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POROUS MATERIAL DEFORMABILITY IN FOUR-ROLL PASS ROLLING
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Rolling in four-roll passes offers a lot of technological and ecological advantages over swaging
which is presently used for working of sintered powder rods from tungsten and molybdenum. It ex-
plains the necessity of thorough experimental and theoretical investigations of such processes as
plastic shaping and compacting of sintered powder materials at the zone of their deformation in rol-
ling with four-side reduction. Authors have carried out numerous experimental investigations of
compacting of powder rods in the process of their rolling in four-side passes. There exist several em-
pirical formulae describing rod density change in the process of rolling. The present paper gives
complex experimental details and justification of the proposed analytic function allowing the evalua-
tion of powder strip density by measuring its geometric parameters. This analytic function is based

on the law of constant rod mass in plastic shaping and compacting.
Keywords: porous material; deformability; four-roll pass; density; experimental investigation;

template.

Introduction

It is mostly imperative for modern material
swaging theory to develop mathematical models
and matching methods of calculation of plastic
shaping and compacting parameters. This is en-
tirely true for new technique of sintered powder
rod rolling in four-roll passes. Presently, such
rods made of tungsten and molybdenum powders
by their pressing and two-stage sintering are
treated basically by swaging. But experimental
investigations and commercial production prac-
tice evidently show technological and ecological
advantages of four-roll pass rolling technique
over swaging. Owing to such a situation, there is
an urgent need for thorough experimental and
theoretical investigations of plastic shaping and
sintered powder material compacting at the zone
of deformation during the rolling with four-side
reduction. Besides, such investigations would be
critical for improving existing technologies and
developing up-to-date methods of rod rolling
with four-side reduction of the rod at the zone of
deformation.

Model of powder rod compacting in rolling
Basing on previous experimental data con-
cerning the nature of powder sintered rod com-
pacting at the zone of deformation during the pro-
cess of four-roll rolling, authors have proposed
the following analytic functions describing den-

sity changes in a powder strip along the entire
length of its deformation zone [1]:

p(x) = (po — P1) (— %)k + P1, (1)

where pg, p; are rod densities before and after
the rolling, respectively,

[ is the length of deformation zone,

k is the parameter of deformation degree, its
values being set as follows: k=0 if p=const,
k=1 if the degree of deformation ¢ is less than
40 %, and k = 2 if € is greater than 40 %.

Another analytic function [2] is expressed as:

P =00’ |G +[1-C ]2 @

where n is the parameter characterizing the rate
of powder rod compacting in the direction of rol-
ling; this rate being inversely proportional to rod
density at the given profile of deformation zone.
However, the latest complex experimental
investigations of plastic shaping character and
powder rod compacting at the zone of deforma-
tion in the process of rolling with four-side re-
duction have revealed that the proposed functions
(1) and (2) fail to describe properly the real na-
ture of changes in sintered powder rod density
along the entire length of deformation zone.
The above functions just set a trend for possible
monotonic changing in rod density and leave
the question of what degrees of that monotony
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would be at each separate point of the entire
length of deformation zone.

The goal was to obtain a more accurate ex-
pression for density distribution in sintered pow-
der rod along the length of deformation zone.
The experimental investigations have been car-
ried out to solve the problem using underrolled
molybdenum powder rods obtained by rolling in
four-roll passes. During the experiment, the char-
acter of step-by-step changing in cross-section
area was also observed.

Industrial tests of the following technique
were also carried out. There were selected
the samples from the batch of sintered pure mo-
lybdenum powder rods with 18x18 mm cross-
section area and 600 mm length having the smal-
lest differences in densities of the material far and
wide. The selection of samples was carried out in
two ways: by hydroweighing and radioisotopic
density measuring with the help of special device
[3], permitting to measure density characteristics
in powder sintered rods so as to gain information
about the average density in the rod at a definite
cross-section area as well as density distribution
over that area or lengthwise. The above device
utilizes gamma-radiation source, its principle of
operation basing on registration of changes in
collimated gamma-ray beam passing through gam-
ma absorber, e.g. sintered powder rod. The de-
vice offers +0.1 g/cm’ accuracy of density mea-
surements.

From the selected powder rods underrolled
rods were produced by rolling on four-roll pass
industrial mill MK-210x4, at the UZBEK Refrac-
tory Metals Combine. The underrolled rods were
subjected to different degrees of deformation,
namely, 25 %, 30 %, 33 % and 36 % [1] and edge
reduction. Special guides held the rods oh their
edges during the reduction. The underrolled sin-
tered powder rods were cut into cross 1 and lon-
gitudinal 2 templates (Fig. 1) to study their
macro- and microstructures and to measure the de-
nsity of rod material along the entire length of
deformation zone.

A

The changes in material density values along
the zone of sintered powder rod deformation
were measured by hydroweighing of cross tem-
plates, and the changes in rod cross-section area
magnitudes along the length of deformation zone
were observed by BMI-1 microscope. The cha-
racter of density distribution p(x), over the mate-
rial, and rod cross-section areas S(x) along
the length of deformation zone were approxi-
mated by the following analytic functions:

p() =po[1+ A0 -Dmexp (D], )

m

S@ =S [1-B(1-%) -exp )] @)
where n and m are exactly the parameters whose
values are found as a result of data processing by
least square method.

