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APPARATUS FOR DRAWING AND PULL ROLLING OF METALS 

UNDER HIGH HYDROSTATIC (LIQUID) PRESSURE 

B. 1. Beresnev, L. F. Vereshchagin. and Yu. N. Ryabinin 

[Translated from TSVETNYE METALLY, vol. 31,1958 , #8,61.63] 

Bridgman's work on draw­
ing steel into wire under 
high hydrostatic pressures. 

Work done in the Soviet Union 
on the extrus ion of metals 
by high-pressure liquids. 

Design of preliminary labor­
atory equipment for (a) draw­
ing metals into wire (Fig. Ib) 
and (b) pull-rolling of metals 
(Fig. lc), both under high 
hydraulic pressures. 

Design details of new labor­
atory apparatus (Fig. 2) 
developed for cold drawing 
and rolling - -currently of 
aluminum-- under pressures 
of about I 0.000 kg/ sq cm 
(63.5 tsi). 

Principle of apparatus; its 
operation; steer compositions 
used for its most highly 
stressed parts. 

Brutcher Translation 
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Problems of studying the laws of plastic deformation 

under high hydrostatic pressures have occupied the attention of 

foreign and Soviet investigators [1-3]. They established the 

effect of high hydrostatic pressure upon the strength and plas­

ticity of materials subjected to deformation under these condi­

tions. In the work of P. Bridgman [1], of practical interest 

are tensile tests of steel specimens prestrained in tension under 

high hydraulic pressures. He was the first to show that prelim­

inary deformation of a metal in a highly pressurized liquid 

is reflected in its subsequent mechanical properties. 

With a view toward practical improvement of metal properties j 

he was also the first to propose the method of drawing metal into 

wire by conducting the process in a hydrostatic pressure zone 

(Fig. 1). It is known that the method of drawing metal into wire 

according tt arrangement (a) is widely used in modern technol ogy 0 

The blank 1, placed in the die 2, suffers plastic deformation 

upon application of the force K, and changes its size from initial 

diameter D to a final diameter d. As a result of the strain 

harden1ng 1nvolved, the strength of the metal increases, but its 

ductility deteriorates simultaneously until a stage is reached 

when plastiC deformation becomes impossible and failure results 0 

To realize substantial deformations it is necessary to give periodic 

(process) anneals which impart to the metal an equil ibrium structure; 

however, along with thi~, the previously attained strength increase 

is lost. Po Bridgman showed that when such process is conducted 

in a liquid under a pressure of 12,000 kg/sq.cm (173,OOO Ib/sq.in) 

for steel, it becomes possible to attain high reductions without 
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any process anneals, thus preserv1ng the improved properties of 

the steel. It should be painted out that these tests were only 

preliminary in character, and that no circumstantial study of 

the mechanical properties c·f the metal was carried out. 

First by P. Bridgman, and later by us in the Laboratory 

of Physics of Extremely High Pressures of the USSR Academy of 

Sciencesl use was made of another method of converting metal into 

wire, involving its extrusion by high-pressure liquid [1, 4]. 

Mechanical tests on a number of nonferrous metals and alloys ex­

truded by high-pressure liquid ind1cated an improvement of these 

properties by such a method of cold working. It was also shown 

that the retained ductility of aluminum extruded by a liquid de­

pends upon the magnitude of the pressure. 

It is known that the particular stressed state in accord­

ance with wltch the deforming process is carried out is reflected 

in the resicual change of the mechanical properties of metal [1, 

2]. It i~ 1nteresting to compare the mechanical properties of 

metalsprestrained by different methods in the high hydrostatiC 

pressure zone, in order to select the most effective deformation 

program. A unit was constructed for two methods of deformation 

of .metals in the pressure zone: drawing and rolling with freely 

rotating (free-running) rollers. 

