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Application of surface miners is gaining popularity in different surface mines of India due to the wide 
range of advantages offered by them. More than 100 surface miners are operating in India in different 
coal, limestone and bauxite mines today. For new start-ups, however, it is imperative to select 
appropriate specifications of surface miner considering the rock/rockmass properties for a given 
production target and chip size. The emphasis of this paper is on performance estimation of different 
available models of surface miner with varied machine parameters and rock conditions for facilitating 
the selection of a particular model for a given production requirement. From the review of literature, it 
was found that the specific energy required to cut the rock is predominantly influenced by uniaxial 
compressive strength of rock and the same can be determined through laboratory investigations. The 
current study envelops the development of an approach for the estimation of theoretical production 
capacity of surface miner along with simulation studies for achieving a particular cut size. The 
theoretical production capacity of a few surface miners, based on their respective specifications was 
analysed and found to range from 264 to 5865 m

3
/h for the chip size varying from 50 to 175 mm. The 

suggested approach can be useful to draw appropriate specifications of surface miner for a given 
production. Instantaneous cutting rate was observed to be high for rock strength less than 50 MPa. Pick 
consumption was also arrived at in different mines. The suggested approach was also illustrated with a 
case study followed by validation. 
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INTRODUCTION 
 
Surface miners of various make brand and specifications 
are being used for mining of minerals world-wide. The 
application of surface miners corroborates in soft to 
medium hard rock with compressive strengths ranging up 
to 120 MPa (Ghose, 2008). Improved product size, pick 
life, reduced power consumption and higher productivity 
are the principal objectives of improving cutting 
performance of surface miners. Pick consumption is one 
of the key and regular problems faced during  production.  
 
 
 
*Corresponding author. E-mail: amar_cmri@yahoo.co.in. Tel: 
+919431315038. 

Increased pick consumption hampers production and, in 
turn, economy of mining. The increase in pick 
consumption with production enhancement as observed 
in different Indian coal and limestone mines is shown in 
Figures 1 and 2. Pick breakage usually takes place when 
the cutting force, that is, exceeds the pick strength while 
attempting for higher production. The actual production 
rate for minimum pick consumption needs to be decided 
based on rock properties. Improper synchronisation of 
machine operation namely haulage/cutting speed, rpm 
and depth of cut with rock properties often lead to either 
pick breakage (Figure 3) or wearing of pick (Figure 4).  

This can be reduced by operating surface miner at a 
suitable  speed  based   on   rock/rock   mass   properties  
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Figure 1. Relation between coal production per day and pick consumption, India.  

 
 
 

 
 
Figure 2. Relation between limestone production per month and pick consumption, India.  

 
 
 
without overloading the picks. Minimum cutting force 
required for a particular penetration depth can be 
obtained by proper pick configuration and attack angle 
which can be analysed through laboratory tests. It may 
be seen from the above regression analysis that the pick 
consumption has a good dependency on the production 
achieved, may it be coal or limestone. 

 
 
MATERIALS AND METHODS 

 
Cutting capacity estimation of surface miner 

 
Contribution of each pick to the cutting process can be seen in 
relation to that of neighbouring picks as the drum rotates and 
advances into the mineral. The design should be made in such a 
way that the areas removed by the picks are sensibly equal and no 
pick is over loaded or underutilized (Anon,  1984).  Total  number of 

picks attacking at a time depends on area of the cutting drum in 
contact with the rock, that is, product of drum arc length (La), drum 
width (W) and pick spacing. The arc length in contact with rock 
(Figure 5) is expressed as:  
 

-1 R-D
2πRcos

R
La = 

360

 
 
 

            [1] 

 
Where,  La = length of arc of drum in contact with rock (m), R = 
drum radius (m) and D = depth of cut (m). 

The length of arc depends on depth of cutting. Equation (1) was 
formulated by the authors based on various drum design 
specifications available, holds good for depth of cut less than radius 
of drum. Haulage speed of surface miner is under the control of 
operator for a constant rotational drum speed which ranges from 60 
to 100 rpm. The haulage speed determines the product size. It is 
necessary  to  know  the  cutting  speed  of  surface  miner   for   the 
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Figure 3. Broken pick due to overload.    

 
 
 

 
 
Figure 4. Worn pick due to rock abrasivity.  

 
 
 
 
desired product size of ore/mineral. The cutting speed depends on 
two movements namely, linear motion of the surface miner and 
rotational motion of cutting drum. The size of the chip is 
proportional to the tool advance per revolution. Production depends 
on the cutting area of the drum in contact with the rock and is 
calculated as: 
 

P = HS x CA                 [2] 

 
Where, P = production (m

3
/hr) and CA = contact area of drum with 

rock (m
2
). 

