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Tom tit

Bai bdo trinh bay phwong phdp tinh todn, thiét ké va ché tao mé hinh mdy cdt tia nuwde cong
sudt nhé, hwéng t6i vg dung trong gia cong cdc vt liéu mém nhw miit xop, cao su non va da nhan
tao. Trén co so phan tich nguyén Iy hinh thanh tia nudc dap sudt cao va ddc tinh co hoc ciia vit liéu
mém, nghién ciru da xdc dinh dwoc dai thong sé céng nghé toi wu, bao gom dp sudt va luu lwong
t6i thiéu can thiét @é dam bao kha nang cat hiéu qua. Tir cdc thong sé nay, mot mé hinh mdy cat
quy mé nhé da dwoc thiét ké véi cdc thanh phan chinh gom: bom dp sudt cao mini, dau cdt dwong
kinh nhé nham tdp trung nang leong dong tia, va co cdu dan hwéng c¢é dé chinh xdc cao dé dam
béo quy dao cat on dinh. Két qua mé phong CFD két hop voi thuc nghiém cho thay hé thong cé
kha nang tao ra tia nudc du nang luong dé cat xuyén vt liéu mém véi bé mdt cdt sach, it bién dang
va dé on dinh cao. Mé hinh khéng chi déap vmg yéu cau nghién ciru, ddo tao ma con cé tiém ning
vng dung trong san xudt quy mé nhé va cdc hé thong gia cong linh hoat chi phi thap.

Tir khéa: may cdt tia nwée, cdt vat liéu mém, gia cong CNC, nwée dp sudt cao, thiét ké mady.
Abstract

This study presents the calculation, design, and development of a low-power waterjet cutting
system intended for processing soft materials such as foam, soft rubber, and synthetic leather.
Based on an analysis of high-pressure waterjet formation and the mechanical characteristics of
soft materials, the research determines the minimum required pressure and flow rate necessary to
achieve effective cutting performance. A compact prototype system is subsequently designed and
fabricated, consisting of a mini high-pressure pump, a small-diameter nozzle for jet concentration,
and a precision guiding mechanism to ensure stable cutting trajectories. Computational fluid
dynamics (CFD) simulations, combined with experimental validation, are conducted to evaluate
the performance of the system. The results demonstrate that the proposed model is capable of
generating a stable and sufficiently energetic waterjet to produce clean and consistent cutting
surfaces with minimal deformation. The system shows strong potential for application in
educational environments, laboratory-scale research, and small-scale manufacturing due to its
cost-effectiveness and operational simplicity.

Keywords: waterjet cutting machine, cutting soft materials, CNC machining, high-

pressure water, machine design.
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1. GIOI THIEU CHUNG

Cong nghé gia cong bang tia nudc (Water Jet Machining — WIM) hién dugc tmg dung rong
rdi trong linh vuc gia cong cit kim loai tim nho kha nang xtr 1y linh hoat da dang vt liéu. Cong
nghé nay cho phép cét hiéu qua tir kim loai va hop kim (nhu thép khong gi, thép carbon, dong,
nhom...) dén cac vat lieu phi kim nhu nhya, gs, gém, da, kinh va vat liéu composite, béng cach su
dung tia nudc ap suét siéu cao hodc hdn hop nudc — hat mai, ap suét cuc dai cta tia nudc gia tde
tap trung 1én mot ving dién tich rt nho, véi chidu rong ranh cit khoang 1 mm va duong kinh 16

nho nhét c6 thé cit dat khoang 1.5 mm [1, 2].

