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TOM TAT

V&i muyc dich xac dinh gia tri tdi wu cho cac thong s6 cong nghé tir két qua thyuc nghiém
khi danh gia kha nang tao hinh thdng qua thoi gian gia cong trong qua trinh gia cong vét liu
tam SUS 304 bang cong nghé SPIF. Bai béo da tién hanh thuc nghiém thu thap cac thong sb
va quy hoach thyc nghiém thiét 1ap mé hinh toan; dong thoi, xac dinh dwoc gia tri toi wu cho
cac thong sé ctia qua trinh gia cong nhu duong kinh dung cu, budce tién dung cuva téc do chay
dung cy anh huong truc tiép t6i thoi gian gia cong. Cac thong s6 cong nghé tdi wu c6 kha ning
ing dung thuc tién dé nang cao hiéu qua va ning suét cla qua trinh gia cong dbi voi vat ligu
kim loai tim SUS 304 néi riéng va céc vat liéu kim loai tim khac noi chung.

Tir khoa: Thyc nghiém, tdi wu, thoi gian gia cong, thong sd tao hinh, cong nghé SPIF.

1. GIOI THIEU

Trong san xudt, dic biét trén cac may tu dong, thoi gian gia cong (thoi gian may) 1a mot
nhiém vu quan trong dé xac dinh nang sut gia cong va 1ap quy trinh cong ngh¢. Vi yéu cau
thoi gian gia cong la cuc tiéu, noi dung bai bao s& xac dinh cac thong sb gia cong tao hinh t6i
vu dén thoi gian gia cong.

O thoi diém hién tai, cac nghién ctru vé cong ngh¢ tao hinh cyc bd lién tuc don diém
(Single Point Incremental Forming - SPIF) chi yéu tip trung vao cac khia canh cua qué trinh
gia cong nhu may, thiét bi, dung cu tao hinh, cac thong s6 anh huong dén qua trinh gia cong
(duong kinh dao, chiéu day tim, van téc quay truc chinh, diéu kién tiép xuc, loai vat lidu v.v.).
Céc nghién ciru hau hét ap dung d6i voi cac vat lidu tam c6 do ctmg, do bén thong thuong nhur
thép, nhém, nhya nhiét déo v.v., con véi vat liéu tm c6 do cung, do bén cao nhu thép khong
gi, titan, v.v. chi méi bat dau dugc nghién ctru, do cac vat li¢u nay rat kho bién dang va tao
hinh vi kha ning dan hoi cao. Do d6, néu chiing ta xac dinh dugc cac thong s6 cong nghé chinh
phut hop cho vat liéu nay thi c¢6 thé tng dung cong nghé SPIF dé gia cong chung. Do do, bai
bao “X4c dinh thdng s tdi wu ciia qué trinh gia cong vat liéu tim SUS 304 dén thoi gian gia
cong bang cdng nghé SPIF” duogc dit ra dé giai quyét bai toan trén.

Trong cong nghé SPIF, lyc tac dung trén mot bén mat cua tm gia cong con mat kia dé
bién dang ty do (giéng cong nghé miét nhung khong can khuon) va tam khong xoay tron ma
dung cu tao hinh s& c6 chuyén dong tao hinh. Phuong phap nay khong can dung khuon c6 hinh
dang cua san phAm ma chi can c6 tim twa dudi 6 hinh dang don gian thuong c6 dang 1 chu
vi cia san pham va tim kep trén dé c6 dinh phoi tAm can tao hinh (Hinh 1). Toan bo d6 ga don
gian, ¢ dinh thanh mot khdi. Dung cu tao hinh cling don gian cé dang hinh try c6 dau hinh
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ban cau thue hién chuyén dong phtrc tap nhd may diéu khién s6 CNC.

Dung cu tao hinh

Chi tiét kim loai thm ;
Tam d&

B¢ phan kep

Khung

Hinh 1. So d6 tao hinh bang cong ngh¢ SPIF [1, 2]

Thép khong gi SUS 304 1a loai theép khong qua cing, d& bién dang va duoc st dung rat phd
bién trong cong nghiép: chau rira, chdo, noi, quat ly tam, tam chan carter, khung thang may, v.v.
SUS 304 c6 kha ning tao hinh rat t6t, n6 c6 thé dat mong ma khong can gia nhiét. Diéu nay lam
cho loai thép nay duoc dung phd bién trong linh vuc san xuat cac chi tiét thép khong gi.

