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High velocity compaction of metal, ceramic and other powders have no widespread industrial
application at the present time. Carrying out a large number of experiments with processes of high
velocity compaction with powders of non-ferrous, ferrous metals, ceramics and polymers — showed
that formation with speeds of the ram tester more than 1-2 m/s, causes the following adverse effects:
pressing of gases and vapors of the liquids containing in initial powders and destruction of the spec-
imens. In Chelyabinsk there are several large-scale enterprises (“Electrode Plant”, “Electrometallur-
gical Integrasited Plant”, Plant “Grafitoplast”, branch of “Doncarb Graphite”, “Uglegraphite”, “Car-
bon Material Plant” and others), which produce a brand range of products from carbon compositions.
Scientists from Resource Centre of Special Metallurgy of South Ural State University (RCSM of
SUSU) carried out the theoretic, technologic and experimental investigations for these enterprises.
This article is devoted to the analysis of the experimental studies on devices of the Swedish company
HY-DROPULSOR and the American company Instron. Foreign researchers established values of
devices striker pin kinetic energy at which density of specimens comes nearly to theoretical, but, un-
fortunately, without indication of powder compositions, kind of specimens pressing and also strikers
and specimens masses, their density at various values of speed and mass of strikers. Therefore
the aim of the article is studying processes of High Velocity Compaction providing different indica-
tions of powder compositions containing graphite and optimized strikers and specimens masses,

strikers speed.
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Granulo-morphological research

For granulometric and morphological analy-
sis of the powder composites together with
the standard procedure [1-8], were used the me-
thods providing usage of a granulo-morphometer
ALPAGA 500 NANO and Electron Microscope
Tescan VEGA-II. The granulo-morphometer
ALPAGA 500 NANO has an exclusive software
Callisto product of the company OCCHIO (Bel-
gium) allows to measure the diameter of the mesh
aperture, roundness, elongation and other parame-
ters of the particles with the dimensions from 0.5
to 2500 pm. The specimen preparation is done by
placing the particles on the slide through the aper-
ture in the vacuum chamber by making a slight
(within 0.1 bar) change of pressure. The diameter
of the mesh aperture is a minimum diameter of its
hole through which a particle can pass. Roundness
is a parameter characterizing departure of the par-
ticle form from a perfectly round one. Elongation

of the powder particles is a normalized ratio of
ellipsoid semi-axis of Lagrange inertia.

Compositions of powder mixtures studied
are given in Table 1.

Graphite was obtained from electrode scrap
of Chelyabinsk Electrode Plant by ball milling,
the particle size is from 1 pm to 5 mm.

The binder is powdered phenolformaldehyde
novolac type resin that has 6-9 % of urotropine
mass fraction according to Specification Require-
ments.

Copper electrolytic powder used in composi-
tion No. 3, has a bulk density of 1.25-2.00 g/cm’.
In compositions No.4 and 5 a petroleum coke
with the ash content is not more than 0.5 %, was
used as an additive.

Powder of zinc stearate, zinc mass fraction
does not exceed 4 %, was used in Composition
No. 5 as a lubricant between graphite and binding
particles.
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Table 1

Compositions of powder mixtures

Mixture Number | Graphite, % Binding, % Copper, % Coke, % Zinc stearete, %
1 100 — — — —
2 86 14 — — —
3 76 14 10 — —
4 71 14 — 15 —
5 71 14 — 10 5

Results of granulo-morphological

research

Results of the granulometric and morpholog-
ical analyses are given in Tables 2, 3 and 4. Cu-
mulative particle size distribution in powder
composites to the mesh aperture diameter is gi-
ven in Table 2. Thus, for example, for composi-

tion No. 1 the minimum mesh aperture diameter is
0.96 pm, and maximum one is 95 um. The part of
the particles with mesh aperture diameter up to
13 um is 5 %, with mesh aperture diameter up to
18 um —10 %, up to 21 um — 16 %, up to 26 pm —
25 %, up to 40 um — 50 % etc, up to 94 pum —
95 %.

