Tap chi Khoa hoc va Cong nghé - Trweong Pai hoc Binh Dwong ISSN: 1859-4336

CONG NGHE CAT VAT LIEU BANG TIANUOC, TIANUOC
CO HAT MAI

Nguyén Van Tuan*
Trwong Dai hoc Ngb Quyén

Db Ngoc Khué
Trwdng Bai hoc Binh Dwong
Tém tit:

Gia céng co khi Ia néi dung rat quan trong trong cac nganh kinh té xa héi, trong d6 c6 nganh co khi, ché tao may va doi
sbng sinh hoat hang ngay. Cung véi sw phét trién ctia khoa hoc ki thuat, cong nghé gia céng tao phoi néi chung va céng nghé
gia céng cat got vét liéu noi riéng da cé nhitng budc tién virot bac. Nhidu thanh twu khoa hoc duoc (ing dung, nhidu céng nghé
méi ra doi, trong d6 phai ké dén céng nghé cét vét liéu st dung nwéc 4p luc cao va st dung nuéc ép luc cao cé bd sung hat
mai. Day la céng nghé mdi, méc du cé quy trinh cdng nghé don gian, gia thanh phu hop, bao vé mbéi trirong nhung hiéu qua
lam viéc cao, dap tng yéu cau doi véi gia céng hién nay. Viéc trng dung céng nghé gia céng cét got vat liéu nay Ia néi dung cén
thiét nhdm dap (ng yéu céu vé kinh té va gép phén khong nhdé bao vé mai truong.

Tir khéa: gia cong cét got; cong nghé cét vt liéu; cdt vat liéu bang tia nuérc; gia cong cét st dung tia nuréc cé hat mai.

DOI:

_ o 1. Giéi thigu
Water jet material cutting technology, water
jet with abrasive particles

Cong nghiép ngay cang phat trién,
viéc tim ra phuong phap gia cong cét got
vt liéu c6 nhiéu vu diém hon so véi gia
cong truyén thong thuc sy rat can thiét.
bac biét vu tién nhitng cong nghé gia
cong tao phoi hoac khéng tao phoi
nhung phai dam bao d6 chinh xac gi
cbng va bao dam co tinh cua vat liéu.

Abstract:

Mechanical processing is a very important aspect in
various economic and social sectors, including the
mechanical industry, manufacturing, and daily life.
Along with the development of science and technology,
chip formation technology in general and material
cutting technology in particular have made significant
advancements. Many scientific achievements have
been applied, and many new technologies have been
developed, among which is the high-pressure water
cutting technology and the high-pressure water cutting
technology with abrasive particles. This is a new
technology, although it has a simple process, affordable
cost, and environmental protection, it offers high
efficiency and meets the current requirements for

processing. The application of this material cutting
technology is essential to meet economic demands and
significantly contribute to environmental protection.

Keywords: Cutting and shaping services; material
cutting technology; water jet cutting, cutting services
using abrasive water jets.

Cong nghé gia cong cat got vat liu sir
dung nudc ap luc cao (tia nude) dugc
xem nhu cudc cdch mang, 1a budc dot
pha dap ung day di cac tiéu chi dat ra,
mang lai két qua ngoai mong doi.

Qué trinh cit got vat liéu st dung
nudc &p luc cao la cong nghé gia cong
co khi, dung dong nudc ¢6 &p luc 16n dé
cit cac kim loai, phi kim,... thong qua
mot voi phun nho. Nang lugng cua dong
nuéc rat 1on nén dé dang cat dat vat liéu
theo yéu cau.
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Tay thugc st dung nude nguyén chat
hoac c6 pha tron thém hat mai ma cong
nghé nay dugc chia lam hai loai: Quéa
trinh cat got cac kim loai, phi kim,... st
dung nudc ap luc cao (Water Jet Cutting
- AWJC): chi str dung nudc khong tap
chat. Céng nghé nay duoc tng dung
trong qué trinh gia cong cat got cac vat
liéu co co tinh khong cao (nhya, cao su,
99....) do ning luong dong tia nho.

