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THONG PIEP TU BAN TO CHUC

Kinh thua quy thay cd, quy dong nghiép cuing toan thé cac ban sinh vién than mén!
Thay mat Ban t6 chirc, toi nhiét li¢t chao mung sy hién dién cua quy vi tai Ho1 thao
Khoa hoc Cong ngh¢ 2026.

Hoi thao thuong nién cia chung ta tiép tuc thuc hién sit m¢nh tao dung mot khong gian
hoc thuat chuyén nghiép, noi cac giang vién va sinh vién ciing nhau trao d6i, cong bd
nhitng két qua nghién ctru méi nhat. Day khong chi 1a dién dan dé trinh bay 1y thuyét,
ma con 1 noi ching ta tim kiém nhiing giai phap Gmg dung thuc tién vao san xuat va
doi séng. Thong qua d6, mdi ca nhan c6 co hoi trau doi k§ nang nghién ctru, chuan hoa
céc cong trinh khoa hoc dé tiép can gan hon véi cac tiéu chuan ciia nhing tap chi chuyén
nganh uy tin. Ching ta dang dmg trudc nhing thach thirc 16n vé bién do6i khi hau va su
khan hiém ngudn tai nguyén toan cau. Trong bdi canh kinh té thé gidi dang c6 nhiing
budec chuyén minh manh mé hudng téi muc tiéu phat thai bang khong, nén cong nghiép
Viét Nam khong thé nam ngoai xu thé d6. Viéc 1am chu cong nghé dé giai quyét cac bai
toan thuc té tai dia phuong, dac biét 1a trong céc tinh huéng cép bach, da tr¢ thanh yéu
cau sdng con.

Tiép nbi thanh cong ciia nhitng nam trude, chii dé hoi thao nam 2026: “Cong nghé xanh
va san xuit bén virng” mang theo mot thong di€p manh mé hon vé trach nhiém va su
sang tao. Chung ta can tu duy va hanh dong thong minh dé tmg dung linh hoat cac thanh
tuu cua khoa hoc hién dai vao san xuat. Viéc phat trién cac hé théng co khi tiét kiém
nang lugng, sir dung vat liéu than thién va toi wu hoéa quy trinh san xuét s& giup nang
cao ning suat, giam gia thanh va tao ra nhitng san pham cé strc canh tranh cao trén thi
truong.

Chinh sy d6i méi ndy s& lam thay doi cin ban phwong thirc quan tri trong nganh co khi,
hudng téi mot nén san xuat thong minh va than thién véi moi truong hon. Téi tin tudng
rang, bang tinh than lam viéc nghiém tic va sang tao, chiing ta s& cuing nhau dong gop
tich cuc vao su nghiép gido duc va phat trién khoa hoc ctia nha truong.

Loi cudi, kinh chiic quy dai biéu, quy thay c6 ciing cic em sinh vién strc khoe va hanh
phuc. Chuc hoi thao cua chung ta thanh cong ruc rd.

Tran trong cdm on!

PGS TS. Pham Huy Hoang

Trudng Khoa Cong ngh¢ Co Khi
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Huynh Van Nam

TOI UU HOA TOPOLOGY BQ TAN NHIET POI LUU TU NHIEN CHO 2
CHIP PIEN TU BANG PHUONG PHAP SIMP

Huynh Vian Nam

Khoa cong nghé co khi, Truong Pai hoc Cong T{zwong Thanh phé Ho Chi Minh, 140 Lé Trong Tan,
Phuong Tay Thanh, TP. Ho Chi Minh 700000, Viét Nam

*Email cua tac gia lién hé: namhv@huit.edu.vn

Ngady nhdn bai: 24/04/2026; Ngay chap nhdn dang:03/05/2026, ngay xudt ban:08/05/2026
TOM TAT

Bai bao trinh bay t6i uru hoa topology dua trén truong mat dé nham thiét ké bo tan nhiét dbi luu ty
nhién cho hé hai ngudn nhiét dit song song. Bai toan dugc xdy dung dua trén phuong trinh dan nhiét 6n
dinh voi didu kién dbi luu ty nhién. Phuong phap ndi suy vt liéu SIMP dugc st dung d¢é mo hinh héa su
phan bd vat liéu trong mién thiét ké va thuat toan MMA duoc ap dung dé giai bai toan tbi uu c6 rang budce
thé tich. M6 phong s6 dugc thuc hién trén phan mém COMSOL Multiphysics, két qua tdi wu hoa topology
cho thay cau triic t5i wu hinh thanh mang dan nhiét dang cay dbi xtng, két ni truc tiép hai ngudn nhiét véi
céc bién dbi luu.

