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A B S T R A C T  
 

 

The ever increasing demand for minerals has forced the surface mines to consistently upgrade the 

mechanization, for extracting minerals and removing overburden (OB), as well. Also, loading and 
hauling machineries are highly capital intensive equipments to procure, operate and maintain in surface 

mining operation. These machineries perform tens of thousands of cycles annually. Therefore, a small 

improvement in their speed factor will definitely have a significant effect on their production and 
productivity. Speed factor is the ratio of the planned cycle time of the equipment to the actual cycle 

time. For an idealized situation, the speed factor should be equal to 1. The low range of speed factor 

can be defined as the increase in cycle time of operation and decrease in production of this equipment. 
In the case study mine, speed factor of dragline operation was computed as 0.8222 which amounts to a 

loss of 1039 work hours per year or an annual loss of 50,531 cycles of operation which is an equivalent 

loss of 844221 m3 in output. Therefore, a small improvement in speed factor will definitely have a 
significant effect on its performance and production. As such, it is imperative to critically analyze the 

cycle time operation of this machine in order to enhance the speed factor, overall effectiveness and 

production. In this light, the present paper is an endeavour to critically analyze actual cycle time of 
dragline operation. In this regard, field observations for cycle time of dragline operation were precisely 

recorded on the basis of time and motion study. This was done by capturing real-time motion pictures 

of dragline operation, under normal operating conditions, by robust field camera installed with a 
precise in-built watch. The influence of degree of fragmentation on the cycle time was also critically 

evaluated by image analysis of the blasted muck pile. Descriptive statistics of the cycle time data 

reveal that unloading time is more or less constant; also there is not much variation in swing time 
segment. But the digging time segment exhibits significant variations which are affected by numerous 

field conditions such as collar oversize of blasted rock and balancing diagram of cut geometries. 

 

doi: 10.5829/idosi.ije.2015.28.09c.18 
 

 
1. INTRODUCTION1 
 

Minerals are the basic need of our life as they are used 

in tools, machines, equipments and provide us power 

and energy. The increased demand for minerals, owing 

to rapid industrialization and population explosion, has 

forced the mining industry to consistently upgrade the 

mechanization, for extracting more minerals and 

removing overburden (OB), as well. As such, a large 

number of excavating, loading and transporting 

equipments such as dragline, shovel and truck are 

                                                           

1*Corresponding Author’s Email: moosa.mohammadi@yahoo.com 

(M. Mohammadi) 

deployed to meet the increasing demand. Loading and 

hauling costs in surface mines are almost over 60% of 

the operating costs [1, 2]. These machineries perform 

tens of thousands of cycles annually. Therefore, a small 

improvement in its cycle time will definitely have a 

significant effect on its production and productivity. As 

such, it is imperative to critically analyze the cycle time 

operation of these machines in order to enhance the 

speed factor, overall effectiveness and production. 

Speed factor is an indicator which manufacturers use 

for performance measurement of their industry as a 

component of Overall Equipment Effectiveness (OEE). 

It is the ratio of the planned cycle time of the equipment 

to the actual cycle time [3-8]. It indicates the deviation 

RESEARCH 

NOTE



1393                        M. Mohammadi and P. Rai/ IJE TRANSACTIONS C: Aspects  Vol. 28, No. 9, (September 2015)  1392-1400 

 

 

of actual cycle time from planned cycle time. Speed 

factor primarily depends on the system characteristic 

and related human factors [3]. Mathematically, it can be 

expressed as: 

a

p

CT

CT
S   (1) 

where, CTp is planned cycle time (s), and CTa is actual 

cycle time (s). For example, average cycle time of 

dragline operation is almost 60 seconds, assuming 

average angle of swing to be 90 degree [9, 10]. Central 

Mine Planning & Design Institute Limited [5] has 

stipulated the dragline average cycle time (CTp) as 74s 

in the present case study mine, but the actual cycle time 

(CTa) as computed by authors is 90s. Discrepancy of 

16s per cycle is the cycle time loss. Therefore, the speed 

factor (S) is computed by using Equation (1) as:  

8222.0
90

74


a

p

CT

CT
S   (2) 

For an idealized situation, the speed factor should be 

equal to 1. The low range of speed factor can be defined 

as the increase in cycle time of operation and decrease 

in production of this equipment. In other words, this 

amounts to a loss of 1039 work hours per year or an 

annual loss of 50,531 cycles of operation which is an 

equivalent loss of 844221 m
3
 in output. 

