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TOM TAT

Trong bai bdo nay da tién hanh phdn tich, lva chon cong nghé va thiét bi ndu luyén phoi hop
kim 49K2®A. Trong cdc phiong phdp ndu luyén tién tién, phuong phap ndu luyén hop kim
49K2®A trong lo cam ung chan khong phit hop hon ca, do cung cap kha nang kiém soat tot nhat
déi véi thanh phan héa hoc hop kim, cac nguyén 16 vi lwong cé loi va tap chdt cé hai. Phoi diic
hop kim 49K2®A duoc néu tir Fe, Co, V sach kp thudt va FeV80 co chat luong tot, thanh phan
héa hoc dam bao. Ham heong cdc tap chat (C, P, S) anh hwéng xdu dén tinh chdt tir ciia hop kim
déu nhé hon mdu doi sanh ciia Nga. Phwong phdp sir dung FeV c¢ong nghiép mdc dit cho ham
lwong P, S cao hon doéi chut song co thé dwoc xem xét lva chon do sir dung nguyén li¢u ré hon so
voi phuwong an swr dung V sach ki thudt.

Tir khoa: Lo cam img chin khong; Hop kim tir mém; Hop kim 49K2®A; Thiét bi néu luyén.
1. MO PAU

Cong nghiép tén lira, hang khong vi try thuong sir dung cac loai may phay dién dung ngudn
khi day dé phat dién dleu khién thlet bi bay trong qua trinh bay dén muyc tiéu. Cac may phat dién
nay thuong co yéu cau dat cong suit cao song phai ¢6 kich thugc va khéi lugng nhé. Vi vy, I6i
stato cho cac may dién nay thuong lam bang céc vat lidu tir mém c6 dic tinh tir rit cao. Mot
trong cac vat li€u tr mém thuong st dung cho cac ting dung nhu vay la vat li¢u tu mém hé Fe-
Co. Cac hgp kim Fe-Co c6 cam tng tir ki thuat cao nhét, dén 2,4 T [1], trong sb cac hop kim tur
dang dugc ing dung. Str dung vat liéu nay lam roto, 151 stato trong mdy phat dién c6 thé dat duoc
mat do tir thong rat cao trong cudn day, dan dén tao ra ~cong sut dién 1on hon nhiéu so véi 16i
stato cuing kich thudc 1am tir vat liéu khac [1]. Trong sé cac hop kim tir mém trén co sé Fe-Co,
cac hop kim ba nguyén Fe-Co-V nhu 49K® va 49K2DA (ITOCT 10994-74) chiém vi tri rat quan
trong. Cac hop kim nay twong ddi dit tién nhung lai 14 lwa chon phu hop cho cac ing dung nhu:
cudn day thu phat, 161 chuyén mach va lwu trir, cac thanh phﬁn lam viéc & nhiét 6 cao, cac mang
ngin trong dién thoai cam tay boi vi hop kim nay thé hién do tir hoa bio hoa cao nhat trong s6
cac vat liéu tur thuong mai. Ngoai ra, ching c6 nhiét d6 Curie cao, do tir tham t6t, dd bén kha cao
va rét thich hop cho cac tng dung yéu cau mat do tir théng cao [2]. Vi du, hop kim Fe-Co-V so
v6i hop kim Fe — Si tiéu chuan c6 thé dan dén tiét kiém trong lugng tir 20 - 25% [2-3].

Céc hop kim tu mém Fe-Co-V c6 yéu cAu rat cao vé do sach, thanh ph'?m hoa hoc va dic diém
t6 chirc dé dat duoc tinh chat tir mong mudn. Vi vdy, ché tao cac chi tiét bang hop kim nay doi
hoi phai ¢6 cac phuong phap nu luyén tao _phoi, gia cong bién dang, nhiét luyén, gia cong déc
biét dé dat duoc cac yéu cau nghiém ngit vé thanh phan t6 chirc va tinh chat. Theo A.A. Couto
va cong su [4], cac hop kim Fe-Co-V thuong dugc ché tao bang cach sir dung Fe va Co sach, V
duoc thém vao dudi dang hop kim trung gian Fe-V hoac V sach, qua trinh nau luyén va rot dac
duoc thuc hién trong moi trrong chan khong.