2. THIET KE THU'C NGHIEM
2.1. Méy gia cong

May tao hinh chuyén dung SPIF sir dung hé diéu khién JSK (hinh 2) dit tai phong Thi
nghiém trong diém Qudc gia Diéu khién sé va K§ thuat hé théng, Truong Pai hoc Bach Khoa
— Pai hoc Qudc gia TP.HCM. May c6 d6 cling vimng tot nén co thé ding dé tao hinh cac san
pham day, vat liéu cimg nhu thép, thép khong gi...

Hinh 2. May chuyén dung SPIF 2 try ding trong thyc nghiém
2.2. Dung cu tao hinh
Dung cu tao hinh c6 cAu tao nhu mdt dao phay ngon, dau hinh ban cau, khong tir ¢6 ludi
cat, dung cu lam bang vét liéu thép gi6 véi cac kich thude cd dudng kinh @5 - @10, dung cu

duoc gia cong bang cach mai cac dau con va dau hinh cau trén cac do ga tu ché nham bao dam
d6 chinh xac hinh hoc va kich thuéce cta dung cu.
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2.3. Thiét ké mau thir

Mau thir 1a tAm kim loai hay nhya dugc thiét ké vé6i 2 loai hinh dang nhu chiéc loa miéng
to ¢ phia trén. Mau c6n cong c6 bién dang trong tiét dién hinh chiéu dimg 1a mot cung tron
dugc thiét ké dé dé dang tinh goc tao hinh 16n nhat o dat dugc khi tim bi rach. Puong kinh
16n nhét ctiia mau duoc chon 13 @200, cho phép chon phdi c6 kich thude 250 x 250 mm (Hinh 3).

Vi tri rach

Hinh 3. M hinh c6n cong va céc thong s6 ctia mau thir [3, 4]

Do goc tao hinh hién nay chua thé vuot qua mirc gidi han 13 ao = 90° nén bién dang cua
mau dugc chon ¢6 hinh loa, ban kinh cong 1a R = 60 mm nhu thé hién trén Hinh 3.

2.4. Lwa chon thong s6 thye nghiém

Véi su két hop giira kinh nghiém thyc té, co tinh cua thép khong gi SUS 304 va h¢ thong
cong nghé ciia may tao hinh SPIF chuyén dung, lya chon cac thong so tao hinh gidi han phu
hop voi vat liéu SUS 304 nhu sau:

- Puodng kinh dung cu (X1): anh hudéng dén ning suét gia cong.

- Budc tién dung cu (X2): anh huong dén ning suit gia cong va chat luong bé mat
gia cong.

- Téc @6 chay dung cu (Xs): anh huong dén ning suat gia cong va chat lugng bé mat
gia cong.

Béng 1 gi6i thidu cac thong sd tao hinh dugc lwa chon cho thép khong gi SUS 304,

Bdng 1. Lya chon cac thong s tao hinh thich hop cho thép khong gi SUS 304

Puong kinh cta dung cu D [mm] Miic thdp: 5, Mic cao: 9

Budc tién dung cu S; [mm] Miic thép: 0,2; mirc cao: 0,6
Van tdc tién dung cu, viy [mm/ph] Miic thap: 800; Mtrc cao: 3000
Tébc @6 vong quay truc chinh, n [vg/ph] 800

Chiéu day vét liéu tAm [mm)] 0,4

Céc thong sb dau ra can duoc chon sao cho phu hop véi yéu cau vé chét lwong va do
chinh xéc tao hinh tam SUS 304 bang SPIF, dong thoi c6 thé do Iuong dugc chinh xac cac ket
qua thuc nghiém va ki€ém tra két qua vdi cac phuong phap khac nén cac thong so6 dau ra cung
voi cac yéu cau toi uu hoa dugce chon nhu sau:

- Kha ning tao hinh ma dai dién 1a goc bién dang 16n nhit a voi yéu ciu cuc dai.

- D6 chinh x4c hinh hoc thong qua lugng hdi phuc (springback) theo phwong hudng
kinh AD vd&i yéu cau cuc tiéu.

- Ning suét tao hinh théng qua thoi gian chay may t véi yéu ciu cuc tiéu.