Fig. I-b shows a sketch of the arrangement of the unit 

for drawing in high-pressure liqUid. The cylindrical blank 2 . 

of diameter D, turned down at one end to diameter d, is fitted 

in die 3, and the assembly is then placed in the high-pressure 

vessel 1, which is divided into two non-communicating compartments. 
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The end of blank 2 (diameter d ) is connected with the aid of 

the clamp 5 with the movable rod 6, whose upper and lower ends 

are located in different compartments of the high-pressure 

cylinder. If a pressure Pl is created in the high-pressure 

cylinder, and a lower pressure P2 in the lower compartment, 

then there will be obtained a pressure drop PI - P2, as a re­

sult of which the movable rod 6, connected with blank 2 will be 

propelled from the upper into the lower compartment of the high­

pressure cylinder; simultaneously, the blank will be deformed 

in the die 3 (from diameter D to diameter d) under pressure Pl. 

Fig. 1-c shows a sketch of the arrangement for metal 

rolling with free-running rollers in pressurized liqUid. In 

this case, the arrangement of the unit and the principle of 

action of the forces are analogous to the unit for drawing. The 

differences amount merely to replacement of the die 3 by the 

mount 4 with the two free-running rollers 7 inserted therein. 

The blank for rolling in this case has the form of a rectangular 

strip. As a result of the deformation that takes place, the 

thickness of the blank is reduced from H to h. 

The above-described arrangements formed the basis for 

designing an installation (Fig. 2) to realize the processes of 

drawing and rolling metals with free-running rollers in liquid 

under 10,000 kg/sq.cm (142,200 psi or 63.5 tSi) pressure. 

The cylindrical blank 12 was placed in die 11. One end 

of the blank was connected by means of a collet chuck 10 with 

the movable rod 9. Die 11 is immovably fixed in the parts 13 

and 8, which are held together by a screw thread. A screw thread 
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also connects the intermediate part 8 with cap 6, containing 

the reverse valve 5, which is pressed downward by spring 7, 

and which has a through opening to accommodate the travel of 

rod 9. This entire arrangement is placed prior to the test in 

the inner channel of the high-pressure cylinder 2, which is 

fixed in the plates 1. The upper and lower parts of the inner 

channel of the high-pressure cylinder are closed by seal 14, 

which is designed on the basis of the principle of the uncom­

pensated platform [5,6]. 

The high-pressure liquid is fed from a laboratory 

high-pressure pump (with a capacity of 3.8 liters = 1 gallon 

per hour against a 10,000 kg/sq.cm = l42J200 psi pressure in the 

feed line) through the inner bore of obturator (stopper) 3 into the 

inner channel of the high-pressure cyl~nder, thereby raising the 

reverse valve 5. The pressure of the liquid is indicated on a 

spring manom~ter installed on the hydraulic compressor. The in­

stallation is thus prepared for the actual test. As a portion 

of the liquid is drained throu~l valve 16, the reverse valve 5 

settles with its lower end, which holds the copper ring 4, upon 

an annular knife recess on the obturator 3. From this instant on, 

the inner channel of the high-pressure cylinder 2 is divided into 

two mutually non-communicating compartments. By continuing the 

drainage of the liquid through the valve 16, it is possible to 

create on the reverse valve a pressure drop (cf. Fig. I-b) 

sufficient to permit the movable rod 9 to draw the blank 12 through 

the die 11. 
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The pressures in the upper part of the inner channel 

of the high-pressure cylinder are measured by a spring manometer 

installed on the tee 15; those in the lower part of the inner 

channel of the high-pressure cylinder are measured by a manometer 

on the hydraulic compressol' [pump? ] . 

During the process of deformation of the blank, the 

volume of the upper part of the high-pressure cylinder changes 

since the rod 9 moves into the lower compartment of the inner 

channel. To prevent a decrease in pressure in the upper compart­

ment, provision was made for preliminary filling of the inner 

channel with gas (nitrogen) under 100 kg/sq.cm (1422 psi) 

pressure, which considerably improved the conditions for con-' 

ducting the test. 

The sequence of steps for the proposed set-up for the 

process of r ,"Illing metals w1th freely rotat1ng rollers is analog­

ous to that tor drawing. However, in this case (cf. Fig. 2, 

Assembly B), die 11 1s replaced by the mounting 19 with the 

freely rotating rollers 19 inserted there1n, through which blank 

17 is passed. 