Needless to repeat, even smallest possible reduction 

in any time segment of the dragline cycle is capable of 

enhancing the speed factor and the system production 

exponentially. Cycle time elements are strongly affected 

by the operating technique, geometry of pit (width and 

depth of cut), swing angle, degree of fragmentation of 

material, etc.[10-15]. These aforesaid factors play a vital 

role in influencing the cycle time of dragline.  Hence, 

the present paper is an endeavour to critically analyze 

speed factor and actual cycle time segments of dragline 

operations in real time.  

 

 

2. METHODOLOGY FOR ANALYSIS OF CYCLE TIME 
SEGMENTS OF DRAGLINE OPERATION  
 

Based on the investigation, observations and their 

critical interpretation, an attempt has been made to 

evolve a methodology to fulfil the objectives of this 

research. In this line, one complete cycle of operation 

was distinctly split into four discrete segments, namely, 

digging and filling the bucket, swinging-to, unloading 

and swing-back segment. Figures 1 to 4 illustrate these 

segments. The segmental cycle time are described 

herewith: 

 

2. 1. Digging Time            It is the time taken in 

placing, repositioning and filling the dragline bucket. It 

comprises of the manoeuvring of bucket to take proper 

position in order that the bucket touches the ground at 

the excavation face and drags to fill. In other words, it is 

the time consumed in spotting, scooping and filling the 

bucket. 

 

2. 2. Swing-to Time           It is the time taken in 

swinging the bucket from the end of digging time 

(beginning of hoisting) till it takes position to unload 

and starts releasing the material from the bucket. The 

filled bucket is simultaneously hoisted and swung over 

to the spoil pile to unload the material. 

 

2. 3. Unloading Time         It is the time taken to 

discharge the filled material from the bucket.  

 

 

 

 
Figure 1. A cross-sectional view of digging and filling 

segment. 

 

 

 
Figure 2. A cross-sectional view of swing-to segment. 

 

 

 
Figure 3. A cross-sectional view of unloading segment. 
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Figure 4. A cross-sectional view of swing-back segment. 

 
 
2. 4. Swing-back Time            It is the time taken after 

completion of unloading the material till dipping of the 

bucket for re-positioning at the scooping site in a 

specific depth. The bucket is swung back to the cut 

while simultaneously being lowered and placed at the 

digging position. 

Field observations for digging, swinging-to, 

unloading and swinging-back time were precisely 

recorded on the basis of time and motion study. This 

was done by capturing real-time motion pictures of 

dragline operation, under normal operating conditions, 

by robust field camera installed with a precise in-built 

watch. 

To represent the impact of cut geometry on the cycle 

time segments, the balancing diagram for the given 

dragline bench was prepared as illustrated in Figure 5. 

This figure illustrates the cross sectional view of the 

dragline bench distinctly showing the location of key-

cut, main-cut, and re-handling area. Subsequently, the 

cycle time data are analyzed to get their descriptive 

statistics. Use of statistical analysis is a scientific way of 

dealing with uncertainty and making decisions. Over the 

years, a large number of probability distributions have 

been developed to address the needs of data analysis in 

various industries.  

The Kolmogorov-Smirnov (K-S) test was used to check 

which particular distribution is the best-fit to describe 

the cycle time data.  

 

 

3. CASE STUDY 
 

To accomplish the research objectives, field studies and 

field data acuisition were conducted in Northern 

Coalfields Limited (NCL), Madhya Pradesh, India – one 

of the largest opencast coal fields in the world. 

Geographically, the area lies between latitudes of 24˚ 0´ 

to 24˚ 12´ and langitudes 82˚ 30´ to 82˚ 45´. 

There are three coal seams namely Purewa top, 

Purewa bottom and Turra seam from top to bottom. The 

average thicknesses of these coal seams are 7 m, 10 m, 

and 18 m, respectively. Figure 6 gives a typical cross-

sectional view of the pit showing the relative disposition 

of coal and overburden benches. 

The overburden bench above the Turra coal seam is 

excavated by draglines. An average of 90 m width is 

taken in the dragline cut with an average working height 

of 38 m. Overlying part is extracted by large capacity 

shovel dumper combination. Other overburden benches 

above the Purewa bottom and Purewa top coal seams 

are also excavated by large capacity shovel-dumper 

combination. 

The excavation of all three coal seams is also done 

by shovel dumper combination. The present study was 

conducted on the dragline bench, which consisted of 

fine grained sandstone, sandy shale and gray shale, 

overlying Turra coal seam, with compressive strength 

ranging from 15 to 25 MPa and tensile strength ranging 

1.5 to 2.5 MPa. Details of the dragline bench are 

tabulated in Table 1. 