Céc thiét bi thuong duoc sit dung dé ndu chay va tinh luyén hop kim tir mém bao gdm 16 cam
g chan khong va 10 ho quang chan khong. Uu diém chinh ctia 16 hd quang chan khong do 1a
chi phi nau chay thdp va nhiét do nau chay cao hon. Tuy nhién, thiét bi ndy ton tai kha nhiéu
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nhuoc diém: yéu cau vat liéu than 16 dién hd quang twong d6i nghiém ngit, phai st dung than 16
c6 ham luong cacbon thap (do yéu cau vé thanh phan hop kim tir mém nén 16p 16t 10 1a thuong
dugc yéu cau khong chira C); kha nang khir cacbon cua 10 hd quang chan khong c¢6 han ché, ham
luong C trong thép chi co thé khong ché & muc toi thiéu 1a 0,02% [5]. Ngoai ra, ham lugng ciia
cac nguyén t6 bao gom nhu Al va Ti cling tuong 601 cao (Al1>0,03%, Ti > 0,01%), co6 tac dong
lon hon dén thanh phan ho4 hoc cta hop kim tir mém; kha “nang khudy kim loai 16ng trong qua
trinh néu chay kém, giam tac dung loai bo khi va tap, dan dén dao dong 16n vé d6 déo va cac déc
tinh tr ciia thanh pham [5]. Nguoc lai, qua trinh ndu chay trong 16 cam tmg chan khong cung cap
kha nang kiém soat t6t nhat dbi voi toan bo thanh phan hoa hoc hop kim, han ché dén mirc t6i thiéu
tap chat co hai. Ngoai ra, kha ning 1ap lai ctia viéc kiém soat thanh phan chinh xéc tir qua trinh gia
nhiét sang qua trinh khac 1a dac biét chinh xac, va din dén tinh nhét quan vuot trdi cua cac dac tinh
vat lidu. Khéi lugng mé lidu ciing thay doi trong pham vi rong [6]. Chinh vi vdy, 16 cam tmg chén
khong hoan toan thich hop dé niu phdi hop kim 49K2DA.

Tuy nhién, tai Viét Nam cac nghién ctru vé 10 cam ng chan khong con kha han ché. Quy
trinh cdng nghé nau luyén hop kim tir mém trong thiét bi nay ciing chua duoc céng bd nhicu.
Chinh vi vay, bai bdo nay tién hanh nghién ciru cong nghé nau luyén vat lidu 49K2MA trong 16
cam tng chan khong - Vaccum Induction Furnace-2 (VIF-2) dam bao thanh phan, kich thudc
phoi pht hop cho céc bude gia cong co khi tiép theo cua chi tiét 13i stato ctia may phat dién nho
trong tén Ivra.

2. PHUONG PHAP NGHIEN CUU
2.1. Poi twgng nghién ctru

Dbi twong nghién ciru 13 hop kim 49K2DA dugc ding 1am stato (16i cudn diy) cua may phat
tuabin trong tén Itra c6 thanh phan ding ki nhu trong bang 1. Cac tinh chét nhiét 1y co ban ctia
hop kim nhu sau: nhiét d6 néng chay Tne = 1470 °C, khéi lugng riéng p = 8,15 g/cm®. Hop kim
duoc phéi liéu niu luyén theo 2 phuong an: 1) Fe, Co va V sach k¥ thuét; 2) Fe, Co sach k¥ thuat
va FeV80 trong 160 cam tng chan khong VIF-2, khéi lugng 1 mé niu 1a 300 g. Thanh phan va
hinh dang nguyén liéu st dung trong nau luyén dugc cho trong bang 2 va hinh 1.

Bing 1. Thanh phan ciia hop kim 49K2®A (%wt).

