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TOM TAT

Bai bdo trinh bay két qud nghién ciru dnh hwong cia chdt béi tron dén quy trinh ddp ngudi dinh tan lam
ter hop kim chiu nhiét CrNi6OWTi. Muc tiéu nghién cuu la danh gia tac dong cua diéu kién ma sat dén luc bién
dang va trang thai img sudt ciia dung cu trong qud trinh tao hinh. Nghién civu dwoc thiee hién bang cdach két hop
thuwe nghiém ddp trén mday LEM250 ¢ nhiét d¢ phong véi mé phong sé bang phan mém QForm 10.3.3. Vit liéu
mé phong dwoe xdy dung trén co sé dit liéu thwe nghiém nén mau va mé ta bang phuwong trinh Hensel-Spittel.
Qua trinh ddp dwoc khao sdt trong cdc tru"ang hop khong boi tron, sw dung Zetcut 165 va su dung ONV120.
Két qua cho thdy Lrng sudt nén trong ao coi thay doi dang ké theo vi tri, va vung nguy hzem nhdt doi véi dé bén
dung cu la khu vuc tlep xiic gitta dau coi va vo dd. Anh hwéng ciia ma sat dén g sudt nén ciia dung cu khong
lom trong khodng hé s6 ma sat khao sat, nhung anh huong ro rét dén Iuc tao hinh. Viéc sir dung chdt béi tron
giip giam lee dap khodang 20-25% so véi trieong hop khong béi tron. Trong cdc loai khao sat, dau béi tron
ONV120 cho hiéu qua tot nhdt trong viéc giam liwc tao hinh va vmg sudt tiép xiic, qua dé gép phan nding cao
uéi tho dung cu.

Tir khéa: Pé cimg dung cu, dinh tdn, dau béi tron, ma sat, phdn tich phan tir hitu han, phan mém QForm
10.3.3, ddp nguoi, hop kim niken CrNi6OWTi.

ABSTRACT

This paper presents the results of a study on the influence of lubricants on the cold heading process of
rivets made from the heat-resistant alloy CrNi6OWTi. The objective of the study was to evaluate the effect of
friction conditions on the forming force and the stress state of the tooling during deformation. The research
combined experimental cold heading tests performed on an LEFM250 testing machine at room temperature with
numerical simulation using QForm 10.3.3 software. The material model used in the simulation was developed
from compression test data and described by the Hensel-Spittel equation. The heading process was investigated
under three friction conditions: without lubricant, with Zetcut 165 lubricant, and with ONV120 lubricant. The
results showed that the compressive stress in the die insert varied significantly with position, and the most
critical zone for tool failure was located at the contact region between the die insert and the support sleeve.
Although friction had only a limited effect on the compressive stress of the tooling within the investigated range,
it strongly affected the forming force. The use of lubricants reduced the heading force by approximately 20-25%
compared with the unlubricated condition. Among the tested lubricants, ONV120 provided the best performance
in reducing both forming force and contact stress, thereby contributing to improved tool life.

Keywords: carbide tool, rivets, lubricants, friction, finite element analysis, QForm 10.3.3 program, cold
heading, nickel alloy CrNi6OWTi.