The concept of desired haulage speed (HS) was well 
documented by various authors (Brooker, 1979; Ghose and Murthy, 
1989) for shearer. The same model has been applied for surface 
miner, expressed as: 
 

TAR x DS
HS = 

1000
             [3] 

 
Where, HS = haulage speed (m/min), TAR = tool advance per 
revolution (mm) and DS = drum speed (rpm). 

Maximum size of cut material will be equivalent to pick advance 
after each revolution, represented as P in Figure 5. The contact 
area relies on the drum dimension, that is, width of the drum and 
the length of arc coming in contact with the rock, which is 
expressed as: 
 

CA = La x W                [4] 

 
Where, La = length arc of drum in contact with rock (m) and W = 
drum width (m). 

Various models of surface miner have varying drum 
specifications and consequently affect the contact area of drum with 
rock. Specifications of a few models are presented in Table 1. The 
haulage speed for achieving 50 mm chip size at 60 rpm drum 
speed is calculated from Equation 3. 

 

HS = 50 x 60/1000 = 3 m/min 

 

The theoretical production is calculated from Equation 2 as given: 

 

P = 3 x 1.47 x 60 = 264.9 m
3
/h 

 
Similarly, haulage speed and theoretical production are calculated 
for different chip sizes at vary drum speed. 
Following assumptions were made for simulation of machine 
performance: 
 
a. Production has been calculated under ideal condition that is, with 
100% efficiency, hence considered to be theoretical,  
b. Rock/rock mass parameters are not included for calculating the 
machine performance,  
c. Pick spacing has been assumed to be expedient enough to have 
chip size less than or equal to tool advance per revolution, so that 
maximum chip size will form in the direction of cutting. 
 
 

SIMULATION OF PERFORMANCE 
 

Selection of operating parameters  
 
The  haulage and drum speed can be varied for obtaining 



Amar et al.          15 
 
 
 

SURFACE

CUTTING DEPTH

CUTTING DIRECTION

R

D

 
 
Figure 5. Length of arc of drum in contact with the rock during cutting operation. 

 
 
 

Table 1. Model specification of a few surface miners. 
  

Specifications 
Model A 

(2200SM) 

Model B 

(2500SM) 

Model C 

(3700SM) 

Model D 

(4200SM) 

Cutting depth (m) 

Drum radius (m) 

Drum width (m) 

Contact length, La (m) 

Contact area (m
2
) 

0.35 0.60 0.60 0.80 

0.57 0.70 0.70 0.93 

2.20 2.50 3.70 4.20 

0.67 0.99 0.99 1.33 

1.47 2.49 3.69 5.58 
 
 
 

desired chip size and the theoretical production. The 
efficiency of the machine relies on technology of machine 
design and rock/rock mass parameters. Therefore, 
machine efficiency, that is, energy transfer ratio from 
cutting head to rock formation has to be taken into 
account for estimating actual production and, in turn, 
selecting suitable surface miner. The estimated 
production for varying drum speed (60 to 100 rpm) in 
different surface miner models (A, B, C and D) is 
graphically depicted in Figures 6, 7, 8 and 9, using Table 
1 and Equations 1, 2, 3 and 4. The length of drum arc in 
contact with the rock is calculated by Equation 1 and its 
product with drum width (Equation 4) imparts contact 
area as given in Table 1.  

Theoretical production capacity of a few surface miners 
and chip size were analysed, based on their respective 
specifications, and the same ranged from 264 to 5865 
m

3
/h for the chip size from 50 to 175 mm. For the above 

production capacity and chip size, simulation has been 
carried out to arrive at two important machine operating 
parameters, namely, cutting speed and drum rpm. 
 
 
Specific energy 
 

The number of picks attacking rock at a time  depends on 

depth of the cut. The number of picks per attack depends 
on cutting force required and, in turn, the specific energy 
required by each pick to cut the rock of suitable 
penetration depth (Figure 10). Laboratory investigation is 
necessary to determine proper penetration depth with 
minimum specific energy consumption (Bilgin et al., 
2006) since depth of penetration and pick spacing 
depends on rock properties. If the line spacing is too 
close, the cutting is not efficient because the rock is over 
crushed; in this case, tool wear is also high due to high 
friction between tool and rock, as demonstrated by 
Johnson and Fowell (1986). Pick spacing can be 
designed as shown in Figure 11 by laboratory tests. 