 

 
 

 
Figure 5. Balancing diagram of dragline operation 
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Figure 6. A typical cross sectional view of mine under study 
 

 

Figure 7 is also provided to represents the positions 

of key-cut, main-cut and re-handling area in the dragline 

operation. This figure shows the draglines operating in 

horizontal tandem mode, being seated at the top of the 

overburden bench and exposing the Turra coal seam. 

Both draglines were deployed on the same stripping 

bench to work in horizontal tandem. The leading 

dragline (dragline 1) was deployed on the high-wall side 

to provide the key-cut towards the high-wall. On 

completing the key-cut, this dragline excavates the first 

cut of main-cut. Then the leading dragline again moves 

to new key-cut position, ready for next stripping cycle 

to repeat the sequence. The lagging dragline sits on the 

spoil side on the extended bench formed by leading 

dragline.  

The lagging dragline (dragline 2), being seated on 

the extended bench, casts the overburden to a greater 

distance. It first excavates the remaining portion of the 

main-cut and finally re-handles the overburden to fully 

expose the coal seam.  

 

 

 
TABLE 1. Details of dragline bench 

Parameter Magnitude 

High-wall slope 70◦ 

Angle of repose 38◦ 

Bench width 90 m 

Bench height 38 m 

Key-cut width at top 38 m 

Key-cut width at bottom 5 m 

Coal rib width at bottom 5 m 

. 

 

 

 

Figure 7. Draglines in horizontal tandem operation 
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The overburden is thus, excavated and deposited in a 

relatively long and narrow de-coaled area as part of a 

series of adjacent and parallel pits. This operation, in 

turn, exposes the underlying coal seam. 

The 24/96 dragline with bucket width of 2.5 m, 

boom length 96 m, digging reach 88 m, dumping reach 

88 m, dumping height 40 m, digging depth 43 m and 

boom angle 30
◦
 was studied in the field to meet the 

objectives of the present research. Following 

observations were made and recorded in the field-scale:  

 The variations in digging time and swing time vis-à-

vis the digging depth were investigated and recorded 

at three distinctly varying depth ranges of up to 10 

m, 10-25 m and 25-38 m. 

 The influence of geometry of the excavation area 

(key-cut, main-cut and re-handling area) on the 

digging time, swinging time and unloading time 

elements was also critically evaluated.  

 Influence of nature of material (loose OB or blasted 

muck) on unloading time was also observed and 

recorded.  

 

 

4. RESULTS AND DISCUSSION  
 

After obtaining the real-time values for various cycle 

time segments, vis-à-vis the specified field variations, 

various theoretical probability distribution functions 

were tested as possible candidates. The most important 

steps in statistical analysis of data are the identification 

and use of the correct statistical model for describing 

the data characteristics. The Kolmogorov-Smirnov (K-

S) test was used to check which particular distribution is 

the best-fit to describe the data. Data analysis was made 

using Math-Wave-Easy-Fit 5.5 Professional software. 

The result of statistical analysis for normal, lognormal 

and beta distributions are summarized in Tables 2 to 7. 

 

TABLE 2. Parameters of distributions for the digging time at various cut depths and geometries 

Area Depth (m) No. of data 
Parameters of distribution 

Lognormal Normal Beta 

Key-cut 

0-10 219 σ =0.51, µ=2.7, γ=11 σ =8.6, µ=28 α1 =1.1, α2=2.4, a=15, b=54 

10-25 232 σ =0.58, µ=2.4,  γ=13 σ =7.3,  µ=25 α1 =2.2, α2=2.4E+6, a=15, b=1.2E+7 

25-38 197 σ =0.55, µ=2.7,  γ=12 σ =12, µ=30 α1 =0.8, α2=2.9, a=14, b=1.1E+2 

Main-cut 

0-10 200 σ =0.47, µ=2.5, γ=11 σ =6.5, µ=25 α1 =2.7, α2=2.9E+6, a=14, b=1.1E+7 

10-25 230 σ =0.26, µ=31 σ =6.4, µ=24 α1 =1.6, α2=4.8, a=14, b=55 

25-38 207 σ =0.33, µ=3, γ=5.6 σ =7.1, µ=27 α1 =2.6, α2=8.8, a=13, b=72 

Re-handling 

0-10 94 σ =0.33, µ=2.2, γ=8.3 σ =3.1, µ=17 α1 =4.8, α2=1.5E+6, a=11, b=2.1E+6 

10-25 91 σ =0.17, µ=2.8 σ =2.9, µ=17 α1 =0.47, α2=3.2, a=13, b=32 

25-38 93 σ =0.18, µ=2.9 σ =3.5, µ=19 α1 =18, α2=3.6E+3, a=4.4, b=3E+6 

 