PAT VAN PE Ma sat tiép xtic lam giam do bén cia dung cu,
do ca hao mon tryc ti€p bé mat tiép xuc lan do viéc
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gia ting nhiét do bé mit va tmg suat phat sinh tir
luc bién dang tang lén (Tiruneh, 2026). Dau boi
tron dong mot vai trdo quan trong trong qua trinh
dap ngudi, vi chung giup giam tng suét ca trong
phoi dang duogc bién dang 14n trong dung cu, tir
d6 lam giam dang ké d6 mai mon dung cu (Joun
et al., 2025; Petkar et al., 2026). Theo nghién ctru
cua tac gia V.P. Romanovsky (Sahu et al., 2026),
khudn dap phan 16n bi hong khong phai do mai
mon hoan toan ma 1a do sy hinh thanh cac vét xudce
va hu hong bé mit cla céc chi tiét duoc dap. Anh
hudng cua cac yéu td néu trén duoc giam thiéu
dang ké nho viée st dung céc chit boi tron, ma
hién nay duoc san xuat véi nhiéu dic tinh da dang.
D6 c6 thé 1a dau khoang, dau tong hop, dau gbc
ester sinh hoc va dau ban téng hop (Yahaya et al.,
2023), v.v. Viéc phat trién mot quy trinh cong nghé
doi hoi phai xem xét dén nhiéu thong s6 ky thuat,
bao gém ca cac thong s vé ma sat, diéu nay cho
phép t6i uu héa qua trinh tao hinh va giam tng
sudt tiép xtic. Mot phuong phap bo tro dé nang cao
d6 bén cua dung cu 1a st dung 4o cdi bang hop
kim cung sau d6 dugc ép vao long khuon véi do
doi phu hop. Do doi nay dam bao trang thai irng
suat mong mudn cho cac 4o cdi lam tir hop kim
cing va cho phép glam ung suét kéo trén bé mat
lam viéc ctia chay va cbi xudng bang khong Xét
rang trong qua trinh dap ngudi cac chi tiét tir vat
lidu c6 d6 bén cao, cac ung suét 16m phat sinh do
bién dang 16n va thiéu thong tin hé thong vé viéc
g dung cac chat boi tron, cu thé 1a khi dap dinh
tan tor hop kim niken.
1. N¢i dung nghién ciru

Bai bao nghién ctru lyc bién dang va trang thai
{mg suit ctia dung cu trong qua trinh dap ngudi
dinh tan tir hop kim CrNi60OWTi véi cac chat boi
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tron khac nhau, bao gom:

- Khao sat thyc nghiém anh hudng ciia chat boi
tron dén qua trinh tao hinh dinh tan trong diéu kién
dap ngudi, dong thoi xac dinh xu hudng bién doi
cua luc tao hinh va chét lugng bé mat san phém;

- Panh gia trang thai tng suat cta dung cu
thong qua phuong phap mo phong phan tir hiru
han, 1am 13 sy phan bd tng sudt tai cac ving lam
viéc nguy hiém ctia bo khuon;

- Thyce hién thi nghiém dap tao hinh dinh tan
voi cac loai chét boi tron khac nhau nhim xéc
dinh anh hudng cta diéu kién ma sat dén luc cong
nghé, mirc d6 dién day long khuon va kha nang
bién dang cua vat liu;

- Phan tich, so sanh va danh gia cac két qua
thue nghiém va mo phong dé lua chon chat boi
tron phu hop, bao dam hi¢u qua cong nghé, do
bén dung cu va d 6n dinh cua qua trinh tao hinh.
2. Vit li¢u, thiét bi va phwong phap nghién ciru

Vat liéu

Hop kim nay duogc st dung rong rai trong moi
truong nhiét do cao va khéc nghiét. Crom c6 kha
nang chéng oxy hoa va dn mon, niken mang lai do
déo va d6 bén, vonfram ting kha ning chiu nhiét,
va titan on dinh cdu trac hop kim. Vat liéu nay
dugc tng dung rong rai trong nganh hang khong
vil tru va phat dién dé san xuit canh tuabin, voi
phun va céc bd phan quan trong khac hoat dong
trong diéu kién nhiét do va tai trong khéc nghiét.

Vit liéu nghién ctru 1a hop kim CrNi60WTi,
c¢6 thanh phan hoa hoc nhu sau: Ni — 50-55%; Al
- 0,50%; C —0,1%; Si - 0,8%; Cr - 23%; Fe - 4%;
W —13-16%; Mo — 3,5+4,5%; Ti— 0,3+0,7%. Kich
thudc hat & trang thai ban dau 14 10 - 50 pm (Hinh
1), cac dac tinh co 1y dugc trinh bay trong Bang 1.