Table 2
Mesh aperture diameter, pm
25| & | E g
29 s g v (= N} ’e] = e < = Q) g
EE| 8| E |~ | & | & | & |& | & |&|&]|&]| E
= 2| < S <
1 47 0,96 13 18 21 26 40 65 77 85 94 95
2 32 0,96 8 10 12 15 22 40 57 72 86 99,8
3 34 0,96 9 11 14 17 26 46 56 72 81 87
4 33 0,48 9 12 15 20 31 44 48 54 64 78
5 33 | 048 | 9 12 15 18 28 45 53 59 75 76
Table 3
Roundness, %
e & | B g
29 s g v (= N} ’e] = ) < =] Q) g
EE| 8| E |~ | & | & | & |& | & |&|&]|&]| E
=8| < p= S
1 49 15 28 31 35 38 45 59 66 70 77 100
2 53 10 25 32 33 40 52 65 71 75 80 100
3 50 15 24 32 35 39 49 60 65 71 77 100
4 35 10 13 13 16 19 30 45 52 60 69 100
5 31 13 13 15 16 17 27 39 46 53 65 100
Table 4
Powder particles elongation, %
5| & | B g
29 s g v (= N} ’e] = ) < =] Q) g
ZE| 8| E |~ | & | & | & |& | & |&|&]|&]| E
=8| < p= S
1 33 0,01 11 14 17 22 32 45 50 51 54 91
2 34 0,01 10 14 17 21 32 44 49 54 59 91
3 39 0,01 12 15 21 26 40 49 55 59 64 92
4 39 0,01 10 16 22 29 38 51 57 61 64 97
5 38 0,01 12 16 20 27 37 51 53 58 65 93
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Fig. 1. Micrograph from microscope TESCAN VEGAII.
Mixture No. 2, extension 100x

Comparison of average values of the mesh
aperture diameter allows analyzing the ratio of
dimensions of the compositions’ particles. Ad-
ding binding, copper powder, coke, zinc stearate
was done with simultaneous decrease of the gra-
phite part in the composite and in the large de-
creased the average size of the composition parti-
cles. More than 50 % of particles in composition
No. 1 have diameter less than 40 um, when ad-
ding only 14 % of binding to the composition
No. 2, there are more than 75 % of particles with
the diameter less than 40 pum, thus, average dia-
meter of the binding particles should be conside-
rably less than 40 pm. Minimum and maximum
values of the particles' diameter are not typical as
minimum size is close to the granulo-morpho-
meter sensitivity; the upper value is determined
by the peculiarities of preparation of specimens
for research.

Particles distribution by roundness is given
in Table 3, by elongation — in Table 4. Round-
ness and elongation characterize the shape of par-
ticles of mixture components.

The photographs from the electron micro-
scope (Fig. 1, 2), allow visually value the typical
sizes and shape of the particles as well as
the mixture homogeneity.

High Velocity Compaction research

The processes of High Velocity Compaction
(HVC) carbon compositions were researched first
of all scientists from ICSM of SUSU (Russia) in
cooperation with scientists from National Engi-
neering School in Saint-Etienne (France) [9-11] on
the gas-hydraulic press HYP35-18' (Fig. 3).

! Hydropulsor AB. URL: http://www.hydropulsor.com

Fig. 2. Micrograph from microscope TESCAN VEGAII.
Mixture No. 3, extension 1000x

Maximal striking energy of this press in 18 kJ,
the strike speed can be changed within the range
of 1-11 m/s. During experiments the striking
energy varied within the range of 212-2247 J,
this corresponds to the change of the punch
speed which varied within the range of 1.10—
3.58 m/s. Falling mass of the striker is equal to
350 kg.

Besides that, the processes of HVC were re-
searched in Russia scientists from ICSM of
SUSU on the CEAST 9350 produced by Ameri-
can Instron Engineering Corp.” in Italy with fea-
tures: energy range 0.59-1800 J, impact speed
0.77-24 m/s, drop mass 2.0-70 kg. General
view of the CEAST 9350 is given in Fig. 4.
The CEAST 9350 is equipped wide range inter-
changeable falling masses available from 2.0
to 70 kg.

