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Abstract

This paper presents the software methodology of modeling load and haulage systems in open pit
mining, necessary data required for modeling and analysis, methods of simulation for the purpose of
optimisation and some of the final optimisation results. Although there are more than one sofiware
programs that are in use for this purpose, this paper is focused exclusively on sofiware RPMGlobal
Talpac. The paper’s goal is to show the importance of accuracy of input parameters for realistic mode-
ling and simulation of load and haulage systems for the purpose of correct results from the analysis.

Keywords: mine planning software, modeling of open pit transport systems, load and haul

optimisation and analysis

INTRODUCTION

For the purpose of calculation and analy-
sis the technological phase of truck
transport, several software programs are
applied in the preparation of technical do-
cumentation in the surface exploitation. This
paper describes the methodology for imple-
mentation the Talpac software of the
RPMGlobal Company. The Talpac software
is used worldwide to analyze the produc-
tivity of surface transportation and loading
systems. The software, by modeling the real
operating conditions, determines the nece-
ssary parameters for the technological and
economic evaluation of discontinuous loa-
ding and transport systems [1, 2, 3]. The aim
of these efforts is to determine the most

profitable excavation plan and the highest
rate of return of invested funds [4, 5, 6, 7].

DESCRIPTION OF THE INPUT
PARAMETERS FOR THE
SIMULATION PROCESS OF
DISCONTINUOUS LOADING AND
TRANSPORT SYSTEMS

Modeling of the real operating process is
achieved by simulating the same, with the
input parameters varying within the real
operating limits. Depending on the need, i.e.
whether studies, technical projects or opera-
tional plans are made, the various capabi-
lities of the Talpac software are used. The
basic Talpac software window is shown in
Figure 1.
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Figure 1 The basic Talpac software window

The loading and transport system is de- e transport cycle (transport relation
fined in the Talpac software by the follo- characteristics).
wing software components [8, 9]: The following Figures 2 and 3 provide

e type of material (physical mechani-  an overview of a window for adjustment

cal characteristics, technological pa-  the basic components of loading and
rameters such as coefficient of loose-  transport systems.

ning and loading of a bucket),

e production “roster” (number of opera- SIMULATION METHODS OF THE
tional days in a year, operational and ~DISCONTINUOUS LOADING AND
non-operational time losses in a year ~TRANSPORT SYSTEMS
and shift and organization of work),

o selected loading equipment (type and
technological parameters of loading
equipment),

o selected transport equipment (type and
technological parameters of a truck),

Production analysis of the loading and
transport system in the Talpac software is
achieved through two types of simulation
or type of calculation, as follows [8, 9]:

® “Quick Estimate*, and

e “Full Simulation*
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Figure 2 Windows for adjustment the Material, “Roster” and Transport Cycle components
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Figure 3 Windows for adjustment the selected loading and transport equipment
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The “Quick Estimate” calculation im-
plies that there is no variability in the tech-
nological parameters of loading and trans-
port equipment and is a deterministic type of
analysis.

The "Full Simulation" calculation is a
stochastic type of analysis that takes into
account a variability of operational loading
and transport parameters such as the loading
cycle time, amount of material in a loading

bucket, and the transport cycle time due to
the variability of time losses (truck waiting
for loading). Due to the simulation of real-
life conditions in production, the "Full Simu-
lation" results are more credible and this
type of simulation is a fundamental for cal-
culation the technological phase of transport.
The following figure (Figure 4) shows the
graphs of the distribution of parameters that
vary with loading and transport.
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Figure 4 Window for distribution the loading and transport parameters whose variability is
simulated in the “Full Simulation” analysis

Since that the Talpac analyzes in detail
one specific transport route, the result is an
analysis of the truck operating (exploitation)
capacity and fuel standard for that specific
route, for example the route of ore transport
from a particular bench to the primary
crusher. The number of trucks required to
achieve the planned production in a given

period is obtained by the weighted average
the truck operating capacity for all active
benches during that period. In the same way,
the weighted average of fuel standard is cal-
culated on the basis of the individual values
of fuel standards for specific routes that are
active in a given period.
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SOFTWARE CALCULATION OF A
TRUCK CAPACITY

The software calculation of the exploita-
tion capacity of a truck in the Talpac can be
representedhy the following formula:

i+

h=Tc

where:
- Nk — actual truck capacity (t),
- Tc — time of a transport cycle (Talpac
simulation of real conditions),

All simulated
transport cycles in o year
Total number of )
simulated shifts in a year

z( )

"

The speed of a truck is affected by the
characteristics of a transport route (slope and
rolling resistance), technical characteristics
of a truck and classic driving conditions
such as the periods of acceleration, decelera-
tion and constant driving on a given
transport route. From the technical charac-

- kyn — time utilization (adopted as
50 min/ 60 min or 0.833)

It is specific is that the software simu-
lates the loading into trucks for all shifts in a
year and as a result gives an average, so that
the exploitative, i.e. the truck operating ca-
pacity is represented by the following for-
mula [10]:

+ (Operative time in a shift)

teristics of a truck, the Talpac uses the “rim-
pull” and “retard” graphics, i.e. a depen-
dence of the movement speed and force that
a truck can overcome at that speed. The fo-
llowing figure shows an example of the rim-
pull and retard curve for one truck from the
Talpac software database (Figure 5).

