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Abstract: Current trends to improve the mechanical drive for mining, mineral processing and metallurgical equipment are examined on the 
example of three generations of the apron feeder drives. It is shown that the f actor of specific material capacity has decreased four times 
according to the development processes of tooth carburization and grinding, together with the optimization of geometrical parameters of 
helical and bevel gears of highly loaded multi-stage gearboxes, compared with standard gearboxes of 80-ies of 20th century. 
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1. Introduction 

Apron feeders are used for transportation of loose and highly 
abrasive materials in the production lines of metallurgical, mining, 
mineral processing, cement and other industries.  

They are a conveyor belt with metal parts with width up to 
2400 mm, length up to 18 m and capacity up to 1700 m3/hr. They 
are driven by a motor power of 37-75 kW through the gearboxes 
with a total gear ratio Uc ≈ 500. 

In 40’-s years of XX century these feeders were included in the 
product range of EZTM. They are made of two types: 

Type 1 (heavy) – these apron feeders are suitable for unitary 
block of materials with a lump size up to 1200 mm. Mostly they are 
installed in screens for scalping or directly into the crusher of 
primary crushing;  

Type 2 (medium) – they are designed for transportation of 
abrasive or hot unitary block of materials with lump size is not 
exceeding 500 mm.  

2. Preconditions and means for resolving the 
problem 
By 1980 the following structure of these machine drives had come: 

1. To drive small feeders (types 1-15, 2-18, etc.) were used 
gearbox C4-2280 with four helical stages and following parameters: 
total ratio Uc = 526, nominal output torque T2 = 200 kNm, center 
distance of output stage A = 1000 and weighing equal to 11,430 kg. 

2. Drive for large feeder (types 1-18, 1-24, etc.) included a 
three-stage gearbox C3-1615 (Uc = 221, T2 = 65 kNm, A = 800 mm, 
weight is 6400 kg) and the installation of an open herringbone gears 
z1: z2 = 25:81 to spacing 1200 mm with weight over the 7000 kg. 

Both gearboxes were made with the gears toughening to a 
hardness of 270...300 HB (pinions) and 240...280 HB (gears). 

In the early 80's were tasked to sharply decrease the drives mass 
through the use of available capacity of heat treatment.  

The solution was found and new types of feeders with the 
following gearboxes were created: 

1. For small feeders (types 1-15-45B/150B, 2-18-45B/180B, 
2 -24-45B/60B) the bevel helical gearbox CKC2-800 was created 
with the following parameters: Uc = 522, T2 = 150 kNm, 
A = 800 mm and weighing equal to 7886 kg. 

2. For large feeders (types 1-18-60B/180B, 1-24-90B/180B, 
2 ‐24-90B/180B) the similar gearbox СKС2-1000 was created with 
the following parameters: Uc = 520, T2 = 240 kNm, A = 1000 mm 
and weighing equal to 12 365 kg. 

In these gearboxes were used helical gears. Surface hardening 
by high-frequency current and grinding were used for teeth of all 
helical pinions and for gear teeth of the high-speed stage. Bulk oil 
hardening to a hardness of 270…300 HB was used for the wheels of 
the last low-speed stages. Bevel gears were performed with 
carbonization and hardened to a hardness of 58…62 HRC. After 
heat treatment the teeth were polished.  

Basic parameters and addendum modification coefficients for 
all stages were optimized in such way as to ensure uniform strength 
at all levels, both in bending and the contact endurance. The 
technique of interactive optimization is described in [1]. 

Thus, at the same load capacity of the drive its weight was 
reduced for small feeders in 1.5 times, while the total weight of the 
heavy feeders in 1,2 times Another advantage of the drive with the 
new gearboxes lay in the fact that under this scheme, the motor is 
not installed perpendicular to the feeder, but along it. Such 
installation significantly reduces the size of the site for placement. 

The main indicator of the technical level of a certain type of 
gearbox is its specific coefficient of materials consumption, i.e. the 
ratio of the weight of gearbox to the maximum allowable torque: 

γ = m / T2. 
Note that by this index reducers EZTM (with γ = 50 kg/kNm) 

was significantly higher serial gearboxes of that time. For example, 
the gearbox KC2-1300 production of the Leningrad Kotlyakov plant 
had parameters: A = 800 mm, weight 5380 kg and T2 = 37 kNm and 
index γ = 145, i.e. 3 times worse than the gear unit CKC2-800. 

Gearboxes types CKC2-1000 and CKC2-800 have been used 
for over 20 years. During this time they were made a more than 100 
items. All of them operate on mining careers and mineral processing 
plants from Norilsk to Navoi without any complaints from 
customers and practically without supply of spare parts. 

3. Bevel helical gearboxes of new generation  
New time makes new demands. Today from machine builders it is 
required that the specific coefficient of materials consumption for 
gear units does not exceed the value γ = 30-35 kg/kNm. 

Based on this requirement, a new generation of bevel helical 
gear units has been developed at the EZTM: CKC2-630 instead of 
gear CKC2-1000 and CKC2-560 instead of gear CKC2-800.  

