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Abstract. In this paper, a variant of the manufacturing technology of the 

disk blank for the segment liner of the shape charge is proposed. The 

charges are used to test the anti-meteorite stability of spacecraft. The 

proposed method makes it possible to form a blank in which, as its 

thickness decreases from the center to the periphery, a periodic profile 

variable in thickness is formed simultaneously in the circumferential 

direction. The disk metal blank is fixed in a three-cam chuck and the end 

face of the disk is cut with a decrease in thickness along the generatrix 

from the center to the periphery. Under the action of fastening forces, the 

disk blank is deformed and after processing the thickness in the cross 

section has a triangular periodic profile. Experiments on processing of disk 

preparations at various efforts of machine device are carried out. The 

dependences of the disc thickness on the fastening force in the device are 

obtained. After harmonic analysis of the thickness of the cross section, the 

values of the amplitudes of harmonics of different thickness in the 

circumferential direction at different distances from the center of the disk 

blank were determined. An increase in the fastening force leads to an 

increase in the amplitude of the third harmonic of the part thickness. It is 

shown that the change in the amplitudes of the first and second harmonics 

of different thickness is insignificant, and the amplitude of the third 

harmonic increases from the center to the periphery, which is caused by a 

decrease in the stiffness of the workpiece in the peripheral region. 

1 Introduction 

It is known that shape charges are used for tests on the anti-meteorite stability of spacecraft 

[1-5]. The action of such a shape charge is based on the interaction of a high-speed compact 

element, which is a metal liner thrown by an explosive, with an barrier. In the design of the 

charge, such a liner has a conical or segmental shape, is made of steel, copper, tantalum and 

other material [1-8]. In this paper, charges with segmental steel liner are considered [6-8]. 

After initiating the explosive, the liner is crimped and takes the form of an elongated 

high-speed element. To stabilize its flight, it is recommended to form an aerodynamic skirt 

in the tail region, which has a periodic, multi-vertex cross-section profile variable in 
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thickness. The creation of such an element profile is possible in various ways, using 

modifications of both the liners [2-9] and the explosive charge [10-11]. In works [11-14] it 

is proposed to use overlays on metal cladding, multipoint initiation to increase the 

efficiency of such charges. The process of penetration of such elements into the barrier is 

studied experimentally [15-18]. Mathematical modeling is used to reduce research costs [6-

8, 19-25]. As the results of studies [6-8] show, the shape of the segmental metal liner has 

the greatest influence on the parameters of the high-speed element, so in this work the main 

attention is paid to this part of the charge.  

Studies show [9] that when modifying the liner, the height of such vertices along its 

thickness in the circumferential direction should be small, and in the periphery of the liner, 

the height should not exceed less than millimeter. In work [9] it is offered to receive the 

specified profile by methods of sputtering or surfacing that is rather laborious and does not 

guarantee achievement of the specified accuracy. Manufacturer of wall with periodic 

thickness variation requires improvement to achieve the specified accuracy. 

 

Fig. 1. Segmental liner of the shaped charge. 

In this paper, a variant of the manufacturing technology of the disk blank for the 

segment liner of the shape charge is proposed (Fig.1), allowing to form such a blank, in 

which a decrease in the thickness of the blank from the center to the periphery 

simultaneously in the circumferential direction, a variable thickness periodic profile is 

formed. 

2 Materials and Methods 

For production of such liner it is offered to use the technological process including 

operations of reception of disk preparation (stamping or a segment from a circle), 

mechanical processing of disk preparation, stamping-forming in an elastic matrix for giving 

of a segmental form of a detail. The required part cross-sectional profile in the radial and 

circumferential directions (thickness reduction from the center to the periphery and periodic 

fluctuations in the circumferential thickness) will be formed in the machining operation, 

and then will be inherited by the part after stamping. 