Hinh 1. T4 chirc té vi cua vt liéu CrNi6OWTi (Motta et al., 2026)
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Biing 1. Co-ly tinh ciia CrNi6OWTi

Khoa hoc Ky thudt - Cong nghé

TT Théng sb Don vi Gia tri
1 Khdi luong riéng kg/m? 8300
2 Nhiét d6 néng chay °C 1370+1400
3 Do dan nhiét W/(m.K) 12
4 Ung suit bén MPa 750+850
5 Ung suit chay MPa 550+650
6 Do dan dai % 15+20
7 Do co thit ti doi % 52+60
8 Modul dan hoi MPa 210x103
9 Do cung HB 250300

Thiét bi va phwong phdp nghién ciru

Thuc nghiém dap tao hinh dinh tan duogc
tién hanh trén may thir nghiém model LFM250
& nhiét d6 phong. Vat liéu ban dau 1a hop kim
niken CrNi60WTi (Chen et al., 2023), v&i cac hé
s0 ctia mo hinh vt liéu dugc trinh bay trong bang
2. Puong kinh phéi ban dau 1a 4 mm, va chiéu dai
1a 10,85 + 0,05 mm. Tdc d6 bién dang duoc giit
khong d6i & mirc 0,033 mm/s. Hanh trinh lam viéc
cua dung cu la 2,5 mm.

Dé phén tich trang thai Gmg suat-bién dang
ctia phoi va dung cu bang phuong phap phan tir
hiru han (FEA) trong qua trinh dap, tac gia su
dung phan mém QForm. Xét thdy co s& dit liéu
vat liéu bién dang cua phﬁn mém khong c6 mo
hinh vt liéu cho hop kim niken CrNi60WTi, dir
liéu phuc vu mo6 phong da dugce thu thap thong qua
thi nghiém nén cac mau hinh try v6i duong kinh
va chiéu cao 1an lugt 12 4 mm va 5 mm, & céc toc
d6 0,001, 0,01 va 0,4 s va cac nhiét do 20, 200
va 450 °C, dong thoi ghi lai cac duong cong "luc
- hanh trinh". Khoang nhiét do duoc lua chon co
tinh dén viéc vat liéu bi nung nong 1én dén 250 °C
trong qua trinh nén so bo da duoc xac dinh bang

phuong phap tinh toan. Céc s liéu thuc nghiém
sau d6 dugc tinh todn bang cach sir dung phuong
trinh Hensel-Spittel (Hensel & Shpittel, 1982):

o, =Ae™T.T™ g™ ™",

.(1+8)m5.T. m,.€ ém3 émg T

Trongd(') A, m, m, m,, m, m, m, m,,
— cac hé sb dugc tinh bang phuong phap bmh
phuong nho nhit trong chuong trinh MatLab. Sau
khi tinh toan ta nhan duoc két qua dugc thé hién
trong bang 2.

(1)

Xac dinh cac hé s6 ctia mo hinh dugc thyc hién
bang phuong phap blnh phuong t6i thiéu véi su
hd tro cta cac phan mém MATLAB va Microsoft
Excel. Dé tinh chinh céc dic tinh ciia mé hinh vat
liéu hop kim CrNi60WTi va kiém tra d6 chinh x4c
ctia két qua mo phong, cac phuong phap tiép can
dugc mo ta trong nghién ctru vé diéu khién qua
trinh tao hinh hop kim Titan cling da dugc xem
x¢ét. Nghién ctru nay minh hoa rd anh hudng cua
cic mé hinh vat liéu dén do chinh x4c cua viéc du
bao cac thong so lyc. Viée nay da cho phép nang
cao dg tin cay cua cac dir liéu tinh toan, dic bi¢t
khi ngoai suy cac tinh chét ctia hop kim (Hinh 2).