Fig. 5 presents a general view of the pressing
block of high-speed gas-hydraulic press HYP 35-18,
and Fig. 6 illustrates its principle of operation.
The block works as follows. Powder is poured
into the cavity of the press-mold and the punch is
moved to its working position. High-speed pres-
sing is begun by the action of a pulsator (indica-
ted by the arrow) on the top punch. The pulsator
in turn receives an energy pulse equal to 18 kNm
by the discharge of an accumulator with high flu-
id pressure. The energy pulses can be changed
within a range of 10-100 % of the maximum
energy and the speed of the pulsator can be va-
ried from 1 to 11 m/s. During operation in
the pulsative forming regime, the shortest time
between pulses is 450 ms.

? Instron Engineering Corp. URL: http://www.instron.ru
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Fig. 3. Press HYP 35-18 for HVC

Strain

Fig. 5. Pressing block of gas-hydraulic Fig. 6. Diagram showing the action of the forces
press HYP 35-18 during the forming operation

Results of HVC research from 212 to 1892 ] and punch stroking speed

Results of the research compacting from values are from 1.10 to 3.29 m/s. After compac-
the graphite powder of cylindrical specimens are ting specimens 1 and 2 destroyed specimens 3
given in Table 5. Compacting energy values are and 4 had defects in the form of delamination.

1,78
1,76

L

1,74

S

1,72

L 2

1,7

1,68

L

1,66

Density, g/ cm’

1,64

1,62

¢

1,6

1,58

1,5 2 2,5 3 3,5 4
Velocity, m/s

Fig. 7. Dependence density from velocity
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Table 5
Specimens compaction from the graphite powder and composition
S @ g E
S| gz | Bz 3| E | E; | E | o
£ EE 3§ 5 3 S 3 Z 2
E = E s 2 3= = z
23 n M 97 v s - 5
2 S =)
Compaction from graphite powder

1 1 1 212 1,10 The specimen destroyed

2 1 1 394 1,50 The specimen destroyed

3 1 1 1450 2,88 51,2 12,24 1,63
4 1 1 1892 3,29 51,1 11,95 1,68

Compaction from mixture graphite + resin
5 2 2 394 1,50 50,35 12,93 1,60
6 2 1 632 1,90 50,34 12,75 1,62
7 2 1 816 2,16 50,30 12,68 1,63
8 2 1 1008 2,40 50,26 12,38 1,68
9 2 1 1230 2,65 50,24 12,26 1,69
10 2 1 1450 2,88 50,18 12,15 1,72
11 2 1 1657 3,08 50,16 12,08 1,73
12 2 1 1892 3,29 50,15 11,99 1,74
13 2 2 2074 3,44 50,15 11,97 1,75
14 2 5 2247 3,58 50,14 11,84 1,76
Compaction from mixture graphite + resin + copper

15 3 1 1450 2,88 50,13 7,97 2,62
16 3 1 1892 3,29 50,10 7,90 2,64
17 3 1 2074 3,44 50,08 7,87 2,66
18 3 3 2247 3,58 50,07 7,83 2,67

After compacting specimens Ne 5-14 from
compositions graphite + resin with the energy and
speed values indicated in Table 5 no defects were
found. When increasing the compaction energy
and the punch stroke speed it is observed stable
regularity of increasing density of the specimens
from 1.60 to 1.76 g/cm’ (Fig. 7).

Jcml

Fig. 8. Specimen from graphite + resin + copper
powders

Compacting of the specimens from composi-
tions graphite+resin+copper powders went

without problems. The quality of the obtained
specimens was high (Fig. 8).

Partial replacement of the graphite with coke
powder did not lead to successful results. All 9
specimens obtained at formation energy 1892, 2074
and 2247 J and speed of 3.29, 3.44 and 3.58 m/s
had some defects. Adding zinc stearate as a lubri-
cant to the composite did not eliminate the defects.

Conclusions

Implementation of HVC will allow increas-
ing the density, which in turn ensure the im-
proved mechanical properties and decrease resist-
ibility of such electrical products as trolleybuses
current collectors, strips in pantograph collectors
in trams, commuter rails, electric locomotives
and brushes for electrical machines.

