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TOM TAT

Bai bdo trinh bay két qua nghién citu tmg dung phirong phdp miét tao hinh dic biét dé ché tao phéi tru
rong tir hop kim dong CuCr08 bang céng nghé két hop ddt dang nhiét, miét va xit Iy nhiét trung gian. Vit liéu
CuCr08 dwoc lira chon do c6 tinh dan dién, dan nhiét tot, dong thoi bao dam d¢ bén va tinh 6n dinh té chirc
sau bién dang. Nghién ciru tdp trung khdo sdt té chike té vi, co tinh ciia vt liéu ban dau, xdy ding mé hinh vit
liéu theo quan hé Hensel-Spittel trén co sé dir liéu thwc nghiém va vmg dung mé hinh nay trong mé phong sé
bang phan mém QForm VX. Két qua cho thdy mé hinh vit liéu c6 do tin cdy tot, sai léch trung binh giita gid
tri thuc nghiém va tinh toan khong vuot qua 9%. Trén co so moé phong va thyc nghiém, quy trinh cong nghé
gom hai lan dat dang nhiét, hai giai doan miét va xir 1y nhiét trung gian da dwoc xdc ldp. Chiéu day thanh phéi
sau tao hinh phit hop véi gid tri tinh todn, sai léch nhé va nam trong giéi han cho phép. Két qua nghién ciru
khdng dinh tinh kha thi ciia quy trinh cong nghé dé xudt trong ché tao phéi tru rong CuCr08 c6 dj chinh xdc
cao va do én dinh tot.

Tir khéa: hop kim dong CuCr08, dat dang nhiét, miét, moi quan hé Hensel-Spittel, mé hinh may tinh, mé
hinh vat ly.
ABSTRACT

This paper presents the research results on the application of a special metal spinning method for
manufacturing hollow cylindrical blanks from CuCr08 copper alloy using a combined technology of isothermal
rolling, spinning, and intermediate heat treatment. CuCr08 alloy was selected due to its good electrical and
thermal conductivity, while also ensuring strength and microstructural stability after deformation. The study
focused on investigating the initial microstructure and mechanical properties of the material, developing a material
model based on the Hensel-Spittel relationship using experimental data, and applying this model to numerical
simulation in QForm VX sofiware. The results showed that the material model had good reliability, with the
average deviation between experimental and calculated values not exceeding 9%. Based on the simulation and
experimental results, a technological process including two stages of isothermal rolling, two spinning stages,
and intermediate heat treatment was established. The wall thickness of the formed blank was consistent with
the calculated values, with only small deviations within the acceptable range. The research results confirm the
feasibility of the proposed technological process for manufacturing CuCr08 hollow cylindrical blanks with high
dimensional accuracy and good stability.

Keywords: alloys CuCr08, isothermal rolling, spinning, Hensel-Spittel relationship, computer modeling,
physical modeling

PAT VAN DE ddi xtmg truc, rong ludn chiém ty 1¢ rat 1on. Ching
Trong san xuat cong nghiép ndi chung, nganh ~ dugc san xuat bang nhiéu phuong phap khac nhau,
ché tao may noi riéng, cac san pham c6 hinh dang  don gian nhu sir dung phuong phéap udn, sau do

S6 43 nam 2026 | 43



Tap chi Khoa hoc Pai hoc Cuu Long

han ndi. Trong truong hop can ché tao cac chi tiét
khong c6 mdi ndi, co thé sir dung cong nghé két hop
dat dang nhiét va miét trén cic may chuyén dung.

Mot trong cac uu diém quan trong nhat cua
phuong phap miét so v&i cac phuong phap gia
cong truyén thong khac 1a n6 dam bao dap tng
cac yéu cau cao vé d6 chinh xac cua kich thuéc,
d6 day thanh co6 thé thay doi va tiét dién ngang ciia
chi tiét nhan dugc [1, 2]. Pong thoi, qua trinh nay
gitip tiét kiém dang ké vat liéu do str dung phdi co
hinh dang va phuong phap ché tao don gian hon
so v&i cac phuong phap khac, ciing nhu thu dugc
chi tiét c6 co tinh cao hon do anh huéng cia qua
trinh hoa bén bién dang ngudi [3, 4].

