








Optimization of the cycle time to increase productivity at Ruashi Mining

To optimize the cycle time, these activities must be mitigated,
starting with the most important and proceeding to the least
important. Furthermore, to optimize the present cycle time, there
is a need to be aware of the theoretical cycle time, which would
be compared to the actual cycle time.

On-site data analysis

The data collected on-site was analysed and used for the
calculation of the actual cycle time to be optimized. The analysis
included:

» Queuing time

» Hauling time

» Dumping time

» Production data.

The production data collected revealed a failure to reach the
daily production target as well as the monthly target of excavated
material (ore and waste) to be delivered to different destinations.
To add value to Ruashi Mining, there must be consistent ore
delivery to the ROM pad.

Figure 5 shows Ruashi Mining’s monthly production for the
year 2017. The targeted production was met or surpassed in only
4 out of the 12 months. As a result, the 2017 Ruashi Mining
annual production target was not achieved.

Figure 5—Monthly production versus target at Ruashi Mining

Figure 6—Effect of the the rainfall season on monthly production at Ruashi Mining
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Influence of rainfall

The southern part of the DRC has a tropical climate, with
the rains from mid-November to the beginning of April.
Consequently, open pit mining operations are affected negatively
during this period.
» ADT hauling speed is decreased
» Mud accumulayes on the mine roads and in the open pit
» During heavy rain, the operations stop due to safety
concerns and access issues. The Ruashi open pit contains
talc, which becomes slippery when wet. Consequently, it
is dangerous to operate mining equipment under such
conditions.

However, Ruashi Mining continues to operate during this
period because of ore stockpiled at the ROM pad. Figure 6 shows
the monthly production for the year 2017-2018, highlighting the
effect of rainfall on production.

The monthly production achieved (orange trendline) is below
the targeted production (blue trendline) from mid-November
2017 to the beginning of April 2018.

Theoretical cycle time calculation
The average cycle time is obtained as follows:
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Cycle time = Loading time + hauling time (ADT loaded) +
Dumping time (raise and lower time) + [1]
hauling time (ADT unloading) + Queueing time

Theoretical queuing time results

When the cycle time is ideal, there are no constraints
compromising an operation. By reviewing the paper by Ercelebi
and Bascetin (2009), it could be concluded that in an ideal cycle
time there is no queuing of the ADTs at the shovel.

Theoretical loading time results

The loading time is the sum of the times (in minutes and
seconds) for the number of passes. For this project, the loading
times were recorded for the two Hitachi shovels, namely the
Hitachi EX 1200-6 and Hitachi EX 870 LCR-3.

Struck capacity of B40D 18.5 m3

Struck capacity of BS0D 22 m3

EX 870 LCR-3 capacity 5.5 m?

EX 1200-6 capacity 6.2 m3

Equation 2. Loading time
No. of passes = Loading time (min) + 2]
Shovel cycle time (min)

» EX 1200-6 =28.3 seconds = 0.4717 minutes
» EX 870 LCR-3 = 29 seconds = 0.4833 minutes.

Theoretical hauling time results

EA S Set distance [3]
AWnE HMe = 5 eed of haulers
» ADTs are required to travel on a flat surface at 40 km/h
» ADTs are required to travel up the ramp of 10° (grade =
10° tan (10°) x 100% = 17.63%) at a speed of 12 km/h,
and down the ramp at a speed of 20 km/h

» Total resistance force = Grade + Rolling resistance =
21.63% (approx. 22%).

Figure 7 depicts the rim pull chart used to determine the
speed of the BELL B40D ADTs. The overall B40D weight was
66 851 kg, which is used on the left-hand side graph. An arrow
intercepts the 22% total resistance force and another arrow
intercepts the gear in red on the right-hand side graph. A speed
of 7 km/h is determined from the graph, so that the total hauling
time (going and returning) could be determined:

2.93 km
7 km/h
= 0.4185h (25.11 mintes)

Total hauling time =

The hauling time that the B40D should take to travel from the
open pit to the ROM pad and return to the pit is 25.11 minutes.
Figure 8 depicts the rim pull chart for the B50D; the grade and
the rolling resistance remain constant as for the B40D.

The B50D speed was determined to be 6.5 km/h from the
B50D rim pull chart, as seen in Figure 8. The overall B50D weight
was 79 920 kg. The blue arrow is used to illustrate how the speed
was determined.

293 km

6.5 km/h
= 0.4508 h (27.05 minutes)

Total hauling time =

The hauling time that the B50D should take to travel from
the open pit to the ROM pad and return to the open-pit is 27.05
minutes.

Theoretical dumping time results

The dumping time at the ROM pad includes the raising and
lowering of the bucket.

