llanos A.I'.
(Uccneoosamenvckuti yeump Moouguxkamop, 2. Hao. Yenmnot)
CocTosinNe U MepcneKTHBbI MPOU3BOJACTBA OTJIMBOK U3
BBICOKONPOYHOI0 YyT'YHA ¢ BEPMHKYJISAPHBIM rpadurom

Te3ncel nokiana

B Hacrosmee BpeMs yKe OCTaTOYHO IIMPOKO HM3BECTHBI IPEUMYILIECTBA
BepMuKyIsipHoro rpadura (BI), nmeromniero cMexHylo ¢ IMIacTUHYATHIM TPaQuTOM
(II') u mapoBuaaeM TpadutoMm (LIY) popmy — Graromaps kapkacy, aHATOTUIHOMY
kapkacy III', uyryn c BepmukyssipaeiM rpadurom (UBI) wmMmeeT BBICOKYIO
KECTKOCTh, TEIUIONMPOBOAHOCTh, 00OpabaThiBaeMOCTh, a Oyarojmaps OKpYIJIEHHBIM
dbopmam kpaéB mnacTuH aHamoruyHo (opme IIIT — BBICOKYIO MNPOYHOCTH NpHU
YAOBJIETBOPUTEIBLHOMN IIIIACTUYHOCTH U yIAPHOU BSI3KOCTH.

Hanpumep, mis neraneit ABurareseil BHyTPEHHETO cropanusi, B KOTopeix UBI' B
HACTOAIIEE BpeMs MPUMEHsSETCs Haubojiee AaKTUBHO, HUMEIOTCS ClEAYyIoIIne
[IpEUMYIIECTBA 3TOr0 MaTepuaa;

e cHWXEHUA Beca gertaned n3 UBI, koMmakTHass KOHCTPYKUHS JIBATATES,
YMEHbIIIEHUE OOIIEero Beca TPAHCHOPTHOTO CPEJICTBA B PE3YJbTATe€ CHIXKCHUS
BECA CMEXHBIX y3JI0B U JIETAJEH;

BO3MOKHOCTb JOCTHUKECHUS BBICOKOM YAEIbHOW MOIIIHOCTH JIBUTATEIS;
obOecrieueHue AaBieHus B UIHApPE cBbiiie 200 aTm.;

MUHHUMaJIbHas JepopMarius MUIMHIpA U CHIYKEHHUE pacxoja Macia,
CHIDKEHHE YPOBHS BBIOPOCOB KapTEPHBIX ra30B;

JUTUTEIBHBIN CPOK CITYXKOBI;

CHIDKCHUE YPOBHS IIIyMa,;

pa3bEMHBIC KOPEHHBIC TMOAIIMITHUKY TI0 Pa3pbIBHON KOHCTPYKIIMH OJIOKOB
UWINHAPOB,;

e HeOouiblas BbIcOTa NPOdUst pe3bOs;

® CHIKEHUE KOJIBIIEBOTO PACTSXKEHUS,;

e xopoias o0pabaTbIBAEMOCTh Ha aBTOMATHYCCKHUX JIMHUSIX.

OnmHako, eciii IpoclieIuTh ucToputo passutus UBI', To HEOOX0IUMO OTMETUTH
N (14%0)11 STk

e [iepBble B MUpe ynomuHaHue o yyryHe tuna UBI' u odopmienue Ha Hero
nateHTa K. Mummmcom coctostiuch B meproa 1943-1948 r.;

e TIEpBBIC B MUPE 3HAYMMBIE MPAKTHUYECKUE pe3ynabTaThl monydeHbl B 1970-¢
TOJIbI, TIEPBBIM B MUPE CEpUUHBIN 00K nBurareis — B 1999 r., MupoBoit 006EM
npousBoacTBa UBI' Ha cerogns B Mupe emié HacTonbKo mai, uto UBI' otaensHO
enié He YIOMHHAETCs B 001X 0030pax MUPOBOTO JIUTHS;

® [IEPBbIC OTCUECTBEHHbIC 3HAUYMMbIC HAYUHbIEC PE3YyJIbTaThl NOJIy4YeHbI B 1980-¢
rojpl, Ha CeroaHs cepurHo npoaykuuro n3 UBI' npousBomst B Poccuum nuuib
YeThIpe MPEANPUATHS, TPUYEM J[BA U3 HUX OPTaHU30BAIM MPOU3BOJICTBO TOJIBKO
HECKOJIbKO JIET Ha3a/l.



B cBa3u C BbIIIECKa3aHHBIM W B COOTBETCTBHUM C M3BECTHOM CXEMOM
KU3HEHHOTO LHKJIA Pa3BUTHUS MPOAYKTa MOXHO OIPEIEIUTh CETOAHSIIHEE MECTO
UBI'" xak Hayasio BbIXOJa HA PHIHOK.