The increased velocity of formation leads to
the increase of technical process operating effi-
ciency at the given products formation.

The increase of work materials density after
compaction makes it possible to reduce the part
of the binding in the composition.
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BbICOKOCKOPOCTHOE KOMIMAKTUPOBAHUE

YIMEPOOHbIX KOMMO3ULUA

M.H. Camodypoea, J1.A. bapkoe, F0.C. Jlame¢ynuHa
FOxHO-Yparnbckul 2ocyGapcmeeHHbIU yHUsepcumem, 2. YensbuHck, Poccus

BricokockopocTHBIE IPoIiecch POPMOBAHHS METATHYECKUX, KEPAMUYECKUX U APYTHX MTOPOII-

KOB /IO CHX TIOp HE IOJYYWJIN NPOMBIIUICHHOTO MPUMEHEHUsI. MHOTOYNCICHHBIMH TIOTIBITKAMH BBI-
COKOCKOPOCTHBIX (POPMOBaHMH MOPOIIKOB IBETHHIX, YEPHBIX METAJUIOB, KEPAMHUKH W IIOJIUMEPOB
YCTaHOBIICHO, YTO ()OPMOBAHHME NPHU CKOPOCTSAX yJapHHKa, MPEBBIMAONINX 1—2 M/c, COMpPOBOXKAa-
IOTCSI TAKUMH HEOJaronpHUsATHBIMH SBICHUSAMH, KaK 3allpeCcCOBBIBaHHE B (POPMOBKAX Ia30B M MapoB
KHUJKOCTEH, COAep’Kalluxcss B MCXOIHBIX MOPOINKaX, W paspyiieHne ¢opmoBok. B YensOuHcke
UMEETCs] HEeCKOJIBKO KPYIHBIX MNpeanpusatuil («SJIeKTPOIHBIM 3aBOA», «DIEKTpOMETaLTyprude-
ckuil koMOuHaT», 3aBox «I'paduromnacr», Gunuan «/Jonkapod rpadput», «Yraerpadur», «3aBox
YIIEPOIHBIX MaTEPHAIOBY» H JP.), KOTOPHIE BHIITYCKAIOT IIUPOKUHA aCCOPTUMEHT U3JENUN U3 yIiie-
POAHBIX KOMIO3uIUi. YueHsle U3 PecypcHoro nenrpa cnennanbHoi Metamtypruu FOxHo-Ypans-
ckoro rocynapctBernnoro yuueepcurera (PLICM HOYpI'Y) npoBenu TeopeTHuecKre, TEXHOIOTHYE-
CKHE W DKCIIEPUMEHTAJIbHbIE HCCIECIOBAHUS Ul 3TUX NPEANpUATHH. JlaHHAS CTaThs MOCBSIIEHA
aHAJU3y BBINOJHEHHBIX 3KCIIEPHMEHTAJBHBIX HCCICIOBAHUN HA YCTPOWCTBaX MIBEACKOH (DHUPMBI
HYDROPULSOR wu amepukanckoii ¢pupmsl Instron. 3apyOeXHBIMU HCCIICI0BATENSIMHA yCTaHOBIICHBI
3HAYEHHs KMHETUYECKOW dHEpPriuu OOHWKOB YCTPOMCTB, IPH KOTOPBIX MNIOTHOCTh (DOPMOBOK MPHOIIHU-
KaeTcs K TEOPETUUECKOM, HO 0e3 yKa3aHHs COCTaBOB IOPOIIKOB M XapakTepa YIUIOTHEHUs (hopmo-
BOK, a TaK)X€ Macchl 0OMKOB M (POPMOBOK, UX IUIOTHOCTH MPH Pa3IMYHBIX 3HAYCHUSIX CKOPOCTEH 1
Mmacchl 0oiikoB. Takum 00pas3omM, 3aada paboTHI COCTOsIIA B UCCIIEIOBAaHIH BHICOKOCKOPOCTHOTO
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