Bang 2. H¢ so toan hoc ciia mo hinh

Nhiét do, °C A m m, m, m,
1243,13 4,7¢3 -0,0934 -0,0043 -0,1002
20+450 m, m m, m,
-0,0002 -0,1329 9,05¢% -0,0299
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(--- thuec nghiém, == tinh todn)
I (Pen) — 20 °C; Il (Xanh dwong) — 100 °C; Il (P6) — 200 °C; IV (Xanh lé cdy) — 450 °C
Hinh 2. So sanh ung sut chay thyc nghiém va tinh toan trong qua trinh nén mau & cac tdc do va nhiét do 20,
100, 200 va 450 °C
Phan tich trang thai ing sut - bién dang cia  dir liéu dau vao sau day va (Bang 3) va c6 tinh
phéi va dung cu sau khi ddp nguoi (Hinh 3) dugc  dén anh hudng ciia ciu trac cht boi tron, diéu nay
thuc hién bang phan mém QForm 10.3.3 véi cic  dic biét quan trong trong diéu kién ap suét cao.

Bang 3. Hé s0 toan hoc ciia mo hinh

Théng s6 Gia tri
Dang phoi Tru; vat liéu CrNi60WTi
Kich thuéc phoi, mm D4 x 10,85+0,05
Hanh trinh dung cy, mm 2.5
Trang thai ing sut 3D
Nhiét d6 ban dau cia phoi, °C 20
Hé sb ma sat (theo dinh luat Levanov) 0;0,2;0,4
Tinh dén cic qua trinh nhiét co
Téc d6 tao hinh, mm/phut 2

y

g,

Z

@

1 — Phéi; 2 — Dung cu (chdy—céz); 3 - Vo chay; 4 — Ao ¢6i; 5—Vé coi; 6 —Ti dcfy
Hinh 3. So do dap dinh tan
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3. Két qua nghién ciru

Két qua mo phong cho thiy ung suit nén
trong 40 cbi c6 sy thay dbi dang ké (tir 300 dén
700 MPa) theo hudng kinh (Hinh 4). Pay 1a yéu
.00
-100.00
g -200.00

-~

-300.00

n [a]

‘@ -400.00

tn

“S _500.00

-600.00

Ung su

-700.00

-800.00

,7722x2

R2

Khoa hoc Ky thudt - Cong nghé

t6 quyét dinh dén d6 bén cua dung cy, Gng suat
nén cang cao thi nguy co hong dung cu cang
thap. Co thé thiy tir Hinh 4, vi tri c6 kha ning
hong dung cu cao nhét 1a khu vuye tiép xtc gitta
dau cdi va vo do.

= 25,926x - 751,57
10,9987

//

Dieém nghién ciru

Hinh 4. Sy phan b tmg suat nén trong dau cdi hop kim cimg

Tuy nhién, d6 16n cua Gmg sudt nén tai mdi
diém trén dau coi thay doi dang ké trong qué trinh
dap. Co thé th?iy trén Hinh 5, chiing chiu sy dao
dong manh trong khoang tir 400 dén 800 MPa.
Xuat phat tir thuc té 1a do bén cia dung cu phu
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thudc nhiéu vao bién do g suat phat sinh trong
qua trinh dap, chiing t6i da tién hanh nghién ctru
anh huong cua diéu kién ma sat dén trang thai tmg
suat — bién dang.
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2.452
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ng suat trung binh, MPa

U

500 1.000

—_

1.500 2.000 2.500

Hanh trinh dung cu, mm

1 — diém theo déi s6 9 (xem Hinh 4), 2 — diém theo doi sé 1 (két qua mé phong)

Hinh 5. Ung suét nén trung binh trong qua trinh dap dinh tan

Két qua phén tich ing suit nén o trong dau
cdi hop kim cung tai diém sé 5 (xem Hinh 4) cho
thiy anh huong khong dang ké ciia hé s6 ma st
trong khoang gia tri tir 0.0 dén 0.4 (Hinh 6). Tuy
nhién, c6 thé quan sat thiy xu hudng gia ting Gmg
suat nén khi hé s ma sat tang Ién. Do do, viéc st
dung chat bdi tron s& gop phan 1am giam ma sat
khi dap, diéu nay tac dong tich cuc dén do bén cua
dung cu (Romanov & Demidov, 2021).