Cong nghé cat got cac kim loai, phi
kim,... sir dung nuéc ap lyc cao co bd
sung hat mai: nudc khong tap chat duoc
tron thém cac hat mai (thuong la hat
Garnet). Cong nghé nay dung dé cit got
cac vat liéu c6 co tinh cao (kim loal,
gdm, thach anh,...) do ning lwong dong
tia rat lon.

Hinh 1. May cat dung tia nudc

2. Cong nghé gia cong cit got sir dung
tia nwoéc
2.1. Khai niém

Quaé trinh cat got cac kim loai, phi
kim,... str dung nudc ap luc cao la cong
nghé gia cong co khi, dung dong nudc
c6 ap luc 16n dé cit got vt liéu.

Str dung c6ng nghé nay co thé tao vét
cit nho (khoang 1mm); gia cong 16 ¢6
duong kinh nho nhat khoang 1,5mm.

Qua trinh nay con duoc biét véi tén
goi cdng nghé cat got dong luc hoc thuy
luc.

2.2. Céu tao

- H¢ thdng chira nuéc va may bom:
la b phan chtra va cung cap nudc dén
co cdu ting ap trudc khi vao hé théng
lam viéc.
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Nguon: Hiéu, D. B. (2022)

- Co cAu khuéch dai (ting p): chinh
la bo khuéch dai &p suat. Dong chat long
khi qua co ciu ndy, 4p suit s& duogc
khuéch dai l1én hang nghin at-mét-phe.

- Co cau dau voi phun (dau cat): co
cau dugc ché tao tir kim loai quy (kim
cuong hodc da sapphire) c6 duong kinh
rat nho (0,1mm + 0.4mm) ding dé dinh
hinh dong tia.

Véi két cau tiét dién bi thu hep dot
ngot 1am cho van téc dong nuée duoc
khuéch dai rat 16n (c6 thé 16n hon 2.5
lan téc d6 cua am thanh).

Déi vai cong nghé gia cong cat got
vat lidu st dung nudc &p luc cao c6 bod
sung hat mai dé cat cac kim loai, phi kim
¢6 co tinh cao, thi ngay tai dau voi phun
cac hat mai s& dugc hut vao dé tron ciing
dong nudc. Tai day, dong nudc s€ gia
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téc cho cac hat mai tao thanh dong han
hop 6 ning luong rat lén.

Hinh 2. Dau voi phun

2.3. Nguyén li gia cong

Pau tién nudc tir thung cap nude di
qua b tron va loc, sau d6 qua hé thng
duong 6ng dén bo khuéceh dai dé tang ap
dén dau voi phun. Van diéu chinh luu
luong (tiét luu) co cong dung diéu chinh
ap luc ra cua dong tia tai voi phun. Van
tiét luu hoat dong nhd mach diéu khién.
Nudc cb &p suat 16n (100+400 Mpa)

Nguon: Luong, N. T. (2023)
dugc dua ra khoi voi phun, toc do tia
nudc tur 450 - 1100m/s.

Ap suit 16n s& pha v két cau vat lidu
cua cac kim loai, phi kim ma dong tia
hudng dén. Su pha v nay tao thanh vét
cat trén chi tiét va chi tiét gia cong dugc
cit theo ¥ dinh ngudi van hanh. Khi do,
tia nudc dong vai tro 1a dung cu cat vat
liéu, tao ra san pham.

Bo tich tri

Dieu

khién

———

“

Van tiét hru

Vi phun

Bo ting ap

'

7 /g Chi tiét
//// gla cong

Thung cip
nuoc

----- Bo tron va loc

Maéng
himg nwée

Hinh 3. So d6 nguyén If gia cong sir dung tia nudc

Nguon: Luéng, N. T. (2023)
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2.4. Cac thong sé cong nghé

Gia cong cat sir dung tia nudc dat
hiéu qua cao can phai quan tim dén mot
s6 thdng sb quan trong nhu sau: khoang
cach gia cong, kich thudc 16 voi phun,
&p lyc tia nuwdc va van téc dich chuyén
cua voi phun.

- Khoang cach gia cong la pham vi tur
chi tiét can gia cong dén dau voi phun.

Khoang céch gia cong phai nho dé tia
nudc hoi tu & mac cao nhét trude khi va
cham vao bé mit chi tiét gia cong.