Tir khéa: Dbi luu ty nhién; Téi vu hoa topology; Phuong phap truong mat d6 MMA, SIMP.
1. GIOI THIEU

Trong cac thiét bi dién tu hién dai, cac chip xtr ly dong vai tro trung tdm trong viéc thuc hién cac
chtrc ning tinh toan va diéu khién, dong thoi ciing 13 ngudn phat nhiét chinh trong hé théng. Do hiéu suat
chuyén doi ning luong cia cac linh kién ban dan con han ché, mot phén dang ké nang lugng dau vao bi
chuyén hoéa thanh nhiét, dan dén su gia tang nhiét d0 cuc bg tai chip. Néu khong dugc tan nhiét hiéu qua,
nhiét do cao co thé gdy suy giam hiéu ning, giam tudi tho va tham chi dan dén hoéng hoc thiét bi. Vi vay,
thiét ké hé théng tan nhiét dong vai tro then chét trong viéc dam bao do tin cay va on dinh cua céc thiét b
dién ta [1].

Trong thuc té, cic giai phap tan nhiét truyén théng thudng sir dung dé din nhiét két hop véi cac
c4nh tan nhiét thang nham ting dién tich trao di nhiét véi moi trudng nhu hinh 1. Mic du cac ciu tric nay
¢6 uu diém vé tinh don gian, dé ché tao va chi phi thép, nhung hi¢u suét tan nhiét con bi gi6i han do phy
thudc nhiéu vao kinh nghiém va thyuc té san xuat[2].

Hinh 1 Bg tan nhiét cho céac chip dién tir hién tai

Trong nhiing nam gin day, toi vu hoa topology (Topology Optlmlzatlon TO) da nbi 1én nhu mot
cong cu thlet ké manh mé cho phép xac dinh phan b vat lidu t6i uu trong mot mién thiét ké xac dinh trudc,
dua truc tiép trén cac dinh luat vat 1y chi phdi. Phuong phap truong mét do (density-based method), ban
déu duoc phat trién cho bai toan co hoc két cAu boi Bendsee va Kikuchi[3], sau d6 dwgc mé rong cho cac
bai toan dan nhiét thuan tay va truyén nhiét lién hop. Phuong phap ndy cho phép ty dong hinh thanh cac
duong dan nhiét hiéu qua ma khong bi gisi han boi hinh hoc canh truyén thng [4].
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Xuét phat tir nhitng phan tich trén, bai bao nay dé xuit 4p dung tdi wu hoa topology dua trén trudng
mat do két hop véi thuat toan Method of Moving Asymptotes (MMA) dé thiét ké bo tan nhiét d6i luu tu
nhién cho hé hai chip. Mién thiét ké dugc xac dinh phia trén dé dan nhiét khong t6i wu hoa, trong khi hai
nguf”)n nhiét doc 1ap dugc mo hinh hoa béng thong lugng nhiét xac dinh[5].

Phuong phap va két qua cta nghién ctru nay co thé dugc mo rong cho cac module di¢n tir cong
suét, bd chuyén d6i nang luong, hé LED da chip va cac hé thong yéu cau lam mat thy dong c6 do tin cay

cao.

2. MO HINH NGHIEN CUU

Hinh 2 trinh bay mé hinh nghién ctru t&i wu bd tan nhiét 2 chip dugc sir dung trong nghién ctru nay.

Hinh 2 M6 hinh nghién ctru t&i uu bo tan nhiét 2 chip

Trong mo hinh, nguc‘A)n nhiét tir 2 chip dugc truyén vao khéi dé va di vao vung TO dé tan nhiét ra
moi truong khong khi xung quanh. D€ hiéu qua tan nhiét tot nhat thi b tan nhiét can duoc t6i wu hoa cau
tric.

