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Abstract: In the paper is analyzed the dynamics of a movable block, 

consist of two boring tool with oppositely positioned cutting inserts, 

applied as a cutting part of tools for combined machining of deep 

holes by cutting and surface plastic deformation. Tribo-mechanical 

and force dependencies were derived, connecting the geometry of 

the cutting inserts and the friction forces in the contact surfaces of 

the block with its working capacity. 

Key words: movable block composed of two boring tools, self-

basing, cutting forces, friction forces. 

 

1.INTRODUCTION 

 

The movable boring blocks with two cutting tools for boring are 

most commonly used as cutting parts of tools for the combined 

machining of deep holes by cutting and surface plastic deformation 

(SDP) to the surfaces of which there are high quality 

requirements[1,6,10]. 

There is a wide variety of tools for the combined machining of 

holes, and the design of most of them can be represented 

cinematically as shown in fig. 1. It is composed of three main parts: 

cutting, deforming and joining. 

The cutting part includes movable boring block 1 with oppositely 

positioned cutting inserts П1 and П2 and holder with guides 2. The 

deforming part comprises a support cone 4, deforming elements 

(rollers or balls) 5 which are arranged in a separator 6. The three 

parts are mounted on a bearing shaft 7 [4,5]. 

In the course of machining the movable boring block is self-basing 

in the radial direction as a result of the constant striving to equalize 

the radial cutting forces acting on each of the cutting inserts. This 

striving is not affected by whether the plates are located in a plane 

perpendicular to the axis of rotation or are displaced relative to each 

other in the axial direction. The last is applied if it is necessary to 

remove a larger allowance of machining and removal without 

defect the tool from the machined hole [3,7,10].  

In order to analyze the kinematic behavior of movable block with 

two boring tools in the course of its evenly feed movement, the 

process of machining the hole is conditionally devided into three 

periods depending on its behavior in contact with the workpiece 

[8]: period of initial self-basing, period of an established cutting, 

period of final self-basing. 

The period of initial self-basing starts from the moment when one 

of the two opposite inserts get in contact with the entrance face of 

the workpiece and ends at the moment when each of them reaches 

the cutting depths regulated by the size of the static adjustment of 

the block, in which will run the second period.  

The first period is divided into two stages: the initial self-basing 

stage without incision and a stage of initial self-basing at incision. 

The dynamic behavior of the block during the different periods of 

its interaction with the workpiece and the holder is similar to the 

kinematic, but the emerging forces in the contact zones impose 

additional constraints that ensure its efficiency [1,4]. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Kinematic scheme of a tool for combined machining:  

І – cutting part; ІІ – deforming part; ІІІ – joining part 
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2.EXPLANATION 

 

 
 

Fig.2 shows schematically the stage of initial self-basing without 

incision. It is considered under the condition that I is the symmetry 

axis of the block having an initial displacement e relative to the 

matching axes of symmetry of the hole and the holder with the axis 

of rotation of the machine II [8,10]. 

Upon contact of one of the cutting edges to the workpiece during a 

feeding at the point of contact appears normal force NF  directed 

perpendicular to the cutting edge. Its magnitude depends on the 

magnitude of the cutting edge angle of the insert and on the friction 

resistance of the cutting edge with the workpiece and with the 

guides. As a result of the friction, the actual normal force дNF  is 

practically shifted and has a modified value: 

cos/NдN FF  , (1) 

where NF  is normal force to the cutting edge, and   - friction 

angle. 

Considering this the friction angle is determined by the 

dependence: 

 21   artg , (2) 

where 
1  is the coefficient of friction between the cutting edge 

and the workpiece;  

2  - the coefficient of friction between the block and its guides. 

The projections of the force дNF  on the both coordinate axes are: 

)sin(.   rдNX FF , (3) 

)cos(.   rдNY FF . (4) 

The ratio of both forces is obtained: 

)(   rtg
F

F

Y

X
. (5) 

In the process of self-basing under the action of the radial 

component 
YF , the movable block moves against which resists the 

frictional force T at the cutting edge and the guides of the block. In 

order to carry out the relocation, it is necessary to meet the 

condition: 

TFY  . (6) 

If this condition is not met, the cutting process will run at work 

only of one cutting edge, i.e. such as cutting at boring with a fixed 

tool. 

