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TOM TAT

Cong nghé tao hinh vt liéu tam khéng ding khuén (ISF — Incremental Sheet Forming) da
dwoc nghién ciru va ung dung tai Viét Nam, mang lai nhiéu trién vong phdt trién cho nganh cong
nghe tao hinh khéng khuén. Uu diém cua ISF la khéng can khudn, linh hoat trong viéc thay doi
mau ma, giam thoi gian va chi phi san xudt, phit hop cho cdc 16 hang nhé va don chiéc, so véi cdc
phurong phdp truyén thong nhuw ddp, vuét, ép. Trong do, cong nghé bién dang gia ting da diém
(TPIF) néi bat hon SPIF nho dé chinh xdc hinh hoc cao. TPIF sir dung dung cu tao hinh don gian
dé bién dang dan vat liéu tam kim loai, dat dwoc hinh dang mong muén thong qua chuyén dong cua
dau dung cu tao hinh trén mdy phay CNC 3 truc. Tam kim loai dwoc gan trén khung, va quy dao
dau dung cu tao hinh duoc lap trinh tur hinh dang san phcfm qua phcfn mém CAM. Viéc xac dinh cdc
théng s6 may trong TPIF ¢ nhiét dp phong rdt quan trong, anh hwdng dén kha nang bién dang va
chat lwong san pham. Bai bdo ndy sé trinh bdy iing dung TPIF & nhiét do phong cho vt liéu tam A
1050 H14 day 1,5 mm vm  phirong phdp béi tron va chat boi tron, va xem xét do chinh xdc hmh hoc
théng qua bon théng sé cong nghé: buéce tién theo phirong z (Az), van toc dung cu (V. y) 6 vong
quay truc chinh (n), va duwong kinh dung cu (D).

Tw khéa: Tao hinh khong khuon; SPIF; TPIF, B¢ chinh xac hinh hoc.
ABSTRACT

The Incremental Sheet Forming (ISF) technology, which does not require molds, has been
researched and applied in Vietnam, offering promising prospects for the development of moldless
forming technologies. The advantages of ISF include the elimination of the need for molds, flexibility
in changing designs, and reduced production time and costs, making it suitable for small and custom
production runs compared to traditional methods like stamping, drawing, and pressing. Among ISF
technologies, Two-Point Incremental Forming (TPIF) stands out for its high precision compared to
Single-Point Incremental Forming (SPIF). TPIF utilizes a simple forming tool to gradually deform
sheet metal, achieving the desired shape through the movement of the tool head on a 3-axis CNC

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 319, thang 9 nim 2024

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

milling machine. The metal sheet is clamped onto a Jig, and the tool path is programmed based
on the product’s shape using CAM sofiware. Determining the machine parameters in TPIF at room
temperature is crucial as they significantly impact the formability and quality of the product. This paper
will present the application of TPIF at room temperature for 1.5 mm thick A1050 HI14 sheet material,
focusing on lubrication methods and lubricants, and will examine geometric accuracy through four
technological parameters: z-step (Az), tool speed ( V) spindle speed (n), and tool diameter (D).

Keywords: Die-less; SPIF,; TPIF; Geometric accuracy.

1. GIOI THIEU

Cong nghé bién dang gia ting don diém
(SPIF) hién dang thu hat sy quan tam 16n tir
gi6i khoa hoc. Mot uu diém noi bat cua SPIF 1a
khong can khuon dat tién hay thiét bi phtc tap,
gitip giam thoi gian chuan bi va ga dat. Cong
nghé nay si dung may CNC dé bién dang vat
liu tAm véi dung cu c6 dau chom cau khong
canh cat, cho phép tao hinh chinh xé4c theo
bién dang da 1ap trinh. So vdi cac phuong phap
truyén théng nhu dap, vudt, ép, SPIF c6 kha
nang tao hinh vuot trdi, dic biét voi cac mo
hinh phirc tap va nhu cdu tao mau nhanh cho
cac san pham tir kim loai hodc polymer tAm.
SPIF thich hop cho san xuét cac 16 hang vira va
nho, gitp giam gia thanh san pham.