Nghién ctru nay sir dung mé hinh mat cit ngang hai chidu dé mo ta qua trinh truyén nhiét trong bo
tan nhiét d6i luu ty nhién cho module hai chip. B¢ tan nhiét dugce gia thiét c6 chidu dai du 16n theo phuong
tryc vudng goc voi mat cit, do do truong nhiét dugc xem la gan nhu khong thay dbi theo phuong nay. Cach
tiép can nay cho phép giam dang ké thoi gian tinh toan so v6i mé hinh ba chiéu day du ma van giit duoc
ban chit vat 1y chinh cua bai toan.

Nhu minh hoa trong hinh 3, mién tinh to4n bao gdm 2 vung chinh: khéi dé khong t6i wu hoa Qi 14
mién trung gian c6 nhiém vu truyén nhiét tir cac chip téi ving TO, mién thiét ké TO Q danh cho t6i uu hoa
topology v&i bién ngoai tiép xtic véi méi truong khong khi. Hai chip dang tAm phing tiép xuc truc tiép voi
khdi dé. Cac chip dwoc gia thuyét tiép xtic nhiét hoan hao véi khdi dé, dam bao truyén nhiét hiéu qua tir
nguén nhiét vao b0 tan nhiét.

le
- 100 Y
rql TO Q rq2
g N V
Non TO Q,
X \‘ 7

N

Hinh 3 M6 hinh TO trong mién 2D



Huynh Van Nam

Trong nghién cltu nay, diéu kién bién d6i luu tu nhién dugc mé hinh hoa béng hé s6 d6i luu hidu
dung h khong d6i, hé sd dbi luu hiéu dung h dugc xem la gia tri trung binh, dai di€n cho kha nang trao
db6i nhiét tong thé cia moi truong khong khi. Do mé hinh tép trung vao téi vu héa duong dan din nhiét
trong vat rén, h chi yéu anh huong dén nhiét d6 tuyét ddi, trong khi hinh thai topology thay d6i khong dang
ké d6i v6i thay doi vira phai ciia hé sb @i luu ty nhién 4.

3. PHUONG TRINH NHIET

3.1 Phuong trinh truyén nhiét trong mién rin Q va Q,

Qua trinh truyén nhiét trén mién Q va Q, cta bd tan nhiét duogc gia thiét ¢ trang thai on dinh va
dugc mo ta boi phuong trinh dan nhiét trong mién ran [6]:

V-(k(y)VT) =0, trén Q vaQ, @))
Trong do:
T : nhiét 49, (K)
k(y) - hé s dan nhiét hiéu dung, (W/(mK)
Y : bién thiét ké truong mat d6 chua qua loc, 0< y<1
3.2 Phuwong trinh truyén nhiét ddi luwu tw nhién

Qua trinh trao d6i nhiét gilra b0 tan nhiét va moi truong khong khi xung quanh trén I'c dugc mo
hinh hoa thong qua diéu kién bién d6i luu ty nhién, ap dung trén cic bé mat ngoai ctia bd tan nhiét [6]:

-k(y)VT-n = h(T-Tx), trén I'. 2)
Trong do:
h - hé s6 truyén nhiét d6i luu hiéu dung, (W/m?K)
To : nhiét 6 moi truong xung quanh, (K)
n : vector phap tuyén hudng ra ngoai

3.3 Phwong trinh truyén nhiét tai viing tiép xic - 2 chip

Trong nghién ciru ndy, nhim tap trung d4nh gia anh hudng cua cdu trac hinh hoc dén kha ning tan
nhiét, ving tiép xuc gitra chip va dé duoc gia thiét 1a tiép xtic 1y tuong. Gia thiét nay cho phép bo qua dién
tro tiép xtc nhiét, von phy thudc vao nhiéu yéu td kho klem soat nhu d6 nham bé mit, ap lyc lap ghép va
vét lidu trung gian, dic biét trong giai doan nghién ctru s6 ban dau. Khi do, qud trinh truyén nhiét tai mat
phan cach dugc mo ta nhu mot bai toan dan nhiét lién tyc gitra hai moi truong ran.