The technological operation of machining is performed on a lathe when fixed in a three-

cam chuck. As a blank, a disk blank obtained by cutting in a die or by cutting from a circle 

of the corresponding diameter is used. When fixing a thin-walled disk blank in a three-cam 

chuck, it is deformed under the action of fastening forces and when turning the end surface, 

the thickness of the workpiece in the circumferential direction will be variable. Trimming 
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of the end is performed by the undercut cutter in one or more passes from the center to the 

periphery with a gradual increase in the depth of cut. The resulting end surface will not be 

flat, but conical, since the thickness of the segment facing in the center of the part (in the 

dome) should be greater than in the periphery. For liners up to 100 mm in diameter, the 

thickness in the peripheral area does not exceed 1..3 mm. The problems with machining 

according to this scheme are the reliable fastening of the workpiece in the three-cam chuck, 

since the width of the fastening (1..3 mm) small and high probability to touch the cutter 

cams when processing the peripheral area (Fig.2). 

 

Fig. 2. Trimming the end of the disc when fixed in a three-cam chuck (filling marked a dangerous 

area during processing). 

To solve this problem, it is proposed to choose a disk blank of obviously larger diameter 

(about 10-25%), and form a conical surface when trimming the end with the abandonment 

of the technological shoulder, which will act as a base and will not be worn off in the 

process of trimming the end (Fig.3). The width of the shoulder for reliable fastening 

depends on the material to be processed, the thickness of the workpiece, the diameter and is 

selected empirically. 

 

Fig. 3. Cross-section of the workpiece at different processing operation. 

For the subsequent removal of the technological shoulder on the surface of the 

workpiece is formed a center hole, the workpiece is reinstalled in the centers and the 

shoulder through the cutter is ground in several passes (Fig.4). 
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Fig. 4. Blank with a shoulder (left) and after processing without a shoulder (right). 

To test the technology, experiments were carried out to obtain disc parts with a diameter 

of 68 mm, a thickness in the center 2..2.5 mm, on the periphery 1.5..2.1 mm. as the initial 

disk blanks were used circles with a diameter of 75 mm, a thickness of 4 mm, made of 

brass L63. Brass has close to copper technological properties and lower cost, which 

determined the choice of material for the experiment. Processing was carried out on a lathe 

1A62. The workpiece was mounted in a three-cam chuck, fastening was performed with a 

torque wrench with a fixed torque on the key while the fastening force was recorded in each 

experiment.  

Values of the moment on a key at fastening were accepted equal 25; 40; 55; 70; 85 N•m 

which further were recalculated in efforts of fastening. During processing, the depth of cut 

increased from 1.5 mm in the center to 2.5 mm on the periphery of the disc. Spindle speed 

n=240 rpm, cross feed s=0.125 mm/rpm. The width of the technological shoulder was 3.5 

mm per side (Fig. 4). 

3 Results 

After processing, to evaluate the results of the experiments, thickness measurements were 

performed in the circumferential direction at a radius of 32 mm (at a workpiece radius of 34 

mm) through 15 degrees at 24 points, one of the workpieces was measured in the 

circumferential direction at a radius of 27 mm (Fig.5). 

 

 

Fig. 5. The thickness  in mm of the workpiece at a radius of 32 mm. 
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Measurements were carried out at marked points of the workpiece on the Abbe 

comparator with a division value of 1 micron. The results were entered in a table and then 

processed in Excel. The thickness in the circumferential direction was determined by the 

results of measurements (Fig. 5) and the thickness difference, as the difference between the 

current thickness value and the minimum value in a given direction. 

Harmonic analysis was used to study the cross-sectional profile in the circumferential 

direction. According to the method of using this approach in relation to the analysis of the 

geometry of shape charges, the study of thickness and thickness in the circumferential 

direction was carried out. When describing the periodic function using the Fourier series, it 

is possible to identify the largest amplitudes of harmonics and explain the reasons for their 

appearance. Harmonic analysis was used to reduce errors in the cross-section of conical 

shaped liners. In this paper, it is proposed to identify one of the higher harmonics, in 

particular, the third, by means of harmonic analysis, to control and control its value at 

different operations of liner manufacturing. 

The results of the harmonic analysis of the values of the liner thickness in the 

circumferential direction at a radius of 32 mm from the center are presented in Figure 6. 

 

Fig. 6. The amplitude of harmonics of the thickness variation of the workpiece after harmonic 

analysis. 

As can be seen, the amplitude of the third harmonic has the highest value among the 

first three harmonics and exceeds the amplitude of the first harmonic by 3.2 times, and the 

second by more than an order of magnitude. This shows that the proposed method of 

machining forms a workpiece with the necessary periodic error structure-thickness 

difference, which will create a three-vertex thickness profile in the circumferential 

direction. 

