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AGENDA S ptc

Trade-off Analysis

Electric Quarry

Parametrics

Simulation

Statistical Analysis




WHAT IS TRADE-OFF ANALYSIS? S pic

» A frade-off study consists of “comparing the characteristics of each system
element and of each candidate system architecture to determine the solution
that best globally balances the assessment criteria. The various characteristics
analyzed are gathered in cost analysis, technical risks analysis, and effectiveness
analysis.” (NASA 2007).

« Trade-off analysis is the set of fechnigues by which the “Best” solution is found for
the customer weighing up cost, risk, effectiveness and other parameters. The
weighting or importance of these parameters depends on the system goals and
priorities, which are derived from stakeholder needs, which are gathered from
stake-holders.

« As always good system solutions are derived from good systems engineering.
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ELECTRIC SITE, BACKGROUND @ ptc
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PROJECT GOAL 2 ptc

 The aimis to reduce CO, 95% and the total cost of operation by 25%.

* Possible solutions:
— Increase efficiency
— Electrification
— Hybrid




POSSIBLE SOLUTIONS 2 ptc

« Replace diesel engines with electric engines and batteries
— Requires a battery package of 15 tons for a 50-ton fruck.

« Make the haulers smaller, (15 tons) and have more machines to reach the
productivity target.
— More suitable given the battery performance of today and regarding the robustness
of the total solution. It also scales better.

— However, going from 2 to approximately 6 machines increases the workforce cost for
the operation.

— Requires the haulers 1o be autonomous. The need for the wheel loader to be able 1o
perform several different tasks that change from shift to shift will not make a pure
autonomous electric solution suitable.




ELECTRIC SITE, FALL 2018 @ ptc
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ANALYSIS GOALS @ ptc

« The initial configuration is complete

« Now trade-off analysis needs to be done
— Battery size for transporters
— Maximum capacity of the quarry
— Total number of fransporters
— Total time between charges
— Total cost of operations
— Efficiency gained
— CO2 Emissions
— Efc.




BATTERY CONFIGURATION @ ptc

« Variability used to define choices of battery type

var UAV Battery ConfigurationJ

P «requires»
Autonomous
‘ Low Capacity ‘ Medium Capacity | High Capacity

Panasonic NCR 18650B MaxAmps MA6S11000 MaxAmps MV5450




PARAMETRIC EQUATIONS FOR BATTERY LIFE @ ptc

« Parametric equations runs with different values to determine total distance/load
vs. battery size and cost. Used in simulations

. . . bdd [Pack Syst Constraint
par [constraint] Time on StatlonJ [Package] System Constraints
«constraint»
. «block» Time on Station
d:m Electric Site _
BC: As / C:As constraintParameters
— B : values <> 1 1 = BC - As
| |_ TonStation : s Tstation d:m
. ] . Total Distance : m lav : A
That : Battery Life Ttrav : Travel Time d:m V to/fom Dectinato i t-s
V. m/s
] A t:s v:mls
- av - t:s 1 O o
lav : A 1
B 1 1
1
v:mls AV
«block»
Autonomous Vehicle
. Ttrav Trem
|_| ta:s ts:s Ly 1 1
. .. a
Trem : Time Remaining . . v v .
«constraint» «constraint» «constraint»
o Battery Life Travel Time Time Remaining
' constraintParameters constraintParameters constraintParameters
C:As d:m ta:s
i A t:s tr:s
t:s t:s V. m/s ts:s




SIMULATION OF COLLISION AVOIDANCE FOR TRANSPORT & ptc

« Definition of Model behavior

» Definition of Ul, Scenarios
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« Chen, Karlsson (2018).
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SIMULATION PARAMETERS @ ptc

« Scenarios varied parameters, including the layout of the area, number of haulers, charging
stations and more. . , , o .
— Allows the user to identify and test which ones to modify o maximize the site performance
and avoid bad investments.

— Number of haulers and chargers, the size of the batteries, etc. vs. production capabilities.

« Error inducing functionality which can target any hauler during the simulation to replicate
a breakdown scenario. This can further be used for spare parts optimization.

« Trade-off analysis comparing a large hauler fleet contrast to having a few haulers on
standby from a profitability perspective.

* Includes a scheduling algorithm to reduce traffic congestions while still attempting to
minimize travel distance.

« Production greatly affected depending on how the site is configured and on the weight of
the traffic in The optimization,

« The trade-off between traffic reduction and minimizing travel distance became the most
apparent with an increased hauler fleet.



SIMULATION RESULTS

Total production value when using

5-20 transporters/haulers

S ptc
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SIMULATION RESULTS FOR 5-20 UNITS (2) @ ptc

« Total production value

— A function of a weight “w" in the algorithm to account for traffic infensity and reduce
queue times at charging stations, load/unload etc.

— To maximize the production level, must regulate the traffic and hauler flow on the site.

— The initial improvement is around a 16% increase in production when increasing the
weight from 0 to 25.

— But if the weight is too large, the objective function becomes heavily geared towards
reducing traffic, which means taking longer routes and more battery usage. l.e. fewer
trips between source area and the production storage (facility).

« Production value per transporter, also for 5-20 unifs.
— When the fleet size increases, the production per unit actually decreases.

— With w = 25, the algorithm improves the performance for all fleet sizes when compared
to the simple routing with w = 0.

— w =0 implies is the algorithm no longer accounts for the current traffic situation on the
site. Shows that it is not profitable to increase the fleet size to maximize production.



PARETO FRONT GRAPHS @ ptc
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CONCLUSIONS @ ptc

« Many different types of frade-off analysis are used by systems engineers when
analyzing, designing and evaluating systems.

« At the heart of this effort is the SysML model which defines the requirements,
structure and behavior of the system.

« Analysis requires an eco-system of tools to perform the trade-off analysis of the
variety of possible system configurations and provide the customer with the “best”
system that meets their needs, at an optimum price.

« Not a medical systems example, but useful nonetheless to illustrate the techniques.




QUESTIONS AND ANSWERS @ ptc

Thanks for your attention! .

Speaker
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THE DIGITAL ENGINEERING JOURNEY
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