
tors, supervisors, operation and dispatch
technicians, engineers, and mechanics)
were made sure to be on the same page
regarding the assumptions for a successful
test. Fuel consumption was monitored on
a daily basis with data from the weighed
filling station.

The Extended Project consisted of
applying the pilot project to all operators.
Training sessions were performed with two
operators a day, due to the 4-hour training
working load. This stage encompassed
planning, schedule development, and
training of 162 Sossego Mine haul truck
operators, taking into account working,
off-duty and vacation hours. The 4-month
long stage followed the same procedure
adopted for pilot training.

Fifteen days after simulation training,
the operators went through a new on-site
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assessment by the instructor. Through  operation. The factors of greatest impact  score for approval is 8 points, with op-
a checklist, as shown on Figure 1, with  are those related to excessive motor rota-  erator having to undergo new simulation
major failures impacting fuel consump-  tion, represented with greater weightinthe  training sessions should he/she be scored
tion, the instructor then assessed the  assessment by instructor. The minimum  below that.

Checklist - Fuel Efficiency Project

OPERATOR: REGISTRATION No.:
INSTRUCTOR: GROUP:
EQUIPMENT: DATE:
CHECK ITEMS Y | N| CHECK ITEMS Y[ N
Upon start. has operator waited for some minutes at idle? — 0.25 Does operator avoid unnecessary gear shifting? - 0.50
Has operator started moving with gradual acceleration? — 0.50 Has operator avoided accelerating and breaking at the same time? -0.25
During movement, is operator acquainted with regular gear shifting? — 0.50 Does operator reduce speed before road bends? - 0.25
Does operator avoid aggressively stepping on accelerator pedal? - 0.75 Does operator slow down on irregular soil (not well compacted)? — 0.25
Does operator comply with speed limits on the mine site? — 0.25 Does operator avoid aggressively braking? — 0.75
Has operator avoid overspeeding during operation? — 1.00 Does operator use manual retarder correctly? — 0.50
Has operator used correct rotation up to 1800rpm when going up loaded? — 1.00 Does operator use service brake correctly? — 0.50
Does operator use correct rotation while dumping — 1500 rpm? — 0.50 Does operator use parking brake correctly? — 0.25
Does operator reduce rotation at final dumping travel? — 0.50 Does operator stop truck thoroughly before backing up? — 1.00
Does operator proceed correctly when wamings show up on VIMS? - 0.25 Has operator performed all maneuvers in due time? - 0.25
OPERATOR 0.25: Light Final Result
0.50: Medium
0.75: Severe
INSTRUCTOR 1.00: Very Severe
NOTES:

Figure 1 - Operational diagnosis checklist.

Asitis the case with the pilot project, ~ data are monitored on a monthly basis
during extended project fuel consumption  based on weighed filling station data.

3. Results
3.1 Pilot project
Collected data were analyzed erator assessment regarding failures  error scoring from the initial assess-

by the simulator software. Figure 2 directly impacting fuel consumption.  ment to the final assessment.
shows the evolution of the final op-  Itisa remarkable reduction of overall

Operator's Risk Profile

1 I I
0

0-10 11-20  21-30  31-40 41-50 51-60 61-70  71-80

Quantity of operators
N

Total error score

M |nitial assessment ™ Final assessment

Figure 2 - Risk profile assessment.
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Figures 3 and 4 show total con-  final assessments. It can be noted that  10%, respectively, thus proving simula-

sumption data (liters) and specific  in the overall average there has been a  tion training efficacy.
consumption (liters/hour) of initial and  total consumption cutdown of 6% and

Total Fuel Consumption

41
36 38 36
33 33 33 32 3 : 34
R i 32 29 31 : ‘ :
: |
| I I I
A B C: D E F G H | Average
| Initial A t  ® Final
Figure 3 - Total consumption of initial qualification.
Specific Fuel Consumption
128 129
121
103 102 208! 105
93 1 . : .
— 81 82 i Al
z ‘ Il \
‘ | [
A B = D E F G H 1 Average

| Initial Assessment i Final Assessment

Figure 4 - Specific consumption of initial qualification.

Operators’ improvement is note-  all errors have been corrected, except  ing, which have had opposite results
worthy regarding errors made from  for aggressive driving through bends  from what was expected, as shown on
initial to final assessment. Virtually —and movement in neutral before brak-  Figure 5.

Failures

Speed limit exceeded

Shift gear not in neutral during loading operation T ——

Excessive engine rotation
Truck dump bucket lifted with low RPM

Aggressive stepping on accelerator

|
|
l
|
|
I
|

Shifting out of neutral with parking breake applied

Service breake applied above 20kph (12.4 mph)

Service breake applied on wet haul road

Service breake applied above 10kph (6.2 mph)

|

Service breake not applied before releasing parking brake §

|
|
]
|
]
|

High RPM during dumping operation

High RPM while using manual retarder

Aggressive driving through curve

Parking brake nor applied during loading operation

|

Parking brake applied while moving

Insufficient movement in neutral before braking
Aggressive braking

Not in neutral during loading operation

o "
I;:I I

S 10 15 20 25 30
Quantity of failures

m Final Assessment M Initial Assessment
Figure 5 - Failures assessed.
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The final result achieved was a
7.5% specific consumption cutdown for
the truck driven by trained employees,

when compared to the truck driven by
untrained employees. In addition to a

7.2% cutdown in the same indicator,
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when compared to the average of the
whole haul truck fleet, as shown on
Figure 6.