Theo nghién ctu thuc nghiém,
khoang cach ti uu nhat khoang 3,0mm.

- Puong kinh 16 voi phun s& quyét
dinh tryc tiép dén chat luong san pham
va kha nang gia cong cua may.

Chiéu day cua chi tiét gia cong bé thi
chon voi phun c6 duong kinh 16 nho, ap
suit phun nho. Chiéu day cua chi tiét
can ché tao 16n thi chon voi phun cé
duong kinh 16 16n hon va ap suét cao
hon. Tém lai, duong kinh 16 voi phun va
ap suét phun ti & thuan véi chiéu day
cua chi tiét can ché tao.

- Van téc chay dao thudng dao dong
trong khoang 0,005+0,5m/s phu thuoc
tinh chat vat liéu va do day phoi.

Qua trinh cat got cac kim loai, phi
kim,... str dung nuéc ap lec cao co thé
tu dong hda bang céng nghé CNC hoic
str dung cénh tay rd bét.

Bang 1. Chiéu day cit va toc do chay dao

Vit licu Chiéu day cat | Téc do chay dao
e (mm) (m/ph)
Da 22 20
Nhira PVC 3 05
Nhira PS 2 150
Kelvar 3 3
Graphit 2,3 5
Tém thach cao 10 6
Tdm carton gon séng 7 200
Tdm gidy bot 2 120
Go dén 6 1

2.5. Pic diém va pham vi ing dung

a) Uu diém

- D6 bong, @6 nhin bé mit vét cat rat
cao.

- Cit duoc céc chi tiét mong vai chat
lwong tot; cit theo y dinh ctia ngudi van
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Nguén: Béng, T. H. (2018); Dé, D. V. (2013)

hanh, khdng phu thudc vi tri cat trén vat
the.

- R4t d& tng dung khoa hoc k§ thuat
tu dong hoa trong qua trinh van hanh.

- Chi phi thip, do chinh xac trong ché
tao san pham cao.
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- Ung dung cdng nghé théng tin trong
van hanh mot cach hiéu qua.

- Khéng anh huong nhiét.

- Qua trinh gia céng it tao phoi nén it
lang phi vat liéu va cit dugc nhiéu loai
vat ligu.

- Khoéng bui, khéng mui va khong
sinh nhiét. Mo6i truong gia cong trong
sach.

b) Nhuoc diém

- San pham chua duoc san xuit trong
nudc nén gia thanh cao.

- Pay 1a cong nghé mai, can duoc
kiém ching giai quyét nhitng van dé
chua phu hop nham nang cao hiéu qua
va chit luong.

¢) Pham vi g dung

Qua trinh cat got cac kim loai, phi
kim,... sir dung nudc ap luc cao la cong
nghé dugc ung dung trong hau hét cac
nganh kinh té hién nay. Mic di méi xuat
hién, tuy nhién nho tinh wu viét va than
thién v4i moi truong hon cac phuong
phép gia cong truyén théng nén duoc
lya chon sir dung trong nhiéu linh vyc:
gia cong ky nghé, xay dung, ché tao
may, dan dung, quan su, duong sat,
duong bo, duong thuy, duong khong, ...

Puoc st dung trong cong nghiép
gilp 1am sach bé mat san pham ké ca
nganh thyc pham.

Qua trinh cat got cac kim loai, phi
kim,... st dung nudc ap luc cao ciing
duogc st dung nhiéu trong ky thuat dao

duong ham, nhit 1a khu vic nai dé va
trong long do thi.

Vit liéu ma qua trinh cat got cac kim
loai, phi kim,... st dung nudc ap luc cao
rat da dang va phong phu, nhiéu chung
loai. Tur nhitng vat lidu c6 co tinh thap
nhu gidy, g, nhua, cao su,... dén nhiing
vat liéu co co tinh cao nhu kim loai,
gdém, thach anh,... déu c6 thé cit duoc
va chiéu day cit c6 thé I6n hon 30mm.

Qua trinh cat got cac kim loai, phi
kim,... sir dung nuéc ap luc cao cé nang
suit cao va khéng anh huong moi
truong nén thuong dugc (rng dung trong
qua trinh ché bién thyc pham (cét va théi
mong san pham). Trong qué trinh ché
bién thuc pham,chat long sir dung la
con, glyxérin hoac dau an.