The next step is to study the effect of the fastening force on the size of the thickness. 

The results are shown in Figure 7. 
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Fig. 7. Dependence of the relative thickness  * of the workpiece at a radius of 32 mm on the value 

P*. 

The experimental results allow us to construct a linear dependence 

* *
0, 006 0,1211P   , 

where *




   - is the ratio of thickness  to the thickness of the part , 

P*
P


  - the ratio of the fastening force P to the thickness of the part  

With an increase in the fastening force, the value of the thickness increases, which can 

be explained by an increase in the deformation of the workpiece in the transverse direction. 

It should be noted that additional experiments are needed to clarify this dependence for a 

larger range of thicknesses and different materials. 

For one of the details, a harmonic analysis of the thickness difference in the 

circumferential direction at different distances from the center of 27 and 32 mm was carried 

out (Fig.8). As the results of the analysis showed, the values of the amplitudes of the first 

and second harmonics increase slightly, and the values of the amplitudes of the third 

harmonic at a distance of 27 and 32 mm from the center differ by more than 4 times. The 

amplitudes of the first and second harmonic to grow with increasing distance from the 

center, due to the fact that the first harmonic describes the displacement of the billet center 

relative to the center of the dimension in the radial direction under the same conditions of 

measurement it is equally small, and second harmonic component characterizes the curved 

workpiece along one of the diametrical lines, and is likely to be associated with the 

characteristics of the rolled sheet, which was made blank.  Such a slight increase in the 

second harmonic in the experiment correlates with a proportional increase in the thickness 

of the workpiece from the center to the periphery when obtaining a conical surface in the 

conditions of" curvature " of the workpiece. Of greater interest is a significant change in the 

amplitude of the third harmonic. It can be assumed that this difference (more than 4 times) 

caused a significant deviation of the workpiece during the machining in the axial direction 

under the action of cutting forces, since the workpiece is reduced in the peripheral regions 
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due to firstly, increase the distance from the attaching points, and, secondly, because 

reducing the thickness of the workpiece from the center to the periphery. A further way to 

reduce the amplitude of the third harmonic will be to find ways to reduce the cutting force 

in the process of trimming the end face. 

 

 

Fig. 8. Amplitudes of harmonics of the part thickness in the circumferential direction at a distance 

of 27 (light) and 32 (dark) mm from the center. 

The next operation of the technological process of manufacturing of liner offers 

stamping disc blanks in an elastic matrix, as it would involve giving the necessary form 

details the conditions of preservation without changing the thickness of the workpiece and 

of the inheritance of part of variable thickness formed on the machining stage. 

4 Discussion and application in the education 

The considered technique is developed and used in educational process of chair of 

technologies of rocket and space mechanical engineering at studying of technological 

equipment of process of tests of rocket and space equipment. Calculations are performed 

and processed using standard techniques in MS Excel and MathLab. Students determine the 

required geometric parameters of the workpiece in the process of fixing, select the fixing 

force and register the values of deformations. According to the results of the experiments 

build graphs, the relationship between the fastening force and deformation of the workpiece 

and prepare a report. 

5 Conclusion 

Thus, the paper shows that in the manufacture of metal disk blanks by machining it is 

possible to form a periodic thickness profile in the cross section of the workpiece while 

reducing the thickness of the disk from the center to the periphery. To do this, it is proposed 

to use a larger diameter workpiece with a technological shoulder, which serves as a base for 

processing and is later removed. The presence of such a technological shoulder allows you 
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to fix the workpiece when processing the end without the risk of damage to the processing 

device.  

After harmonic analysis of the thickness of the cross-section in the circumferential 

direction, the thickness dependences on the fastening force in the device are obtained. An 

increase in the fastening force leads to an increase in the amplitude of the third harmonic of 

the part thickness. The values of harmonics amplitudes of different thickness in the 

circumferential direction at different distances from the center of the disk blank are 

determined. It is shown that the change in the amplitudes of the first and second harmonics 

of different thickness is insignificant, and the amplitude of the third harmonic increases 

from the center to the periphery, which is caused by a decrease in the stiffness of the 

workpiece in the peripheral region. 

This method used for studying in Bauman Moscow State Technical University for 

students on aerospace manufacturing. 
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