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Introduction

Rocket shell bodies and artillery shell cases have a 

similar design: thin long cylindrical walls and bulges or 

bottom at the ends. With the classical technology for the 

manufacture of blanks for shall cases or bodies, including 

cutting a circle from flat rolled stock of an anisotropic 

material of steel 10GN (TU 14-1-1356-75), convolution 

and several transitions of the drawing, alternating with 

heat treatment. The choice of this technology is due to the 

versatility of the technology in comparison with the use 

of pipe billets, besides, the wholesale price of flat rolled 

stock or hot-rolled strip is 1.5–2 times lower than that of 

thick-walled hot-rolled pipe [1].

The disadvantage of this technology are the errors in 

the shape of the blanks, amounting to 0,75–1.5 of the 

tolerance for diametrical dimensions [2–9]. When ma-

chining by cutting, these errors decrease according to the 

laws of copying the errors [2, 3, 10], however, the anisot-

ropy of the material of the original workpiece leads to the 

appearance of errors in the shape-ovality and curvature 

of the pipe.

In most cases, a body with a length of more than 

1500 mm with the wall thickness of 1.5 to 5 mm is dif-

ficult to manufacture in one piece, therefore it is made of 

several pipes of shorter length. In this case, the geomet-

ric errors of the body increase, since the connection of 

parts is impossible without mutual misalignment of the 

axes. There are two main requirements for prefabricated 

housings:

– straightness of the product (small axis bending) re-

quired for long products consisting of two or more pipes;

– tightness during storage and operation of the pro-

duct.

These requirements are provided by the design of the 

product and the accuracy of its manufacture. Such a pre-

fabricated body (Fig. 1) is obtained by screwing long pipes 

with a length to diameter ratio L/D from 10 to 30. The main 

functional requirement for prefabricated bodies is their free 

connection with a pipe of a given diameter and curvature, 
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cision technology reliability. For the manufacture of monolithic extended axisymmetric bodies, hot-rolled thick-

walled pipes are used as an initial billet. The operations are performed in the following sequence: cutting pipes into 

dimensional workpieces; machining (turning, boring); heat treatment (quenching, tempering); machining (fine 
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ing. Statistical studies have found a regression equation showing at a confidence level β = 0.95, dependence of the 

diameter of the base hole of the workpiece after drawing in from the current value of the diameter before drawing.
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Fig. 1. Prefabricated rocket body with threaded pipe 
connection 1 and 2
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assessed by the value of the radial runout Δp prefabricated 

body, which is standardized by the drawing (Δр � 0,5 мм), 

as well as the tightness of the connection, determined in 

this case by the accuracy of the mutual position of the at-

tachment ends of the pipes after tightening, the normalized 

value of the one-sided end gap Z � 0.1 mm. 

Another parameter regulated in the technical condi-

tions is the deviation of the shape of the threaded and 

adjacent surfaces in the form of deviations from round-

ness [2, 3, 10], which is very significant for the thin-

walled parts with a wall thickness from 1.5 to 3 mm (by 

1.2–1.5 times the diameter tolerance). However, when 

assembling thin-walled rings and pipes, the shape devia-

tions are somewhat straightened. This is known to the de-

signers, therefore they normalize the average diameter of 

a smooth cylindrical surface and allow for the ovality of 

pipes, a larger tolerance of the average diameter. For ex-

ample, for a 121.6 mm thickening on pipe 2 (see Fig. 1), 

the dimensional tolerance is TD = 0.26 mm, and shape 

tolerance (ovality) TΔ
ов

 = 0.3 mm.

Often, parts have overestimated radial and end runout 

of the mating surfaces, as well as the ovality of the base 

surfaces. The fact that the manufacture of pipes according 

to a single technological process on the same machines 

and with constant adjustment leads to their different qual-

ity indicates the presence of hidden technological he-

reditary ties. The radial runout of the prefabricated body 

sometimes reaches Δp = 1.2–1.5 mm (with preset value 

0,5 mm), and the number of the defective assemblies aver-

ages from 20 to 30 %. 