Hién tai, cac nghién ctru vé SPIF tap
trung vao nhiéu khia canh nhu thiét bi, dung
cu tao hinh, va cac thong s6 anh hlré'ng dén
gla cong (dudng kinh dao, chiéu day tim, Van
tdc quay truc chinh, loai vat liéu, v.v.). Pa s6
nghién cuu ung dung SPIF ¢ nhiét d§ thuong
cho cac vat liéu kim loai c6 kha nang bién dang
t6t. Tuy nhién, ddi véi cac cac nghién ctru vé
ISF, hién c6 nhiéu nd luc nghién ciu dé ung
dung, bao gém cic cong trinh sau day:

Cong ngh¢ SPIF da dugc nghién ctru
sdu rong va dat dugce nhidu thanh tyu déng ke.
Nhimng két qua nay 1a thanh qua cua cic nha
khoa hoc cung doi ngii cong su tai cac truong
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dai hoc hang dau nhu Pai hoc Bach Khoa Ha
No6i, Truong Pai hoc Su pham Ky thuat TP.
HO6 Chi Minh, Phong Thi nghiém trong diém
Quéc gia thuéc Truong Pai hoc Bach Khoa
TP. H6 Chi Minh, Truong Pai hoc Ton Dic
Thang, Truong Pai hoc Coéng nghé Sai Gon,
va Truong Pai hoc Cong nghiép Ha Noi. Dudi
day 1a nhimg nghién ctru ndi bat trong linh vuc
nay:

Déi voi cac loai vat lidu kim loai tim
déo dé bién dang, cic nghién ctru vé cong nghé
SPIF d3 dat dwoc nhidu két qua ndi bat, bao
gém: Nghién ctru goc tao hinh ctia hop kim
nhém A1050-H14 [1]; Kha ning bién dang cta
tam composite [2]; Kha ning bién dang cua
nhua PVC [3]; Ung dung cong nghé SPIF trong
san xuat mo hinh xe hoi [4].

Tat ca cac nghién ctu ndy déu thanh
cong trong viéc gia cong bang cong nghé SPIF,
su dung cac thong s6 nhu budc tién z, tbe do di
chuyen dung cu Vi , duong kinh dung cu D, va
s6 vong quay truc chlnh n. Bién dang khao sat
la non cut voi1 duong sinh cong va quy dao hinh
xodn dc. Qua phuong phép thuc nghiém va mo
phong s6 bang phan mém Abaqus, cac tac gia
d3 khang dinh rang cac thong sé cong nghé trén
déu c6 anh huong dang ké dén kha ning tao
hinh, trong d6 ba yéu t6 quan trong nhat 13 Az,
Vi va D. Nghién ctru cia Lé Khanh Pién [5]
da xay dung phuong trinh hoi quy lién quan
dén bdn thong sd cong nghé: bude tién dung
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cu theo phuong z (Az), van :[60 dung cu ny,
duong kinh dung cu D, va s6 vong quay truc
chinh n. Ong da phén tich méi quan hé gitra cac
thong sb nay voi kha nang bién dang a, lugng
phuc hdi, o nham bé mat va nang suét tao hinh
cua cac vat liéu nhu nhom A1050-H14, thép
SS330 va SUS304 trong cong nghé SPIF. Bén
canh d6, Pham Quéc Tuén tir Truong Dai hoc
Ton Puc Thing da tién hanh mo phong SPIF
va xac dinh duong cong gidi han bién dang khi
dut giy trong qua trinh bién dang tam gia ting
cuc bd. Pong thoi, Gido su Nguyén Dirc Toan
tor Pai hoc Bach Khoa Ha Noi cling da dong
gdp nhiéu nghién ctru quan trong vé cong nghé
SPIF, gop phan 1am r& hon vé kha ning tng
dung va t6i uu hda cong nghé nay.