The moat vital parts of the installation are made of 

alloy steels and suitably heat treated. The high-pressure cylinder 

2 is made of 45KhNMFA (0.42-0.50% C, 0.17-0.37% Si, 0.50-0.80% Mn, 

0 0 030% max. S, 0.035% max. P, 0.80-1.10% Cr, 1.30-1.80% Ni, 0.20-

0.30% Mo, 0.10-0.20% V) steel ~rith a Rockwell C hardness of 45-48; 

die 11, movable roc.~ 9, reverse valve 5, and rollers 19 are machined 

from ShKh15 (0.95-1.10% C, 0.15-0.35% 8i, 0.20-0.40% Mn, 0.020% 

max. S, 0.027% max o P, 1.30-1065% Cr, 0030% max. Ni, 0.25% max. CU) 
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steel (with RC = 60-62 ). 

The above-described installation was used to carry out 

tests on the drawing and rolling of aluminum specimens to various 

reductions while under various pressures in the high-pressure 

chamber. 
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Fig. 1. Sketch illustrating the de­
formation of metals by (a) conven­
tional drawing; (b) drawing in pres­
surized liquid; and (c) pull rolling. 

Unit A 

Unit B 

Fig. 2. Set-up for drawing and 
pull rolling of metals in pressur­
ized liquid. 
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Manufacture of Steel Wire- 1 (Reissued) 

Order 
No. 

5664 

3050 

3717 

Develo ments in the Manufacture of Hi -Stren th [Steel] Wire. C. Eisenhuth. 
STAHL UND EISEN, vol. 82, 1962, 14, pp. 945-52; 13 figs., 4500 words. [Review 
of progress in steel wire manufacture. Increases in coil weight and productiv­
ity; most important types of multiple-draft machines (Fig. 1); time requirement 
for drawing wire from 100 kg coils (Fig. 2); handling time/.coil and output per 
manshift as functions of drawing practice and coil weight (Fig. 3); tilting beam 
(Fig. 4) and vertical (below floor level) pay-offs (Fig. 5). Take-up reels for 
beavy coils (Figs. 6,7) and for slow speeds {patented wire) and higb fill (Fig. 
8); storing device for heavy coils Of coarse wire. Trend toward continuous-
line processing: processing times for 100 kg of 1 mm dia. galvanized rope wire 
(Fig. 10). Uniformity and reproducibility of mechanical properties (Figs. 11, 
12). Cooling of wire-drawing blocks: present and future (Fig. 13). Finishes 
and protective coatings.] Price $12.60 

Investigation of the Process of Cooling of Wire Rod After Rolling in a Contin­
uous Mill. V. I. Gubinskii, A. N. Minaev and N. Yu. Taits. IZVEST. VUZ- CHERN. 
MET., Nov. 1962, #11, pp. 128-32; 3 figs., 2000 words. [Report on industrial­
scale trials aimed at lowering the present high oxidation losses of wire rod 
finish-rolled on high-speed mills. Magnitude of heat transfer as a function of 
the velocity of the cooling water and that of the wire rod, of the direction of 
water flow in, and the geometry of~the rod-guide tubing filled with water. 
Diagrammatic representation of cooling arrangements used for determining the 
most favorable cooling conditions for hot-rolled wire rod (Fig • . 1). Changes in 
diameter of guide tubing, the method of delivery and direction of flow of the 
cooling water; also its speed of travel, as affecting the abstraction of heat. 
Determination of mean heat transfer coefficient over the length of the cooling 
path as a function of the absolute water velocity therein (Fig. 2). Derivation 
of laws governing the effect of the various factors on the heat transfer during 
forced movement of a liquid in tubes. Quantity of heat transferred from rod to 
cooling water, both simultaneously moving co-current, counter-current, and under 
spray + co-current (Fig. 3). Experimental results worked out in form of criteria: 
significant final equation for solution of problem.] Price $6.50 