3. Cong nghé gia cdng cit got sir dung
tia nwéc c6 hat mai

Nhu d3 gisi thiéu, qua trinh cét got
cac kim loai, phi kim,... sir dung nudc
ap lyc cao chi dugc ttng dung trong
truong hop vat liéu c6 co tinh thap
(mém).

Truong hop nhirng vat liéu c6 co tinh
cao (bé téng, thach anh, thép,...), nguoi
ta sir dung nuéc 4p luc cao ¢ bé sung
hat mai dé thay thé.

3.1. So do cau tao

1. Nap nudc &p suit cao; 2. Pa quy; 3.
Bot mai; 4. Ong tron;

5. Ong bao vé; 6. Dong tia hdn hop; 7.
Vit ligu cat
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B4 tron

C ép hat mai

Voi phun

Hinh 4. So d6 nguyén |i gia cong cit got sir dung bang tia nudc ¢ hat mai

3.2. Nguyén li gia cong

Nguyén li gia cong cua cong nghé
nay hoan toan tuong tu qua trinh gia
cong cat got vat lidu st dung tia nudc,
chi khac dong ning luong cat vat liéu
IGc nay co thém hat mai. Van tbc rat cao
cia dong tia khi di qua 16 phun s& tao
chan khong dé hat cac hat mai tir dng
chira hat mai, sau d6 hat mai sé tron vai
nudc trong dng tron.

Ning suét, hiéu qua caa cong nghé
nay phu thudc kha nhiéu vao qua trinh
bd sung hoat mai trong quy trinh cong
nghé.

Trong qué trinh cét got cac kim loai,
phi kim,... str dung nudc ap luc cao co
bd sung hat mai; quéa trinh bd sung
nhitng hat mai vao tia nuéc lam anh
huang khong nho dén viéc tinh toan cac
thdng s gia cong.

Céc théng s6 cong nghé nay gom:
loai, kich thuéc hat mai, van téc dong
tia; phai dugc tinh va diéu chinh phu
hop trong suét qua trinh gia cong.

Hién nay, thuong dung mot sé loai
hat mai: nhom oxit, silicat, kim cuong,
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Nguon: Hiéu, D. b. (2022)

cac Oxit (Crdm, Magie, K&m, Sit...).
Kich thuéc hat 60pum + 100um.

Luong hat mai dugc dua vao trong
dong nuac khoang 0,3kg/phut.

L voi phun thuong c6 kich thudc
khoang trr 0,20mm =+ 0,63mm. Kich
thudc nay 16n hon kich thugce voi phun
trong qua trinh cat got cac kim loai, phi
kim,... str dung nudc &p lyc cao vi qua
trinh nay tao ra nang lugng lén dé dong
hdn hop chuyén dong dé hon.

Nang lugng dong nudc trong qua
trinh cit got céc kim loai, phi kim,... sir
dung nuéc ap luc cao c6 bd sung hat mai
gidng qua trinh gia céng sir dung nuéc
ap luc cao.

Khoang céch tir ddu voi phun dén bé
mat vat liéu ngan hon (khoang 1/4 hay
1/2) so véi khoang céach trong qua trinh
cét got cac kim loai, phi kim,... sit dung
nudc ap luc cao.

Qua trinh gia cobng vat liéu, khi doi
hoi khong thay ddi co tinh ving gia
codng thi lva chon tbi wu nhét hién nay
d6 1a sir dung cdng nghé cét got cac kim
loai, phi kim,... str dung nudc ap luc cao
hoac c6 bb sung hat mai.
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Bang 2. Mot s6 loai hat mai thuong ding

(D6 ctrng hat mai tang dan tir cp 1 dén cip 10)

