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TOM TAT

Cong nghé tao hinh cuc bo lién tuc don diém (Single Point Incremental Forming - SPIF) da
tro nén phé bién va quen thuoc trong tgo hinh tam, dac biét trong san xudt don chiée, ché tao thir
trong linh viee y té ... Hién nay, cdc nghién ciru da tdp trung vao hau hét cac khia canh ciia qud trinh
gia cong nhw: mdy — thiét bi, dung cu tao hinh, cdc thong sé danh hwéng dén gia cong (dwong kinh
dao, chiéu day tam, van toc quay truc chinh, diéu kién tiép xiic, logi vt liéu...). Bai bdo trinh bay
mot nghién ciru anh hwéng ciia cdc thong sé cong nghé (dwong kinh dung cu d va chiéu day tam t)
lén kha nang tao hinh (goc bién dang lon nhat a, ) khi gia cong vt li¢u tam, logi vt liéu phé bién
trén thi truong Viet Nam la thép tam CT3.

T khéa: Tao hinh tam; Thong sé cong nghé; SPIF; Kha ndng tao hinh,; Tam CT3.
ABSTRACT

Single Point Incremental Forming (SPIF) technology has become popular and familiar in
sheet forming, especially in single production, trial manufacturing in the medical field.... Currently,
researches have focused on most aspects of the machining process such as: machine - equipment,
forming tools, parameters affecting machining (tool diameter, sheet thickness, spindle rotation
speed, contact conditions, material type, etc.). This paper presents a study on the influence of
technological parameters (tool diameter d and plate thickness t) on the forming ability (maximum
deformation angle amax) when processing sheet materials of common materials, variable on the

Vietnamese market is CT3 steel plate.

Keywords: Sheet forming, Technical parameters; SPIF; Forming ability; CT3 sheet.
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1. GIOI THIEU CHUNG

Cong ngh¢ tao hinh cuc by lién tuc
don diém (Single Point Incremental Forming -
SPIF) duoc biét nhu mot ky thuat tiém ning
c6 thé tao hinh kim loai trén gidi han tao hinh
dbi v6i cac phuong phap truyén théng. Khong
gidng nhing qué trinh bién dang kim loai tAm
khac, qua trinh tao hinh bang SPIF khong yéu
cau bat ky chay hay khuon chuyén dung nao
dé tao ra nhimg hinh dang phtc tap, no chi sir
dung mét dung cu tao hinh dugc diéu khién sb
thong qua may tinh, do d6 qua trinh tao hinh
san phém duoc két ndi linh hoat véi giai doan
thiét ké mo hinh CAD, chi phi tao ra san pham
giam di dang ké va dic biét phu hop cho viée
gia cong cac loat san pham vira va nho, giam
gia thanh san pham [1]. Trong thoi diém hién
tai, cic nghién cru di tip trung vao hau hét
cac khia canh ctia qua trinh gia cong nhu: may
- thiét bi, dung cu tao hinh, cac thong s6 anh
huong dén gia cong (duong kinh dao, chiéu
day tAm, van tdc quay truc chinh, diéu kién tiép
xUc, loai vat li¢u...) [2]. Nghién ctru nay s€ tap
trung vao nghién ctru anh hudng cua cac thong
s6 cong nghé (duong kinh dung cu d va chiéu
day tam t) 1én kha nang tao hinh (goc bién dang
16n nhé:c aqu) khi gia cong vat liéu tam, loai vat
li¢u pho bién trén thi truong Viét Nam la thép
tam CT3 [3].

2. NGHIEN CUU ANH HUONG CUA CAC
THONG SO PUONG KIiNH DUNG CU D
VA CHIEU DAY T CUA TAM CT3 LEN
KHA NANG TAO HINH SPIF

Qua trinh xac dinh mdi lién hé gitra céac
thong sé duong kinh dung cu d va chiéu day
tam t voi goc bién dang a_ dugc tién hanh
theo cac budc thi nghiém voi sy hd tro cua
Minitab nhu trinh bay trén hinh 1.
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Hinh 1. Cac buoc quy hoach thuc nghiém voi sy
ho tro cua Minitab

Cu thé, cac budc cuia mo hinh thuc
nghiém duoc tién hanh nhu sau:

Buédc 1: Xac dinh dang phuong trinh
hoi quy dya trén quy hoach mot yéu t, tir day
xac dinh pham vi thi nghiém. Trén co s& pham
vi thyc hién ctia nghién ctru, nhém nghién ctru
s& quy hoach cac két qua thuc nghiém bang
phuong trinh hdi quy tuyén tinh bac nhat. Sau
khi tinh duoc cac hé s6 ciia phuong trinh hoi
quy sé tién hanh kiém dinh sy twong thich cua
cac phuong trinh hdi quy va ¥ nghia ctia cac hé
s6 hoi quy. Néu mo hinh bac nhat khong phu
hop, ta s& xur 1y s liéu voi mo hinh béc cao
hon. Dang cta mo hinh hdi quy bac nhét sir
dung c6 dang y = A.x + B. St dung phan mém
théng ké Minitab® dé tinh toan hoi quy.