In designing of these gearboxes are also taken into account 
environmentally sound claim to non-use of cast iron – both 
gearboxes implemented in welded housings. 

Comparative characteristics of the four gearboxes types CKC2 
is presented in Table 1. From these data you can see that the weights 
of new gearboxes were reduced in 1.6 – 1.8 times. 

Table 1. Basic technical data of gearboxes types CKC2 

Type CKC2- -1000 -630 800 560 
Output torque, kNm 240 250 150 160 

Total gear ratio 520 516 522 511 
Weight, kg 12 365 6 616 7 886 4 810 

Such increase in technical level achieved primarily through the 
use of new treatment possibilities. The new carburizing furnace that 
was installed on EZTM allows carburizing wheels with diameters up 
to 1200 mm and weighing up to 2000 kg. The hardness of tooth 
surfaces of all gears was raised to 58 ... 62 HRC. 

Increasing the surface hardness of the teeth required the revision 
of basic geometric proportions of gearboxes; in particular, relative 
modules of teeth were increased and the ratio of center distances of 
adjacent stages was reduced. 

The design and main dimensions of the four gearboxes types 
CKC2 are shown in. Figure 1 and Table 2  
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Fig.1. Special gearboxes type CKC2. 

Table 2. Main dimensions of gearboxes CKC2 

Dimensions, mm Type 
CKC2 aw1 aw2 aw3 L0 B H H1 

- 800 250 500 800 2675 920 1580 800 
- 560 225 400 560 2060 760 1138 580 
-1000 280 630 1000 3215 1140 1950 100 
- 630 250 450 630 2300 900 1275 650 

 

4. Optimization of spiral-bevel gears 
Great care was paid to optimize the geometric parameters of 

spiral bevel gears. The task was complicated by the fact that 
ordinary methods of increasing the load capacity of bevel gear by 
increasing the hardness of the teeth had been exhausted in the 
previous stage of design.  

In this regard, we were forced to abandon the use of standard 
tooth proportions: the pressure angle αn = 20° and the addendum 
coefficient ha* = 1.0. In each case, the optimum for a given size and 
gear ratio the values of these parameters are searched for methods 
described in [2]. 

In particular, as a second stage gear CKC2-630 was designed 
spiral bevel gears with the following parameters: the shaft angle 
Σ = 90°, teeth number of pinion and gear z1:z2 = 18:59. The outer 
circular module mte is equal to 10.66 mm, the mean spiral angle β is 
equal to 35°, the face width b is equal to 96 mm, hand of spiral of 
the pinion is left.  

The pinion and the gear are supposed to be cut by an 18″ head-
cutter with blade number 7.5 (angles of the internal blades are equal 
to 21°15’ and external blades are equal to 18°15’) and a point width 
W = 3.5 mm by a double one-side method at the machine-tool 
mod. 528C. After the head treatment the pair will be grinded at the 
machine-tool mod. 5A872B. 

Parameters of the basic rack profile after optimization by the 
offered in [2] technique are received and their values are: pressure 
angle αwn=21º15’; addendum coefficient haw*=1.15; addendum 
modification coefficient xwn1=0.335. 

The technological synthesis was done by the program complex 
«EXPERT» [3]. Computerized simulation of the bevel gear drive 
testing at a universal bevel-gear tester was provided with aid of the 
algorithm described in [4]. 

The results of the analysis of the calculated machine-tool 
settings are shown in Fig. 2 for the active side of pinion teeth. 

At the gray background of the pinion tooth active side contour 
in Fig. 2 is shown the bearing contact. The bearing contact occupies 
the central part of the tooth and is well localized. A curve of 
transmission errors is shown at the right part of Fig. 2. The 
described results guarantee a noiseless work of the pair and absences 
of edge contact during the gear drive work. 

Similar results for opposite side of teeth are shown in Fig 3. 
 

 
 
Fig. 2. Bearing contact on the convex side of pinion tooth and a 
curve of transmission errors 
 

 

 
Fig. 3. Bearing contact on the concave side of the pinion tooth and a 
curve of transmission errors 

The maximum contact pressure for the optimized teeth of the 
pinion and the gear is 1007 N/mm2. The maximum bending stresses 
are equal to 272 N/mm2. So, for the account of application of the 
optimized basic rack profile and the addendum modification the 
contact pressure can be lowered on 17% and the maximum bending 
stresses - on 22% in comparison with standard gears. 

5. Conclusion 
Enhance the technical level of heavy-duty multi-stage gearboxes for 
mining and metallurgical equipment requires compliance with two 
conditions:  
1. Performance of all cylindrical and bevel gears with carburized, 
hardened and ground (grind-ground-ground) teeth;  
2. Geometric optimization of gears parameters, as between the 
stages as well inside each of them.  

These conditions can produce gearboxes with specific power 
capacity of more than four times increased in comparison with 
gearboxes of 80-ies and corresponds to today's world standards.  

All proposed techniques and processing methods have been 
tested by production practices of JS Co "EZTM.  
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