Trong nhitng nim gan day, ché tao chi tiét
bang phuong phap miét da duoc nghién ctu va
mg dung nhiéu hon, tuy nhién van chua dugc
ap dung rong rdi. Mot sé nha nghién ctu da dé
cap dén LP. Renne, E.A. Popov, L.G. Yudin, S.P.
Yakovlev, [.A.Burlakov [5], V.T.Bach, nhung cac
két qua nghién ciru nay chua dugc ing dung rong
rdi trong thuc té. Pidu nay co thé 1a do sir dung
phuong phap miét chi pht hop dé san xuat cac
chi tiét tron quay.

Mic du han ché do chi ché tao cac chi tiét
tron quay ciing nhu ning suat thip, tuy nhién su
dung phuong phap miét c6 thé ché tao duogc chi
tiét tron quay c6 hinh dang vo cing da dang. Cu
thé nhu céc chi tiét dang dng, xi lanh c6 d6 day
thanh gidng nhau hodc thay doi, chi tiét c6 hodc
khong c6 mat bich, va nhiéu loai khac [6, 7]. Trong
mot s6 truong hop, miét 1a phuong phap duy nhat
c6 thé san xudt cac bo phan c6 hinh dang phtic
tap. Mot wu diém khac cua phuong phap miét 1a
chi phi thiét bi va dung cu tuong d6i thap. Trong
mot s trudng hop, co thé str dung may tién thong
thudng véi thiét bi chuyén dung dé gia cong cac
bo phan [8].

Pham vi tng dung rdng rai cua phuong phap
miét tir 1au da duoc danh gia cao & Hoa Ky, Nga,
cac nude Tay Au va Nhat Ban, noi linh vuc gia
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cong ap luc kim loai nay dang phat trién manh mé.

Su phat trién cta cong nghé gia cong kim loai
bang phuong phap miét 13 do nhu cau cta nhiéu
nganh cong nghiép va k¥ thuat co khi trong viéc
tao ra cac san pham cong nghé méi c6 dang rong
tron xoay c6 hinh non, hinh try va hinh cong véi
thanh c6 d6 day khong d6i va thay doi, dugc lam
béng kim loai va hop kim chéng an mon, c¢o6 do
bén cao va chiu lua.

Lua chon hop kim CuCr08 1a do vat li¢u nay
thudc nhom hop kim dong c6 ham lugng dong cao,
cho phép duy tri cac dic tinh dan dién va dan nhiét
t6t, dong thoi nho nguyén td Cr v6i ham lugng
nho da cai thién dang ké do bén va kha ning on
dinh td chtre sau bién dang va nhiét luyén. Vi vay,
CuCr08 1a d6i twong thich hop dé nghién ctru ché
tao phoi try réng c6 do chinh xac cao bang cong
nghé miét tao hinh dic biét.

Muc dich ctia nghién ctru 1a phat trién cong
nghé san xuit phoi rong ¢6 d chinh xac cao tir
hop kim dong CuCr08.

Noi dung nghién ctru bao gom

- Nghién ctru co tinh va to chirc cia vat lidu
ban dau;

- X4c dinh tinh chét cua hop kim bang cach
su dung mbi quan h¢ Hensel-Spittel;

- Xay dyng so d6 quy trinh ché tao chi tiét;

- M6 hinh hoa qué trinh ché tao chi tiét khi sir
dung mo hinh vat li€u da tim dugc;

- Phan tich dir liéu thu dugc va danh gia kha
nang san xuét chi tiét.

1. VAt liéu, thiét bi va phwong phap nghién ciru

Vat liéu

Vit liéu nghién ctru 13 hop kim déng CuCro08,
¢6 kich thudc 450 x 60 mm, v6i thanh phan hoa hoc
theo khdi lugng gdm Cu 99,54% va Cr 0,46%. T
chire té vi cua vat liéu gém cac hat da di¢n tuong
d6i dong déu, khong quan sat thdy tap chit phi
kim loai trong mau nghién ctru (Hinh 1).
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Do phong dai x100
Hinh 1. T6 chic té vi ciia mau nghién ctru theo mit cit doc

Két qua phén tich to chuc cua vat liéu bang
phuong phap quang phd (Bang 1, Hinh 2) cho
phép xac dinh sy phén tach cac thanh phan pha
dudi dang cac vach dya trén Silic va Crom, theo
két qua thu dugc, van dé nay khong anh huong
dén kha nang tao hinh cuia vat li¢u.