 
TABLE 3. Parameters of distributions for swing time data 

 Depth (m) No. of data 
Parameters of distribution 

Lognormal Normal Beta 

Swing-to 

0-10 517 σ =0.08, µ=3.2 σ =2, µ=26 α1 =2.9, α2=6.3, a=21, b=35 

10-25 556 σ =0.05, µ=3.8,  γ=12 σ =2, µ=30 α1 =6.4, α2=7.7, a=23, b=39 

25-38 501 σ =0.1, µ=3,  γ=15 σ =2.1, µ=35 α1 =3, α2=4.2,a=30, b=42 

Swing-back 

0-10 517 σ =0.19, µ=2.3,  γ=15 σ =2, µ=25 α1 =15, α2=2.1E3, a=18, b=1.1E3 

10-25 556 σ =0.05, µ=3.5,  γ=-2.7 σ =1.6, µ=30 α1 =2.4, α2=3.3, a=27, b=35 

25-38 501 σ =0.03, µ=4.1, γ=-28 σ =1.8, µ=34 α1 =1800,α2=37, a=-22, b=46 

 

 
TABLE 4. Parameters of distributions for unloading time data 

 No. of data 
Parameters of distribution 

Lognormal Normal Beta 

Blasted OB 
Key-cut 650 σ =0.22, µ=1.5 σ =0.96, µ=4.5 α1 =0.76, α2=2.4, a=3, b=8.1 

Main-cut 640 σ =0.2, µ=1.5 σ =0.9, µ=4.5 α1 =3.2, α2=6.1, a=2.4, b=8.6 

Loose OB Re-handling 279 σ =0.17, µ=1.5 σ =0.75, µ=4 α1 =0.85, α2=1.7, a=3, b=6.6 
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TABLE 5. Result of K-S test for the digging time data 

Area 
Depth 

(m) 

Result of K-S test (Dmax) 
Best fit 

Lognormal Normal Beta 

Key-cut 

0-10 0.06 0.12 0.07 Lognormal 

10-25 0.08 0.13 0.07 Beta 

25-38 0.09 0.2 0.14 Lognormal 

Main-cut 

0-10 0.07 0.13 0.06 Beta 

10-25 0.07 0.08 0.07 Lognormal 

25-38 0.05 0.08 0.05 Lognormal 

Re-

handling 

0-10 0.1 0.16 0.1 Lognormal 

10-25 0.1 0.1 0.4 Lognormal 

25-38 0.11 0.15 0.12 Lognormal 

 

 
TABLE 6. Result of K-S test for the swing time 

reaA 
Depth 

(m) 

Result of K-S test (Dmax) 
Best fit 

Lognormal Normal Beta 

Swing-to 

0-10 0.16 0.17 0.15 Beta 

10-25 0.15 0.15 0.15 Normal 

25-38 0.12 0.14 0.14 Lognormal 

Swing-

back 

0-10 0.16 0.2 0.17 Lognormal 

10-25 0.17 0.16 0.18 Normal 

25-38 0.2 0.19 0.18 Beta 

 

TABLE 7. Result of K-S test for the unloading time 

 Result of K-S test (Dmax) Best fit 

lLognormal Normal Beta 

Blasted OB 
Key-cut 0.2 0.22 0.36 Lognormal 

Main-cut 0.21 0.23 0.2 Beta 

Loose OB Re-handling 0.27 0.26 0.27 Normal 

 

 
TABLE 8. Descriptive statistics of digging time data (s) 

 Depth (m) Best fit Mean St. Dev. 

Key-cut 

0-10 Lognormal 28 9.2 

10-25 Beta 25 7.3 

25-38 Lognormal 30 10 

Main-cut 

0-10 Beta 25 6.4 

10-25 Lognormal 24 6.4 

25-38 Lognormal 27 7.2 

Re-handling 

0-10 Lognormal 17 3.1 

10-25 Lognormal 17 2.9 

25-38 Lognormal 19 3.5 

 

TABLE 9. Descriptive statistics of swing time data (s) 

 Depth (m) Best fit Mean St. Dev. 