Sau ddy, ndi dung bai bao s& gidi han & viéc xac dinh céc théng s6 gia cong tao hinh tdi
uu dén thoi gian gia cong véi yeu cau nho nhat.
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3. KET QUA THU'C NGHIEM
3.1. Ké hoach thuc nghiém béc hai

Phuong an thue nghiém béc hai duge chon c6 dang phuong 4n bac hai quay. Tinh chét quay
ctia phuong 4n cau tric ¢6 tam s& dat duoc khi chon canh tay don sao (*) theo cong thic [5]:
o= okia (1)
=2%4=1,682
v6i: k —s6 yéu t6 nghién ciru, k = 3
Khoang bién thién va gia tri cic théng s6 dau vao dugc cu thé hoa trong Bang 2.

Bdng 2. Miic va khoang bién thién cac yéu t6 dau vao

Mt Théng s6

X1 X2 X3
Diém sao (*) dudi -1,682 2,66 0,13 3,64
Murc dudi -1 3 0,4 5
Murc co so 0 3,5 0,8 7
Miic trén +1 4 1,2 9
Diém sao (*) trén 1,682 4,34 1,47 10,64
Khoang bién thién 0,5 0,4 2

3.2. Lap ma tran thwc nghiém

Ma tran thyc nghiém bac hai theo phuong 4n quay, sé lugng thuc nghiém duoc xac dinh
theo cong thuc [5]:
N =2+ 2k + np (2)
=22+2x3+6=20
trong d6: Kk — s yéu t6 nghién ciru, k = 3
2X—sb lugng thyc nghiém & murc trén va mirc dudi
2k — s6 lwong thuc nghiém & mirc diém sao (*)
No — s6 luwgng thuc nghiém ldp & muc co sd, No = 6
Vi ké hoach thuc nghiém béc hai, da thyc bac hai ¢6 dang ma hoéa nhu sau:

k k k
2
i-1 i=1 i-1
j>1
trong d6:  Xi, Xj — gia tri ma hoa cua cac thong s6 Xi, X;
bo — hé s0 tu do
bi — cac h¢ so tuyen tinh
bjj (i # j) — cac hé so tuong tac cap
bii — cac hé s6 bac hai
k — s0 yéu to nghién ctru
Gia tri ma hoa x; cua cac thong so dugc tinh theo cong thire [5]:
=2 X )
LAX

trong d6: X — gid tri thuc cta thong sé vao thir i
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XiO — gi4 tri thyc & muc co s6 clia thong s6 vao thir i
X i+ - X i_
2

Ma tran thyc nghiém duoc lap va ngau nhién hoa trat tu béng chuong trinh Statgraphic
Vers 15.0 (Bang 3).

bi — budc thay ddi cua thong s6 vao thir i, AX; =

Bdng 3. Ma tran thuc nghiém va két qua thuc nghiém bac hai theo thoi gian gia cong

TT X1 X2 X3 Y
1 0 0 1,68 126,96
2 0 0 0 78,2
3 1 1 1 113,85
4 0 —-1,68 0 100,97
5 -1 1 -1 126,96
6 0 0 -1,68 110,63
7 0 0 0 74,75
8 -1 1 1 126,96
9 1,68 0 0 94,3
10 -1,68 0 0 136,62
11 0 0 0 74,75
12 1 -1 -1 100,97
13 -1 -1 1 117,07
14 0 1,68 0 120,52
15 0 0 0 78,2
16 -1 -1 -1 123,74
17 0 0 0 81,42
18 1 1 -1 94,3
19 0 0 0 74,75
20 1 -1 1 104,19

3.3. Két qua va thio luin

Duya vao két qua thuc nghiém, tién hanh phan tich phuong sai 1an mét voi mo hinh dang
da thirc bac hai day du (Bang 4).
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Bang 4. Két qua phan tich phwong sai ham Y ddi v6i thoi gian gia cong

Nguon binhTﬁlIllﬁong tﬁadco b-!l-rzijlnlghlbryr?g TysoF Gid i P
A:Yéu td X 1704,8 1 1704,8 89,04 0,0000
B:Yéu td X» 175,562 1 175,562 9,17 0,0127
C:Yéu té X3 138,899 1 138,899 7,25 0,0226
AA 2353,56 1 2353,56 122,92 0,0000
AB 12,8018 1 12,8018 0,67 0,4326
AC 108,339 1 108,339 5,66 0,0387
BB 1779,31 1 1779,31 92,93 0,0000
BC 66,125 1 66,125 3,45 0,0928
cc 2808,16 1 2808,16 146,66 0,0000
Sai s tong 191,474 10 19,1474

