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EQUIPMENT AND MATERIALS

Introduction

Despite appreciable benefits, including economic 

advantages of using high angle conveyors in deep open pit 

mining, and irrespective of successful operation of these 

high-productive facilities at Olenegorsky and Mikhailovsky 

GOKs in Russia and at surface mines abroad (Uzbekistan 

etc.), the mining industry shows not very much effort to 

utilize all merits of the technology [1]. 

An HAC consists of bottom bearing I and top clamping 

belts II equipped with independent motors III and IV, and 

with take-up units V and VI (Fig. 1). The top clamping belt 

has hold-down devices VII to create the required hold-

down pressure to press and hold the load on the bottom bearing belt during 

the conveyor operation (see fig. 1). 

The HAC conveyors have very well adaptable profiles which ensure 

space-saving installation at any wanted configuration, and enable standard 

modular and nonstandard lifting circuits. 

Figure 2 depicts a few possible pathways of HAC, which allow load con-

veying between two points in an open pit mine without reloading, i.e. without 

extra work. The mining industry tends to use standard belt conveyors which 

are known for their limited spatial flexibility. Installation of such conveyors 

meant for high lifting of load requires setting a few standard flights, which 

involves investing in much stone development drivage. At the same time, the 

installation of a conveyor line composed of a few belts at overload chops 

availability of the equipment and increases its failure probability [2–5].
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pressure along the top clamping belt, while the decrease in 

the hoist angle leads to the increase in the conveyor instal-

lation length. The analyses show that the costs of HAC grow 

gradually with an increasing lift height while being slightly 

dependent on the conveyor angle [6]. 

When comparing HAC with the conventional belts, the 

priorities of the latter are the higher belt velocity, higher 

productivity, smaller belt width and the ability to transport 

load after preliminary (single-stage) crushing, i.e. when the 

maximum size of particles is 
350 mm. 

Discussing expandability of the HAC application field, it 

should be decided on the: 

1. allowable velocities of the HAC belts; 

2. HAC productivity; 

3. grain-size composition of the load;

4. conveying belt width. 

The two first questions may be answered from the 

analysis of real-life operating conveyors. For example, in Wyo-

ming, USA, Triton Coal Co. operates two HACs in transporta-

tion of coal. One conveyor belt velocity is 5.33 m/s, and the 

other conveyor operated since 1993 has the belt velo city of 

4.57 m/s. The maximum velocities recommended for the belts 

of the standard conveyors in open pit mining range as 5–7 

m/s, i.e. agree or exceed insignificantly the belt velocities of 

the operating HACs. 

The productivities achieved by HACs are also impressive. 

For instance, HAC installed at Majdanpek open pit mine in 

Serbia transported ore at the bulk density of 2.08 t/m3 and 

had the capacity of 4000 t/h at the belt velocity of 2.87 m/s, 

and the HAC operated at Muruntau open pit mine in Uzbekistan 

since 2011 demonstrated the productivity of 3500 h/t at the 

belt velocity of 3.15 m/s in conveying gold ore at the bulk den-

sity of 2.6 t/m3 and at the maximum size of 300 mm. More-

over, even larger fractions (to 35 mm) produced because of 

wear of operating crushers can enter the conveyor belts [7]. 

Mikhailovsky GOK’s HAC conveyors transport ore having the 

bulk density of 2.2 t/m3 at the capacity of 3000 t/h. 

The issue related with the maximum size of a handled load 

particle for HAC is a more complex question. The literature 

sources offer no substantiation and updating for the maxi-

mum sizes of load to be transported; however, we know that 

before loading, the material passes two stages of crushing 

down to the size of 80 mm [8]. 

At the same time, there exist conveying facilities that 

successfully handle larger fractions. For example, in the USA, 

a vertical lift conveys the maximum sizes of 127 mm at the 

belt velocity of 2.79 m/s, and a bench reloader shows the 

capacity of 2500 t/h at the angle of 350 and at the belt veloc-

ity of 2.5 m/s in transportation of ore at the bulk density of 

2.16 t/m3 and at the maximum size of 203 mm [9].

For considering transportability of large sizes at justified 

width of HAC, we use the theory of belt conveyor as HAC is 

inherently the belt conveyor. 

The full belt width B of a belt conveyor can be found from 

the equation below: 

1.1 0.05 , m
c p

Q
B

C vK

⎛ ⎞
= +⎜ ⎟γ⎝ ⎠

 (1)

where 1.1 is the safety factor to take into account potential short-term increase in 

the freight traffic; 0.05 m is the size of the belt sides free from load to limit the 

load spill; Q is the conveyor capacity, t/h; γ
p

 is the bulk density of load, t/m3; 

v is the belt velocity, m/s; К is the belt angle factor; Сc is the capacity factor. 