Bude 2: Xac dinh co s& dé lya chon cac
thong s6 cong nghé trong thi nghiém dya trén
chc tai lidu da dugc cong bd co lién quan [4].
Do cac ung dung cua cong nghé SPIF trong
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cong nghiép hién nay chi yéu st dung dung cu
c6 duong kinh tir 4 t61 20 mm [5], nhém nghién
cuu s¢ khdo sat anh huong cua duong kinh
dung cu trong khoang 5 t&i 15mm va chiéu day
tim véi ba mare: 0,3; 0,5 va 0,7mm. O bd thong
s6 dau vao, ta cb dinh ba thong s6 1a budc tién
dung cu Az (mm), van tbc ngang ctia dung cu f
(mm/phat) va sb vong quay n (vong/phut), chi
thay d6i d (mm) va t (mm). Khi ta ¢ dinh ba
thong s trén thi anh huong cia d va t 1én cac
thong sb dau ra 1a 16n nhat.

Buée 3: Thiét 1ap thi nghiém [6]:

- Xay dyng mé hinh CAD va CAM,
thiét 1ap G-code gia cong: mé hinh con cong
dugce sir dung do c6 goc bién dang ting dan giup
khao sat dugc goc bién dang 16n nhat. Ngoai ra,
ta con phai khao sat mo hinh con thang dé kiém
chimg gbc tao hinh 16n nhét a_ do dugc 6 mod
hinh c6n cong (hinh 2).

Hinh 2. M6 hinh con cong, con thcfng, tao va xudt

ma G-code

- Tién hanh thi nghiém véi 06 trudng
hop duong kinh d (5, 7, 9, 11, 13 va 15mm) va
03 truong hop d6 day tim t (0,3, 0,5, 0,7mm),
két qua cac mau thi nghiém thu dwoc nhu trén
hinh 3.

b 2 -
o . A
Hinh 3. Cdc mdu cén cong, con thang do géc
thanh cong

- X4c dinh géc tao hinh 16n nhat o :
do chiéu sau Z cua vét rach trén mo hinh con
cong (hinh 4), xac dinh goc tao hinh 16n nhét
trén mo hinh c¢6n cong (hinh 2) theo cong thirc:

a = arccos (%),trong do: x=h-z (D

Sau d6 str dung phuong phéap “thur - sai”
dé xac dinh goc o trong mo hinh ¢on thing, ta
nhan duoc két qua thi nghiém nhu trén hinh 4.

Hinh 4. Bang két qua do a  thanh cong trén mo
hinh cén cong va con thang

DPuwong Géc bién dang (d9) thu dwgrc voi
kinh dung cac chiéu day t (mm)
cu (mm) 0,3 0,5 0,7
5 58 71 74
7 55 69 72
9 53 67 69
11 53 66 68
13 52 66 68
15 51 65 67

Budc 4: Quy hoach thyc nghiém bang
phan mém thong ké Minitab®: Dya trén mo hinh
quy hoach thyc nghiém trén, ta sir dung phan mém
Minitab® 15.1.30.0 dé xtr 1y s6 liéu thi nghiém.
Sau khi khéi dong chuong trinh, trong phan bang
tinh, ta nhap cac gi4 tri dau vao va cac gia tri bién
dau ra tuong tmg nhu trén hinh 5.
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B worksheet 2

s c2 C3 ca Cc5
a (0.3) | a (0.5 a (0.7)

1 5 ] 71 74

2 7 55 69 72

3 9 53 &7 59

a 11 53 66 68

5 13 52 66 68

6 15 51 65 67

7

Hinh 5. Pua cdc div liéu vao phan mém dé tinh todn

Chuong trinh cho phép ta lya chon cac
yéu t6 dau vao va bac ciia mo hinh hdi quy. Ta
stt dung mo hinh hoi quy tuyén tinh bac nhat
dé quy hoach thuc nghiém, x4c dinh anh hudng
cua yéu t6 d 1én cac thong s6 dau ra. Cu thé, két
qua tinh toan cho ting chiéu day tim nhu sau:
- M5 hinh hoi quy anh huéng cua d t6i goc tao
hinh trén chiéu day t = 0,3mm: chon céc yéu t
dé tinh toan (hinh 6).
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Hinh 6. Hop thoai cho phép chon cdc yéu t6 dé
tinh toan