Doi véi céc loai vat liéu kim loai tim
kho bién dang, Nghién ctru dy doan khuyét tat
trong bién dang cuc bo lién tuc (SPIF) bang
phuong phap mé phong s [6] di dau tw manh
mé& vao viéc tién doan cac dang khuyét tat co
thé xay ra trong qué trinh bién dang tim kim
loai & nhiét d§ cao. Qua trinh nay dugc mod
hinh hoéa thong qua viéc xdy dung mo hinh
3D phan tir hitu han, cho phép nghién ctru chi
tiét dac tinh bién dang cua vat li¢u va dy doan
cac khuyét tat co thé xuat hién. Nghién ctu
nay khong chi dung lai ¢ viéc du doan ma con
giai thich co ché bién dang vat lidu trong cong
nghé SPIF, cung cap cai nhin siu sic vé cac
hién tugng phtrc tap xdy ra trong qua trinh gia
cong. Nghién ciru mo phong vé lugng phuc hoi
theo phuong hudng kinh cua vat liéu Titan khi
gia cong bang cong nghé Hot SPIF da mang lai
nhirng két qua quan trong. Thong qua phan tich
mo phong va xay dung phuong trinh hdi quy,
nghién ctru chi ra rang dudng kinh dung cu c6
anh huong 16n nhat dén luong phuc hoi theo
phuong hudng kinh, tiép theo 13 véan tdc tién
dung cy, trong khi budc tién dung cu va nhiét
do co tac dong it hon. Bang chua y, duong kinh

dung cu, budc tién dung cu, va van tde tién
dung cu c6 mdi quan hé ty 18 thuan véi luong
phuc hoi, trong khi nhiét do lai co mbi quan h¢
ty 1¢ nghich. Viéc sir dung phuong trinh hoi quy
dé xac dinh luong phuc hdi theo phwong huéng
kinh gitp du doan va bu sai sé khi gia cong
Titan bang cong nghé Hot SPIF, tir d6 nang cao
d6 chinh xac kich thudc san pham [7].

Dbi voi cong nghé TPIF, qua tim hiéu tir
cac ngudn trén internet, tap chi, va hoi nghi, da
xuat hién mot s6 nhoém nghién ciru tién phong,
chfmg han nhu tai Truong Pai hoc Bach Khoa
TP. H5 Chi Minh va Truong Dai hoc Cong
Nghiép Ha Noi, dang bit d¢au kham pha linh
vuc nay.

Nhin chung, cac nhém nghién ctru da
tim ra sy anh huéng cua thong sd cong nghé
v6i1 kha nang tao hinh. Trong nghién ctru nay
s€ khao sat do chinh xac hinh hoc trong cong
nghé TPIF véi phuong phép bdi tron va chat
boi tron, va xem xét d§ chinh xac hinh hoc
thong qua bén thong sd cong nghé: bude tién
theo phuong z (Az), van toc dung cu (ny), 5O
vong quay truc chinh (n), va duong kinh dung
cu (D). Cudi cung, viéc khao sat mau san pham
bang cong nghé TPIF & nhiét do phong ciing
dugc thyc hién nham kiém nghiém do chinh
xac hinh hoc va chét lugng san phdm sau khi
bién dang.

2. THIET BI THi NGHIEM
2.1. M6 hinh

M0 hinh khao sat 1a mot con non cut véi
goc nghiéng 45°, nhu dugc thé hién trén hinh 1.
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a. Mo hinh CAD

b. Bién dang cén non
Hinh 1.

2.2. D6 ga

Db ga cho cong nghé TPIF 1a thiét bi
chuyén dung, bao gom bdn thanh din huéng
duoc ¢b dinh chic chin vao tim dé. TAm truot,
c¢6 khe rdng ¢ giita, dugc gin vao bon bac truot,
va cac bac trugt nay duoc lép vao cac thanh
dan huéng. Phoi duoc kep chit giira tam kep
va tam truot bang tam bu 1ong. Khi hoat dong,
phdi truot doc theo cac thanh dan hudéng ciung
v6i khung truot, trong khi dudng tao hinh nim
phia dudi phoi, nhu mo ta hinh 2.

o
Hinh 2. M6 hinh dé gd TPIF

2.3. Dung cu tao hinh

Dung cu tao hinh c6 nhiéu hinh dang,
kich thudce, két ciu va vat liéu khac nhau. Trong
thi nghiém nay, dung cu tao hinh c6 hinh dang
gan giéng nhu dao phay ngén véi dau ban cau,
nhung khéng c6 ludi cit. Dung cu dugc ché
tao tor mdt thanh thép try (thép CT3), voi mot
dau dugc han vién bi thép (thép GCrl5), sau
d6 dugc tién dé dam bao d6 dong tam, nhu thé
hién hinh 3.