Qua trinh gia cong bang tia nude duoc thuc hién bang cach ép mot luu lwong nudce 16n di
qua mot dng co tiét dién rat nho, 1am cho van tde cia dong nudc ting 1én nhanh chong theo nguyén
Iy bao toan luu lwong. Khi dong nudc da duge tang tdc roi khoi dau phun voi van tée dién hinh tir
200 dén 500 m/s, né tao ra mot luc cat 16n tac dong 1én bé mat vat liéu gia cong [2]. Mot wu diém
quan trong ctia WJM 14 qua trinh cat khong sinh nhiét dang ké, do d6 khong lam thay doi cau tric
vi md hay tinh chét co hoc cua vat liéu, dic biét phu hop ddi vai cac vat liéu nhay véi vung anh
hudng nhiét [1,3]. Dudi tac dung cta ap suét cao thudng trong khoang 4x108 dén 6x108Pa cac vi
ntt duge hinh thanh tai bé mat vat lidu va tiép tuc phét trién dudi tic dong két hop cua ap suat thuy
luc va dong ning cta cac phan tir nude. Dong nudc dong thoi cudn trdi vt liéu bi boc tach ra khoi
vung gia cong, gop phdn mé rong va kéo dai vét niit cho dén khi vat lidu bi cat rdi hoan toan [2,
3].

DPong ho do ap
Binh chira nurée luc nudrc y
ap luc cao o /
,—ﬁ Phéu hat mai

_~ He Cylinders

Hinh 1. So d6 nguyén 1y may cit tia nude [5]
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Nho nhitng ddc tinh nay, cong nghé cit tia nuéc duge tng dung trong nhiéu nganh cong
nghiép nhu co khi ché tao, xay dung va hang khong vii try dé thyuc hién cac cong doan cit bién
dang, tao hinh, tach phoi va khoan 15. Hé thdng cit tia nude co thé gia cong kim loai v6i chiéu day
16n (1én t6i khoang 150 mm tuy thudc vao diéu kién cong nghé), déng thoi tao ra vét cit co do
chinh x4c va chat luong bé mit cao, vuot trdi so v6i cac phuong phép cit plasma hodc cit khi oxy—

gas [4].

C6 nhiéu nghién ctru qudc té ndi bat chu yéu tap trung vao hé thong cit tia nude ap suit cao
va ung dung trong gia cong vat li¢u kim loai hodc vat li¢u ciing & quy mo cong nghi¢p [1, 2]. Cac
nghién ctru ndy it dé cap dén viéc phat trién cac hé thong cong suit nho, chi phi thip hoic tdi vu
héa cho vat liéu mém. Tai Viét Nam, cong nghé gia cong bang tia nudc di duge tmg dung chi yéu
trong cac nganh co khi ché tao, vat liéu xay dung va gia cong d4 — kinh théng qua cic hé thong
may cat CNC nhap khau tir chau Au va Trung Qudc. Tuy nhién, c6 thé nhan thdy rang phan 16n
cac nghién ctru déu tap trung vao vat lidu kim loai va hop kim, dong thoi st dung thiét bi cit tia
nudc cong sudt 16n von duge thiét ké cho muc dich cong nghiép. Viéc 1am chu thiét bi trong nudc
con han ché, nén cic nghién ctru chuyén sau vé tdi uu thong s cong nghé, mé phong va du doan
dic trung vét cat bang tia nudc chi méi dugc trién khai trong khoang hon mot thap ky gan day.
Mot s6 nhom nghién ctru da tién hanh khao sat anh hudng cua ap suét, tde do cét, luu lugng va
kich thudc hat mai dén chiéu sau cit, @6 nham bé mat va hinh dang ranh khi gia cong bang tia nuéc
¢6 hat mai, cha yéu trén vat liéu hop kim nhém va thép [6]. Cac cong trinh nay gdp phan budc dau
xdy dung md hinh thyc nghiém va danh gia kha ning mg dung cong nghé cit tia nudc trong diéu

kién thiét bi sin co tai Viét Nam.