Duéi gia thiét ny, trudng nhiét d6 va thong lugng nhiét dugce coi 14 lién tuc qua mat tiép xuc giita
chip va d¢, dan dén cac diéu kién bién li€n tuc duoc ap dung nhu sau:
Tenip=Taé
kchiva.n: kaNT.n

4. BAI TOAN TOI UU HOA TOPOLOGY DUA TREN TRUONG MAT PO

4.1 Phwong phap truwdng mat do

Trong phuong phép truong mat do, bién thiét ké truong mat do y duoc sir dung dé mé ta sy tn tai
cua vét li€u trong mién thiét ké Q [7]:

0<y<l (3)
Trong do:
y=1  :biéu thj ving dic

=0 : biéu thi ving réng
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Trong qué trinh tao TO, dé tranh ving xam (noi khong phén biét rd gitra dac va rong), bién thiét ké
truong mat (j(f) Y d}rc_yc, xu ly thong qua bg loc. P61 véi ky thuat loc, bd loc Helmholtz PDE dugc ap dung dé
thu dugc bién thiet ke hi¢u dung y,[8].

Yr — R*VPyr =y 4)
Ve - bién thiét ké truong méat do sau loc

Trong d6 R 1a ban kinh loc, dugc coi la kich thuge phan tir Iudi trong nghién ctru hi¢n tai. Sau qua
trinh loc, mot ving mat d¢ chuyén tiép dac-rong dugc tao ra. PE giam vung nay, cac bién thict ké da loc
dugc chiéu bang phép chicu ti€p tuyen hyperbolic Heaviside tron [9], thé hién biéu thirc sau:

__ tanh(B(ys-vp))+tanh(Byp)

"2 = ann(B(1-vg))+cann(rp) ©)
Trong do:
Yp - 12 bién thiét ké truong mat do sau chiéu
Vg : ngudng chiéu hay ngudng phén tach dac-rdng
B - d6 dbc phép chibu, p nho nhiéu ving xam, B 16n it ving xam

4.2 N¢i suy vit li¢u theo phwong phap SIMP

Phuong phap SIMP (Solid Isotropic Material with Penalization) dugc sir dung dé mo ta su phan bd
vat liéu trong mién thict ké thong qua bién mat do v, € [0,1]. Cac tinh chat vat liéu dugc ndi suy theo ham
phat, nham loai bo cac vung trung gian va thu duoc cau tric topology r6 rang [10].

k(¥p) = kair +¥p Ksotia — Kair) (6)
Trong do:
keoia  : hé sb dan nhiét cta vat liéu rin, (W/(mK)
Kar  :hé sd dan nhiét khong khi, (W/(mK)
P - hé sb phat
4.3 Ham muc tiéu va rang bujc

Ham muc tiéu 1a nhiét d¢ trung binh trén mién thiét k€ nham giam nhiét d6 tong thé ciia hé hai
nguon nhiét, ham muc ti€u dugce biéu dién nhu sau:

_ JoTOrp)a0

J =" &)
Trong do:
J : ham muyc tiéu, nhiét d¢ trung binh trén mién thiét ké (K)
Q : mién thiét ké
T : nhiét d§ (K)
Vp : Bién thiét ké sau qua trinh loc, chiéu

5. THIET LAP MO PHONG SO TREN COMSOL 6.3

Phuong trinh truyén nhiét trong mién rén dugc giai bang mo-dun Heat Transfer in Solids dwa trén
phuong trinh dan nhiét & trang thai 6n dinh. Diéu kién bién ddi lvu tu nhién duoc ap dung trén cac bé mat
canh trao ddi nhiét v6i méi truong khong khi xung quanh. Qua trinh t6i wu hoa topology dugc thuc hién
bang mo-dun Topology Optimization trén phan mém COMSOL Multiphysics véi khai bao nhu bang 1, sir
dung phuong phap SIMP két hop véi thuat toan Method of Moving Asymptotes (MMA) [11].