Sau khi di c6 két qua phuong trinh hoi
quy va mic do twong thich cta ching, ta tién
hanh vé& biéu dd phan bd xé4c suét clia qua trinh
nhu trén hinh 7.

uuuuu

45 5o 50 65

55
a (0.3)
Hinh 7. Phdn bo xdc suat cua cac so liéu dau ra
trong thi nghiém

Biéu d6 phan b6 xac suat trén duoc vé
véi hé sb tin cdy mdc dinh 1a a = 0,05. Ta théy
gia tri p = 0,359 > 0,05 nén md hinh tuan theo
phan phbi Normal. Ving nam giita hai duong
95% CI la ving ¢ xac suit xay ra cao (trén
95%), cac diém gia tri thi nghiém nam rat gan
duong hdi quy ching t6 gia tri thi nghiém phu
hop v61 moé hinh. Ta rat ra phuong trinh mo ta
anh huong cia duong kinh dung cu dén kha
ning tao hinh ddi véi vat lidu thép tim CT3 ¢6
chiéu day 0,3mm nhu sau:

a=5731-0,4143.d (d9) (2)

Thyuc hién céc thao tac twong tu nhu
trén, ta c6 cac phuong trinh hdi quy anh hudng
ctia d t&i goc tao hinh trén chiéu day t=0,5mm:

a=73,05-0,5714.d (d9) 3)

Va phuong trinh hoi quy anh huéng ctia
d t6i goc tao hinh trén chiéu day t = 0,7mm:

a=76,52—0,6857.d (d9) “4)

3.PHANTICHKET QUA VA THAO LUAN

Dé c6 cai nhin tong thé vé anh huong
ctia yéu td dau vao d va t 1én kha nang tao hinh
SPIF, dung phﬁn mém Minitab tao ra mot do thi
thé hién chung ca ba truong hop & trén, ta nhan
dugc dd thi thé hién anh hudng cua d va t 1én
goc anhu trén hinh 8.

Scatterplot of a (0.3), a (0.5), a (0.7) vs d

75

704 —

65 —— m

Y-Data

60

50

5.0 75 10.0 12.5 15.0

Hinh 8. D6 thi tong quat thé hién anh hwong ciia d
va t lén goc tao hinh SPIF
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Tir d0 thi trén, ta nhan théy:

- Khi chidu day tam t ting 1én, kha ning
tao hinh ma cu thé 1a goc . tang.

- Khi duong kinh dung cu d tang thi géc
o giam.

- Kha nang tao hinh SPIF tdng nhanh tur
khoang 55° cho téi khoang 70° khi chiéu day t
tang tor 0,3mm t61 0,5mm, trong khi tr 0,5mm
toi 0,7mm muc ting cham hon rat nhiéu, tur

khoang 70°t&1 dudi 75°.

- Téc @6 giam goc O o khi tang duc‘mNg
kinh dung cu 1a khong giong nhau cho moi
chidu day tim, diéu nay thé hién & do doc cua
duong t = 0,7mm ddc hon so véi duong 0,5mm
va 0,3mm.

4. KET LUAN

Twr qua trinh phan tich hoi quy trén, ta
c6 dugc bang tong hop két qua nhu trén hinh 9.

Hinh 9. Bang tong hop cdc két qud phdn tich hoi quy

Piu ra t PTHQ R*(%) R? (%) S p
, 0,3 5731 -0,4143.d 93,6 93,0 0,405 | 0,056
G"z d‘g)“a" 0,5 73,05 0,5714.d 90,2 87,8 0,821 | 0336
0,7 76,52 — 0,6857.d 88,2 85,2 1.051 | 0,196

Nhu véy, trong truong hop c¢b dinh ba
thong s6 1a Az (mm), f (mm/phat) va n (vong/
phut) thi: Puong kinh dung cu nho lam tang
kha néng tao hinh, duong kinh dung cu 16n lam
giam kha ning tao hinh. Tang chiéu day tAm s&
tang kha nang tao hinh. Do do, tuy theo kich
thude va hinh dang cta timg san phim ma ta
chon gié tri kich thudc cua dau dung cu tao
hinh va chiéu day tim vt liéu sao cho thoa
mén tuong dbi cac két qua mong mudn va sir
dung cac phuong trinh hdi quy & trén dé xac
dinh trude cac thong s cong nghé cho phép. %
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