Swing-to 

0-10 Beta 26 2 

10-25 Normal 30 2 

25-38 Lognormal 35 2.1 

Swing-back 

0-10 Lognormal 25 2 

10-25 Normal 30 1.6 

25-38 Beta 34 1.8 

 

 
TABLE 10. Descriptive statistics of unloading time data (s) 

 Best fit Mean St. Dev. 

Blasted OB 
Key-cut Lognormal 4.5 1 

Main-cut Beta 4.5 0.91 

Loose OB Re-handle Normal 4 0.75 

 

 

Subsequently, descriptive statistics of the data set 

with respect to best fit distribution were computed and 

tabulated in Tables 8 to 10. In view of the statistics 

analysis of cycle time data, following results are 

discussed for the given case: 

 It is revealed from Table 8 that the mean digging 

time of the dragline cycle varies from 17s for loose 

overburden in re-handle area to 30s for blasted 

overburden in key-cut. It exhibits significant 

variations (large St. Dev.) and as such, it is affected 

by numerous field conditions in the present case. 

 Properties of Lognormal and Beta distributions for 

digging time (Table 8) reveal the dependence of 

digging time on cut depth and cut geometry. The St. 

Dev. for greater cut depths is higher than for 

shallower cut depth ranges. This is largely attributed 

to the presence of collar over size fragments in the 

blasted muck up to 10 m from the bench top (see 

Figure 8). From 10-25 m the digging time in all the 

cut geometries can be observed to be reduced 

significantly owing to better fragmentation within 

this portion of the bench (see Figure 9). 

Subsequently, from 25-38m the digging time again 

shows a rising trend because of poor visibility, 

operational control, problems in positioning the 

bucket and carefully dragging it up the blasted muck 

(in order to avoid the chances of digging the coal 

from the underlying coal seam) and the presence of 

oversize fragments in the toe region. 

 On the basis of the field studies, observations and 

image analysis of the field captured photographs on 

the blasted muck piles, the result in terms of 

fragment sizes vis-à-vis the digging time, has been 

discussed. The results in terms of K10 (Fine size), 

K50 (Mean Fragment size), K80, and K100 (Max 

fragment size) are presented in Tables 11 and 12. 
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Figure 8. Collar oversize fragmentation at the key-cut 

 

 

 
Figure 9. Better fragmentation in the main-cut 

 

 
TABLE 11. Average digging time vis-à-vis rock size 

distribution for key-cut at different depth ranges 

Parameters 
Depth (m) 

Up to 10 10-25 25-38 

K10 (m) 0.274 0.156 0.220 

K50 (m) 0.424 0.234 0.337 

K80 (m) 0.535 0.292 0.423 

K100 (m) 0.796 0.427 0.626 

Digging time (s) 27.7 25.4 29.8 

 

 
TABLE 12. Average digging time vis-à-vis rock size 

distribution for main-cut at different depth ranges 

Parameters 
Depth (m) 

Up to 10 10-25 25-38 

K10 (m) 0.236 0.152 0.201 

K50, (m) 0.360 0.227 0.301 

K80, (m) 0.453 0.284 0.383 

K100 (m) 0.670 0.415 0.565 

Digging time (s) 24.9 24.1 26.6 

 

 

 From the Table 8, it is noteworthy that the 

digging times in all the depth ranges for the key-cut is 

slightly more than the main cut. Also, St. Dev. for key-

cut, is greater than main-cut, which, in turn is higher 

than for the re-handling area. This difference is 

attributable to the space availability at the bottom of the 

cuts for bucket manoeuvrability and careful controls by 

the operators.  

In Tables 11 and 12, it may be noted that the average 

digging time appears to be sensitive to the degree of 

fragmentation in any cut. Owing to the presence of 

collar oversize at the top portion of the bench and 

improper toe fragmentation, the corresponding average 

digging time in these portions (top & toe) is 

significantly higher than the corresponding middle 

portions of the key and main-cuts.   

Furthermore, while comparing the digging times in 

key and main-cuts, it is distinctly observed that digging 

times in key-cuts are always greater than that in the 

main-cut at corresponding depth. This is largely due to 

the influence of degree of fragmentation. This also may 

be attributed to better availability of free-faces in the 

main-cuts.  

 It is revealed from standard deviation (St. Dev.) 

values (Tables 8 and 9) that there is a narrow 

variation of swing time data in comparison with 

wide spread of digging time data. 