Bdng 1. Khai bdo COMSOL
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IN9i dung | COMSOL 6.3

|M6 hinh vét ly ||Heat Transfer in Solids + Topology Optimization
|Hinh hoc md phéng ||2D, cross-section

(Chiéu dai m6 phong |t =0,Im

INbi suy vat ligu

||k = kair + gamma’p *(ksolid - kair)

Bién thiét ké

||gamma = dtopol.theta

|Ngu6n nhiét

||Heat Transfer in Solids\Temperature 1 (K) in CHIP

[Diéu kién déi luu

||C0nvective Heat Flux on outer boundary

|He‘1m muc tiéu

||comp1.intop] (T)/compl.intopl (1)

|Réng budc thé tich

||Volume fraction f

[Thut toan t5i uu

[

|Kiéu bai todn

||Stationary + Topology Optimization

Trong qua trinh ti vu hoa, d6 dan nhiét cua hop kim nhom phéan b trong mién thiét ké 1a k = 175
W-m™-K™, dung lugng nhiét 1a Cp = 903J-kg™-K™* va mat d6 khoi lwong p = 2700 kg-m=3. Céc tinh chat
vat Iy dugc xem xét ciia khong khi lak = 0,026 W-m™-K™', Cp=1003 J-'kg-K*,vap=1,2 kg - m.

6. KET QUA VA THAO LUAN

beta(1)=5 Surface: Output material volume factor
T T T T

6.1 Céu triic topology tdi wu va phan bd vat lidu

0.07 1 1

0.06 -

Hinh 4 phén b bién thiét ké (material volume
factor) cho thiy vat liéu duoc tap trung thanh cac céu tric
lién tyc dang phan nhanh, két ndi truc tiép tir vung nguon 0041
nhiét (hai chip ¢ day) dén cic ving phia trén ciia mién thiét oo
ké. Céu trtic thu dugce co dang hinh hoc trong tu “cay” hodc
“san h6”, voi cac nhanh chinh dong vai tro nhu cac duong
dan nhiét hiéu qua tur ngué)n nhiét 1én phia trén. T cac
nhanh chinh, cic nhanh phu tiép tuc mé rong nhﬁrp tdng °r

0.05F

dién tich bé mat trao doi nhi¢t vi moi truong. Didu ndy oo 1 W o2
cho thdy qua trinh t6i wu dd ty dong hinh thanh cac duong ., | Woa
d?}n nhiét téi wu, dong thoi tao ra khong gian réng hop 1y Al ‘ , , . | B,
dé ho trg doi luu ty nhién. 0 002 004 006 008 m

Hinh 4 Truong mat d§ vat liu TO
6.2 Phan bo nhiét do va hi¢u suat tin nhiét

Phan b nhiét d6 nhu hinh 5 cho th'ély nhiét duogc truyén hiéu qua tir hai nguén nhiét & day 1én toan
bo cAu truc tan nhiét. Vung nhiét do cao tap trung chu yéu tai khu vuc lan can hai chip, sau d6 lan truyén
doc theo cac nhanh dﬁn nhiét chinh va duoc phan tan dan vé phia trén cua mién thiét ké. Cac cau triic phan
nhanh thu duoc tir tdi uu topology dong vai tro nhu cac “dudng dan nhiét wu tién”, gitip giam gradient nhiét
cuc bd. Didu nay thé hién rd qua viéc khong xuét hién cac diém nong cuc bd (hot spots) 15 rét trong mién
thiét k&, ma thay vao d6 1a sy phan bd nhiét twong d6i muot va lién tuc; khong khi nong c6 xu huéng chuyén
dong 1én phia trén va mang theo nhiét ra khoi hé. Cac ving phia trén c¢6 nhiét 46 cao hon so véi vung gitra
cho thdy vai tro ciia bé mat trao d6i nhiét, noi xay ra qué trinh truyén nhiét ddi luu véi méi truong xung
quanh.
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beta(1)=5 Surface: Temperature (K)

0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 011 m
Hinh 5 Truong nhiét 46 T

6.3 Pic tinh hdi tu ciia qua trinh tdi vu

Hinh 6, qua trinh hdi tu cia ham muc 355.5
355

tiéu cho thay gi4 trj nhiét do trung binh giam seaie
nhanh trong cic vong 1ap dau, t khoang 356 354

K xubng gan 351 K, phan anh hi¢u qua cua ~_ e
qua trinh tai phan bo vat li¢u trong giai doan 8 s,
dau cua téi wu hoa. Sau khoang 10 vong lip, 352
toc do cai thién giam dan va ham myc tieu .
tién toi trang thai on dinh tai khoang 350 K. 3505
Su hoi tu mugt va don diéu ctia dudng cong 30 s 10 15

chimng minh tinh 6n dinh va hiéu qua cua
thuét toan MMA trong viéc giai bai toan toi uu
hoéa topology cho h¢ tan nhiét hai chip.