Hinh 3. Dung cu tao hinh
2.4. Chit bdi trom va phwong phap bdi tron

Chat boi tron déng vai trd quan trong
trong thi nghiém, anh huong truc tiép dén chat
luong bé mit va kha niang tao hinh trong cong
nghé TPIF. Chtrc nang ctia chat boi tron 14 giam
ma sat va cai thién kha nang tao hinh va do
chinh xéc hinh hoc. Str dung nam loai chét boi
tron khac nhau va hai phuong phap béi tron,
cac tinh chit vat 1y cua chit bdi tron dugc trinh
bay trong bang 1. Thi nghiém duoc 1dp lai ba
lan dé dam bao do chinh xac cua két qua.

Bang 1. Théng tin chat béi tron va tinh chat vt Iy

Chit bdi tron Trang thai Po nhét (mm?¥s) | Khoi lwong riéng (kg/m?)
Bot than chi Rén - 1800
AS40 grease M& Déo - 1760
VG 150 EP oil Long 150 872
Dau huéng duong Long 48.6 920
Hon hop boi tron Déo - -
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Chi tiét sau bién dang dugc do do chinh xac hinh hoc bé“lng cach do bién dang. Cac thong $6
chinh cho qua trinh TPIF la: budc sau 0,2 mm/s, duong kinh dao 12 mm, toc d9 tién dao 800 mm/
phut, toc d6 truc chinh 1000 vong/phtt, dung cu tao hinh lan khong trugt trén bé mat tam.

Bdng 2. Ma trdn chat béi tron va phicong phdp béi tron

Chit bdi tron Phun Phii Nhiing chim
Bo6t than chi X No. 10 X No. 2
AS40 grease M& X No. 4
Lubrication oil (Gear VG 150 EP) X No. 6 X No. 3
Vegetable oil (Dau huéng duong) X No. 8 X No. 7
Hon hop boi tron X No. 9 X No. 1

Tuy thudc vao phuong phap bdi tron,
mdi thi nghiém duoc chuan bi nhu sau: Bot
than chi: Pugc phu dong déu trén toan bo bé
mat tim voi d6 day 12 mm, va dugc két dinh
bang mot 16p md mong dé dam bao bot than
chi bam chic vao bé mat phoi; Ma: Puoc phu
thanh 16p day 12 mm bang phuong phap ph;
Chét bbi tron dang 16ng: Str dung phwong phap
nhung, trong d6 dung cu tao hinh dugc ngadm
vao chat béi tron. Mot bé mat try tron xoay
béng nhya dugce dit trén bé mat phoi tam, va
keo dugc sir dung dé tao mot vong chin giira
mit tru va tim phoi, dam bao réng dung cu tao
hinh hoan toan ngdm trong chit boi tron. Bot
than chi co thé tao bui gay hai trong mot sé Gmg
dung, do do, né dugc tron voi 50% bot than
chi, ddu m&, va dau may dé phu 1én bé mat tim.
Chét bbi tron 10ng duge phun truc tiép vao dau
dung cu tao hinh thong qua hé thong bdi tron va
1am mét tuan hoan ctia may CNC. Cac phuong
phap bdi tron cho tirng thi nghi€ém ctia qua trinh
TPIF v&i cac chit boi tron khac nhau duge tom
tit trong bang 2.

Trong tit ca cac thi nghiém, chit boi
tron va phuong phap boéi tron dugc mo ta trong
bang 2 duoc ap dung truc tiép 1én bé mat trén
ctia tim kim loai trudc khi bat dau qué trinh
TPIE. Chét boi tron phai dam bao 1ap day hoan

toan vung tiép xuc giita dung cu tao hinh va bé
mat kim loai. Qua trinh tao hinh s€ dugc dung
lai khi hinh nén dat chiéu cao 35 mm hodc khi
Xay ra sy ¢d. Sau khi hoan tat quaé trinh tao hinh,
chi tiét s& dugc kiém tra dé do do nham bé mat
va bién dang.