Céc cong trinh lién quan dén may cit tia nude cong suat nho, thiét bi gia ré hodc ung dung
cho vat liéu mém gan nhu chua duoc trién khai rong rai. Diéu nay dan tdi khoang tréng nghién ciru
trong linh vuc thiét ké — phét trién mo hinh may cit tia nudc phuc vu dao tao, nghién ciru tmg dung
va san xuét quy mo nho, dac biét dbi voi cac vat liéu mém nhu mut xép, cao su non hay da nhan
tao. Vi vay, huéng nghién ctru vé tinh toan, thiét ké va ché tao may cit tia nudc cong suét nhé cho
vat liéu mém van con nhiéu tiém ning va c6 ¥ nghia thyc tién ddi v6i moi truong dao tao ky thuat

va nhu cau san xuat trong nudc.
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2. PHUONG PHAP TiNH TOAN - THIET KE
2.1. Xac dinh yéu ciu k¥ thuit

Trong tinh todn va thiét ké mo hinh may cit tia nude, viée diu tién 1a xac dinh céc thong $6
d4u vao 1am co s& cho md hinh tinh toan va lua chon ché d6 1am viéc. Cac thong sb gém dac tinh
co Iy cna vat liéu Fomex, dic trung cta chat 1ong cit (nudc) va yéu cau vé bé rong, do sau vét cit
ctia san pham. Day 1 co s& dé xac dinh 4p suét, luu lugng va cac thong sé chinh cta hé thng cit
tia nude cong suit nho. Bang 1 trinh bay cac thong sb dugc st dung 1am co so cho tinh toan thiét

ke.

Bing 1. Cdc thong sé thiét ké

STT Tén Théng s xac dinh Ki hi¢u Gia tri
1 Loai vat liéu: Fomex Ung suét bén Obén 15 MPa
2 | Chat Iuu dé cat vat liéu: Nudc Ti khéi cia nude p 1000 kg/m’
. . Bé rong vét cat a 0.3 mm
3 | Yé&u cau san pham —
Do sau vét cat h 2 mm

2.2. Tinh toin thong s6 lam viéc

a. Xdc dinh dp sudt cit can thiét (pg)

Nwde vao

Piu Cit

Tia nwédce ra
ds

Vit lidu ciit

Hinh 2. Dau cit tia nuée hat mai
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Trong trudong hop chit 1ong li tuong, kich thude 16 dudng kinh dau phun co thé 14y gan
dung d = 0.3 mm [7]. Khoang céach tir diu phun dén bé mit gia cong 1 d, dugc xac dinh tir cong
thirc:

ds = Xemax = 135 X d =135 X 0.27 =36.45 mm.

bicu kién d€ may cat tia nudc co6 the cat dugc vat licu la: Cong suat cua dong tia nudc tron
hat mai can phai du lon dé thang strc khang cat cua vat li¢u. Néu goi g, 1a ing suat can thiét dé
bao mon va cat vat li€u thi diéu kién cat la:

Pcut = cht-A- Ufeed (1)

Trong d6: P.y,: Cong suat cit do dong nude cung cap (W)
0qye: Ung sut khang cit cia vat lidu (Pa)
A: Dién tich mat cit trén vt liéu (m?)
Vfeed: Téc d6 di chuyén cua dau cat (m/s)
Cong suit cat ctia dong nude biéu dién qua tong dong ning ciia nudc theo cong thirc sau:

Ewa er
Poyr = Tt (2)

Trong d0: E,,qrer 14 d0ng ning ctia dong nudc va t 1a thoi gian cit (s)

Ap dung phuong trinh Bernoulli ta xac dinh dugc vén téc ciia dong nude duoc xac dinh theo cong

’2-pct lz-pct /pct
v = —_— = —_— = —_— 3

thire sau (3):

Trong d6: p: ap suit (Pa)
Pong ning ctia dong nudc thuan khiét dugc xac dinh theo cong thic (4):
Eyater = E-mwater- Uwaterz 4

Thay cac gia tri vao phuong trinh (4), ta co:

3
— 1 2 _ 1 3 1 -8 p
Evater = Ep Q.t.vygater” = EpA t. Vyater = E 1000 x 5.7 x107°. % .t

3
Epater = 2.55 x 1079 X pazxt (%)

Di¢n tich mat cat trén vat li€u can cat duoc xac dinh theo cong thirc sau:
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A=w.T=03% 1073x2 x 1073 =6x 1077(m?) (6)

Trong d6: w: bé rong vét cit (mm), T: d6 day vt lidu can cit (mm).
Diéu kién cét duoc vat ligu la:
Pcut = Ucut-A- vfeed (7)