Tén hat mai Thanh phin | Dé cimg Ezz‘g‘g(;;'c‘:zsg) Vit liéu gia cong

Thach anh Si0» 7 2,65 Kinh, thép, da, gg

Da nhdm AlLO;z va FexO; 8 3,7 Kim loai, kinh, gg

Cacbit Silic SiC 9 32 Gang, - nhom, - dong,
kinh

Ki:m. cirong khong c 10 35 Grdy cao su, var liéu

ket tinh gion

Kim cirong két tinh C 10 35 Km? ’Ctrm’:'g va cac
loqi da quy

Oxit Crom Cr:03 10 - Thép, thép khong gi

Oxit Siit Fe0; - 52 Kim logi, dd, kinh

Oxit Magie MgO

Oxit Kém Zn0 4,5 58-06,9 Thép, kinh

Oxit Thiéc SnO;

Cacbit Bo B0 10 - Cdc loqi thép

3.3. Céc thong sb co ban vé cong nghé
va tinh chat cong nghé

a) Céc thong s6 co ban

- Ap suat tia hdn hop cat tur
130+400MPa.

- Tbc @6 dong tia 16n gap 2,5 lan van téc
cua am thanh (Mach 2,5).

- Puong kinh tia nude, do xa, toe do nap
hat mai.

- Van tbc chay dao 2,54+12,7cm/phuit,
van toc chay dao cang 16n thi chat luong
bé mat cang tét.

Nguon: Dang, T. H. (2018); Pé, B. V. (2013)

- Thoi gian dua vat liéu (phoi) vao may.
b) Tinh chit céng nghé

- Chiéu rong vét cit thuong tir 0,075cm
tro 1én.

- C6 thé cat duoc vat liéu co chiéu day
lén dén 20cm. Do chinh xac gia cong
phu thuéc vao loai may duoc sir dung.
Néu sir dung may Ion ¢ voi phun phu
hop thi c6 thé dat d6 chinh xac dén
+0,0038cm; néu sir dung may trung binh
thi d¢ chinh xéc c6 thé dat +0,00635cm,
d6 thang dat 0,005cm

Hinh 5. Tao hinh nghé thuat

Nguon: Luéng, N. T. (2023)
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Do chinh xac caa san pham st dung
céng nghé nay phu thudc vao nha san
Xuit; ning luc, tiéu chuan ché tao, trinh
d6 cong nghé,... cua cac nha san xuat
khéc nhau thi san pham c6 d6 chinh xéc
sé khéc nhau.

Hinh 6. Tao hinh

3.4. Pic diém va pham vi &ng dung

- Vit liéu déu vao (phdi) ddi véi phuong
phap cat got, tao hinh san pham bang sir
dung nudce &p luc cao ¢d b sung hat mai
rat da dang. Tir cac dang vat liéu cang
nhu thép, hop kim, bé tong,... dén cac
loai mém hon nhu nhwa, @d,
composit,...va cac vat liéu thay tinh,
gbém su,... ca kim loai va phi kim, vat
liéu c6 chiéu day khac nhau.

- Pau cit chi 1a dang tia khong thay doi
nhung c6 thé tao ra nhiéu hinh dang

K g

/4

cac chi tiét phuc tap

Hién nay, qua trinh cit got cac kim
loai, phi kim,... str dung nudc ap luc cao
c6 bd sung hat mai co thé ché tao ra
nhiing san pham c6 d6 chinh xéac 1én dén
+0,0025mm. Su khac nhau vé sai s ché
tao chu yéu tir két cdu ciing nhu cong
nghé diéu khién cua ting loai may.

Nguon: Luwéng, N. T. (2023)

khac nhau (khac han so vai cong nghé
truyén thong phai thay d6i dung cu cat
khi muén tao hinh vat liéu).

- Sai s6 ché tao thap, it phé pham, bao
vé mdi truong, khu vuc gia cong khong
phat sinh nhiét nén khéng anh huong co
tinh vat liéu.

- So véi gia cong truyén théng thi
phuong phéap nay c6 luc cit nho hon, do
nham bé mat chi tiét cé thé tot hon.

Hinh 7. Cit bé tong, d4 hoa cuong
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Nguon: Luéng, N. T. (2023)
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3.5. Pic diém khéc so véi mét sé cong
nghé truyén théng

a) Su khac biét so véi gia cong cit
got bang laser

- Do tinh da dang vat liéu gia cong,
nén mot s6 vat liéu ma gia céng cat got
bang laser khdng thuc hién duoc thi
cdng nghé gia cong cat got vat liu sir
dung tia nuéc ¢d hat mai lam duoc dé
dang.