3. KET QUA THi NGHIEM

Sau qué trinh tao hinh, chi tiét duoc do
bién dang & mat cit ntra chi tiét cho ca bé mat
trén va bé mit dudi bang cach st dung may
do toa d0 (CMM) nhu minh hoa trong Hinh
4. Dit liéu do duoc xuat ra tir may CMM dudi
dang tép toa dd. Cac bién dang bén ngoai va
bén trong cua chi tiét duoc so sanh véi cac bién
dang CAD nhu thé hién trong Hinh 5. Bién
dang cua chi tiét duoc chia thanh ba khu vuc:
trén cung, thanh, va day cta hinh nén. Tong
quan, cac dir liéu cho théy cac khu vuc thanh
ctia hinh nén phu hop nhat véi bién dang CAD
cho tt ca cac chit bdi tron, voi sai sd tdi da
khoang 0,1 mm. Trong khi do, cac khu vuc trén
cung va day c6 do chinh xac thap hon véi sai sb
t6i da 1én dén 0,2 mm. Mic du vay, két qua nay
van thé hién d6 chinh xac cao hon so véi quy
trinh SPIF st dung cung vat liéu va cac thong
s6 gia cong.
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Hinh 4. Po toa dé chi tiét bc%ng may do toa do

Chat boi tron dugc nhung hoan toan
vao dau dung cu tao hinh cho théy do chinh
xac cao trong qua trinh TPIF, véi sai s6 t6i da
chi khoang 0,08 mm (mau 1, 2, 3, 4 va 7 trong
Hinh 5). Chét boi tron 1ip day hoan toan ving
tiép xuc gitra dung cu tao hinh va tam kim loai.
Quan sat thyc nghiém cho thiy dung cu tao
hinh di chuyén trén tam kim loai d tao ra mot
thung ling cuc bg, noi chit boi tron tap trung
xung quanh dau dung cy. Piéu nay gitup duy tri
su boi tron lién tuc gitta dau dao va bé mat tim,
ddng thoi giam ma sat dang ké.

Nguoc lai, phuong phédp phun va
phuong phap phu cho thay d6 chinh x4c hinh
hoc kém hon. Sy bdi tron khong lién tuc va
khong dong déu trong ving tiép xuc khi dung
cu tao hinh di chuyén trén tAm dan dén ma sat
tryc tiép cao hon giita dau dao va bé mat tim.

L1 3

Hinh 5. a. Bién dang CAD
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Hinh 5. b. Phin bé dg day chi tiét
4. KET LUAN

Két qua tir nghién ctru nay di lam rd
va ciing c6 thém cac két luan vé kha ning bién
dang, d0 chinh xac hinh hoc cua san ph'?lm bién
dang bang cong nghé TPIF dudi goc do sau
hon. B¢ chinh xac hinh hoc cao da duoc ghi
nhan cho ca bot than chi nguyén chat va chat
boi tron hon hop, véi sai s6 chi khoang 0,02
mm ¢ vung tuong. Két qua nay dic biét quan
trong vi graphit 1a mot chét boi tron rin, gia
ré, phu hop cho viéc tao hinh kim loai vé ca
mit thuc tién va chi phi. Viéc sir dung chit boi
tron hon hop (50% graphit) gitp giam sy phat
tan bui graphit ra moi truong. M& va dau may
trong hon hop boi tron lam cho cac hat than chi
bam chit hon va lap diy cac rdnh nho trén bé
mat kim loai, cai thi¢n hi€u qua boi tron so voi
bot than chi nguyén chat. Do chinh xac hinh
hoc ctia chat boi tron hdn hop 1a khoang 0,02
mm. Thém vao d6, dau may (Gear VG 150 EP)
cling cho thdy d6 chinh xac hinh hoc tot. %
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