Chon tbc d9 di chuyén cta dau ct 1a vreeq = 2.5 (m/s). Tlr cac phuong trinh (3), (4), (5), (6), (7)
xac dinh dugc ap suét can thiét dé cit duoc vat liéu Fomex ¢6 gia tri opén = 15 MPa la:
Pet = 4270003 (Pa)
Lua chon 4p suét can thiét: p,, = 4.5 (MPa).
Trong d6: pg: ap suat can thiét dé cat duoc vat lidu ( Mpa )

b. Tinh todn céng suit mdy bom

Luu lugng nude chay qua dau cit trong mot don vi thoi gian duge xac dinh nhu sau:

O=4v (8)

Trong d6: A 1a dién tich tiét dién 15 phun tia nude (d = 0.3 mm); v 1a toe d6 cia tia nude (m/s).

Toc d6 cua nudc dugc xac dinh nhu sau:

’2.pct ’2 X 4.5 x 106
v p 1000 94.86 (m/s)

Luu luong nude duge xac dinh:

Q=Av=7.07x10"8x%x94.86 = 6.7 X 107° (m3/s)

Véi 4p suat can thiét p,, = 4.5 X 10® (Pa), cong suit cia bom dugc tinh theo cong thire (9):

_ Per-Q  45x10°x6.7x107°

P
n 0.9

=33.55 (W) (9)

2.3. Thiét ké va ché tao md hinh may

Trong hé thong may cit tia nude, dau phun 1a chi tiét lam viée tryc tiép véi dong nude ap
suét cao, quyét dinh dén hinh dang, tde dd va nang lugng cua tia cét, do d6 anh huong 16n toi chét
luong bé mat va do chinh xac duong cat. Vi vay, viéc thiét ké dau phun can duoc xem xét can than
vé kich thudc 18 phun, chiéu dai din hudng, kiéu ren lap ghép, vat lidu ché tao va kha nang thay

thé, bao dudng. Trén co s¢ yéu cau k¥ thuat cia mo hinh may va diéu kién gia cong thyc té, phan
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nay tién hanh xay dung phuong an thiét ké dau phun, lya chon cac thong sb két cdu chii yéu va thé

hién trén ban vé chi tiét phuc vu ché tao (Hinh 3a).
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a) b)

Hinh 3. Ban v& ctia cum dau phun: a) Than dau phun
b) Pau phun

Két qua ché tao cta cum dau phun duogc thé hién trong Hinh 4.

Hinh 4. Chi tiét dau phun sau khi gia cong

2.4. Thiét ké md hinh may cit tia nuéc cong suit nho

Dé hién thuc hdéa md hinh may cit tia nudc cong suat nho da dé xuat, trude hét can liwa chon
phuong an thiét ké va ché tao hop 1y cho két ciu co khi va hé thdng truyén dong ciia may. Phuong
an nay phai dam bao cac yéu cu co ban vé do cting viing, d6 chinh xac chuyén dong va hanh trinh
lam viéc pht hop véi kich thude chi tiét gia cong, dong thoi dam bao tinh don gian trong gia cong
— 1ap rap va chi phi ché tao thap, phii hop vai diéu kién trang thiét bi hién co tai co sé ddo tao. Cac
nguyén tic ndy dugc tham khao tir cc tai lidu vé cong nghé ché tao may va thiét ké hé thong CNC
[8-10]. Trén co s& d6, nghién ciru tién hanh phan tich va lya chon phuong an thiét ké t4i uru cho
mo hinh may cét tia nude, dong thoi xem xét cac yéu td lién quan dén dong chay va dic tinh cta
tia nudc dya trén co s Iy thuyét co hoc luu chat [11]. Két qua thiét ké mo hinh may cit tia nudc
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cong sudt nho sir dung phin mém Autodesk Inventor dugc thé hién trong Hinh 5a. Két qua ché tao
may cat tia nudc cong suat nhod duoc thé hién trong Hinh 5b

Thanh trugt

Khép néi truc
doéng co

a) b)
Hinh 5. M6 hinh 3D may cdt tia nudc: a) M6 hinh 3D thiét ké trén phan mém CAD;
b) M6 hinh mdy sau khi ché tao

Thanh truot

3. THU NGHIEM VA PANH GIA

bé thuc nghiém danh gia kha nang cong nghé¢ ciia may cat tia nudc cong suat nhd, nhom
nghién ctru sir dung vt liéu Fomex c6 chi€u day 2 mm vi tiét dién cat 1a hinh vudng co kich thude

20mm x 20 mm. Két qua thyc nghiém duogc thé hién nhu trong Hinh 6.