Bang 1. Két qua phan tich t6 chirc cia vat liu

B Thanh phin héa hoc (%)
Mau -
Si Cr Cu Tong
1 0.53 | 39.75 | 59.72 100
2 0.5 18.93 | 80.58 100
3 0 0.46 | 99.54 100
f e 1
AL L.\ ;
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Hinh 2. Dit liéu phan tich t6 chiic ctia vat
liéu - 1, 2, 3 - cic mau nghién ciru

Thiét bi va phwong phap nghién ciru

- Nghién civu to chirc té vi

Céc nghién ctru vé cAu triic vi md duge thue
hién trén kinh hién vi Olympus Delta voi d6 phong
dai 100, 200 va 500 (hinh 3-a) va x4c dinh d6 day
thanh ctia phéi duoc kiém soat bang may do do
day siéu 4m 38DL-PLUS (hinh 3-b).
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Do phong dai x500)

b)
Hinh 3. Thiét bi nghién ciru [9]
- Xdc dinh co tinh cua vit liéu

Co tinh cta vat liéu dau vao duoc xac dinh
bang thi nghiém kéo mau try (Hinh 4-a), tinh déo
duge xac dinh bang cach kéo cac mau det (Hinh
4-b) va dugc thyc hién trén may LFMS50 (Hinh
5-a) voi tbe 6 2 mm/phut . Thi nghiém dé xéac
dinh co tinh cta phoi 10x10 mm (Hinh 4c) duoc
thuc hién trén may kéo nén LFM250 (Hinh 5-b)
v6i cac toe d6 bién dang 0.001; 0.01; 0.1 s & nhiét
d6 20, 400, 600 va 800°C. Pham vi nhiét d6 dugc
lwa chon dua trén két qua mé hinh héa cac qua
trinh dat dang nhiét va miét ngudi. Téc do bién
dang duoc duy tri khong ddi bang cach diéu khién
chuyén dong cua dau may.
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a) b)
Hinh 5. Cac may kéo, nén [9]
- Ché tgo bdn thanh phim, chi tiét 2. Dét dang nhiét;
Céc phoi ban dau duoc dat dang nhiét hai lan 3. Miét tao ban thanh pham (tin sé quay cia

trén may AJIPJ-800 (Hinh 6-a), sau d6 thyc hién  truc chinh 1a 600 vong/phut, toc do tién truc 1a 5
ché tao chi tiét trén may miét Leifeld PNC-111 mm/phut);

(Hinh 6-b) v6i quy trinh c6ng ngh¢ nhu sau: 4. U trung gian (nung néng dén nhiét do 625-
1. Phoi ban dau (CuCr08, duong kinh 112 va  640°C; gitt trong 60 phut; lam mat bang khong khi);

do day 4.8 mm); 5. Miét 1an thir hai.

b)

Hinh 6. May dé ché tao chi tiét, ban thanh phdm [9]
- Phaén tich, xir Iy so ligu
X 1y dit lidu thyc nghiém, sau khi chdn dang ~ dwoc mdi quan h§ phu thudc giita ing suat chay
nhi¢t phoi Titan VT1-0, cho phép xay dung m6 i va cac tham so co, nhiét:
hinh vat liéu theo tai liéu Hensel-Spitel [9], nhan
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G. = Ae™ T e oM /e phong cac qua trinh bién dang tao hinh (dat, miét).
i — . . . . .

(A+e)™ e & & (D)

Trong d(:), A, m, m,, m,, m,, mg, m,, m,
m, - cac h¢ so QUQC tinh bang phuong phép binh
phuong nho nhat trong chuong trinh Matlab [10].