Jist  Toro, 4YTOOBI OMNPENEIUTh MPUYUHBI OTCTABAHMS OTEUYECTBEHHOTO
npousBojictBa UBI' ot MupoBoro, B oktsiope 2017 roga B HabGepexnnix Uemnax
coOpaiuch Ha CIEUAIU3UPOBAHHYIO KOH(GEPEHINIO OOJIBITMHCTBO OTEUECTBEHHBIX U
MHUPOBBIX YUEHBIX, 3aHUMAIOIIUXCSI UCCIIEIOBAHUSIMU B pacCMaTpUBaeMOn 00JIaCTH.
['maBHO¥M MpUYMHON OTCTaBaHUS Ha3BaHbI OTCTABaHUE B M3YUYEHHOCTH W MOHUMAaHUU
MPOIECCOB CTPYyKTypooOpazoBanus BI', HeoOXonuMbIX 1Jisi pa3pabOTKU HaJIEKHOU
TEXHOJIOTUU YIPaBICHUS UMM U SKCIPECC-KOHTPOJISI B YCIOBHUSAX OTEUECTBEHHOIO
MIPOU3BO/ICTBA.

YyacTHUKH KOH(EpeHIInH, KPOME IMPOUYero, IMO3HAKOMIIIUCh C TEopuerd u
npakTuKoi Meroaa SinterCast, Ha 010 KOTOPOTO B HACTOSIIIEE BPEMsI IPUXOIUTCS
0oJiee TOJIOBMHBI MUPOBOTO Mpou3BOACTBa OoTIMBOK u3 UBI'. Kak BbIsicHUIOCH Ha
KOH(EPEHIMHU, OCHOBHOW MPUYMHOMN JHIUPYIOIIEro moyiokeHus: merona SinterCast
aBisieTcsi ctabunbHo BhIcokas nois BIT B UBIY, koTopast obGecnieurBaeTcsi TOUHBIM
chepouIU3UPYIOIIUM U TPAPUTU3UPYIONIMM TOBTOPHBIM MOJUQPHUIIUPOBAHUEM B
3aBUCHMOCTH OT PE3yJbTaTa 3KCIPECC-KOHTPOJS METOJAOM TEPMHUYECKOTO aHan3a
(TA) kauectBa npeaBapuTeIbHO MoaU(UIIMpOBaHHOTO yyryHa. [Ipu 3TOM OCHOBHOE
MPEMMYILIECTBO METO/Ia COCPEJOTOYEHO HEMOCPEACTBEHHO Ha TOYHOCTU U
BOCIIPOM3BOAUMOCTH pe3ynbTaToB TA. Jleno B TOM, 4TO, KaK U3BECTHO, CIIOKHOCTH
nonyuenuss BI' ompezgensieTcs o4eHb Y3KUM TaK Ha3bIBAEMBIM «TE€XHOJIOTUYECKUM
OKHOM» MHKpOCOCTaBa CHEpOMANZUPYIONINX XUMHYECKUX SJIEMEHTOB, MONAcTh B
KOTOpPO€ C MEPBOr0 pa3za MOAUDUIIMPOBAHUS KpalHE CJIO0XKHO H3-3a Pa3IUUYHBIX
HACJIC/ICTBEHHBIX MMPUYUH PEaJIbHBIX YCIOBUM MPOU3BOCTBA.

Kommnanue#t SinterCast AB paspabortanbl crnenuaibabie napametpsl MGM
(ctemenp  chepoumusupyromero  moaubunupoBanuss) u MGl (cremenn
rpa@UTH3NPYIOMIETO MOIUMDUIIMPOBAHUSA), KOTOPBIC OMPEAEISAIOT TOJOXKEHUE Ha
JIBYX-KOOpJMHATHOW auarpamme (Tak HasbiBaeMoi «maxmatke MGM-MGI») u ¢
MOMOIIIbI0  KOTOPBIX ~aHAJIMTHUYECKas Mporpamma, sBistomiascs «Know-howy
kommanuu SinterCast AB, u ympaBiseT MOCIEAYIONIMM MPOIECCOM MOBTOPHOTO
noMoaudurpoBanus. boiee Toro, M0 MHEHHIO CeNHATUCTOB Kommanuu SinterCast
AB, HEe TOJBKO XMMHYECKHH MHUKPOCOCTaB («TEXHOJOTHUECKOE OKHO»), HO M JaXe
MUKPOCTPYKTYpa HE OYEHb UYBCTBUTEJIbHA, HANPUMEpP, K CKIOHHOCTH K JUTEHHOMU
o0béMHON ycaake. [losToMy rapaHTUpPOBAaHHOE YCTpPaHEHHUE YCaJIKH B 0C000
CIIOKHBIX OTJIMBKAX Ha CETOAHSAIIHUNA JI€Hb MOXET OBbITh 00eCHedYeHo
UCKITIOUNTENbHO «maxMaTtkoii MGM-MGI», 00BbeKTUBHBIM KOHTPOJEM M TOYHBIM
yIpaBJICHUEM.