One of the most accepted methods to predict the 
cutting rate of any excavation machine is to use cutting 
power, specific energy obtained in laboratory and energy 
transfer ratio from cutting head to rock formation as given 
in the following equation (Rostami and Ozdemir, 1994; 
Rostami et al., 1994): 
 

opt

kP
ICR = 

SE
              [5] 

 
Where, k = energy transfer ratio, P = cutting power of 
cutting  head  (kW)  and SEopt = optimum specific energy/ 
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Figure 6. Haulage speed and drum speed for desired theoretical production and chip size (Model A). 
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Figure 7. Haulage speed and drum speed for desired theoretical production and chip size (Model B). 
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Figure 8. Haulage speed and drum speed for desired theoretical production and chip size (Model C). 



Amar et al.          17 
 
 
 

0

1000

2000

3000

4000

5000

6000

7000

0

2

4

6

8

10

12

14

16

18

20

0 50 100 150 200

H
au

la
g
e 

sp
ee

d
 (

m
/m

in
)

Chip size (mm)

Desired haulage speed at 60 rpm (m/min)

Desired haulage speed at 80 rpm (m/min)

Desired haulage speed 100 rpm (m/min)

Production at 60 rpm (cum/hr)

Production at 80 rpm (cum/hr)

Production at 100 rpm (cum/hr)

T
h
eo

retical p
ro

d
u
ctio

n
 (cu

m
/h

r)

100 rpm

60 rpm

80 rpm

 
 
Figure 9. Haulage speed and drum speed for desired theoretical production and chip size (Model D). 

 
 
 

 
 
Figure 10. Specific energy consumption with varying penetration depth (Bilgin 

et al., 2006). 

 
 
 
pick (kWh/m

3
). 

Rostami and Ozdemir (1994) pointed out that k 
changed between 0.45 and 0.55 for roadheaders and 
from 0.85 to 0.90 for TBMs (Tunnel Boring Machine). 
Production rate and specific power consumption are 
affected by reducing drum speed or increasing pick 
penetration. Lower dust level and decreased specific 
power consumption are the most noticeable benefits of 
reduced drum speed. Reduction of 35% in overall specific 
energy between higher and lower speeds (Figure 12) was 
observed in the previous studies (Ludlow and Jankowksi, 
1984). 

Laboratory tests were conducted by various authors 
(Asbury  et  al.,  2001;  Balci,  2009;  Tiryaki  and Dikmen, 

2006; Bilgin and Shahriar, 1988; Roxborough and Sen, 
1986; Morrell et al., 1970; Snowdon et al., 1982) to 
determine a relation between specific energy 
consumption and uniaxial compressive strength while 
studying the performance of tunnel boring machines, 
roadheaders, impact hammers and continuous miners. 
Tests were conducted mainly on coal, shale, limestone 
and sandstone. It was observed that roadheaders, impact 
hammers and tunnel boring machines were used in rocks 
with higher UCS.  

The specific energy was also found to be proportional 
to the cutting force required as expressed by various 
authors (Asbury et al., 2001; Tiryaki and Dikmen, 2006; 
Hagan,  2009;  Bilgin  et  al.,  2006).  By  aggregating  the 
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Figure 11. Specific energy behaviour with pick spacing to depth ratio (Bilgin et al., 2006). 

 
 
 

 
 
Figure 12. Variation of specific energy with drum speed (Ludlow and Jankowksi, 1984). 

 
 
 
data generated by different researchers as mentioned 
above, two generalised equations governing specific 
energy were derived as given in Figures13 and 14. The 
relation generated from Figures 13 and 14 are equated 
as: 
 

cSE = 0.123  + 0.97σ  (R
2
 = 0.81)       [6] 

 

cSE = 2.286F  + 9.75  (R
2
 = 0.79)       [7] 

 

Where, Fc = cutting force (kN) and 
c

σ = uniaxial 

compressive strength (MPa). 

 
 
Prediction of surface miner production potential 
 
Production potential estimation for surface miners based 
on cuttability of  rocks  has  been   done   from  Equations 

5 and 6 discussed earlier and the engine power of few 
models of surface miners (Table 2).   

Specific energy was calculated from Equation 6 by 
varying compressive strength from 30 to 150 MPa. 
Considering an ideal condition, that is, assuming energy 
transfer ratio as 1, instantaneous cutting rate (ICR) for 
different surface miners, as mentioned in Table 2 was 
determined from the specific energy consumption at 
varying compressive strengths (Equation 5), and is given 
in Figure 15a and b, respectively.  

It was observed that the instantaneous cutting rate of 
Model J is the highest compared to other models due to 
high engine power. In general, instantaneous cutting rate 
is high for rock strength less than 50 MPa. Though, the 
manufacturers claim to have cuttability capacity up to 80 
MPa, it has been observed in various studies, as 
discussed in the previous section, that if the compressive 
strength of rock exceeds 50 MPa, productivity of surface 
miner is significantly affected. Cutting teeth become worn 
out  very   quickly   and   require   frequent   replacement.  



