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TOM TAT

Nghién citu nay tdp trung phan tich sw anh huong ciia cac théng sé cong nghé dén chit
lieong bé mdt 16p SUS 430 khi ddp vuét vit liéu da 16p SUS316/AL1050/SUS430. Bang phirong
phap quy hoach thuc nghiém va phan tich phuong sai (ANOVA), mot mo hinh toan hoc dw doan do
nham bé mat (Ra430) da dwoc thiét ldp dwa trén ba thong so: lwc ddp (Od), ban kinh coi (Re) va
chiéu sau ddp (Sd). B¢ tin cdy ciia mé hinh dwoc xdc thiee qua phdn tich phan dw va kiém dinh da
cong tuyén (VIF). Két qua dinh heong cho thdy chiéu sau dap cé dnh hwéng I6n nhdt (58%) dén su
thay doi hinh thai bé mat. Phan tich vi mé xdac dinh duwoc cac ranh xudce cd kich thuée tir 10-15 um
xudt hién khi mang dau béi tron bi phd vé & dp sudt tiép xiic cao.

T khéa: Ddp vudt sau; Vit liéu da 16p; SUS316/AL1050/SUS430; PG nhdam bé mdt Ra430;
ANOVA.

ABSTRACT

This study focuses on analyzing the effects of technological parameters on the surface
quality of the SUS 430 layer during the deep drawing process of SUS316/AL1050/SUS430 multi-
layer materials. By employing the Design of Experiments (DOE) approach and Analysis of Variance
(ANOVA), a mathematical model for predicting surface roughness (Ra430) was established based on
three core parameters: drawing force (Qd), die radius (Rc), and drawing depth (Sd). The reliability
of the model was rigorously validated through residual analysis and multicollinearity testing (VIF).
Quantitative results demonstrate that drawing depth exerts the most significant influence (58%,) on
surface morphology variations. Furthermore, micro-morphological analysis revealed the formation
of 10-15 um scratches resulting from the breakdown of the lubricating oil film under high contact
pressure.

Keywords: Deep drawing, Multi-layer materials;, SUS316/AL1050/SUS430; Surface
roughness Ra430; ANOVA.
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1. GIOI THIEU
1.1. Tong quan vé dip vudt vt liéu da 16p

Viéc tng dung vat liéu da 16p trong
cong nghiép san xuat thiét bj nha bép dang
ngay cang phd bién nhod kha ning két hop cac
ddc tinh co Iy vu viét cua ting 16p kim loai don
1¢. Tuy nhién, qua trinh dap vudt vat liéu da 16p
dién ra phtic tap hon rat nhiéu so véi kim loai
dong nhat do su chénh léch vé gidi han chay,
mo dun dan hodi va hé sb hoa ctng bién dang
gitra cac lop vat liu.

1.2. Co ché bién dang déo va twong tac tai bé
mét phan cach (SUS-AI-SUS)

Trong ciu trac SUS 316 / Al 1050 /
SUS 430, 16p nhom Al 1050 ¢ gitra dong vai
tro nhu mot 16p dém déo, ¢ gidi han chay thap
hon dang ké so véi hai 16p thép khong gi. Dudi
tac dung cua luc ép Qd, ing suat cit phat sinh
tai bé mat phan cach giita Al va SUS. Theo Iy
thuyét co hoc tiép xtc va mo hinh déo cua Hill
(1950), su truot twong ddi gitta cac 16p bi can
tré boi lién két dinh kim loai, dan dén phan bd
g suat khong dong déu trén mit cat ngang.
Khi di qua ban kinh c¢di (Rc), 16p SUS 430
(tiép xuc truc tiép v6i cbi) chiu trang thai tng
suat kéo - nén phirc tap. Ap luc tiép xuc cuc
dai tai goc bo cta cdi két hop voi ma sét trugt
Coulomb lam gia tdng nhi¢t d) va pha vd mang
dau boi tron, dan dén hién twong bam dinh vi
mo va cay xudc, truc tiép lam ting d6 nham bé
mat Ra430.