In this manner, it is assumed that the load occupies only a part of the 

conveyor belt width evaluated from a radical expression, and the free sides of 

the belt total only 0.055 m (with regard to a potential increase in the flow by 

10%). It is also assumed that the sitting of larger pieces of load is unlimited 

by the value b and can partly occupy the free sides (i.e. to occupy a larger 

part of the belt) as the latter only work to eliminate the load spill (Fig. 3).

For this reason, in calculations, the total width B of a belt conveyor is 

known to be checked with the coarseness of the transported load. For com-

mon loads, this value is given by: 
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В 	 (2.7–3.2) amax, (2)

where amax is the maximum size of a transported piece, mm. 

The HAC should have much larger sides, and their functions are broader 

as it is required to ensure the pressure seal of the load and to transfer the 

hold-down force to the load and to the belt sides. Introducing the calculations 

with the higher figure of 3.2 from Eq. (2), we define the most complex case 

when the width B can only accommodate 3 pieces of load (Fig. 4). 

So, when selecting a belt width for HAC, we should distinguish between 

a few strips of the belt. The total width B comes from the value b, which 

accommodates load, and is evaluated from the radical expression 
с p

Q

С vKγ
  

from (2), which should be checked in terms of its capacity to transport 

coarse pieces (b 	 3.2 аmax), and two sides having the values of (B  –  b)/2 

(Fig. 5).

Certainly, the other cross-section layouts of the load on the HAC belt 

are possible, which lead to an increase in the belt width occupied by the load 

but add no substantial change to the general parameters of the system. For 

instance, the head of Dos Santos International proposes the other widths of 

the belts for coarse loads without regard to the belt capacity. Probably, the 

conveyor capacity is adjusted by varying the belt velocity (Fig. 6) [10]. 

The technical literature lacks recommendations on the size of the belt 

sides, except for the case when an HAC has an only bottom bearing belt 

which is equipped with a driven [5]. In this case, if the hold-down force 

is uniformly distributed across the width of the top clamping belt, the 

required size of the free sides can be found as follows: 

2 1e

B
b =

⎛ ⎞μ
+⎜ ⎟μ⎝ ⎠

, (3)

where � is the coefficient of internal friction of load; �
e
 is the coefficient of 

load–belt friction. 

When these coefficients are equal or have close values, the required size 

of the free belt sides is 25% of the total width for each side. If a waste or a 

fine material gets between the free sides of the belts, �
e
 can be much less 

than �. When �
e 

= �, for instance, only 33% of the bottom bearing belt 

width is utilized to convey load. 

It is advisable for the high-duty and high-capacity HACs in open pit mines 

to equip both the bearing and clamping belts with drives. In this regard, it 

was attempted to determine percentage of the belt sides relative to the 

belt width occupied with load from the review of the high-capacity HAC suc-

cessfully operated in Russia and abroad. The analysis results are compiled 

in Table.

The analysis of the available and estimated data (Table 1) allows con-

cluding that for the successfully operating HACs at different capacities, 

installation angles and physical and mechanical properties of load, the side 

size not always makes a 1/4 of the total belt width B but is frequently much 

smaller—from 9.5 to 2%.

Furthermore, this value is independent of the HAC angle and the freight 

traffic. These data imply that the side size ranges as 0.23–0.47% of the belt 

width b occupied by load (see fig. 4). Naturally, this is a material increase in 

the width of both belts, but considering the fact that the total length of the 

bottom bearing and top clamping belts drops with the increasing angle of an 

HAC, and at the installation angle of � 38° becomes even shorter than the 
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Fig. 4. Cross-section of HAC for coarse load: 

1—hold-down force applied to belt; 2—top clamping belt; 3—idler; 4—bottom bearing 
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Characteristics of high-capacity sandwich high angle belt conveyors in open pit mining across the world 

Open pit mine, company, year of 

installation 

Type of load and its 

bulk density �, t/m3

Conveyor 

capacity 

Q, t/h

Conveyor 

angle, 

deg 

Lift 

height 

H, m

Estimated 

width of 

loaded belt 

part, b

Total belt 

width В, 

mm

Belt 

velocity, v 

m/s

Side size 

(estimated 

value) 

1/4 В, mm 

Portion of side 

(estimated) 

versus b, mm

Triton Coal Co, Wyoming, USA Coal 0.95 2540 60 32.9 1050 1524 5.33 237 (381) 0.225

Majdanek, Serbia Copper ore 2.08 4000 35.5 93.5 1260 2000 2.67 370 (500) 0.293

Turris Coal Co, Wyoming USA Bituminous coal 0.88 1361 90 102 780 1524 4.57 372 (381) 0.469

Perini, Massachusetts, USA, 1993 Sandstone 1.1–1.3 1266 90 70.1 730 1372 3.56 321 (343) 0.440

Muruntau, Uzbekistan, 2011 Gold ore 1.75 3500 37 270 1070 2000 3.15 465 (500) 0.434

Olenegorsky, OLKONA, Russia, 2015 Iron ore 1.9–2.2 1200 36 124 610 1600 2.9 495 (400) 0.81

Mikhailovsky GOK, Russia, 2020 Iron ore 2.2 3000 37 215 No data No data No data No data No data
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belt of a standard belt conveyor meant for load lifting to the same height, it 

is hardly that this problem can worsen efficiency of HACs [11].