=

| Equi

ert Overview | Physical Data | Engine Data | Rimpul Data | Retard Data | Fuel C

Speed Rimpull
km/h kg.force
0.00/ 56415.00
141 53140.00
2.00 50000.00
256 48788.00
317 45000.00
344 44034 00
4.00 40000.00
441 39069.00
533 35000.00
547 34078.00
6.00 30000.00
6.26 29978.00
7.00 30000.00
7.23 29723.00
8.00 27000.00
846 27524 00
917 25926.00
917 26000.00
9.52 22807.00
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| Equipment Overview | Physical Data | Engine Data | Rimpuil Data | Retard Data | Fuel C:

Speed Retard | -
km/h kg.force || |
6.23 42907.00
1055 46395.00
10.73 31570.00
1471 32965.00
14.88 23895.00
19.72 24419.00
20.07 17616.00
27.16 18314.00
27.51 13081.00
36.33 13256.00

36.68 9942.00
49.83 10116.00
50.17 6802.00
66.96 7674.00
67.13 7674.00
67.13 7674.00
67.47 0.00

0.00 0.00

-

Figure 5 “Rimpull“ and “Retard“ graphics of a truck from the data base of
the Talpac software

The force that a truck must overcome
is affected by the force created by the
truck weight and material in a truck bas-
ket, the rolling resistance force and the

characteristics of transport route (slope).
The geometric relationship of these forces
is shown in the following figure in an
example of the truck slope (Figure 6) [10].

tan'(jy)=571"

tan'(f)= 571"

Initial Speed = 30km/h
Road Gradient = 10%
Road Rolling Resistance = 4%

Figure 6 Schedule of forces affecting the movement of truck [10]
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SOFTWARE CALCULATION OF
THE TRUCK FUEL CONSUMPTION

To calculate the fuel consumption, the
assumption is that the fuel consumption is
directly related to the percentage of “rim-
pull” force used to the maximum. The soft-
ware calculates the fuel consumption for
each segment of the route separately, for the
movement of full and empty truck, thus re-
sulting in the final fuel consumption for the
entire transport route. The following figure
shows a diagram showing the ratio of actual
and maximum “rimpull” force of a particular
truck, which is the basis of software deter-
mination the fuel consumption (Figure 7) [8,
9, 10].

Software calculation of the fuel
consumption in each segment of the rela-

tion is performed by the following for-
mula [7]:

Ru {FLDD_FD-] FD)
af=(2 22 L A
f (Rm 60 &0

where:

AfF — fuel consumption for individual
segment of the transport route (1),

Ry, —required rimpull force

Ry, — maximum rimpull for the selec-
ted truck type

F gp — fuel consumption at 100% of

rated engine power (I/h)
Fy —idle fuel consumption (I/h)
At— time of truck movement on a sin-
gle route

Rimpull =

Velocity ==

Figure 7 Ratio of the used and maximum rimpull” force [10]

The total fuel consumption (f) is ob-
tained by accumulating the fuel consump-
tion in all individual segments, with the ad-
dition of fuel consumption in which the ma-

chine did not operate effectively, i.e. losses
due to a truck waiting for loading whereby
the fuel consumption is determined solely by
the idle fuel consumption (F). So the ave-
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rage hourly fuel consumption for a transport
route can be represented by the following
formula [10]:

F= (ﬁ -Nryrie] +
R "

—.1/h
60 /

+[ﬁ|:| - {Nr}'rie.-'i: ' rr}'rie}]
where:
[ — total fuel consumption of a transport
cycle (1)
Neyeiesn - NUMber of transport cycles in
one hour
Teyc1e — transport cycle time (min)

The fuel consumption standard (l/t) is
obtained from the calculated values of ope-
rating hour capacity (t/h) and the average
hourly fuel consumption (I/h) for each
transport route, while the average weighted
value of the standard of all transport routes
is taken as the annual fuel standard in that
year.

The Talpac does not calculate the oil and
lubricant consumption, but it is adopted up
to 5% of the weighted average fuel con-
sumption software results, or if known, the
oil and lubricant standard is adopted accor-
ding to the manufacturer's recommendations
for the equipment selected.

DETERMINING THE REQUIRED
NUMBER OF TRUCKS

Since the Talpac processes one route in
detail, and there are several routes over a
period (year), the determining the number of
truck is done by the classical procedure, i.e.
over the truck annual capacity.

The annual capacity of a truck is cal-
culated by the following formula:

'I-?_].'ecr = @ "My jyear Ky * Koy t/year

where:
@r(t/h) — exploitation (operating) hourly
capacity of a truck (average

weighted value of software re-
sults)

My jyeqr — NUMber of working (opera-
ting) hours per year
k.. — coefficient of the mechanical
machine availability (to be adop-
ted around 85% provided that it
is not calculated through the
number of operating hours in the
year ny jyeq r)
k, — coefficient of the physical machine
availability (about 90 to 95% is
adopted)

The required number of trucks is de-
termined by the following formula:

_ A_}'ecr
Nrrurk - '? :
year

where:
Agzg — annual production of the ore
and waste (t).

CONCLUSION

The advantage of using the Talpak soft-
ware in analyzing the discontinuous loading
and transport connections is the ability to
quickly see the impact of a route change,
loading and transport mechanization and
other technological parameters of loading
and transport on the economic parameters of
the transport system and expected produc-
tion results. The software has a database of
loading and transport equipment most com-
monly used at the open pits in the world.
Since the accuracy of the software results
depends on the accuracy of input data, the
software application is conditioned by the
qualitative determination of all the necessary
input parameters of the transport system
being analyzed.
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