- M6 hinh hoa

Ap dung mo hinh vat li¢u dugc tim théy tu
phuong trinh (1) vao phan mém QForm VX dé mo

2. Két qua nghién ciru, phén tich

Két qua phan tich, xir Iy s6 liéu theo phwong
trinh (1)

Nhur d3 trinh bay ¢ trén, sau khi 4p dung phan
mém Matlab tim dugc md hinh vat liéu véi cac hé
sd dugc trinh bay trong hinh 7 va bang 2. So sanh
duong cong thyc nghiém va tinh toan cho thiy do
léch trung binh khong vuot qua 9%.

250 Téc 66 bién dang: 0,01 250

Téc 66 bién dang: 0,001

Téc a6 bién dang: 0.4

200

H]
$

(Ung suit chay, MPa

(ng suét chay, MPa
a -
g

(Ung sudt chay, Mpa
2 py

04 06 04 0s 04 06
Bién dang, e Bién dang, e Bién dang, e
Téc 66 bién dang: 0.4

Téc a6 bién dang: 0,001 Téc a6 bién dang: 0,01

Ung sudt chay, MiPa
Urng sudt chay, Mpa

08

Hinh 7. So sanh tmg suit chay thuc nghiém va tinh toan trong qué trinh chdn cac miu véi cac toe do bién
dang va nhi¢t d¢ khac nhau (---- dit li€u thi nghi€m; - di li€u tinh toan)

- Nhiét do phoi 800 °C;

- Nhiét do dung cu 800 °C;

- Tan s6 quay cua phoi 1.5 vong/phut;

Qua trinh m6 phéng

Mo phong qua trinh dat mong

Thl{C hién m6 phong qué trinh dat Vé’i’SO’ dd
duogc thé hién trén hinh 8 va c6 cac thong s6 cong
ngh¢ nhu sau:

- Chiéu day phoi: 14, 16, 18 mm;

Bang 2. H¢ s0 toan hoc ciia mo hinh

- Hé s6 ma sat: 0.8
- Tbc do chuyén dong cua dung cu 2.4 mm/
phut.

Nhiét dg, °C A m, m, m, m,
10,05 -0,012 -0,436 -0,009 -0,129
20+400 my m, m, m,
0,0004 -0,924 0 1,393
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Nhiét do A m m, m, m,
10,02 -0,004 0.087 -0,008 -0,045
600800 m, m, m, m
-0,001 0,303 0 0,761
" 1w Chéng tam
\ i

T!l:

. , 3 )

Mat phang doi xung A

AL pRAng & Con lan ~ Phoi

Hinh 8. So d6 dat phoi phang: P - luc ép phoi ciia truc dat; V - tan sb quay cua truc;
S - toc dd chuyén dong hudng kinh ciia con lin

Két qua ciia mo phong qua trinh dat v6i mé hinh vt liéu tim dugc dugc trinh bay trén hinh 9.

a) b)

Hinh 9. Mé phong qua trinh dat dang nhiét (1 - chong tdm, 2 - phdi, 3 - con liin)

Két qua md phong cho thay chiéu day cia vat

liu dugc dat mong di dang ké, c6 thé dan dén pha b s Ve ok et ks ks i o g
, Ae re aA 3a . A A 1a . £ M g TR (W T — B I
hiy phoi; véi do day ctia tam ban dau 1a 14 va 16 - |
A 1A iy N AA qn A A 28, =S ) s e, Vo il
mm, d6 mong co thé dat tdi 60% va do day tam toi 196 , . i, B
thiéu dam bao d6 6n dinh va d6 mong khong qua N O R R R B e;:
12% 1a 18 mm. Két qua mo phong cho thay rang 2"::2 TR ERT R T R T S T
S N A ; lral
cic diéu kién dat dang nhiét trén may AJIPI-800 ™ 84 [—~——+————+————+———4———+
. o e g e L Sy e e Ly
twong ung vai cac dieu kién ma mo hinh duoc :2 PR BRI D LB S BT
A . N Rl and el e e e ot = ey ile =
thuc hién trong chuong trinh QForm VX. Sau lan 0 pl S i Sgi 408 Job Shid e el lih o