Setting x equal to zero one can find density
values p; and cross-section area magnitudes S; at
the outlet of rod deformation zone:

p1=p(0) = po(1 +4), (5)

S =S5(0) = So(1 - B). (6)

Introducing 6, as relative rod compactness
after rolling:

__ P1=Po
8p - Po ’ (7)

and 0y as relative reduction of rod cross-section
area:

N
65 = 2L, ®)

one can rewrite functions (3) and (4) with respect
of (5), (6), (7) and (8) equations as follows:

p(0) = po[1+8,(1—Dexp 9], (9)

SG) = 5o [1 - 8,(1 = D™exp (D). (10)

With regard to the law of constant mass of
the material under plastic shaping and compac-
ting, one can find the relationship between pa-
rameters of original rod and rolled strip:

(1—-8)A,(1+8,) =1, (11)

Ly . . .
where 4, = I, 18 the strip elongation in one pass,

Fig. 1. Cross 1 and longitudinal 2 underrolled rod templates
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Fig. 2. Powder rod compacting curves. Data taken along

the entire length of deformation zone in the process of

rod rolling. Straight line 1 is the plot of function (12);

Curve 2 is the plot of function (2) when n = 20; Curve 3 is
the plot of function (9); (*) are experimental points

Ly and L, are rod lengths before and after
the rolling, respectively.

With respect to the relative compactness 9,,
formula (11) can be expressed as:

1
P = Tooony 1. (12)

Formula (12) clearly shows that deforma-
tion parameters are interrelated, i.e. knowing
the values of any two of them one can easily
find the third one from (12). For instance, as
geometrical parameters dg and A, can be directly
found from the experiment, then the value of
parameter 9§, is obtained from formula (12), thus
avoiding labour-consuming experiment for de-
termination of the character of density distribu-
tion in powder rod along the length of its de-
formation zone.

Basing on experimental data obtained the va-
lues of n and m parameters in equations (9) and
(10) were calculated according to the standard
computer approximation program by method of
the least squares. Calculation results and experi-
mental data are plotted in Fig. 2.

Thorough analysis of curves behavior in Fig. 2,
which are plotted according to the above func-
tions (12), (2) and (9) against experimental data
points, reveals function (9) to be the most real
description of powder compacting character

along the length of deformation zone, while func-
tions (12) and (2) show just a qualitatively mono-
tonic character of compacting. This provides for
a further application of function (9) to powder
material plastic compacting at the zone of its de-
formation in rolling with four-side reduction.
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AE®OPMUPYEMOCTb NOPUCTOIO MATEPUATA
NMPU NMPOKATKE B YETbIPEXBAJIKOBOM KAJIUBPE

J1.A. Bapkoe’, 10.U. KameHwukos, M.H. Camodypoea’, 10.C. Jlamgpynuna’
" FOxHO-Ypanbckuli 20cydapcmeeHHsill yHusepcumem, 2. YensabuHck

[IpokaTka B YETBIPEXBAIKOBOM KalHOpe IMpeaaracT MHOXKECTBO TEXHOJIOTMUECKUX M IKOJOTHYe-
CKHX NPEUMYIIECTB 10 CPABHEHHUIO ¢ 00KMMOM, KOTOPBIH B HACTOSIIEE BPEMSI HCTIOIB3YyeTCs st 00pa-
OOTKM CIIEUCHHBIX IPYTKOB W3 IOPOLIKOB BOJb()pamMa M MOJMOAEHA. DTO OOBSICHIET HEOOXOIMMOCTb
TIIATENBHBIX AKCHEPHMEHTAIBHBIX U TEOPETUUECKUX HCCIEAOBAHUN TAKHUX IMPOLECCOB, KaK ILIACTHYE-
cKast epopManiis ¥ MpeccCoBaHNE CIIEUCHHBIX MOPOIIKOBBIX MaTEpHAIOB B 30HE MX jAedopManiy mpu
MIPOKAaTKE C YETHIPEXCTOPOHHUM OOXKaTHeM. ABTOpPBI NPOBEIM MHOTOYHCIICHHBIE SKCIIEPHMEHTAIBHBIC
HCCIIEJOBAHNS TIPOKATKH MOPOIIKOBBIX 3arOTOBOK B YETHIPEXBAJIKOBBIX KaMMOpax. V3BecTHBI sMImpude-
ckue (hOpMyJIbl, ONUCHIBAIOIINE N3MEHEHNE IUIOTHOCTH 3ar0TOBOK B TPOIIECCE MX MPOKATKU. B HacTos-
11eit CTaThe MPHUBEACHBI PE3yIbTaThl KOMIIEKCHBIX SKCIIEPUMEHTAIBHBIX HCCIIEA0BAaHUIN U JaHO 000CHO-
BaHUE Ipe/IaraeMoil aHaJIMTUYECKON (YHKIMH, MO3BOJIIONICH 1aTh OIIEHKY IIOTHOCTH 3arOTOBKH ITy-
TeM M3MEPEHHMs ee TeOMETPHYECKUX MapaMeTpOB B MPOIECCEe MPOKATKH. JTa aHATMTHYECKas: (DyHKIUS
OCHOBAHA Ha 3aKOHE ITOCTOSHCTBA MAcChI MIPYTKa IIPH IACTHIECKOH AehopManii ¥ IPECCOBAHHUML.

Kniouegvie crosa: nopucmviii mamepuan, 0e@opmMupyemMocins, Yemvlipexeankogwlil Kaiuop;
HIOMHOCMb, IKCHEPUMEHMANLHOE UCCEO08aNUe; MeMNe.
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