Hinh 6. San pham sau khi cét
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Sau khi tién hanh cét thi nghiém trén vat liéu Fomex, c6 thé nhan théy may hoat dong on
dinh, dudng chay dao bam ding quy dao di 14p trinh. San pham sau cit cho bién dang kha chinh
xac, cac canh vudng goc 16 rang, khong xuat hién hién tugng chay xém, bién dang nhiét hay cong
vénh tAm — day 1a vu diém ndi bat so voi cac phuong phap cat sinh nhiét. B& mat vét cat twong dbi
phing, do st mé mép nho, 16p bot bén trong tAim Fomex khong bi boc tach nhiéu. Kich thude chi
tiét do duoc sai 1éch khong 16n so voi kich thude thiét ké, nim trong pham vi chip nhén dugc dbi
v6i mo hinh may cong suat nhé. Tuy nhién, tai mot s6 vi tri goc chuyén hudng va doan bét dau/két
thuc duong cit van con diu hiéu rung nhe, bé mit chua that “sic”, cho théy can tiép tuc toi wu cac
thong s nhu 4p suat nude, toc do tién dao va khoang cach tir dau phun t6i bé mit vat liéu dé nang

cao hon nita chét lugng vét cit.
4. KET LUAN VA PINH HUONG PHAT TRIEN

Nghién ctru da thuc hién viéc tinh toan, thiét ké, ché tao va thir nghiém mé hinh may cat tia
nudc cong suat nhd nham gia cong cac vat lidu mém. Két qua cho thdy moé hinh may CNC st dung
co cAu tmyén dong vit me — dong co budce theo ba truc X, Y, Z c6 kha nang lam viéc on dinh, dap
ung dugc yéu cAu co ban vé dd chinh x4c hinh hoc va chat luong duong cit. Thuc nghiém trén vat
liéu Fomex cho thdy may c6 thé tao ra bién dang cit bam sat quy dao 1ap trinh, mép cat tuong d6i
phang, bé mit vat liéu khong xuét hién anh hudng nhiét hay hu hai dang ké, qua d6 khang dinh

tinh kha thi ciia phuong phap cit tia nudc ddi voi nhom vat liéu mém.

Bén canh do, két qua nghién ctru cling chi ra rang cac thong s6 cong nghé¢ nhu ap suat nuoc,
toc do tién dao va khoang cach tir dau phun dén bé mat vat liéu c6 anh hudng rd rét dén chat lugng
bé mat cat va do chinh xac kich thudc. Di€u nay cho thay viéc lya chon va t6i wu hda ché do cat la

yéu t0 quan trong nham nang cao hiéu qua gia cong va mé rong kha nang ing dung cua hé thong.

Trong thoi gian tdi, nghién ctru c¢6 thé duoc tiép tuc theo hudng hoan thién hé théng dicu
khién va két cdu co khi cia may, dic biét 1a ting d6 clng vimg cua khung va ban may, cai tién co
cAu dan huong va truyén dong nham han ché hién tuong trugt budc, rung dong va sai s6 i tri trong
qua trinh gia cong. Pong thoi, can mod rong thuc nghiém trén nhiéu loai vat liéu mém khac nhu cao
su, da, vai va xdp, cling nhu xay dyng mo hinh t6i uvu hoa thong sé cong nghé dé xac 1ap ché do
cat phu hop cho timg loai vét lidu. Py sé 1a co s& quan trong dé nang cao tinh tng dung thuc tién
ctia md hinh trong ddo tao, nghién ctru va san xuit quy mé nho.
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