Hinh 6 Quad trinh hoi tu ham muc tiéu J

6.4 Mo phéng kiém chiing

Nham kiém tra do tin cdy va muc d¢ chinh xac cta két qua ti uu, nghién ctru nay thyc hién 3
truong hop nhiét dau vao cua chip la T=350K, 355K va 360K. Két qua phan bd nhiét do trén b tan nhiét
dugc trinh bay nhu trong hinh 7

TO(1)=350 K Surface: Temperature (K) ¢ T0(2)=355 K Surface: Temperature (K) T0(3)=360 K Surface: Temperature (K)

0.07 0.07 0.07
0.065 350 0.065 355 0.065 360
0.06 0.06. 0.06
0.055
0.05
0.045
0.04
0.035

T=350K T=355K T=360K

Hinh 7 Phéan bd nhiét d6 trén bo tan nhiét

Két qua trinh bay cho thiy ring ham muc tiéu vé phan bd déu nhiét d6 da dat duoc trén toan mién
cua bg tan nhiét. DY chénh 1éch nhiét d¢ trung binh 16n nhat 1a 1°C.

7. KET LUAN

M6 hinh truyén nhiét dugc xdy dung trén co s& dan nhiét trang thai on dinh trong vat ran két hop
v6i didu kién bién doi luu ty nhién, két qua khao sat véi cac gia tri nhiét d6 tham chiéu khac nhau cho thay
céu tric tdi wru c6 tinh 6n dinh nhiét tét, trong d6 phan bd truong nhiét gitr nguyén vé hinh dang va chi thay
d6i tuyén tinh theo mirc nhiét tuyét di. Diéu nay chimg minh rang thiét ké thu dugc khong chi t6i vu tai
mot diéu kién cu thé ma con c6 kha nang lam vi¢c hiéu qua trong mot dai diéu kién van hanh rong.

-6-
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Tuy nhién, nghién ctru hién tai van con mot s6 han ché. M6 hinh @i luu tu nhién duge biéu dién
thong qua hé s6 trao d6i nhiét hiéu dung, chua xét dén déy du twong tac dong chay — nhiét. Bén canh do,
anh huong cua tiép xuc nhiét giira chip va dé ciing dugc gia thiét ly tuong. Trong cac nghién ctru tiép theo,
cdn mé rong mo hinh sang bai toan truyén nhiét lién hop day du, két hop mo phong dong chay va thuc
nghiém dé kiém chung két qua.

Téng thé, nghién ciru da chimg minh tiém ning 16n cua t6i wu hoa topology trong thiét ké bo tan
nhiét thy dong cho cac hé dién tir da ngudn. Phuong phap dé xut co thé duge md rong cho cac ng dung
thyc té nhu lam mat LED cong sudt cao, linh kién dién ttr va cac hé théng nhiét — luu chét phtce tap, gop
phan nang cao hiéu qua ning luong va do tin cdy cia thiét bi.
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ABSTRACT

TOPOLOGY OPTIMIZATION OF A NATURAL CONVECTION HEAT SINK FOR TWO
ELECTRONIC CHIPS USING THE SIMP METHOD

This paper presents a density-based topology optimization approach for the design of a natural
convection heat sink applied to a system with two parallel heat sources. The problem is formulated based
on the steady-state heat conduction equation with natural convection boundary conditions. The Solid
Isotropic Material with Penalization (SIMP) interpolation scheme is employed to model the material
distribution within the design domain, while the Method of Moving Asymptotes (MMA) is used to solve
the volume-constrained optimization problem. Numerical simulations are carried out using COMSOL
Multiphysics. The topology optimization results demonstrate that the optimal structure forms a symmetric
tree-like conductive network, directly connecting the two heat sources to the convective boundaries, thereby
enhancing the overall heat dissipation performance.
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TOM TAT