C Si Mn P S Cr Ni Co V Fe
<0,03 | <0,15 | <0,3 | <0,015 |<0,015 — <0,3 |48-50 |1,7-2,0 con lai
Bing 2. Thanh phan liéu ndu luyén (Yowt).
Liéu Céc nguyén to
dau | o Si | Mn P S cr | Ni | Co | V | Fe
Vao
Fe sach con
ky | 0,0005 | 0,0005 | 0,0001 | 0,0005 | 0,0003 | 0,0002 | 0,0002 | 0,0014 - la
ai
thuat ’
co Con
sach ky| 0,004 | 0,001 | 0,001 | 0,001 | 0,001 - 0,005 lai - 0,003
thuat )
V sach R
- Con
ky 0,02 | 0,003 - - - 0,02 0,01 - ) 0,02
R lai
thuat
Fev80| 0,08 0,69 - 0,04 0,03 - - - 79,3 | 19,11
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Fe Co A\ FeV80
Hinh 1. Nguyén liéu sir dung trong ndu luyén.
2.2. Lo cam trng chan khong VIF-2
L6 cam tng chén khong VIF-2 c6 khéi lugng nau chay danh nghia 2 kg, str dung nguyén ly tir
truong xoay chiéu dé nau chay vat liéu. Nhiét do nau chay t6i da ~ 1900 °C. Két ciu tong thé cua

16 cam ng chén khong VIF-2 nhu trong hinh 2.
Cép liéu thi cdp

Thén Id Ngudn dién cao tin
Hé théng khudy

Gia da lo

Bom phén t&r

Hé théng lam mét Hé théng digu khién

ngudn dién Bom chan khéng

Hinh 2. Két cdu tong thé ciia 16 chdn khong VIF-2 dwoc sir dung.
2.3. Céu tao khuén dic
Kha ning truyén nhiét giita hop kim 16ng va khuon dac c6 vai trd quan trong, quyét dinh dén
to chtrc va co tinh cua hop kim dugc nau luyén. Trong s6 cac vt li€u lam khuon kim loai, Cu co
hé so dan nhiét cao, kha nidng chong oxy hoda va d&n mon tot, do do6, dugc sit dung dé ché tao
khuon duc.
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Hinh 3. (a) Kich thuéc khuén dong; (b) Khuén dong va hé thong nwée lam ngudi sau ldp dat.
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Tuy nhién, hgp kim c6 nhiét 6 ndng chay rat cao (Tne = 1470 °C), do d6, khudn déng phai cé
bién phap lam g@ém nhiét do mat phan cach khudén/kim loai long. Bam béq nhiét do tai yi tri nay
lu6n nho hon di€m s61 cua chéat lam mat. Chinh vi vay, khu6én Cu duoc ché tao ¢6 hé thong nude
lam mat tuan hoan bén trong.

Kich thudce cu tl}é ctia khudn ddéng duogc sir dung nhu trong hinh 3a. Két ciu ciia khuon sau
khi lap dat trong budng 16 cdm ung chan khong VIF-2 nhu hinh 3b.

2.4. Quy trinh cong nghé niu luyén hop kim 49K2®A trong 16 cim ng chian khong VIF-2

Cén ctr vao dc diém cua hgp kim 49K2®A, ddc tinh k¥ thudt cta 16 nu, cac tac gia dé xuat
quy trinh nau luyén hgp kim nay trong 16 cam ting chan khong VIF-2 nhu trong hinh 4.

Chuén bj nguyén lidu Phoi lleu theo ding Xép liéu va ndi ndu,

Fe, Co, V, loai bé diu thinh phan hop kim bom chin khéng va
mé va sy khd cin ndu nap khi bao vé \

Bat ché d9 gia nhiét, didu
chinh ting dong dién dé
nfu chay vét liéu

. R Tiép tuc ning nhiét " i 42
Rot kim loai long vao £ o i L Nang nhiét den 1460-
Kkhuén den 1580-1600 °C, giir [« 1480 °C
nhiét 5-7 phat

Hinh 4. Quy trinh céng nghé nau luyén hop kim 49K2®A dwoc dé xudt.
3. KET QUA VA THAO LUAN
3.1. Phéi hop kim 49K2®A sau duc

Hop kim Permendur 49K2®A nau chay theo 2 phuong an dung V sach ky thuét va FeV30.
Sau khi nong chay, hgp kim dugc rot vao khuén dong cé nudc lam ngudi tuan hoan. Thoi dac
dugc 1dy ra sau 15 phat. Hinh dang thoi dtic thu dwgc nhu hinh 5, trong d6, hinh 5a 1a thoi dic
hop kim 49K2®A dugc nau ding V sach k¥ thuat, hinh 5b 1a dung FeV80.