Consumption Comparison Between Trucks and Trucks Fleet

CM-4036 125,4

Trucks/Fleet

793 FLEET

115,0

120,0 125,0 130,0

liters/hour

135,0

CM-4034 135,6

140,0

Figure 6 - Consumption comparison between trucks and trucks fleet.

3.2 Extended project

During this stage, 162 operators
were trained on the simulator, with a
5.4% total fuel consumption cutdown,

and 13.2% specific fuel consumption
cutdown. Out of these 162 operators, 22
showed performance below the expected

rates, having to undergo new simulation
training sessions. The Figure 7 shows how
this analysis was actually done.

SPECIFIC CONSUMPTION e TOTAL CONSUMPTION po
(L/h) ((8)
Initial Final Initial Final 108 Initial Final 110 Overall
Operator 1 138,69 93,49 ® 23,37 17,56 ® 33,35 31,32 ® ®©
Operator 2 127,51 97,92 ®© 21,93 18,78 © 34,77 32,34 ® ®©
Operator 3 112,83 93,67 ® 19,60 17,70 ® 32,51 31,36 ® ®
Operator 4 110,04 97,09 © 19,36 18,93 © 32,92 32,55 ®© ©
Operator 5 105,68 104,32 ® 18,55 19,47 © 32,36 31,64 ® ®©
Operator 6 112,52 107,81 ®© 19,70 19,05 © 35,31 33,81 © ©
Operator 7 145,43 109,83 ® 23,29 19,43 © 39,09 34,54 ®© ®
Operator 8 95,13 94,66 ®© 18,42 17,90 ® 28,26 31,69 ® ®
Operator 9 141,63 111,17 ®© 23,14 18,34 ® 34,10 33,72 ®© ®©
Operator 10 138,52 111,38 ) 23,22 19,78 © 33,71 33,11 ) )
Operator 11 115,47 102,26 ® 20,55 19,41 © 31,66 31,79 ® ®©
Operator 12 115,88 103,19 ® 19,89 19,21 © 34,16 31,88 ®© ®©
Operator 13 117,06 100,13 © 17,92 18,67 ® 34,28 31,14 ) ®©
Operator 14 155,03 111,24 ® 23,68 20,68 © 35,26 32,79 ® ®
Operator 15 131,13 101,44 ® 21,42 17,77 ® 34,84 32,62 ®© ®
Operator 16 147,95 110,41 ®© 23,86 20,18 © 35,35 32,55 ®© ®
Operator 17 109,05 120,82 ® 17,25 20,18 © 36,38 34,57 ® ®
Operator 18 165,78 102,96 ®© 24,84 18,44 ® 35,91 32,73 ® ®©
Operator 19 109,90 97,97 ® 20,10 19,36 © 32,98 32,36 ® ®©
Operator 20 126,20 97,80 ) 23,39 18,28 ® 31,51 32,24 ® ®

Figure 7 - Assessment spreadsheet of operators’ performance on the simulator.

During the on-site monitoring
stage with the checklist, four operators
showed performance below the ex-

4. Discussion

According to Leite and Lot (2012),
training is deemed as a key organizational
development process tool, and companies
have started considering human resource
development as an extremely relevant fac-
tor for their growth.

The project has shown that simula-
tion training enhances operators’ practice,
by working on major failures impacting
fuel consumption. This happens because

pected rates.
The final result of this stage was an
average specific consumption cutdown

training enables human beings to become
more productive, thus contributing to bet-
ter achievement of organizational objec-
tives (Volpe, 2009).

Some years ago, in the mining in-
dustry, one theoretical training was car-
ried out, with an instructor conveying all
information to operators in a classroom.
Such methodology is relevant; however,
in the mining company scenario, some

of 4.6% for the two haul truck fleets,

which stands for an estimated savings
of US$680,000 for 2018.

enhancement is required, since qualifica-
tion process on mining equipment opera-
tion depends a lot upon hands-on training
(Horberry et al., 2016).

This recycling training was planned
with a workload of 4.5 hours with the
main objective of eliminating addictions
that increase the consumption of fuel. A
more complete training with 270 hour
workload, the operators receive all in-
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structions of safety, operation (including
the actions of recycling) instructions and
maintenance there are carried out at the

5. Conclusions

Even though this is only an estima-
tion and other factors might contribute
to cut down on fuel expenses, it has been
duly proved that simulation does con-
tribute for fuel consumption cutdown,
besides providing the company with
significant gains.

Allied to this, the project did not
generate costs for the company, being
used in the training of operators the
labor of the mine instructors and the
simulator resource already belonging
to the current structure of the mine.

References

Increased power efficiency in mining by using high-fidelity haul truck simulation

time of hiring.
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