Amar et al.          19 
 
 
 

 
 
Figure 13. Specific energy variation with uniaxial compressive strength in different rocks. 

 
 
 

 
 
Figure 14. Relation between specific energy and cutting force. 

 
 
 
However, while selecting a surface miner for a given 
production target in real life, efficiency of the machine 
should be taken into account. Also, the performance 
estimation (ICR) of surface miner needs field evaluation 
so as to further refine the generalised design approach 
discussed in the paper.  
 
 
Field validation 
 
Model A surface miner was used at Sonepur Bazari open 
cast mine of Eastern Coalfields Limited, West Bengal. 
The average uniaxial compressive strength of the coal 
was 30 MPa. The actual performance of the machine is 
given in Table 3 and the average chip size produced is 
shown in Figure 16.  

The theoretical production estimated for this model is 
shown in Figure 6. The actual production, based on 
tangible working condition and machine efficiency which 
relies on rock strength, is expressed as: 
 

a th

Actual depth of cut
P  = η x P  x 

Maximum depth of cut
               [8] 

 
Where Pa = actual production (m

3
/h), η = machine 

efficiency (%), Pth = theoretical production (m
3
/h) and 

a

0.20
P  = 0.70 x 706 x 

0.35
 = 282 m

3
/h.        

However, the desired haulage speed of surface miner 
should have been 8 m/min but in actual, it was 20 m/min 
which is much more than its capacity for achieving higher  
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Table 2. Engine power of surface miners operating in mines. 
 

S/N Surface miner model Representation  Engine power (kW) 

1 2200SM, KSM223, KSM303 A 597 

2 2500SM B 783 

3 3700SM, 4200SM C 1193 

4 2100SM, T1255 E 447 

5 MTS 180 F 500 

6 MTS 300 G 750 

7 MTS 500 H 1650 

8 MTS 800 I 2000 

9 MTS 1250, MTS 2000 J 2500 

10 KSM 304 K 895 

11 SF202 L 515 

12 T855 M 281 

13 T1055 N 317 
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Figure 15. (a) Instantaneous cutting rate of surface miners at different compressive strength, 

(b) Instantaneous cutting rate of surface miners at different compressive strength. 
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Table 3. Actual performance of model A surface miner at Sonepur 
Bazari, ECL, India. 
 

Parameter Values 

Drum rotation speed (rpm) 80 

Depth of cut (m) 0.20 

Average chip size (mm) 100 

Production (m
3
/h) 543 

Haulage speed (m/min) 20 

Working hours/day 14 

Pick consumption/day 5 

Machine efficiency (%) 70 

 
 
 

 
 
Figure 16. Chip size of coal produced at Sonepur Bazari by model A surface miner. 

 
 
 
production. The average pick consumption was 5 per day 
due to the higher cutting speed adopted.  

ICR of model A surface miner for 30 MPa UCS, as per 
Figure 15a is 430 m

3
/h. The energy transfer ratio is 

around 0.5 for roadheader and the same has been 
considered for the surface miner. Thus, the operational 
cutting rate (OCR) becomes 215 m

3
/h. In contrast the 

actual production capacity (Pa), based on machine 
specification as arrived from Figure 6, is 282 m

3
/h which 

is 31% higher than the optimum. Thus, there is a need to 
reduce the production capacity for avoiding the negative 
impacts such as pick and diesel consumption, machine 
vibration, dust etc. 
 
 
Conclusion 
 
Surface miner should be operated based on its rated 
specifications. Overworking the surface miner for higher 
production with disregard to rock strength often results in 
excessive   pick   and    diesel     consumption,    machine 

vibration, dust etc. Replacement of broken or worn out 
picks is a must for improved cutting efficiency as worn out 
picks grind the surface instead of cutting. Production can 
be optimised by controlling haulage speed of surface 
miner with respect to rock properties. As rock properties 
play a key role, extensive laboratory and field testing are 
imperative to determine rock/ rock mass properties. This 
is necessary to achieve the required size of rock/mineral, 
for a suitable drum design and operational parameters. 
Specific energy consumption in rock cutting is linearly 
related to its uniaxial compressive strength and cutting 
force. The theoretical production capacity of a few 
surface miners studied, based on their respective 
specifications, ranged from 264 to 5865 m

3
/h for the chip 

size varying from 50 to 175 mm.  
Instantaneous cutting rate which depends on engine 

power is high for rock strength less than 50 MPa, that is, 
it is suitable for excavating soft to medium hard rocks. 
Site specific rock properties other than compressive 
strength will always be beneficial for precise selection of 
surface  miner.  The  performance of surface miner needs  
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field evaluation to refine the value of energy transfer ratio, 
generalised design and selection methodology 
suggested. 
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