Trong ca 2 truong hop thoi dic c¢6 hinh dang dam bao, bé mit tiép xic voi khuén Cu bi nhin
mdt chut, co thé 1a do sy chénh léch vé ’kha nang truyen nhiét gitra vang mat ngoai va trong 13i thoi
duc. Mit khac, do qua trinh rét truc tiép tir trén xudng vao trong khu6n dé sinh ra dong chay rdi,
diéu nay cling anh huong dén chat luong bé mit thoi duc. Didu nay s& dugc khic phuc ¢ cac bude
gia cong bién dang sau ndy. Ngoai ra, bé mit trén cing cta thoi dic bi co ngét, diéu nay 1a hoan
toan d& 1y gii, hop kim thudng bi co ngot trong qua trinh chuyén tir trang thai long sang ran, ddi
vGi phoi ddc thi hién tuong co ngoét cang rd rang. Tuy nhién, bude ché tao phdi duc chi 1a budce
chuan bi cho cac quy trinh sau nay, diéu can quan tim nhat d6 1a ¢&am bao vé thanh phan hoa hoc.

(b)
Hinh 5. Théi diic hop kim 49K2®A dwoc néu tir (a) V sach ky thudt, (b) FeV80.

3.2. Két qua thanh phin héa hoc

Thoi hop kim sau dic duge phan tich thanh phan hoa hoc bang phuong phép quang phé phat
xa trén nén Fe dé xac dinh ham lugng cac nguyén t6 C, P, S va nén Co dé xac dinh cac nguyen t6
hop kim chinh Fe, Co, V,... Két qua thanh phan héa hoc cua hop kim 49K2®A sau khi nau luyén
trong 16 cam tng chén khong VIF-2 dugc so sanh voi mau nguyén goc (mau Nga) hién dang
duoc dung cho san xuat nhu trong bang 3.
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Bing 3. So sanh thanh phan héa hoc hop kim 49K2®DA.
Thanh phan hoa hoc, %

Loai C Si Mn P S Cr Ni Co V Fe
MauNga | 0,015 | 0,043 | 0,17 |0,0258 | 0,0162 | 0,1 |0,38| 48,4 | 1,77 | Con lai
Phuongan 1 | 9 009 | 0,022 | 0,011 | 0,0115 | 0,0132 | - | 0,16 | 49,07 | 2,05 | Con lai
Phuong an2 | 9012 | 0,038 | 0,014 | 0,0124 | 0,0125 | 0,015 | 0,23 | 49,32 | 2,09 | Con lai

C6 thé thay, vé co ban thanh phan cac nguyén tb chinh (Fe, Co, V) trong ca 2 phuong an nau
luyén va cua mau nguyén gbe Nga déu dap g tbt yéu ciu cua tiéu chuan. Ham lugng 2 nguyén
t6 tap chat (P,S) thap hon yéu cau kha nhiéu so v6i mau Nga hién dang sir dung. Két qua nay c
dugc c6 thé do qua trinh nau luyén ¢ day trong quy md phong thi nghiém va sir dung liéu sach
hon. Phuong an 1 (néu tr Fe, Co, V sach) cho ham lugng cac nguyén td tap chét ¢ hai (C,P,S)
thap hon so v6i phuong an 2 (nau tir Fe, Co, FeV80). Piéu nay duoc giai thich 1a do phwong an 2
sir dung ferro vanadi FeV cua cong nghiép luyén thép nén ham luong tap chit P, S, C cao hon.
Tuy nhién, di ham luong tap chit khi phdi liéu theo phuong 4n 2 c6 cao hon ddi chit so véi
phuong an 1, song chi phi nguyén liéu phwong 4n nay thap hon hén so v6i phuwong an 1 sir dung
V nguyén chét ki thuét.

Tir két qua phan tich cho thdy cic miu sau nau luyén c¢6 ham lugng tap chat P, S cao hon
dang ké so véi nguyén lidu sach ban dau. Vi vdy, di c6 qua trinh twong tac ndi 16 véi kim loai
long 1am tang ham luong P, S tir ndi ndu di vao trong kim loai. Qua trinh tuong tac hoa hoc cua
kim loai 16ng v6i ndi 160 & nhiét do cao, trén 1500 °C, 1a khong tranh khoi. Vi vy, cin co cac
nghién ciru tiép theo vé vat liéu ndi 10 va qué trinh cong nghé nau luyén dé tao ra vat liéu c6 ham
lwong tap chit ¢6 hai (C, P, S) thip hon nita, dap tmg yéu ciu cao cho mot sé trudng hop dic
biét: P < 0,001%, S < 0,001%.