2. PHUONG PHAP VA PIEU KIEN THUC
NGHIEM

Tién trinh nghién ctru thuc nghiém duoc
trién khai tudn tu tir budc thiét ké thong s, chuan
bi may moc, ma tran thyc nghiém dén khau tién
hanh, do luong va phan tich hdi quy.
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Hinh 2.1. a) Dau ddp vuét ; b) Phéi 3 16p

Phoi mau thi nghiém c6 kich thuéc
duong kinh 230mm, tong do day 2,2mm. Dé
han ché ma sat trugt va bao vé bé mat phoi
trong qué trinh bién dang déo, nghién ctru st
dung dau dap vubt chuyén dung SHL DRAW
61 [5]. Loai dau nay c6 kha niang tach khudn
tbt, tan nhiét nhanh, va dic biét khong gay 6
vang hay dn mon 16p kim loai mém kep giira.

2.2. Thiét bi gia cong va hé thong do lwong
Qué trinh dap vuét duoc thuc hién trén may

ép thuy luc song dong 300 tan. Sau khi gia cong,

chét luong chi tiét dugc kiém tra qua hai hé théng:
bo d0 nham: May do d0 nham

ACCRETECH voi kha nang do truc Z tir -210
dén +160 pm, tuan thi cac tiéu chuan do luong

bé mit qudc té [6].
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Phan tich vi mé: Kinh hién vi soi kim
tuong Meiji Techno MT7100L & d§ phong dai
50X, dung dé danh gia cac vét cay xudc cua 16p
SUS 430 tai cac do sau bién dang khac nhau.

Hinh 2.2. a) May ép thuy lyc song dong 300
tdn; b) Thiét lgp hé thong do do nham bé mdt
ACCRETECH,; ¢) Thiét ldp do mon mdt sau dung
cu bang kinh hién vi

2.3. Thiét ké ma tran thuc nghiém

Ba thong sb cong nghé dugc lya chon
bao gém: lyc dap Qd (14+18 tin), ban kinh cbi
dap Re (6+14 mm) va chiéu sau dap Sd (30+80
mm). Thuc nghiém tién hanh véi 11 mau thir
theo phuong phap quy hoach thuc nghiém.

3. KET QUA VA THAO LUAN

3.1. M6 hinh toan hgc du doan d§ nham va
phén tich ANOVA

Dya trén két qua do ludong, phuong
trinh hdi quy phi tuyén xac dinh do nham bé
mat cua lop SUS 430 (Ra430) dugc xay dung
nhu sau:

Ra430 = 0,0557.Sd%!40 Rc*#.Qd "2

Mo hinh nay dat hé sé xac dinh R? =
0,865 va R2 hiéu chinh la 0,808. Kiém dinh
ANOVA ghi nhan gia tri F = 15,1796 di kém
mirc ¥ nghia P-value = 0,0019, khiang dinh mé
hinh dat d¢ tin cdy trén 95% [1].

Théng ké hdi quy
Hé sb diéu chinh | Sai sb 2
2 v > A
R R R Square chuan Tong
0,9304 | 0,865 0,808 0,0617 11
Phén tich ANOVA
Fly
df SS MS F thuyét
Dohdi |5 01728 | 0.0576 | 15.1796 | 0.0019
quy
Do
ngiu 7 1 0.0266 | 0.0038
nhién
Toéng | 10 | 0.1993

Th(“zng,sa Théng s6 ché d cit

TT ma hoa
x1 | x2|x3 Re | Qd}5d R::ﬁso
I | -1 |-1]-1 6 14 | 30 | 0.609
2 1 ] -1 -1 14 14 | 30 | 0.656
3 0-1 11 |-1 6 18 | 30 | 0.784
4 11 1 | -1 14 18 | 30 | 0.585
S -1 -11]1 6 14 | 80 | 1.179
6 | 1 | -1]1 14 14 | 80 | 0.970
7 -1 1 1 6 18 | 80 | 1.317
8 | 1 1 1 14 18 | 80 | 0.986
910 010 10 16 | 55 | 0.709
10,0010 10 16 | 55 | 0.760
Imrjo ;0,0 10 16 | 55 | 0.784

3.2. Anh hudng cia twong quan chiéu siu
dap (Sd) va ban kinh coi (Rc) va hinh thai te
vi bé mat

Phan tich phan du: D6 thi phan bd xac
suit chuén cua cac phan du cho thiy cac diém
dir liéu bam sat duong thang 1y tuong, ching
t6 sai s6 c6 phan phdi chudn. Sy phan tan ngiu
nhién cua phén du so voi gia tri du doan, khfmg
dinh mo hinh khong gap hién tuong phuong sai
thay doi.
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Hinh 3.1. D6 thi phdn bé xdc sudt chudn

