
THE DEVELOPMENT OF CALIBRATION FOR THE ROLLING BALLS OF 

DIAMETER 40 MM IN CONDITIONS OF JSC "SSGPO" 

 
РАЗРАБОТКА КАЛИБРОВКИ ДЛЯ ПРОКАТКИ ШАРОВ  

ДИАМЕТРОМ 40 ММ В УСЛОВИЯХ АО «ССГПО» 

 
D.t.s., professor Naizabekov A.1; c.t.s., associate professor Lezhnev S.1; Stepanov E.1, PhD Panin E.2 

 
1 Rudny industrial institute, Rudny, Kazakhstan; 2 Karaganda state industrial University, Temirtau, Kazakhstan 

e-mail: naizabekov57@mail.ru  

 

Abstract: Paper presents a preliminary calculation of the calibration rolls for rolling balls with a diameter of 40 mm in a rolling 

mill JSC "SSGPO", which will be rolled from round workpieces with a diameter of 40 mm. The main elements of ball caliber are considered, 

their design dimensions are determined. It is established that the height of the flange varies linearly and the width of the spherical area 

increases during rolling. 
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1. Introduction 
For shape rolling mill 320 of JSC "SSGPO" two calibration 

schemes of round steel rolling were developed [1]:  

1) from the billets 150×150 mm are produced round billets with 

a diameter of 100 mm, which are used as the grinding rods into rod 

mills factory complex of JSC "SSGPO".   

2) from the initial billets 120×120 mm are produced round 

billets with a diameter of 40 mm, which are used on ball mills in the 

production of thermally hardened grinding balls diameter 40 mm. 

In the analysis of techno-economic indicators was revealed that 

during the production of round bars with a diameter of 40 mm with 

the initial billet is 120×120mm, it has the untapped potential of 

production capacity of the rolling mill. The solution to this problem 

is the transformation of mill in the production of a round billet with 

a diameter of 40 mm from the initial billet 150×150 mm (figure 1). 

Such technological scheme of obtaining of a round billet with a 

diameter of 40 mm will allow to transfer the workpieces, unsuitable 

for rolling circle diameter of 100 mm, to the production of a circle 

with a diameter of 40 mm.    

 

 
Figure 1 –New scheme of production 

 

In work [2] a calibration of rolls for rolling round steel № 40 

from the billet of cross section 150 x 150 mm in a mill 320 was 

developed. For this goal the total number of passes was increased 

from 9 to 11, the evaluation of compliance with emerging values of 

the power parameters of permissible values was considered (for the 

exception of equipment failure), and also conformity assessment of 

the shape and size of the final profile plant requirements was 

performed (to prevent defects of the geometry). In the result, it was 

found that new developed calibration for obtaining the round steel 

with a diameter of 40 mm fully conforms to the technical 

parameters of shape mill 320. In this work the calculation of the 

calibration rolls for rolling balls with a diameter of 40 mm under 

conditions of JSC "SSGPO" from the original round billet with a 

diameter of 40 mm is presented. 

 

2. Statement of the problem and initial data 
Rolling of ball workpieces is performed between the two rolls 1 

and 2 rotating in one direction, on their barrels the screw gauges are 

cut (figure 2). The axis of rolls usually tilted at a small angle to the 

axis of the rolled workpiece 3, thereby providing axial flow of the 

metal into the rolls. Rotating workpiece is crimped by flanges of the 

gauge and takes the form of a ball connected by a bridge with the 

rest of the workpiece. During the further promotion the ball is 

calibrated and completely separated from the rod. 

 

 
Figure 2 – Scheme of the ball rolling 

 

During balls rolling, the deformation zone has two main 

sections [3]: forming section, where the workpiece is crimped with 

a change in the shape and size of the screw flange; and finishing 

section, where the shape and size of the flange remain constant, but 

the compression is due to the ovalization of the workpiece. The 

forming of the ball is performed by the flanges of the rolls, the 

height of which gradually increases. For ease of calculation, 

calibration and manufacturing of the rolls it is accepted that the 

height of the flange of the caliber changes according to the law of a 

straight line. For normal rolling process the profile and dimensions 

of the forming section of caliber are calculated so that during the 

compression of the workpiece there are two basic principles [4]:  

1) volume of metal, crimped in the caliber, should remain 

constant during the forming process; 

2) change the profile and size of the caliber flange should match 
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the stretching of crimping workpiece. 

According to the first position, it is necessary that the volume of 

a certain part of the workpiece captured by the rolls, was unchanged 

as it passes through the remaining sections of the caliber. In this 

case, at any time of rolling will not be an excess of metal. When the 

excess metal the geometric form of sphere is distorted and the 

formation of voids in the axial zone of the workpiece is possible. 

The presence of a small excess of metal is permitted only at the 

beginning of caliber, when the flange is still relatively low and does 

not interfere with the displacement of the metal from the caliber.  

The second condition is that for the normal formation of the ball 

shape, the stretching of compressed area should match to the 

changing shape and sizes of flange. The length of compressed 

bridge must be equal to the width of the straight portion of the 

flange. If the change of width of the flange is smaller of caliber 

stretching, the metal will move away from the flange, and the 

surface of the workpiece to form a reel, which upon further 

compression of the workpiece is rolled out in defect If the change of 

width of the flange is more than the stretching of the workpiece, 

then in crimped bridge arise axial tensile stresses, which can lead to 

rupture of the bridge. Thus, to perform both the first and second 

conditions, the flange on different parts of the caliber must have a 

certain thickness. In this regard, the forming section of the caliber 

has a variable cutting step.    

When developing the rolls calibration, it was decided to use the 

calculation algorithm described in detail in works [5-6]. In this 

work the results of preliminary calculation are presented. The initial 

data for the calibration are the technical characteristics of the rolling 

mill, size of the rolls, diameter of the resulting ball. 