- Gia cong cat got bang laser chi thuc
hién trén vat liéu dong nhat, trong khi
cong nghé st dung nudc ap luc cao thuc
hién duoc ddi vai ca vat liéu 1a hop kim.

- Phuong phap laser c6 sinh nhiét cd
thé lam thay ddi do ctiing hoic bién dang
san pham, phuong phap st dung nuéc
ap luc cao thi khdng xay ra hién tugng
nay.

- Gia thanh gia cong, chat lwong san
pham cuia qua trinh st dung nuéc ap luc
cao cit got vat liéu cao hon.

- Tia laser c6 sinh nhiét, c6 thé xuat
hién khoi doc anh hudng dén moi
treong; viéc bao tri kho khan hon
phuong phap str dung nudc &p lhuc cao.

- Chi tiét cang day thi st dung nuéc
ap luc cao s€ cang mang lai hiéu qua
thiét thuc.

Bang 3. So sanh dinh lwgng mot s6 ¢éng nghé cit vat lidu

Tinh chéit Cit tia nwoc Cit laze Cit tia liva dién
Chat Iwong phu Chét luo’ng ph],l
Vit liéu gia cong Pa dang thu’éc tinh dong | thudc tinh dong nhat
nhat cua vt liéu cua vit liéu
A 1 . R4t cao (c6 thé £ . e o3k
Do chinh xac dén 0,02mm) Cao (dén 0,2mm) Vira phéi (dén 1mm)
D6 day cat < 300mm < 40mm < 75mm
Ving anh hwong nhiét fhhig?g bién dang | - pisn dang nhiét | C6 bién dang nhiét
it tao khoi, bui | Sinh nhiét, tao khéi | Sinh nhiét, tao khg’)i
Tac dong moéi truong | nén  giam  tic | doc nén tac déng | ddc nén tic dong xau
déng méi tnrdng | xau dén moi tredng | dén mdi tredng
Chi phi van hanh Cao Thép Thép

Nguon: Hiéu, P. B. (2022); Luong, N. T. (2023)

b) So véi cong nghé cat vat liéu bang
tia ltra dién

- Tbc @6 gia cdng sir dung cong nghé
cit vat liéu bang nuéc &p lec cao nhanh
hon.

- Vit liéu gia cong su dung cong nghé
cit got, tao hinh san pham bang nudc &p
luc cao da dang hon.

- Str dung quy trinh cit got, tao hinh
bang tia lra dién phu thudc nhiéu tinh
dong nhat cua phoi, néu khong dong
nhat thi san pham s& thiéu tinh chinh
Xac, con cong nghé st dung tia nudc thi
khong bi anh hudng bai tinh dong nhat
nay.
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- Quy trinh cat got, tao hinh bang tia
lra dién sinh nhiét rat lon, céng nghé st
dung nudc &p luc cao thi khéng sinh
nhiét.

- Qua trinh cit got, tao hinh san pham
bang str dung nudc ap luc cao, nhing
khuyét tat cua vat liéu déu khéng anh
hudng dén dong tia. Trong khi quy trinh
cit got, tao hinh bang tia lira dién chiu
tac dong déng ke.

4. Két luan

Nhu da trinh bay, gia cong co khi 1a
noi dung rat quan trong trong nhiéu linh
vuc, trong d6 phai ké dén nganh co khi,
ché tao may va doi séng sinh hoat hang
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ngay. Qué trinh cit got, tao hinh san
pham bang sir dung nudce 4p lec cao va
c6 bd sung hat mai 1a quy trinh méi dua
vao st dung miy nim gan ddy. Quy
trinh cong nghé don gian, gia thanh ré,
than thién v&i moi truong nhung dat
hiéu qua rat cao, rat phd hop voi gia
cong hién nay nhit 1a trong diéu kién
méi truong 1am viéc bi 6 nhiém va cé
nhiéu thay d6i tiéu cuc khac. Nghién
ctu, tng dung phuong phap cat got, tao
hinh san pham bang sir dung nuéc &p luc
cao va c6 bd sung hat mai 1a mot viéc
lam thiét thuc vira bao dam tinh kinh té,
vira gop phan bao vé mai truong.
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