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The use of zonal cooling to control the solidification rate of AK7ch
alloy castings

The aim of the work was to study the effect of zonal cooling, i. e., various coolants that accelerate heat removal on the
solidification rate in local thickenings (sockets). In the work, standard methods were used to determine zonal cooling,
solidification rate, and metal density. For the experiments, equipment was developed that allows filling prototypes from
two metal ducts. As the alloy under study, AK7ch was used, as the most common for low-pressure casting. Copper liners
and steel water-cooled liners were used as coolants for local thickenings. The density control of the obtained castings
was carried out according to the hardness measured by the Brinell method.

The dependences of the influence of zonal cooling on the hardening rate of local thickening, which is determined by the
density of the metal structure depending on cooling by both copper inserts and water, are revealed.

Ideas about the influence of zonal water cooling in low-pressure casting, on reducing the shrinkage loosens in the thick-
ening of the casting and reducing the holding time of the metal under pressure were further developed.

The research results showed that the use of zonal cooling of local thickenings of the casting at all studied thicknesses
increases the hardness index. The creation of directional solidification and reduction of the holding time of castings in
the chill mold increase productivity, which also plays an important role in foundry.

Use of zonal water cooling for low-pressure casting of the "filter housing” part on the mod installation U95A allowed to
eliminate shrinkage looseness in the local thickening and reduce the holding time of the casting under pressure, which
in turn allowed to increase the productivity of the installation.

Keywords: low pressure casting, zone cooling, hardening, hardness.

asting under low pressure eliminates many of the
shortcomings of casting in a chill mold and makes it
possible to obtain sufficiently large castings that are
difficult to obtain in other ways [1].

An increase in the productivity of low-pressure cast-
ing plants can be achieved by reducing the technological
exposure of the casting in the chill mold to its full harden-
ing [2].

Reducing the technological exposure can be achieved
by controlling the solidification process of the casting,
which is ensured by directional heat removal, which is
achieved by cooling one of the parts of the chill mold [3].

The work objective is to study the possibility of us-
ing zonal cooling to intensify the solidification process of
local thickenings and to reduce the time for low-pressure
holding of metal and to reduce the shrinkage porosity
reject.

For the experiment, new crucible pedestal and cover
were developed for the existing equipment [4, 5].

Fig. 1 shows a pedestal with two gating holes for the
central supply of the cast metal. The height of the gating
holes in the pedestal is 0.002 m. The diameter of the
holes in the lower part is 0.005 m, in the upper part it is
0.006 m.

The cover of the pouring device crucible with two win-
dows made in it to allow passing and fixing of two metal
ducts is shown in Fig. 2.

The metal ducts (Fig. 2) were sealed on the crucible
cover with gaskets of asbestos sheet with the thickness
of 0.004 m. The seal between the upper section of the
metal duct and the pedestal was made with a special
gasket, which consisted of 0.004 m thick asbestos sheet
and of sheet steel 0.008-0.001 m thick. The thickness of
the metal duct wall in the upper part was 0.004—0.006 m.

Alloy AK7ch was used for the casting [6].

Melting was carried out in an induction crucible fur-
nace with power frequency IST — 0.4 [7].

Studies were carried out on the machine U95A which
had been developed by OA “NIISL” and upgradated by
the State Enterprise “Engineering Production and Re-
search Center of high-pressure casting”. The general
arrangement of the low-pressure casting plant of U95A
model is shown in Fig. 3.

After pouring, the special equipment takes out the
casting from the chill mold cavity. The casting is cooled
in air and afterwards it is subjected to heat treatment.

Local thickening of the casting was studied without
cooling using copper inserts and water cooling.
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m Low-pressure casting plant U95A model

Experiments on obtaining castings without zonal
cooling established the following:

a) for the castings with wall thickness of & = 0.02 m,
relatively dense casting is obtained with radii of local thick-

m Equipment for filling a double-cavity mold of filter housing
from two metal ducts

enings R = 0.0075; 0.01; 0.015 m. Hardness in places of
thickening differs slightly from hardness in other places:
thatis, it has decreased that is allowed by technical condi-
tion for the given alloy;

b) for the castings with wall thickness of 6 = 0.02 m
and local thickening radius of R = 0.02 m, hardness in lo-
cal thickening in comparison with other places of casting
decreases by 25-30 units and is 50-54 HB;

c) for the castings with wall thickness of 8 = 0.015 m,
dense casting is obtained when the radii of the sockets
of R=0.0075; 0.01 m;

d) for the castings with wall thickness of 6 = 0.01 m,
dense casting is obtained when the radii of the sockets
of R=0.0075 m.