Friction, Wear and Lubrication in Wire DraWing. W. Papsdorf. STAHL UND EISEN, 
vol. 72, 1952, #8, pp. 393-99; 10 figs., 2 tables, 4700 words. [Explanation of 
friction conditions based on latest research results. Conditions of lubrication 
in wire drawing and Heidebroek's concept of boundary friction. Dependence of 
coefficient of friction on velocity of sliding and on surface pressure. Scoring 
of wire-drawing dies; die wear. Dependence of viscosity of fatty oils and min­
eral oils upon temperature and pressure. Lubricants used in wire drawing. Im­
portance of lubricant carrier, wire coating, and correct lime / soap ratiO? 
particularly with metal soaps.] Price $9.40 

Phosphating of Wire and Wire Rod Preparatory to Cold Drawing and its Importance 
for the Wire Industry. L. Kus. HUTNIK (Poland), vol. 22, 1955, #9, pp. 318-24; 
5 figs., 6 tables, 1600-word condensation. [Selection of best available prepara­
tion for continuous phosphating operations at wire mills. Data on best-known 
German (6) and Russian (1) compositions for fast phosphating baths (Tables 1 and 
2) for (a) starting new baths and (b) regenerating used baths; method of prepar­
ing baths. Procedure for selecting the most favorable phosphating bath and phos­
phating conditions (bath temperature; bath concentration; immersion time, etc.) 
siving optimum results. Drawing experiments on phosphated steel wire and rod 
~0.08 to 0.75% C); die diameters and percent reductions (Table 5). Drawing 
force required (Table 6) for phosphated as against nonphosphated wire and rod, 
and surface qualities obtained (Figs. 2-5).] Price $3.80 

C-174 Enlarged 
and Reissued 
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Fundamentals of Drawing of Steel Wire- 6. 
----~-~ 

Order 
No. 

2251 

2623 

2179 

Feele!:_~evic~. for Measuring the Sbape of Wir-e Dr~wi~~!~~. 
H. Mucke. STkqL UND EISEN, vol. 68, 1948, No. 85-26, pp. 
484; 1 figure, 1300 words. [Difficulties in checking pre­
Cisely the shape of wire drawing die holes. Efforts at 
developing a self-recording device, particular-ly suited 
for holes less than 5/64 inch in diameter. Feeler c.evice 
suggested by author (Figure 1); two varIants.] $2030. 

Draw1:.n!2-' Experi~ts with Allo~~~!._Wi!:~yn~er Dl!fe~ent 
Con.£! tion.!?. W. Lueg and Ao Pompo Sr.cAHL UND EISEN, vol, 
70, 1950 No. 22, pp. 977-984; 7 fi~ures, 3 tables, 5900 
words. tlmportance of good adhesion of lubricant to st~el 
surface in cold dr~.wing. Value of sui tA.ble ' lubr'icant car­
rier. Experimental arrangement. Steels drawn: Low Cr 
cold-drawn steel w1th spheroiditic structure; high speed 
ste~l (8~" W, 4 Cr, 1.8 V); a,nd 18-8 steel with .oo5~10 Co + 
005 i" Ti ~ Lu.bricants used! Dry soap and commercial drew­
In,g grease with addi tion of 01L Experimental progra,m 
and procedure. Conditions of drawing selected for the 
different series. Evaluation of experimental d~ta$ Sin­
gle-draft experiments with increasing percent reductions. 
Experiments involving sequences of 3-4 drafts and conduct~ 
under Varied conditions of draw;ing. Experiments on the 
drawing of 18-8 Ti + Co steel Involvinr an eight-draft 
sequence without process anneaL Advantage of an addi ... 
tional lubricant carrier to insure better adhesion of 
lubricant.] Price $11040. 