At the same time, the standard-set width of the conveyor belts ranges 

as 300–3000 mm, which means no limitations imposed on the HAC capacity 

in case of coarse loads, especially considering the possibility to increase the 

HAC belt velocity. 

The possibility of cutting down the secondary crushing costs is hard 

to be overestimated. For example, the total investment in HAC construc-

tion and installation in Olenegorsky OPM (re-crushed load size 
 80 mm) 

approached 900 millions of Russian rubles, including 770 M RUR spent for 

the crushing-and-conveying facility. Even under difficult local climate condi-

tions, the conveying cost of 1 t of ore from the pit to the mine warehouse 

dropped by 2 times and equaled 17 Rub/t owing to the reduced length of 

the route [12].

Thus, the belt width of HAC should be evaluated from the modified for-

mula below: 

1.3 1.5 ,m
c p

Q
B

C vK

⎛ ⎞
= − ⎜ ⎟γ⎝ ⎠

 (4)

Regarding possible expansion of the application field and enhanced effi-

ciency of HAC owing to the increased size of load pieces and to the reasoned 

selection of the bearing belt parameters, we should have respect to the 

choice of the idlers which, as the critical members of the belt conveyors and 

the high angle conveyors particularly, govern the conveyor efficiency. 

The durability and unfailing performance of the idlers are influenced by 

the nature, value and characteristics of load, by the designs of the idlers and 

bearings, and by the operating conditions. The analysis of the operating con-

ditions of the HAC idlers should take into account their dependence on the 

load generated by the weights of the load and the bearing belt, similarly to a 

standard belt conveyor, and the load generated by the clamping belt weight 

and by the hold-down forces produced by holding-down devices. Moreover, 

the latter can be commensurable with the load weight, which doubles the 

load applied to the idlers. In such a way, an HAC has the high-rate idlers 

equipped with the standard ball bearings which are not always capable to 

ensure the required resource, and this shows up in the currently operated 

HACs. For instance, one of the main operations included in the scheduled 

repair of Olenegorsky HAC is replacement of the idlers [13, 14]. In this case, 

there is an alternative to use the most common roller bearings that have 

a larger contact area than the ball bearings have. The rollers are arranged 

between the rings circle-wise a bearing in one or a few rows, and roll along 

the rings. Under loading, the line of the contact with the surface of the rings 

expands, and the contact area becomes much greater than the contact area 

of the ball bearings. In connection with this, the roller bearings possess a 

higher carrying capacity. The popular type of a roller bearing is the bearing 

with the cylindrical rollers meant for high radial loads. For another thing, 

they experience more powerful heating and have a lower rotation speed limit. 

Finally, there are no insolvable problems in design and engineering of HAC 

and Russia’s factories, for example, Akonit Machine-Building, which is highly 

skilled in production of belt conveyors, can manufacture sandwich high angle 

belt conveyors [15]. Equipment of the domestic open pit mines with high 

angle conveyors can improve transportation efficiency and, moreover, can 

save investment, which can be beneficial for the mineral transportation cost. 

For example, thanks to reduction of transportation chain, OLKON can save up 

to 210 million rubles yearly, and the complete pay-off of the technology will 

come in 4 years. Regarding Olenegorsky GOK, the ore production cost will be 

chopped by 2 times, which can promote the mine efficiency and can enable 

involving low-grade and earlier unprofitable ore in economic production [14].

Conclusions

1. The review of the operated high angle belt conveyors shows that 

their installation instead of a chain of standard belt conveyors and installa-

tion of the latter in inclined shafts and trenches allows drastic reduction in 

the length of transportation at the boosted reliability of the lifting systems. 

2. The capacities and velocities of HAC operated in Russia and in the 

world are similar to these values provided by standard belt conveyors in 

open pit mines. 

3. The parametric analysis of the operating high-capacity HAC shows 

that their width is 1.4–2 times as large as the width of standard belt 

conveyors having the same capacity and belt velocity, and the size of the 

belt sides totals 0.22–0.47% of the loaded width of the belt. 

4. At the HAC angles greater than 33°, the purchase costs of the con-

veyors decrease as the total length of the belts becomes smaller than the 

length of a standard belt conveyor installed at the angle of 15°. 

5. The main expenses connected with the installation of HAC facilities 

in open pit mines are spent for the construction and equipment of crushing 

and concentration horizons. Elimination of secondary crushing of load to be 

transported by HAC is tested on a number of effective HAC facilities and can 

be recommended for a wider application. 
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