Therefore, based on the experimental data obtained
above, zonal cooling was applied:

a) when casting thickness of 3 = 0.02 m, only for
R=0.02 m;

b) when casting thickness of 6 = 0.015 m, only for
R=0.015-0.02 m;

¢) when casting thickness of 6 = 0.01 m, only for
R =0.01;0.015; 0.02 m.

The results of the study of the influence of zonal cool-
ing on the solidification rate of the local thickening deter-
mined from the density of the metal structure are given
in Table.

Influence of zonal cooling on rate of casting solidifications

Hardness of Hardness of the
. . Hardness of the U Lo
Thickness of Radius of the . - the casting in casting in local .
R . . . casting material . . X ; . Hardness during
studied casting, | local thickening, . local thickening | thickening using .
(cross section . . . water cooling, HB
m m average), HB without cooling, copper inserts,
’ HB HB
0.02 0.02 96 54 114 104
0.02 52.4 97.7 89.7
0.015 0.015 101 62.5 110 97.5
0.020 Cavity 76 72
0.01 0.015 92 52 89 76
0.01 62 94 89
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m Casting section & = 0.02 m, R = 0.02 m, when using of copper
insert in local thickening

From Table, it follows that at a casting thickness of
0.02 m using zonal cooling with copper inserts as well
as zonal water cooling, a dense structure of the metal
is obtained at the maximum radius of the local thicken-
ing R = 0.02 m (Fig. 4): hardness when copper insert
cooling is HB = 114 H/mm? and when using water cool-
ing — HB = 104 H/mm?Z, i. e. when cooling is applied, the
local thickening has a higher rate of solidification than
the cross section of the casting without thickening, so
that directional solidification is ensured, since the limiting
feed section of the casting solidifies last.

With a casting thickness of 0.015 m and a local thick-
ening radius R = 0.02 m, only cooling with a copper in-
sert gives the hardness of the structure in the local thick-
ening greater than the average hardness of the casting.
With water cooling, the hardness in the local thickening
is lower than the average, but in both cases, it is higher
than the allowable according to the technical conditions
(according to the technical conditions as per work for
AK7ch HB = 70 H/mm?).

In castings with wall thickness equals 0.01 m, at ra-
dii of local thickenings R = 0.02; 0,015 m; hardness in
thickened even with the use of water cooling and cooling
with copper inserts is below the average hardness of the
casting.

Thus, according to the results of the studies, it can be
concluded that zonal cooling at all the investigated thick-
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m Curves of hardening of an aluminum alloy under various
conditions of hardening: 7 — without cooling; 2 — water cooling; 3 —
cooling with copper inserts

nesses gives hardness higher than the specified one in
technical conditions.

These results are confirmed by solidification curves
(Fig. 5).

According to Fig. 5 and solidification curves 1, 2, 3,
the rate of temperature drops in the crystallization inter-
val Tquuiclus =620°C,and T_,, . = 577 °C for cooling using:

— copper inserts is 43 °C/sec;

— water cooling is 22 °C/sec;

— without cooling is 16 °C/sec.

Conclusions

1. Using zonal water cooling for low-pressure casting
of filter housing part in the plant model U95A has allowed
us to exclude shrinkage porosity in the local thickening
and to reduce the holding time of the casting under pres-
sure.

2. Zonal cooling in the form of copper inserts has
been successfully used for low-pressure casting, as well
as for directional crystallization.