N -

0 6.7 134 201 26.8 335 402 469 536 603 6
Do dan dai

dat thu hai, d6 day cua phoi khoang 10 mm. Co e

thé thiy trong Hinh 10, dat dang nhiét cho phép

ting do déo ctia vt lidu ban dau 1én 6-8% va xir Hinh 10. Biéu dd kéo ciia miu hop kim déng

Iy nhiét tiép theo lam tang cac ddc tinh déo khong  cuCro8 (1 - vat ligu ddu vao; 2 - mau sau khi dat

dang ké tir 3-5%. ddng nhiét; 3 - mu sau khi dat dang nhiét va
Xt 1 nhiét)
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Ché tao chi tiét bang phwong phdap miét

St dung phoi ban dau duoc ché tao bﬁng
phuong phép cit tia nudc va qua trinh miét dugc
thuc hién trong hai giai doan véi xtr 1y nhi¢t trung
gian. Giai doan dau tién ciia qua trinh miét dugc
thuc hién bfmg cach st dung mat éng con c6 do
nghiéng cua duong sinh so vdi truc quay 1a 21°,
v6i gid tri bién dang duoc tinh toan 13 56% (Hinh

a) b)

Khoa hoc Ky thudt - Cong nghé

11b). Pbi v6i qua trinh nay, chicu day cta phoi
duoc tinh theo cong thure [1]:

t, =t,sing, (2)

Trong do t la do day cﬁ’a phéi ban dau; t la
do day cua phoi sau khi miét; a, 1a goc nghiéng
tao thanh so voi truc quay cua no.

Hinh 11. C6t miét (a) va phoi (b) sau miét 1an 1 va C6t miét (c) va phoi (d) sau miét lan 2

Xac dinh do day thanh cua chi tiét sau khi gia
cong bang may siéu 4m 1a 1.58-1.67 mm va theo
tinh toan 13 1.72 mm (sai s6 1a + 0.05 mm). Su thay
d6i do day duoc giai thich 1a do do climg cua truc
khong du va sy bién dang cta con lan, gia tri nay
da duoc tinh dén trong khi 1ap trinh qua trinh miét.

Sau budc gia cong dau tién, phoi dugc xir 1y
nhiét (nung noéng dén nhiét do 625-640°C; giir
trong 60 phat; lam mat bang khong khi). Budc
gia cong thir 2 dugc thuc hién trén cot miét hinh
n6én (Hinh 11-d) véi goc gitra duong sinh ctia hinh
nén so vai truc quay 1a o, = 11°. Trong truong hgp
nay, do day thanh dugc tinh toan sau budc chuyén
tiép thir hai t, theo cong thirc [1]:

t, =t,(sine, /sing;)  (3)

Theo cong thirc tinh toan, do day phai 1a 0.86
mm. Nhung thuc té, 3o day 1a 0.85-0.95 mm, su
sai 1éch nay 14 do truc udn cong dudi tac dong ciia
con lin tao hinh. Kiém tra bang dung cu va quan
st tryc quan cho thiy két qua mé phong tuong
dbi twong dong so voi thuc té ché tao.

KET LUAN

Nghién ctru céc tinh chat ctia hop kim ban dau
cho phép xac dinh rang, t6 chirc té vi cia vat liéu
la déng nhét, tinh déo cao, ¢ su hién dién cua
mot luong khong dang ké cac hat da dién nho va
khong anh hudng dén co tinh cua vt lidu.

Xay dung dugc md hinh vat li¢u béng cach
st dung phuong trinh Hensel-Spittel dua trén dir
liéu thu duoc bé‘mg cach chdn cac mau phoi try
10x10 mm.

Phét trién duoc quy trinh cong nghé ché tao
chi tiét, bao gdm dat dang nhiét va hai lan miét
v6i xir 1y nhiét trung gian cho phép ché tao phoi
tru rong CuCr08 v&i d6 chinh xac chiéu day thanh
tuong ddi cao va tinh on dinh t6t.

St dung md hinh vat liéu tim dugc d& mé hinh
hoa cic qua trinh dat dang nhiét, miét.

Ché tao chi tiét theo ty 18 1/8.

Phan tich dit liéu thu duoc cho phép két luan
c6 thé san xuét chi tiét theo ty 1¢ 1:1 voi quy trinh
cong nghé da dugc phat trién.
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