Aim of Research

Comparative analysis of the influence of technologi-

cal heredity of body blanks, stamped from a sheet and 

obtained by rotary drawing from a hot-rolled pipe, on the 

final accuracy of the bodies.

Obtained Results 

The authors investigated the mechanism of the forma-

tion of the output characteristics of the assembled bodies, 

taking into account the parameters of the pipes manufac-

tured using classical technologies [2, 3]. It was found that 

the polar distribution of all output quality parameters ex-

ceeds the available tolerances: the radial runout of the For 

all that, only the pipes are used, which have been tested by 

the plant Quality Control (QC) department making use of 

the measuring instruments and limit gauges.

Measurements of the actual errors in the manufacture 

of the base surfaces of the pipes showed that their scattering 

fields exceed their tolerance fields: the runout of the pipe 

mating ends by 1.5 times; ovality of threads by 1.33 times, 

ovality of bands by 1.62 times. In addition, the radial run-

out of the flanges relative to the thread axes is 2.46 times; 

runout of ends of complex threaded calibers by 2.58 times; 

ovality of the outer base surfaces by 1.848 times. Thus, the 

technological process of manufacturing prefabricated bod-

ies when using initial blanks from flat rolled stock does not 

provide the required reliability [2].

For the manufacture of  monolithic extended axisym-

metric bodies, hot-rolled thick-walled pipes 110×14 mm 

in size (according to TU 1308-005-33116077-2001) 

from structural complex-alloyed steel 12H3GNMFBA 

(according to TU 1308-001-49967239-98) are used as 

an initial billet. The operations are performed in the fol-

lowing sequence [11, 12]: cutting pipes into dimensional 

workpieces; machining (turning, boring); heat treatment 

(quenching, tempering); machining (fine turning, bor-

ing); rotary drawing (first and second transitions); crimp-

ing the thickening; low temperature annealing. Analysis 

of the technology of manufacturing extended axisymmet-

ric bodies, taking into account earlier studies in the field 

of rotary drawing [13–16], allowed us to assume that the 

inner base diameter of the workpiece has a great influence 

on their accuracy characteristics. In a rotary drawing, the 

workpiece is positioned with a base hole on a mandrel 

fixed in the machine chuck and pressed by the center. 

Tube 1 (Fig. 2) is based on inner base diameter on 

mandrel 2. 

On the one hand, the pipe is pressed by the rear rotat-

ing center entering the centering hole 3, on the other hand 

it is installed in the base 4, which is fixed with six pins 5 

directly in the machine spindle. If it is necessary to elimi-

nate the runout, the mandrel is set through the clamping 

ring 6 by selectively tightening eight bolts 7, depending 

on the dial gauge readings. On both transitions, the work-

piece hole Ø116+0,35 mm serves as a double guide base 

and determines the accuracy of the relative position of 

the system of machined surfaces relative to the untreated 

ones (Fig. 3)

The developers of the technology for the manufacture 

of extended axisymmetric bodies using a rotary drawing, 

state that depending on the deformation modes, the di-

ameter of the base hole can both decrease and increase 

[11–16]. Since during rotary drawing the deformation 

zone moves from one end of the workpiece to the other 

along a helical line during its rotation, it can be assumed 

that the rotary drawing is a bifurcation point of the tech-

nological process, in which there is no influence of previ-

ous operations on the dimensions and properties of the 

workpiece. For the statistical analysis, a batch of 96 blanks 

was processed and the actual deviations of the base hole 

diameter from the nominal value before and after rotary 

drawing were measured using an internal dial gage with 

scale factor of 0,01 mm (Table). The range of the diameter 

Fig. 2. Basing the workpiece during a rotary drawing:
 1 — pipe; 2 — mandrel; 3 — centering hole; 

4 — base; 5 — pin; 6 — clamping ring; 7 — bolt
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of the base hole of the workpiece before the rotary drawing 

was x = 116.19–116.31 mm (average value 0,12 mm), and 

after the rotary drawing y = 116.10–116.24 mm (average 

value 0,14 mm). 

For convenience of the data processing, the intervals 

were taken to be — Cx = Cy = 0,02 mm. The intervals and 

the frequency of hitting them with blanks with the dimen-

sions of the base diameter, equal to the ratio of the num-

ber of blanks with runout to the number of the measured 

blanks, are given in the Table, where х and у — the diam-

eter of the base hole before and after drawing, and x–and 

y–x — respectively, their average values (given in brackets). 