» Dumping time B40D: 13.0 + 7.6 = 20.6 seconds =

. [4a]
> Assume the rolling resistance (based on the road 0.3433 minutes
conditions observed from the on-site investigation) to » Dumping time B50D: 11.2 + 9.9 = 21.1 seconds = [4b]
be 4% 0.3517 minutes.
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Figure 7—Rim pull chart for the B40D
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Figure 8—Rim pull chart for the B50D
Table |
Theoretical cycle time results
Average time Average time
40t 50t 40t 50t
Queuing time (min) 0 0 Queuing time (min) 0 0
Loading time (min) EX 870 LCR-3 0.4833 0.4833 Loading time (min) EX 1200 0.4717 0.4717
Hauling time (min) 25.11 27.05 Hauling time (min) 25.11 27.05
Dumping time (min) 0.3433 0.3517 Dumping time (min) 0.3433 0.3517
Average theoretical cycle time (min) 25.937 27.885 Average theoretical cycle time (min) 25.925 27.873
Table Il
Actual cycle times for different shovels and payloads
Average time Average time
40t 50t 40t 50t
Queuing time (min) 03:36.0 03:36.0 Queuing time (min) 03:36.0 03:36.0
Loading time (min) EX 870 LCR-3 02:01.0 02:12.2 Loading time (min) EX 1200 01:43.6 02:00.5
Hauling time (min) 21:59.4 25:59.5 Hauling time (min) 21:59.4 25:59.5
Dumping time (min) 00:25.2 00:24.3 Dumping time (min) 00:25.2 00:24.3
Average theoretical cycle time (min) 28:01.6 32:11.7 Average theoretical cycle time (min) 27:44.2 32:00.0

Theoretical cycle time results

The theoretical cycle time is the ideal cycle time. Table I shows
the theoretical cycle time results after calculating different
components making up the total theoretical cycle time.

Different shovels give different loading times, depending on
their capacities when loading ADTSs of different payloads. This
will result in different theoretical cycle times, as can be seen in
Table L.

Actual cycle time calculations

The actual cycle time was calculated from the data collected
on site using a stopwatch. A summary of the actual cycle time

components is shown in Table II.
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It is worth noting that the loading time data was collected for
two different shovels, and that affects the actual cycle times.

Theoretical cycle time versus actual cycle time analysis

The main differences between the theoretical and actual cycle
times are in the input assumptions.

The purpose of calculating the theoretical (ideal) cycle time
was to determine the benchmark to optimize the actual cycle
time. In addition, the theoretical cycle time was calculated with
the data obtained from the manufacturer’s specification booklets,
whereas the actual cycle time was calculated with data collected
on site. Figure 9 shows the chart comparing the actual and
theoretical cycle time of a Hitachi EX 1200-6 shovel.
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Actual Cycle time versus TheoreticalCycle
time with EX 1200-6

25,925 min

B40D

= Average Actual cycle time (min)

Figure 9—Actual versus theoretical cycle time for the EX 1200-6

27,873 min

B50D

= Average Theoretical cycle time (min)

Actual Cycle time versus TheoreticalCycle
time with EX 870 LCR-3

35
28,02 min

25,937 min

B40D

B Average Actual cycle time (min)

Figure 10—Actual versus theoretical cycle time for the EX 870 LCR-3

As expected, the actual cycle time is longer than the
theoretical cycle time. For the B40D, the difference in cycle time
is 1.52 minutes and for the B50D the difference is 4.13 minutes.
By mitigating the constraints identified, the cycle time will be
optimized, and the actual cycle time will be reduced to a time
equal to or better than the theoretical cycle time. Figure 10 shows
the actual versus theoretical cycle time for a Hitachi shovel EX
870 LCR-3.

From Figure 10, with a Hitachi 870 LCR-3, the difference in
the cycle time of the B40D is 2.08 minutes and that for the B50D
is 4.24 minutes. There is also a need to optimize this cycle time
as the gap (largely caused by the queuing time) between the
theoretical and the actual cycle time is significant.

Production calculation

Production data interpretation

The production data to be analysed was collected on the mine.
Shift data:

» Two shifts per day
» Eleven hours per shift (ideal scenario)
> Nine effective working hours per shift, 7.e. 18 effective
working hours per day.
Planned versus actual production per annum
Equations [5] to [7] are used to calculate the annual production
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32,12 min
27,885 min

BSOD

B Average Theoretical cycle time (min)

(planned and achieved) in 2017. By knowing the planned tons
production per ADT and the number of trucks operating on the
mine, the calculations could be done as follows:

Cycles per hour = Cycle time (min) + 60 [5]

Tons per annum (t) = Tons per day x [6]
Number of days per annum

Tons per annum (t) = Tons per day x -
Number of days per annum [7]

ADTs and shovels have surpassed the required working
hours, which has become a constraint as identified during the on-
site investigation. Consequently, unpredictable breakdowns occur,
which affect the machine availability and utilization as shown in
Table III.