Trong nha méay nhiét dién, canh dong tuabin khi ting mot 14 chi tiét quan trong nhit. Vi chiing hoat
d6ng dudi nhiét d6 va ap suét rat cao. Do dé, canh nay thudng bi hu hong do méi va qué nhiét cuc bo. Viée
phat trién cac md hinh mé6 phong nham dy doan vi tri hu hong giup tiét kiém chi phi thuc nghiém va thoi
gian giai quyet van d&. Nghién ciru hién tai tap trung danh gia anh huéng ciia phan bo nhiét do 1én hu hong
trén canh bang md phong dong chay CFD va m6 phong structural. Cac két qua nhu dic trung dong chay,
truyén nhiét ciing nhu dy doan vi tri vét nut cing duoc dé xuit. Mau canh hién tai 1a dong canh F véi nhiét
d6 1am viéc trong khoang 1250K va ti s6 nén 1a 14. Két qua cho thay, phan bd nhiét do cao 1én téi 1050K
tap trung & cac khu vyc nhu rootslot, tip va khu vyc leading edge gan tip. Céac két qua cung chi ra sy gia
tang ung suét dat murc t6i han cua cac khu vuc nay. Phan tich tudi tho chi ra khu vuc bi nirt dau tién s& xuét
hién ¢ LE va dién tich 16n khu vuc mép root sé bi ntt.

Tir khoa: Gas turbine, CFD, cooling.
1. GIOI THIEU

Rét nhiéu nghién ctru di ddc nén mong cho bai toan truyén nhiét trong canh tuabin [1-3]. Mot sé nghién
clru trude day chi yéu sir dung cac md hinh don gian. Do d6 thudng khéng mé phong chinh xac dugc su
tuong tac ciia dong chay 1én truyén nhiét trén than canh [4]. Mot phém nho han ché ki thudt nghién ctru nay
do chinh la loai ludi va chat lwong ludi. Ludi tetra giup giam chét luong két qua trong khi d6 viée tao ludi
hexa thuong tén chi phi thoi gian va cong sirc [5- 6]. Nghién ctru hién tai tiép can loai ludi méi 1a lugi
Polyhexcore. Dic trung ludi nay linh hoat hon va chét lugng ludi cao hon, trong khi giam duoc chi phi tinh
toan xudng. Nghién ctru hién tai tiép can cho bai toan hinh hoc phtic tap, cac han ché vé ludi ciing di khic
phuc

2. VAT LIEU VA PHUONG PHAP

Trude tién mo hinh phan tich truyén nhiét phirc tap dugc tién hanh nhim thu duoc két qua vé truyén nhiét,
ap suat va déc trung dong chay bang ANSYS Fluent. Cac két qua sau d6 duoc xur Iy dé lam dau vao tinh
toan g suat va chuyen vi trén canh bang phin mém COMSOL. M5 hinh fatigue stress curve di duoc tmg
dung trong dy doan vi tri hu hong cta canh.

2.1. Vit li¢u
Mb hinh md phong go6m khéi khi vi vat liéu 1a khong khi nén duoc. Céc gia tri vat liéu khong khi thay doi
theo tinh chat khi ly tuong va theo nhiét do.

Vit liéu lam canh & day chinh IN738LC, la mdt loai vat liéu supperaloy Inconel chuyén sir dung cho canh
tuabin khi. Kha nang chiu nhiét 1én téi 1257K [7-8].
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Bang 1. Thong sb vat lidu canh va 16p pha

Parameters Value

Density (kg/m?3) 8110

Thermal conductivity (W/m-K

Inconel 738 Alloy ) 19.8
Specific heat (J/kg-K) 558.3

Density (kg/m?3) 5650

TBC Thermal conductivity (w/m-K) 1.05
Specific heat (J/kg-K) 483

2.2. Phuwong phap

M6 hinh dugc tinh toan béi hai phﬁn mém ANSYS Fluent va COMSOL. So dd sau thé hién cac budce trién
khai m6 hinh va phuong phap.

Conjugate heat transfer Mechanical Module
analysis (Fluent) (comsoL)
r-——========1c—-- i [ ————————
N Import Geometry H: < ANSYS Spaceclaim ) L, 1’3_"51516501“_"1 _________ 9: Generate Mesh

v

FEM Set-up

'~ — —Pre-Processing

Fix supportor
Displacementcondition Aof o 00N bemm—mmm e mm -

ANSYS Fluent
Meshing Numerics— Solver

selection
- = Solver

e

Run Case

Contours, Strain, Safety factor,
Von-Mises stress, Displacement,
Deformation, etc.