Chemical Coatings for Improved. Cold Sbaoing of Steel. 
W. Overath. STAijL UND EISEN, vol. 68, 1948, No p 13-14, 
4300 words. [Technological importance of' chemical coat­
ings, especially metal phosphate coating,s, for the cold 
shaping of steel. Phosphating prs.ctice s 0 Explanet10n of 
phenomena observed in the roost varied cola, Elhapl.nF opera­
tions, on the ~asis of the chemical Rnd physical proper­
ties of metal phosphate c08.timr.s. Data on usefulness of 
phosphate coatings in the cold e~trusion of steel parts, 
deep d.rawlng of tubular parte, COld dr81~ing of precision 
tubing, bar stock, and sections of steel~ dr~winp.; of' wire 
of hlerh strength steel, Rnd manuf~cture or-st-e-Alscrev'S:­
Advantages:-Reduction of work of deformation; increase 
in number of passes without proces R anneal; improved sur­
face quality of products; longer life of shapin~ tools; 
less expensive lubricantseJ ~rice $7055 • 

C-174. 
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Fundamental Factors in Rolling of Stee1- 3 . 

Order 
No. 

2861 

2906 

4488 

5192 

Spread in the Hot Rolling of Steel . H. Bechmann. STAHL UND 
EISEN~ vol . 70~ 1950~ #26~ pp . 1222-3; 1 fig.~ 700 words. [ Near­
proportionality of ratio of spread/draft in rolling to root of 
ratio of roll radius/thickness of bar before pass~ according to 
W. Tafel and H. Sedlaczek. Author's new approximation formula 
which is more accurate than Tafel and Sedlaczek's formula . Diagram 
(Fig. 1) from which the ratio of spread/draft can be read without 
calculations. ] Price $1.90 

Distribution of Pressure over the Contact Area in Rolling . I. G. 
Astakhov. TRUDY MOSKOVSKOGO INST. STALI~ im. I . V. STALINA~ 
Symposium No. 30 on 11 Structure and Properties of Steel II ~ 1951 ~ 
pp . 147-180; 7 figs . ~ 1 table~ 1850-word condensation. [Investi­
gation of variation of contact pressure in the rolling of metal 
strips having different widths . Experimental arrangement and pro­
cedure. Materials used for study: bronze~ brass~ steel~ etc. 
Effect of strip width upon distribution and magnitude of contact 
pressure across strip. Influence of amount of cold reduction on 
contact pressure distribution in the direction of rolling . Effect 
of rolling speed and lubricant on character and magnitude of 
contact pressure between strip and rolls . Correlation between 
experimental and theoretical data; conclusions to be drawn.] 

Price $3.70 . 

Apparatus for Drawing and Pull Rolling of Metals under High Hydro­
static (Liquid) Pressure . B . I. Beresnev and Others . TSVETNYE 
METALLY~ vol . 31~ 1958~ #8~ pp . 61-3; 2 figs.~ 1600 words . 
[Bridgman's work on drawing steel into wire under high hydro­
static pressures . Work done in the Soviet Union on the extrusion 
of metals by high-pressure liquids . Design of preliminary labora­
tory eqUipment for (a) drawing metals into wire (Fig . Ib) and 
(b) pull-rolling of metals (Fig . lc)~ both under high hydraulic 
pressures . Design details of new laboratory apparatus (Fig . 2) 
developed for cold drawing and rolling -- currently of aluminum 
under pressures of about 10~000 kg/sq . cm (63.5 tsi). Principle 
of apparatus; its operation; steel compositions used for its 
most highly stressed parts . ] Price $3.40 

Surface Def ects on Rolled Steel. P . Ya . Ryzhkov and R. M. 
Shereshevskaya. METALLURG~ May 1961~ #5 ~ pp . 25-26; 1 fig . ~ 
500 words. [Metallographic patterns of artifically produced 
surface defects on tube blanks as a potentially useful guide 
in identifying the nature of actual surface defects such as 
occur on rolled stock . ] Price $2 . 25 
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a) 

Fig. 1. Sketch illustrating the de­
formation of metals by (a) conven­
tional drawing; (b) drawing in pres­
surized liquid; and (c) pull rolling. 

Unit A 

Unit B 

Fig. 2. Set-up for drawing and 
pull rolling of metals in pressur­
ized liquid. 