Tong cong 8214,55 19

. Két qua phan tich phuong sai cho thdy hé sb hoi quy khong dam bao do tin ciy va bi loai
gom AB (hé s0 cta X1X»).
Sau khi logi bo hé s6 hdi quy khong ddm bao do tin cdy (AB) ra khoi mo hinh va tién
hanh phén tich phuong sai lan thir hai cho m6 hinh. Két qua xur 1y s6 liéu xac dinh cdc hé s6
hoi quy c6 y nghia (P-value < 0,05) dugc trinh bay trong Bang 5 va 6.

Bdng 5. Két qua phan tich phuong sai ham Y sau khi loai bo
hé s0 hoi quy khong phu hop (AB)

Nguon binl;rglllllgrong tgé(lico b-!l—r:ﬁn[?h?ri::g TysoF Gid tri P
AYéu td Xy 1704,8 1 1704,8 91,80 0,0000
B:Yéu té X; 175,562 1 175,562 9,45 0,0106
C:Yéu t6 X3 138,899 1 138,899 7,48 0,0194
AA 2353,56 1 2353,56 126,74 0,0000
AB 108,339 1 108,339 5,83 0,0343
AC 1779,31 1 1779,31 95,81 0,0000
BB 66,125 1 66,125 3,56 0,0858
BC 2808,16 1 2808,16 151,22 0,0000
cc 204,276 11 18,5706

Sai s6 tong 8214,55 19

138



Xéc dinh théng so téi wu clia qué trinh gia cong vat liéu tam SUS 304 dén thoi gian...

Bang 6. Hé s6 hdi quy ham Y cua thoi gian gia cong

Heé s6 Udc lugng
hang sé 77,1415
A:Yéu tb Xy -11,1777
B:Yéu t6 X» 3,58701
C:Yéu td X3 3,19055
AA 12,7998
AC 3,68
BB 11,1292
BC 2,875
CC 13,9814
Céc hé s6 hdi quy ¢ dang ma héa duge trinh bay ¢ Bang 5 va duoc viét lai nhu sau:
bo=77,1415 bs = 3,19055 b1 = 12,7998
b, =-11,1777 b3 = 3,68 b = 11,1292
b, = 3,58701 b2 = 2,875 bs; = 13,9814

Nhu vay, & dang mi héa ham Y phu thudc vao X1, X2 va X3 duoc biéu dién bang phuong
trinh todn nhu sau:
Y = 77,1415 - 11,1777X; + 3,58701X, + 3,19055X5 + 12,7998X:2 + 3,68X1X3
+11,1292X,% + 2,875XX3+ 13,9814 X§ (5)
Dya vao ham Y & dang ma hoa, tién hanh phan tich mirc d6 anh hudng cua cac yéu t6
nghién cuu dén thoi gian gia cong, c6 nhén xét:
- Dau trir (—) dimg trude X; ching to duong kinh dung cu va thoi gian gia cong c6 mbi
quan hé ty 1€ nghich.
- Dau cong (+) dimg trude Xz va Xs chung t6 rang budc tién dung cu va tc do chay
dung cu c6 moi quan h¢ ty 1€ nghich voi thoi gian gia cong.
Qua ham Y c6 thé vé& db thi theo timg cép yéu t6 anh hudng tdi goc tao hinh (Hinh 4-6),
cac do thi dugc ve khi gia tri cua yeu to con lai dugc gilt & miic co s¢. Cac do thi cho thay:
- Bé‘mét dap g cua ham Y c¢6 dang parabole elliptic (dang qua ddi) va déu nim trong
mién thi nghiém.
- Piém ding cla bé mit dap tmg (diém tai d6 bé mat dap g co do déc bang 0) nam
sau trong mién thi nghiém va dat gia tri cuc dai ciia bé mat dap tng.
- \Vling cho gi4 tri du béo cao nhit ctia goc tao hinh 1a vung trong cua ellipse nho nhét. Tir
d6 cho phép so bd xac dinh dugc gia tri ma hoéa cia cac yéu to anh hudng Xz, Xz va Xa.