The calculation of the calibration ball is performed for the left 

roll, calibration of right roll is similar. The only difference is that 

after cutting the flange of the right roll it is cut on height by a 

certain value. The source data for calibration: diameter of the ball 

dB= 40 mm; diameter of rolls d = 300 mm. In the calculation and 

construction of the sizing rolls it should be guided by the 

recommendations are given in table 1. 

 
Figure 3 – Basic elements of a calibration for balls rolling: 

 hα and aα – height and width of flange;  

rα and RK – radii of the bridge and caliber; 

Cα and Sα – width of spherical and cylindrical sections of caliber 

 

 

Table 1 – Initial data for calculation of calibration 

d B , mm d , mm 

Length of the caliber, grad 

2r, mm 

The size of flange, mm 

height on the 

capture 

width at the 

finishing area 

width on a 

area of 270° 

from the 

capture 
αFULL αFIN 

40 - 50 180 - 300 900 - 1080 540 - 720 3,0 – 3,2 2,5 - 3,8 3,7 - 5.4 2,0 - 2,4 

60 - 80 280 - 460 1080 - 1350 630 - 810 3,6 - 5,0 4,4 - 4,5 5,8 - 8,4 3,0 

100 - 125 550 - 690 1260 - 1350 630 - 810 6,0 5,4 9,0 - 11,0 3,5 - 4,0 

 

According to GOST 7524 - 2015 "Hot-rolled steel balls for ball 

mills" choose the nominal diameter of the ball for subsequent 

calibration of the rolls subject to the permissible deviations. Accept 

that dB=40 mm, allowable deviation of diameter ±2 mm. Then the 

diameter of the workpiece is d W =  dB /η0= 40/1,03 = 38,8 mm, 

where η0 - coefficient taking into account the radial growth of the 

ball during rolling (accept that η0= 1,03). 

According to the regulations, the balls rolled from a billet of 

diameter 40 mm. Then the diameter of the ball is equal to: 

 

d B =  dW /η0= 40·1,03 =41,2 mm                            (1) 

 

Basic sizes of rolls for ball-rolling mill are shown in figure 3. 

3. Results and discussion 
 

Diameter of caliber 

 

dK = dB ·ηt =41,2·1,013 = 41,7 mm    (2) 

 

where ηt =  1,013 - coefficient taking into account thermal 

expansion of the metal. 

The minimum width of the flange 

 

а  = 0,04RK + 1,3= 0,04 • 20,85 +1,3 = 2,1 mm,  (3) 
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where RK = dK /2 - radius of the caliber, mm; 

The initial height of the flange 

 

h0 =1,5 + 0,07(RK - 10) = 1,5 + 0,07(20,85 -10) = 2,3 mm;   (4) 

 

The minimum radius of the bridge 

 

r =1 + 0,04(RK - 10) = 1 + 0,04(20,85 -10) = 1,4 mm;        (5) 

 

The width of the flange before cutting 

 

аCUT =4 + 0,14(RK - 10) = 4 + 0,14(20,85 -10) = 5,5 mm.       (6) 

 

The length of the caliber (number of turns) is conventionally 

measured in degrees of the spiral line. For the beginning of the 

caliber (0°) the center of the radius of the caliber is adopted, located 

on a straight line extending along the end face of the roll on the 

output side of the finished ball. During rolling balls are guided by 

the recommendations of table 1 and set the total length of caliber as 

αFULL = 900°, the length of the forming area αFORM = 270° and the 

length of the finishing area αFIN = αFULL - αFORM = 900-270 = 630°. 

The length of a caliber is divided in equal portions; for pre-

calculation it is sufficient ∆α = 90°. 

The radius of the jumper at the end of the forming at α = αFORM 

- ∆α is determined from the ratio 

 

0 20,85 2,3 1,4
1,4 90 7,1

270

K
CUT

FORM

R h r
r r mm



   
      (7) 

 

Change the height of a flange during turn the roll on 90°: 

 

7,1 1,4 5,7CUTh r r       mm  (8) 

 

For each angle of the rolls rotation from αFULL till αFORM after a 

period of 90°, the height of the flange will be: 

 

90 5,7h h h h           (9) 

 

where hα - current height of flange, mm. 

Then the radius of the bridge is calculated, its size in the 

finishing area will be r = 1.4 mm, and the radius of the bridge on the 

forming section is defined by the formula 

 

90 5,7r r h r          (10) 

 

The width of the spherical section of the caliber is defined by 

the expression 

 

2 2 2 220,85KC R r r         (11) 

 

So the cut of bridge begins during forming of the ball, then take 

the width of the spherical area on the angle of rotation of the roll 

αFIN+90, the previous finishing area of the caliber, i.e. СCUT=СαFIN+90. 

Basic design data of pre-calibration stage are given in table 2. 

 

Table 2 - Basic design data of pre-calibration stage of calibration 

rolls for rolling ball with a diameter of 40 mm 

α, ° hα-90, mm rα+90, mm Сα, mm 

900 2,3 18,5 9,6 

810 8,0 12,8 16,4 

720 13,7 7,1 19,6 

630 19,4 1,4 20,8 

540 19,4 1,4 - 

450 19,4 1,4 - 

360 19,4 1,4 - 

270 19,4 1,4 - 

 

 

4. Conclusion 
Paper presents a preliminary calculation of the calibration rolls 

for rolling balls with a diameter of 40 mm in a rolling mill JSC 

"SSGPO", which will be rolled from round workpieces with a 

diameter of 40 mm. The main elements of ball caliber are 

considered, their design dimensions are determined. It is established 

that the height of the flange varies linearly and the width of the 

spherical area increases during rolling. 
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