 From the characteristics of the best-fit distributions 

of unloading time (Table 10), it is revealed that 

unloading time is more or less constant. Unloading 

time is independent of digging depth and swing 

angle; but nature of material, degree of 

fragmentation and operator’s efficiency may affect 

the unloading segment time. 
 

 

6. CONCLUDING REMARKS 
 

The present study leads us to the following conclusions: 

 The value of speed factor (0.8222) reflects the 

equipment’s performance vis-à-vis the problem 

areas for further improvements. The area of 

problem, the bottlenecks and areas need attention 

and improvement, which are mostly related to 

digging time of operation.  

 Descriptive statistics of the cycle time data reveal 

that unloading time (4-4.5s) is more or less constant 

(St. Dev. is less than 1s); also there is not much 

variation in swing time segment. But the digging 

time segment exhibits significant variations (upto 

10s) which are affected by numerous field 

conditions in the present case. In other words, 

variation in overall cycle time of dragline operation 

primarily depends on digging segment. 

 Digging time is a function of cutting depth and the 

optimum cutting depth is highly dependent on the 

bucket placement, visibility, and control in the cuts. 

 Better fragmentation of rocks significantly can 

enhance the excavator performance by way of 

reducing the digging time. 
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 Cut geometry influences the space availability for 

dragline operation. As such, it vastly influences the 

digging time. Hence proper mine design and 

balancing diagram of dragline operation can reduce 

the digging time. 

 Given these, it is suggestive from the present study 

that there is sufficient scope to improve the system 

by addressing the fragmentation (drilling and 

blasting), and balancing diagram issues.  
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هچكيد
 

 

افزایش تقاضابرای مواد معدنی، معادن روباز را به ارتقاء مداوم سطح مکانیزاسیون برای استخراج مواد معدنی و همچنین باطله 

های مرتبط با آن سوق داده است. ماشین آالت بارگیری و حمل تجهیزاتی سرمایه بر هستند که هزینه های عملیاتی و نگهداری 

ه ها هزار سیکل عملیاتی در سال انجام می دهند. بنابراین حتی یک بهبود کوچک در فاکتور باالیی دارند. این ماشین آالت د

سرعت، تاثیر قابل توجهی در بهره وری و تولید این ماشین آالت خواهد داشت. فاکتور سرعت نسبت بین سیکل زمانی برنامه 

باشد. پایین تر بودن  1آل فاکتور سرعت بایستی ریزی شده ماشین آالت به سیکل زمانی واقعی می باشد. در یک حالت ایده 

فاکتور سرعت به معنای افزایش زمان سیکل کاری ماشین و کاهش تولید می باشد.در معدن مورد مطالعه، فاکتور سرعت 

سیکل عملیاتی و یا کاهش  50501ساعت اُفت کاری یاازدست دادن  1001محاسبه گردید که به معنای  2888/0دراگالین 

متر مکعب تولید در سال می باشد. بنابراین بهبود در فاکتور سرعت حتی به مقدار کم، تاثیر به سزایی در ارتقاء کارایی  222881

تحلیل زمان سیکل عملیات این ماشین به منظور بهبود فاکتور سرعت، کارایی کل و   ماشین و تولید خواهد داشت. از این رو

حاضر تالشی است که زمان واقعی سیکل کاری دراگالین را نقادانه تحلیل نماید.  تولید ضروری است. در این راستا مقاله

مشاهدات میدانی برای بررسی زمان سیکل کاری دراگالین بطور دقیق ثبت گردید. این با ضبط فیلم از عملیات دراگالین در 

سنگ ها بر روی زمان سیکل کاری  شرایط کاری نرمال و استفاده از زمان سنج انجام گردید. همچنین اثر درجه خردایش

دراگالین با عکسبرداری دیجیتالی از سینه کارهاو تحلیل تصویری مورد ارزیابی قرار گرفت. تحلیل آماری داده های مربوط به 

زمان عملیات دراگالین نشان می دهد که زمان تخلیه جام کم و بیش ثابت است، همچنین تغییرات جندان زیادی در زمان 

ش جام دراگالین وجود ندارد. اما زمان کندن و پرکردن جام شاول تغییرات قابل مالحظه ای را نشان می دهد که سیکل چرخ

متاثر از شرایط میدانی متعددی مانند سایز بزرگ سنگهای انفجاری در قسمت باالیی پله و ژئومتری برشهای های دراگالین می 

  باشد.
 doi: 10.5829/idosi.ije.2015.28.09c.18 

 

 

 

 

 

 

 

 

 

 