Viéc danh gia anh huong cua chat boi tron
dén luc trong qua trinh dap dinh tdn dugc thuc

hién thong qua phan tich s6 lidu thu dugc tir qua
trinh bién dang ngudi ¢ toc do 0,033 mm/s va
ghi lai duong cong “luc - hanh trinh dung cu”.
Qua trinh dap phoi duoc tién hanh vai ba ché
d6 ma sat tiép xuc khac nhau: khong ding chét
boi tron, st dung chit boi tron Zetcut 165 va st
dung chat boi tron ONV120. Cac két qua thu
dugc dugc trinh bay trong Hinh 7. Cung vo1i do,
két qua mod phong qua trinh dap véi hé sé ma sat
bang khong (duong cong 1y thuyét) sir dung dir
li¢u tinh toan twong trng véi thuc nghiém cling
duogc dua ra dé so sanh.
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inh dung cu, mm

(1 — hé s6 ma sdt bang 0; 2 — hé s6 ma sat bang 0,2; 3 — hé s6 ma sat bang 0,4)

Hinh 6. Anh hudng cia ma sat dén tng suat nén cia dung cu tai diém so 5

120000

100000

S0000

60000

40000

Luc bién dang, N

20000

G.000.080.210350490.630.760.90 1031 17131145139 1.731.862.002.132.222.342 48

Hanh trinh dung cu, mm

(1 — mé phong véi hé s6 ma sat 0.0 (dwong cong Iy thuyét); 2 — ding dau béi tron Zetcut; 3 — ding dau
béi tron ONV120; 4 — dép khéng dimg dau béi tron)
Hinh 7. Anh huéng ctua ma sat dén luc dap ngudi dinh tan 1am tir hop kim CrNi6OWTi

Tir nhitng két qua da phén tich, c6 thé thay
rang viéc str dung dau boi tron c6 anh hudng dén
luc khi dap, lyc 16n nhét & cudi qué trinh chénh
1éch nhau khoang 20-25%. Két qua mé phong cho
cac gia tri luc cao hon mdt chit so véi thuce té, tuy
nhién vé mit dinh tinh, dic tinh cta cac duong
cong 1a trung khép, va cac chi sé dinh luong cho
su phu hop 6 muc d cho phép. Xét tir goc do giam
luc tao hinh dinh tan tr hop kim CrNi60WTi va
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giam Ung sudt tiép xuc 1én dung cu, thi sir dung
dau boi tron nhin higu ONV120 1a Iya chon tét
hon. Nhu da dugc trinh bay trong céc nghién ctru
(Joun, 2024), viéc lya chon vat liéu chong ma sat
hop 1y khong chi can tinh dén viéc giam lyc ma
sat ma con phai xem xét tinh 6n dinh nhiét va do
bam dinh vao vat li¢u phoi, diéu nay giai thich sy
khac biét vé hiéu qua cua céac loai diu bdi tron
Zetcut 165 va ONV120.
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KET LUAN

Trén co s& mod phong trang thai ing suit-bién
dang cua dinh tan lam tir hop kim CrNi60WTi dugc
dap nguoi béng phan mém QForm 10.3.3, di xac
dinh dugc rang vi tri c6 kha nang hong dung cu
cao nhat 1a khu vy tiép xtc gitta dau cdi va vo da.

Két qua thuc nghiém cho thiy viéc st dung
chit bdi tron 1am giam rd rét lyc tao hinh trong qua
trinh dap ngudi dinh tan tr hop kim CrNi60WTi.
So voéi truong hop khong bai tron, luc dap gidm
khoang 20-25%. Trong khoang hé s6 ma sat khao
sat, anh huong cua diéu kién ma sat dén tng sut
nén cua dung cu khong 16n, song cé xu hudng cai
thién diéu kién 1am viéc tiép xtic ctua b khuon.

Trong pham vi diéu kién khao sat ctia nghién
ctru nay, dau boi tron ONV120 cho hiéu qua tot
nhét trong viéc giam luc tao hinh va cai thién diéu
kién tiép xuc cua dung cy, do dé dugc xem la lya
chon phtl hop nhat cho qua trinh dap ngudi dinh
tan tur hop kim CrNi60WTi.
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