ITonBoass WMTOTM BBIIIECKA3aHHOTO MOXHO CJAENaTh CIEAYIOIIME OCHOBHBIC
BBIBO/IBI:

1. Pa3Butue oreuectBeHHOro npumeHeHus UBI' B cBsi3u ¢ Bo3pacraronmMu
TpeOOBAHUAMU JTIOACH HEM3OEKHO.

2. Jlna nanpHeiimero pasButusi UBIT TpeOyercss nanpHelinee CUCTEMHOE
M3y4eHUE TPOIECCOB CTPYKTypooOpazoBanusi BI' u mpocselienrne KOHCTPYKTOPOB |
TEXHOJIOTOB.



3. Ilo MHPOBOMY ONBITY CETOAHS CTAOMIBHOCTH CTPYKTYpHl U cBOicTB UBI
MOET OBITh TAPAaHTUPOBAHO HMCKIFOUUTEIBHO MeTooM yrpasienus SinterCast, ams
NOATBEPKACHUSA 3TOTO IOJIOKEHHUS INPUMEHUTENBHO K OTCYECTBEHHBIM YCIOBHUAM
TpeOyeTcsl EPBBI MPOMBIIIJICHHBIN OIIBIT.

Panov A.G.
Status and prospects of CGl-castings production

Theses of the report

These days are already quite widely known advantages of vermicular graphite
(VG), which has a shape adjacent to lamellar graphite (LG) and spheroidal graphite
(SG). Due to a frame similar to that of LG, compacted graphite iron (CGI) has high
heat conductivity, machinability, castability etc. Due to rounded shape of Edge plates
similar to that of SG, CGI has high mechanical strength, toughness etc. For example,
for parts of highly stressed internal-combustion engines there are the following
advantages of this material:

« reduced wall thicknesses at current operating loads;

« increased operating loads at current design;

« reduced safety factors due to less variation in as-cast properties;

* reduced cylinder bore distortion;

« improved NVH,;

« shorter thread engagement depth and therefore shorter bolts etc.

However, if we look at the history of CGI, we should note the following:

« the world 's first mention of CGI-type cast iron and the registration of the K.
Millis patent took place between 1943 and 1948;

« the first world significant practical results were obtained in the 1970s, the first
in the world serial block of the engine - in 1999, the world volume of production of
CGl is still so small in the world today that CGI is not mentioned separately in the
general reviews of world casting;

« the first domestic significant scientific results were obtained in the 1980s, only
four enterprises produce serial CGI products in Russia today, and two of them
organized production only a few years ago.

With reference to the above mentioned and in accordance with the known
product development life cycle scheme, it is possible to define today’s place of CGI
as the beginning of market entry.

In order to determine the reasons for the lag of domestic CGI production from
the world, in October 2017 in Naberezhnye Chelny gathered for a specialized
conference most domestic and world scientists engaged in research in the field under
consideration. The main reason for the lag is the lag in the study and understanding of
the processes of structure formation of VG, which are necessary for the development
of reliable technology of their management and express control in the conditions of
domestic production.

The participants of the conference, among other things, learned about the theory
and practice of the SinterCast method, which currently accounts for more than half of



the world production of castings from CGI. As it turned out at the conference, the
main reason for the leading position of the method of SinterCast is the stably high
proportion of VG in the CGI, which is provided by accurate repeated modifying
(spheroidizing) and inoculation (graphitizing) depending on the result of the express
control by the thermal analysis method (TA) of the quality of the pre-modified cast
iron. At the same time, the main advantage of the method focuses directly on
accuracy and reproducibility of TA results. The fact is that, as is known, the
complexity of the production of VG is determined by a very narrow so-called
"technological window" of spheroidizing chemical elements, into which from the first
time modification it is extremely difficult due to various hereditary reasons of real
production conditions. Special parameters MGM and MGI was developed by
SinterCast AB, which determine the position of spheroidization and graphitization
degrees on the two-coordinate diagram (so-called "MGM-MGI chess") and by means
of which the analytical program, which is the "know-how" of SinterCast AB, controls
the subsequent process of repeat modification. According to experts of SinterCast
AB, not only the chemical "process window", but also even the microstructure is not
very sensitive, for example, to the tendency to cast volume shrinkage. In their
opinion, the guaranteed elimination of shrinkage particularly in complex castings
today can be provided exclusively by "MGM-MGI chess": objective measurement
and accurate control.

In summing up the above, the following main conclusions can be drawn:

1. Development of domestic application of CGI due to increasing demands of
people is inevitable.

2. Further development of CGlI requires further systematic study of the processes
of VG structure formation and education of designers and technologists.

3. According to world experience, the stability of the structure and properties of
CGI at present time can be guaranteed exclusively by the method of SinterCast
control, the first industrial experience is required to confirm this situation in relation
to domestic conditions.