In works [16, 17], it was found that the diameters of 

the base hole of the workpiece before (х = 116.15+0,15 mm) 

and after (у = 116+0,35 mm) the drawing obey the normal 

distribution law; statistical characteristics are also deter-

mined. Showing a linear relationship between x and y, 

which can be written as a straight line equation. To pro-

ceed to the new variables x’ and y’ the formulas were used:
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where ax and ay — new points of reference (in our case, this 

is the nominal diameter of the base hole: ax = ay = 116 mm).

The correlation coefficient, which establishes the 

strength (tightness) of the correlation relationship with 

the linear dependence of the variables xi and у, was de-

termined by the formula:
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where Cxy  — covariance value of random variables х and у; 

Sx and Sy — selective variance of the diameter of the base 

hole of the workpiece, respectively, before and after draw-

ing (statistical characteristics [18]). 

Correlation of the dependent variable y of the inde-

pendent variable xi: 

0,716
0,431

1.663
xy

y
y

S

S ′
η = = = ,

where 
xyS  – variance of group means (variance of theo-

retical values of the effective trait, reflects the influence 

of factor x on the variation y); Sy ′ — total variance; x–, 

y–x — average values of the diameter of the base hole of 

the workpiece before and after drawing in the considered 

interval.

The regression equation was obtained in the form: 

0,48 60.37xy x= +� , (1)

where ỹx  — statistically expected value of the diameter of 

the base hole of the workpiece after drawing depending 

on the current value x of the diameter before drawing.

Fig. 4 shows a graphical interpretation of the ex-

periment check. On the correlation field, the number of 

points in each cell corresponds to the value of the fre-

quencies indicated in the Table. In Fig. 4, points are also 

plotted corresponding to the average values y–x of the base 

hole of the workpiece after drawing in the interval under 

consideration, connecting them with segments, we obtain 

an empirical regression line according to equation (1), 

i.e., the theoretical regression line.

To assess the adequacy of this model, it is necessary to 

know the total and inter-interval variance. The variance 

ỹx was determined by the formula:
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Fisher’s criterion came up to: 

Fig. 3. Sketches of the pipe on the first (a) and second (b) 
transitions of the rotary drawing

The frequency of hitting the diameters of workpieces 
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Based on the results of the calculations carried out, the 

number of degrees of freedom was determined f — 1 = 6 

(where f — number of intervals), confidential probabil-

ity β = 0.95 and the tabular value of Fisher’s criterion 
Fт = 3.7. Since the calculated value F = 0,347 < Fт = 3.7, 

then the resulting model was accepted as an adequate one, 

i.e., using the regression equation, it is possible to predict 

the value of y depending on the change in the value of x 

with the required accuracy, i.e., at β = 0.95.

Conclusion

1. Manufacturing of prefabricated housings using ini-

tial blanks made of flat rolled stock does not provide the 

required reliability.

2. Manufacturing of monolithic bodies using original 

blanks from a hot-rolled pipe provides a large margin for 

the accuracy of the dimensions and shape of the part.

3. Rotary drawing does not completely eliminate the 

influence of errors of the previous operations on the di-

mensions and properties of the workpiece. Therefore, the 

errors of the base diameter of the workpiece are copied on 

the body with a refinement factor of 0,48, corresponding 

to the coefficient in the regression equation.

4. The research results have shown that, if necessary, 

the accuracy of the bodies can be increased by reducing 

the limiting tolerance for the base diameter of the work-

piece for a rotary drawing. The ratio of the hole diameter 

tolerance to its scattering field is 1.786, which  guaran-

teedly exceeds the value of 1.2 required by the criteria of 

technological reliability, recommended by A. A. Matalin.
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Fig. 4. Graphic interpretation of experimental results:
 � — data array; � and - - -  — theoretical 
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diameter of the base hole of the workpiece before 
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workpiece after drawing, ỹx — statistically expected 

value of the diameter of the base hole of the 

workpiece after drawing