From equation (5) for the radial force is obtained: 

)(  


rtg

F
F X

Y  (7) 

The friction force T is determined by summing the friction forces 

1T  and 
2T  respectively by normal force NF  and its axial 

component 
XF : 

XN FFT r .)90cos(.. 21   . (8) 

Considering the homogeneity of the contacting materials in this 

case it can be assumed that 1 2   whereupon 

 2arctg  and 

 XN FFT r   sin.. . (9) 

According to fig.2 
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After the substitution of (7) and (10) in (6) an expression is defined, 

determining the self-basing condition of the tool before the start of 

chipformation, when the workpiece contacts with only one cutting 

edge: 











)sin(sin.cos

)cos(

rr

r
 (11) 

Based on the dependence (11), can be determined the limit values 

of the cutting edge angle r  under different friction conditions. 

The incision stage ends when the elements of the cut layer reach 

their maximum dimensions. From this point begins the period of 

established cutting characterized in that the cut layer theoretically 

has to be divided between the two cutting parts of the boring block 

whereupon to achieve fully equilibrium radial cutting forces [9]. 

Despite the theoretically uniform cutting depths, in real conditions 

the ideal equilibrium state is unattainable due to: the resistance of 

the friction forces against the radial shift of the boring block; the 

deviation of the axis of symmetry of the machined hole relative to 

the axis of rotation of the machine and the position of the block 

relative to the both axes. 

The shifting in radial direction is realized under force 

PBPAP FFF   and continues until the condition is met 

TFP  , where T is the friction force between the guides and 

the block. 

At TFP   the last is stationary relative to the holder, 

corresponding to roughly equal depths, respectively the cutting 

forces for the both tools. 

For establishing the force dependencies resulting from the 

mismatch of the axes in fig.3 is made geometric analysis of the 

forces acting on the boring block [2].  

Fig.2 Scheme of self-basing stage without 

incision: 1,2– cutting inserts; 3 – guides of a 

block; 4 – holder; 5 –workpiece 
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The total force of the resistance of friction between the block and 

guide it will be: 

ХBА TTTT  . (12) 

Friction forces can be obtained through the dependencies: 

.RAА FT  ;  

.RBB FT  ; (13) 

 .
BAX ff FFT  , 

where   is the coefficient of friction between the block and the 

guides. 

For defining 
RAF  and 

RBF  - the pair of forces balancing the 

torque of action of tangential cutting forces and transverse forces as 

well, the Z-axis equilibrium conditions and the torques relative to 

the center O are used.  

0;0  CBRB

H

BRA

H

ACAi FFFFFFZ

       0
22

;0  RBRA

HH

BCB

H

ACAOi FF
lL

FFFFM ,

 (14) 

where l is the length of the guides 

In fact, due to the small value of the clearance between the block 

and the holder, the load on it under the action of the main cutting 

forces has a triangular distribution, whereby 
RAF  and 

RBF  are its 

equivalent forces. In this case, the distance between them is less 

than l, but it can hardly be determined. For this reason, the full 

length of the guides is selected for the moment arm of the pair of 

forces, resulting in some decrease in the calculated value of the 

friction force. 

The force balance is not considered for axial displacement of the 

plates because its small value makes its influence on the friction 

force insignificant. 

According to the theory of equilibration of the cutting forces: 

CCBCA FFF  ; PPBPA FFF  ;
HH

B

H

A FFF 

. (15) 

As a result of solving of the system (14) it is obtained: 
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After replacing of (16) and (13) in (12) and taking into account that 

fff FFF
BA
 , the expression for determining the total 

frictional force acquires the type: 









 fFF

l

L
T C

H2 . (17) 

Dependance (17) enables to establish that the force of friction in the 

guides between block and holder depends only on the tangential 

and axial components of the cutting force and the length of the 

guides of the holder but the tangential component's influence is 

stronger. 

 

3.CONCLUSIONS 

 

1. The phase of self-basing without incision of movable boring 

block with rectilinear cutting edges depends on cutting edge angle 

of the cutting inserts, the resistance of friction in the guides of the 

block and its contact with the workpiece. If the restrictive condition 

(11) is not complied with, the phase may not consist whereby the 

cutting part of the tool will bore the hole at stationary block 

disposed asymmetrically with relative to the axis of the hole of the 

workpiece which will obtain an unregulated expansion. 

2. From the exploitation point of view, it is crucial for dimension 

forming of the cylindrical holes during the period of established 

cutting. In self-basing of the movable boring block by translation it 

is realized only by the action of the radial cutting forces at the both 

cutting inserts and is influenced by the sensitivity of the block to 

the difference between them arising for different reasons. There is a 

threshold of sensitivity to this difference, which is determined by 

the force of friction in the guides of the block. 
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Fig.3. Scheme of the power load of a movable boring 

block at deviation relative to the axis of rotation 
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