3. The use of zonal cooling allows controlling the pro-
cess of hardening of local thickenings and decreasing the
time of aging of the metal under pressure (by 10-15 %)
and reducing the shrinkage porosity reject.
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AHoTauin

Odecbkuti HayjoHanbHUt nonimexHidHUt yHisepcumem (Odeca, YkpaiHa)

BukopucTaHHA 30HanNbLHOrO OXONOMKEHHA AN YNPaBiHHA WBUAKICTHIO 3aTBepAiIHHA
BUNMBKIB 3i cnnaBy AK7y

MeToto poboTu 6ys10 BUBYEHHS BIJINBY 30HA/IbHOMO OXOJIOAXKEHHS, TOOTO PI3HNX OXO04XKYyBasibHUX 3aC00IB, LLIO MPUCKOPIO-
10Tb TEMIOBIABIA, Ha LUBUAKICTL 3aTBEPAIHHS B MICLLEBUX NOTOBLUEHHSIX (600uLLKax). Y poboTi 6y 3aCTOCOBaHI CTaHAapTHI

METOANKN BU3HAYEHHST 30HA/IbHOrO0 OXOJIOAXEHHS, LWUBUAKOCTI 3aTBEPAIHHS, LWiIbHOCTI MeTany. [1isl npoBeaeHHsT ekcriepu-
MEeHTIB 6Ys10 po3p0b6/IEHO OCHALLIEHHS, IO A03BOJISIE 3ar0BHIOBATH AOC/iAHI 3pa3ku 3 BOX METas0npoBo4iB. B skocTi go-
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C/liAXKYBaHOro criiaBy BUKOPUCTOBYBaBCSl AK74, sik HabinbLL MOLUMPEHWIA AJ1S1 IATTS Mi HU3bKUM TUCKOM. B sikocTi oxos10-
JDKYIO4YMX 3ac0o6iB MiCLIeBUX MOTOBLLEHb BUKOPMCTOBYBAJINCS BKAAANWLLI 3 Mifi, & TAKOX CTas1e€Bi BOAOOX0JI0AXYBaHI BKaANLLI.
KOHTPO/Ib LWiNbHOCTI 0O4EPXYBaHVX BUINBKIB 34iICHIOBABCS 3a TBEPAICTIO, 5Ka BUMIPIOETLCS METOAO0M BpiHenns.

BuisiBrieHO 3a71eXXHOCTI Bri/iuBY 30HaJIbHOMO OXOJIOAXKEHHS Ha LLUBUAKICTb 3aTBEPAIHHS MICLIE€BOIro roTOBLUEHHS, sika BU3Ha4Ya-
ETbCS 3@ LUIJIbHICTIO CTPYKTYPU METasly B 3aJ1€XHOCTI Bifl OXOJI0LXEHHS K MIAHUMUY BCTaBKaMu, Tak i BOAOHO.

Otpumanu noaasbLLni PO3BUTOK YSIBAEHHS PO BIJINB 30HA/IbHOIO BOASIHOMO OXOJI0AXEHHS MPY JINTTI 1ifl HU3bKUM TUCKOM
Ha 3HUXXEHHS yCa04YHUX Ae@EKTIB B MNOTOBLUEHHSIX BUJINBKA | BMEHLLEHHI Yacy BUTPUMKU METaJly i TUCKOM.

Pesynbraty 4ocCiaxXeHb rnokasasu, Lo BUKOPUCTaHHS 30Ha/IbHOIO OXOJIOLXEHHS MICLLEeBUX MOTOBLLEHb BUIMBKA Ha BCIX [0-
CTIiXKyBaHUX TOBLUMHAX CrpUsie 30iMbLLEeHHIO TBepAoCTi. CTBOPEHHS CriPsSIMOBaHOI0 3aTBEPAIHHS | BMEHLLEHHS 4acy BUTPUM-
KV BUJINBKIB Y KOKIJli CIIPUSIFOTb 301bLLIEHHIO MPOAYKTUBHOCTI, L0 Tak CaMo Bifirpae Bax/avBy POJib Y IMBAPHOMY BUPOOHULITBI.
BuikopuctaHHsI 30Ha/IbHOro BOASIHOrO OXOJIOAXKEHHS MPU JINTTI 11i4 HU3bKUM TUCKOM AeTalli «Kopryc QisibTpa» Ha yCTaHOBL|
mo4. Y95A [03BOINI0 BUKITIOYUTU YCaAKOBI PUXJIOTU B MICLIEBOMY MOTOBLUEHHI | BMEHLLUNTN Yac BUTPUMKM BUIMBKA Mig TUC-
KOM, LL|O B CBOIO Yepry 103BOIMII0 30iNbLLUNTY MPOAYKTUBHICTbL YCTaHOBKU.

JINTTS Nig HU3LKUM TUCKOM, 30HA/IbHE OXOJI0AXEHHS, 3aTBEPAIHHS, TBEPAICTb.

KnrovoBi cnoBa
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