Kiém tra da cong tuyén: Cac hé s
phong dai phuong sai cua cac bién Re, Sd, Qd
déu nho hon 3, thiap hon ngudng nguy hiém
1a 5, khang dinh khong ton tai sy tuong quan
myén tinh manh gitra cac bién doc lap, dam bao
d6 6n dinh cua cac hé s6 hoi quy.
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Hinh 3.2. Biéu do bién thién @6 nham ciia SUS 430
theo Rc va Sd

Xé4c nhan mo hinh: Ba thi nghiém lap
tai tam (Thi nghiém 9, 10, 11) v6i Re = 10
mm, Qd = 16 T4n, Sd = 55 mm cho két qua do
Ra430 lan luot 12 0,870, 0,917 va 0,786 pum, sai
léch rat nho so voi du doan cua phuong trinh,
khang dinh kha ning ngoai suy t6t ctia mé hinh
tai vung ndi suy.

Puong biéu dién Ra430 phan tng cuc
ky nhay bén khi chiéu sdu dap vuot ngudng
trung binh. Tai d sau cyc dai 80mm két hop
Rc nho nhét (6mm), 4p luc tiép xtic 16n gay ra
hién tugng trugt khong on dinh, déy do nham
l1én dinh xép xi 1,9um. Nguoc lai, viéc mo rong
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Rc 1én 14mm gitp phan bd lai 4p luc, lam giam
ma sat cuc bd va bao vé do bong bé mat.

Hinh 3.3. Hinh anh hién vi bé matphoz SUS 430
sau ddp o do phong dai 50X

Quan sét anh vi cau tric SEM/kinh hién
vi dién tir (d6 phong dai 50X), c6 the thay rod co
ché mai mon va bién dang déo:

- Tai Sd = 30 mm, bé mat SUS 430 xuét
hién céc vét trugt déo dong nhét, mat do khuyét
tat thap (dudi 15 vét xudec mm?). Gia tri Ra430
duy tri 6n dinh quanh 1,0 pm.

- Khi dat do sau cuc dai Sd = 80 mm két
hop ban kinh c6i git Re =6 mm. (Thi nghi¢m 8),
hinh dnh vi mé cho thdy su dut giy mang tinh
thé bé mat va hién twong bam dinh (galling).
Chiéu dai vét cay xudc trung binh tang gap 3,5
lan so v6i mau dap ndng, tao ra cic ranh sau
lam d6 nham tang dot bién 1én 1,877 pm.

- Khi t6i wu héa ban kinh cdi 1én Re =
14 mm ¢ cung d6 sau 80 mm (Thi nghiém 9 -
Ghi chii: theo dit liéu gdc Thi nghiém 9 ¢ diém
tam, Thi nghiém lan can dugc dé cap phan
tich), dong kim loai trugt ém hon, hién tugng
cay xudc vat 1y giam rd rét vé chidu rong ranh

xude, duy tri ¢ bong bé mit hiéu qua.
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4. KET LUAN

Tir viée nghién ctru qua trinh dap vudt
vat li¢u da 16p SUS 430 / Al 1050 / SUS 316,
nghién ctu rit ra céac két luan dinh lugng va
dinh tinh quan trong:

- Mo hinh héi quy phi tuyén Ra430 =
f(Sd, Re, Qd) da duoc xay dung va xac thuc
chit ché bang phan tich phan du, khong c6 da
cong tuyén, dam bao do tin cay trén 95% (R? =
0,865).

- Ban kinh cbi Re va chiéu sau dap Sd 1a
hai thong s6 chi phdi chinh (déng gop trén 80%
phuong sai). Ban kinh Rc hep (6 mm) va do
sau Sd 16n (80 mm) 14 nguyén nhan gbc ré giy
ra ung suét cit cuc bo, 1am tang mat do vét cay
xude vi mo va day do nham 1én cuc dai (1,877
pum).

- Tai ving tdi wu (chiéu sau dap 55 mm,
ban kinh ¢di 10 mm), ma st tiép xuc va tmg
sudt duoc phan bd hai hoa, bé mit han ché tdi
da nt vi mo, giup do nham Ra430 dat gid tri
thip nhét va dong nhat (dudi 0,8 pm). <

Ngay nhan bai: 15/4/2026
Ngay phan bién: 24/4/2026
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