As a result, there was a 39.06% shortfall in production in
2017-2018, with 4 830 403.91 t of unmoved material being the
outcome of the longer cycle time due to the constraints.

Conclusions

There are two types of constraints identified in the production
mining cycle. There are man-made constraints identified through
Systems Thinking analysis (i.e. the mine roads and condition

of equipment, lack of work ethic from the operators, bucket fill
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Table Ill
Comparative production calculation results (predicted actuals) for each truck type matched with each shovel
Annual planned production Annual actual production
EX 870 LCR-3 EX 1200-6 EX 870 LCR-3 EX 1200-6

B40D B50D B40D B50D B40D B50D B40D B50D
Payload (t) 40 50 40 50 40 50 40 50
Bucket fill factor (FF) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Availability (Av) 0.8 0.8 0.8 0.8 0.75 0.75 0.75 0.75
Utilization (Uti) 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6
Cycle time (min) 25.94 27.89 27.44 27.87 28.02 32.12 25.93 32
Cycles per hour 2.31 2.15 2.19 2.15 2.14 1.87 2.31 1.88
Production (t/h) 46.63 54.21 44.08 54.25 34.69 37.83 37.49 37.97
Available number of ADTs 11 5 1 5 1 5 1 5
Production of all ADTs 512.94 271.06 484.90 271.26 381.58 189.13 412.34 189.84
Effective shift hours per day 22 18
Tons produced per day 1128463 | 596343 | 1066776 | 596771 686852 | 340442 | 742214 | 341719
Number of days per annum 365 357
Tons produced per annum 411888851 | 217665113 | 3893730.61 | 217821313 | 245206253 | 121537827 | 264970274 | 121993594
Total tons produced 12 367 483.39 7 537 079.47
Production shortfall (t) 4 830 403.91
Difference (%) 39.06

factor of the shovel, and the queuing of ADTs at the shovel).
There is also a naturally occurring constraint, which is the rainfall
from mid-November to the beginning of April. This constraint
cannot be mitigated.

From the analysis of the results, the actual cycle time of
a B40D ADT can be reduced by 8% (from 28.02 minutes to
25.94 minutes) when used with the Hitachi 870 LCR-3 shovel.
Moreover, the actual cycle time for the B50D ADT can be reduced
by 13.2% (from 32.12 minutes to 27.89 minutes) using the
Hitachi 870 LCR-3. When excavating with the Hitachi 1200-6
shovel, the actual cycle time can be reduced by 5.5% (from 27.44
minutes to 25.94 minutes) for the B40D ADT and by 12.9%
(from 32 minutes to 27.87 minutes) for the B50D ADT.

Finally, a reduction in cycle time increases production as
it can achieve a higher tonnage per hour and per shift. The
production can be increased with the same resources and fixed
costs by optimizing the productivity through Systems Thinking.
Eventually, the increase in the financial performance of the mine
may extend the life of mine (LOM) as it will allow access to
previously uneconomical reserves. Ultimately, the positive impact
on the country will be tangible through royalties, taxes, and the
economy.

Recommendations

» Scheduled mine roads and equipment maintenance. Mine
roads must be regularly maintained, especially during
the rainy season, to allow smooth running of the mine
operations

» Empowering the workers would be an effective way to
overcome their poor work ethic, by demonstrating the
impact their work has on the overall mine operation and
output. Proving to workers how losing minutes discussing
trivial matters adversely affects the daily, monthly, and
yearly cycle time, therefore, the productivity (Lane, 2018)

» It was observed from the on-site investigation and proven
by data analysis that the inconsistency in the loading time
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data must have been caused by the shovel bucket filling
factor. NB Mining must reinforce its operator-training
programme so that the operators have the competency to
operate the shovels at full efficiency

» The following formula can be used to calculate the number
of trucks required per shovel. This will reduce the queuing
time of the ADTSs at the shovel. For the purpose of this
calculation, the actual hauling and loading cycle times are
used because they are based on the data collected on-site.

Hauling cycles time (minutes)

Loading cycle time (minutes)

2159
=1+ o 10.74 ~ 115prs(EX 870 LCR-3 loading B40D)

No of trucks required per shovel = 1 +

25.60
=1+ = 12.07 = 13 sprs(ex 870 LCR-3 loading B50D) ]

21.59
=1 +m =1499 = 15 ADTs(EX 1200-6 loading B40D)

25.60

=1+ T 12.80 & 13 ApTs(EX 12006 loading BSOD)

Future studies can be conducted on:
» Application of Systems Thinking in mining to optimize a
mine’s throughput
» Adding value to a mine by saving costs on diesel when
implementing 'stop-start systems’ on ADTS.
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