Theoi gian gia cong t voi D va Az Theoi gian gia cong t voi D va Az

4 5 6 7 8 9 10 1"
D
(mm) D(mm)

Hinh 4. Quan h¢ giita thoi gian gia cong t va cip thong sé anh huong D-Az:
a) Do thi dang ludi; b) D6 thi dang murc
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Thoi gian gia cong t voi D va Vey Thoi gian gia cong t voi D va Vey

“ D(mm) D(mm)

Hinh 5. Quan h¢ gitra thoi gian gia cong t va cdp thong s6 anh huong D-Vy:
a) bo thi dang ludi; b) D6 thi dang mirc

Thoi gian gia cong t voi Az va Vey

Thoi gian gia cong t voi Az va Vey

3500

3000

2500

2000

(mmv/ph)

=
= 1500

1000

v,y (mmiph) 0 s 0 0 0.2 0.4 0.6 08 1 12
Az(mm) Az(mm)

Hinh 6. Quan hé giira thoi gian gia cong t va cap thong s6 anh hudng Vy-Az:
a) Do thi dang ludi; b) D6 thi dang mirc

Tir 3 d6 thi trong Hinh 4-6 cho thay, thoi gian gia cong t dat gia tri nho nhat khi
X1 = 0,4597, X2 = —0,1405 va X3 = —0,1602, Ymin = 74,0651 tuwong Gng cac gia tri thuc cua
duong kinh dung cu D = 8,65 mm, budc tién dung cu Az = 0,54 mm va tde do chay dung cu
Vxy = 1723 mm/ph.

4. KET LUAN

Nhu vay, bai bao da trinh bay viéc tién hanh thyc nghiém thu thép cac thong s0, quy
hoach thyc nghi¢m thié‘g lap mo hinh toan va xac ’dinh gia tri to1 uu cho cac thong so cua qua
trinh gia cong vat liéu tam SUS 304 anh huong dén thoi gian gia cong bang cong ngh¢ SPIF.

Tu cac két qua trinh bay & trén, da xéac dinh dugc bo thong sO toi wu ctia qua trinh gia
cong bang cong nghé tao hinh bién dang cuc b lién tuc don diém (Single Point Incremental
Forming) trén vat liéu tam SUS 304 anh hudng téi thoi gian gia cdng nhu sau:

- Puong kinh dung cu D = 8,65 mm;

- Bl}dc tién dung cu Az = 0,54 mm;

- Toc do chay dung cu vxy = 1723 mm/ph.

Vvé y nghia khoa hoc va thyc tién, di xac dinh dugc mbi quan hé giﬁ:gl cac thong ) cong
ngh¢ va thoi gian gia cong tao hinh cua vat liéu SUS 304. Qua do, cho thay phuong phap gia
cong bang cong ngh¢ SPIF doi voi cdc chi tiét dang tam v6i chi phi phu hop, thoi gian ngan
thich hgp trong san xuat don chiéc va ché tao san pham tht nghi€ém. Hudng nghién ctu tiép
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theo ctia bai bao s€ tap trung vao viéc nghién ctru ly thuyét va dac biét 1a thuc nghiém ddi véi
nhiing vat liéu khac nhu dong, nhém, polyme v.v. dé danh gia su hoi tu cta cac théng s6 cong
ngh¢ t6i uu.
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ABSTRACT

DETERMINE THE OPTIMAL PARAMETERS OF THE PROCESSING OF SUS
304 SHEET MATERIAL TO THE PROCESSING TIME BY SPIF TECHNOLOGY

Vo Van Luong?, Vo Tuyen?”, Dinh Le Cao Ky?
Luong Vo Technical & Trading Co., Ltd

“Ho Chi Minh City University of Food Industry
*Email: tuyenvo@hufi.edu.vn.

For the purpose of determining the optimal value for the technological parameters from
the experimental results when evaluating the forming ability through the processing time
during the processing of SUS 304 sheet material by SPIF technology. The article has
conducted experiments to collect parameters and experimental planning to establish a
mathematical model; at the same time, determine the optimal value for the parameters of the
machining process such as tool diameter, tool feed and tool running speed which directly affect
the machining time. The optimal technological parameters have practical applicability to
improve the efficiency and productivity of the processing process for SUS 304 sheet metal in
particular and other sheet metal materials in general.

Keywords: Experiment, optimization, processing time, forming parameters, SPIF technology.
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