3.3. Két qua t6 chire té vi hop kim sau diic

Mau sau dic duoc chuan bi dé quan sat to chire trén kinh hién vi quang hoc AxioVert A2M.
Dung dich tim thuc: 15 ml HNO3 + 85 ml Metanol, ngdm mau khoang (4 - 9) phat. Két qua to
chirc té vi dugc biéu dién trong hinh 6. Két qua do do cimg Vicker véi tai trong 5 kg trén may do
d6 cung Wilson Worlpert cho d ctiing phdi sau dtic 254 HVs.

Lo 7 4

- (11

é ‘éﬁ 331/

Hinh 6. T6 chitc té vi sau diic ciia hap kim 49K2®A (x200).

Théy rang, to chic cta thoi hop kim 49K2MA sau diic bao gdm pha nén c6 trat tw a;’ déu
truc. Pay 1a pha c6 cdu tric siéu mang B2 dugc tao thanh tir pha ou khi 1am ngudi Xuéng dudi
700 °C [3, 7, 8]. Kich thudc trung binh ctia pha nén o’ khoang 50 pm. Ngoai ra, voi téc d6 ngudi
nhu trong khu6n dong ngudi nude cudng birc, pha vz giau V ¢6 cau tric trat ty L1, c6 thé duoc
tiét ra tir pha nén a1 [7, 8]. Song sy ¢6 mit cua pha ndy trong cdu tao hop kim & diéu kién cu thé
nay dugc nghién ctru thém.
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Véi cau tao gdbm pha a1 hodc al’ + v2 hop kim c6 d6 cimg khoang 254 HV. Té chuc va do
clmg nay hgp kim co thé gia cong cit got song chua thé can ngudi, ddp ngudi dé ché tao cac chi
tiét mong lap ghép thanh 15i stato ctia may phat tuabin. Vi vdy, can ¢ cac nghién ciru tiép theo
dé tao tinh gia cong rén dép cho hop kim nay.

4. KET LUAN

Phéi hop kim 49K2DA duoc nau luyén trong 1o cam tng chan khong VIF-2 ¢6 thanh phan
héa hoc duoc kiém soat tdt, ham luong cac tap chét co hai (C, P, S) anh hudéng x4u dén tinh chét
tir déu nho hon so voi maiu ddi sanh ciia Nga. Déy 1a co s& cho quy trinh gia cong bién dang va
nhiét luyén tiép theo.

Quy trinh c6ng nghé niu luyén hop kim 49K2®A tur Fe, Co, V sach ky thuét va FeV80 déu
nau duoc phdi hop kim c6 thanh phan dam bao. C6 thé st dung ferro vanadi cong nghiép dé hop
kim héa vanadi song van co ban dam bao duoc thanh phéan, do sach cua hop kim nau luyén. Ham
luong cac nguyén td tap chit P, S, C cao hon nguyén liéu dau vao c6 thé do phan tng gitra nodi
nau va hop kim 1ong & nhiét d6 cao. Pidu nay can co cac nghién ctru chuyén siu tiép theo.

Loi cam on: Nhém tac gia cam on sw tdi tro vé kinh phi ciia dé tai cap BOP, md s6: 2022.73.24.
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ABSTRACT

Research on casting technology of 49K2®A alloy ingots for stator cores
of small electric generators for military applications

In this paper, analysis and selection of technology and equipment for smelting
49K2®A alloy were conducted. Among the advanced smelting methods for 49K2®A alloy,
smelting in a vacuum induction furnace is the most suitable, as it provides good control
over the alloy's chemical composition and beneficial and harmful impurities. 49K2®DA
alloy ingots were made from technically pure Fe, Co, V and FeV80 master alloy with good
quality and guaranteed chemical composition. The content of impurities (C, P, S) that
adversely affect the magnetic properties of the alloy are all smaller than the Russian
sample. Using industrial FeV80 master alloy for producing this alloy should be
considered as it provides a slightly higher content of impurities with a lower cost of raw
materials in comparison with using technically-purified vanadium.

Keywords: Vacuum induction furnace; Soft magnetic alloy; 49K2®A alloy; Smelting equipment.
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