Analyze and Display

Numerics— Solver
i Result

selection

— = —Post-Processing

Appling stress, strain to Fatigue Analysis

Fatigue analysis
module

____________

Converged
Solution

Systematically check
Pre-Processing

Post-Processing— — -
I

——————————— 1 TransferPandT

result \
[T R |

Analyze and Display

1
I
|
|
<t
I
1
i
I
1

Setup models

Models Selection
Contours, Vectors, Streamlines, x-y plots, Analyze and Display
Residuals, etc Result
| ey

Structural Material
Properties

Crack initialization, fatigue life estimation caused
by vibration, thermal/pressure stress loading.

Hinh 1 So d6 phan tich danh gi4 tdng thé dong chay, nhiét d6 va tudi tho.

2.3. Co sé 1y thuyét
Céc phuong trinh dong luong, truyén chit va ning luong cho bai toan CFD.

ap 0
4 —(pu) =0

at ax,-

(0]

a a _ 0dp @ — (2)
7t (pwy) + a_x, (puipu;) = — ox, + a_x, (tij — puipu)) + Sy

a(E)+a( E+ )—a kaT +a ( ujpu)) + S )
3. KET QUA VA THAO LUAN

3.1. Phan b6 nhiét dd va dic trung dong chay
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Pressure side

B
.
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Suction side
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DT TEE < S

Cooling Effectiveness

1083 1225 1367 1508 1650
. [ S )

3D Streamline

Surface streamline

Hinh 2 Phan bd nhiét do, hiéu suit lam mat va duong dac trung dong
Hinh 2 cho thdy cac dong khi nay bao boc xung quanh canh. Cac dudng lam mét thoat ra tir cac 15 1am mat
gitp tao thanh dong khi nhd bao boc xung quanh canh. Cac duong lam mat nay c6 nhiét do roi vao tam
800K, ngan chan sy ti€p xuc truc tiép voi luong khi nong cua 16 dot. Tuy nhién ¢ nhitng vung khong duoc
bao boc & cac mang lam mat thi c6 thé quan sat dugc hién tuong qua nhiét cuc bd xdy ra & khu vuc chan

canh, tip, va khu vuc 3 va 4 nhu hinh.

Pressure side leg

horseshoe vortex

Pressure side tip

horseshoe vortex

Tip leakage vortex

= _harseshoe vortex

Suction side leg

horseshoe vortex

Suction side tip

Hinh 3 Cac vortex twong tac xung quanh canh

Hinh trén thé hién dic trung dong chay quanh canh. Cac dong chay nay gitip twong tac két hop véi nhau
tao thanh cac dong chay vo cing phirc tap. Khi cac dong chay ndy twong tac voi bé mat canh. N6 co thé
cudn theo cac dudng lam mat, hé qua 1a ting hodc giam hiéu suat 1am mat cyc bd. Trong trudng hop lam
giam hiéu sut cuc bd s& dan dén qua nhiét cuc bd dan dén hu héng canh. Do d6 anh hudng cua cac 16¢
xody trén hi¢u xudt 1am mat canh 1a v6 cting 16n.

3.2. Du doan vi tri hu héng
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0 50 100 150 200 250 300 350 400 450 500
Von Miss Svess [N 0 SO 1 wpel
150 215 280 345 410 475 540 605 670 735 BOD
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Fatigue Cycle Pressure-side platform cracking
(a) Platform region

Equivalent Stress Fatigue Cycle Crack of brazed tip plates

(b) Tip region
b !
o
Equivalent Stress Fatigue Cycle Trailing-edge rect-slot cracking

() Trailing-edge root region

Equivalent Stress Fatigue Cycle Crack at Leading edge

(d) Leading edge region
Hinh 4 Phan b tmg sut, du doan hu hong va mau mé hinh thyc té.

Két qua phan tich (g sudt va moi cho thay, vi tri xuat hién vét nirt hu hong tap trung & khu vuc mép
chén canh, tip, rootslot va khu vuc LE gﬁn tip. Pay la cac khu vuc c6 diu hiéu phéan b stress cao va chiu
tac dong cia nhiét I6n. Thong qua quan sat dac trung dong chay trén Hinh 2, ta ciing quat sat duogc cac khu
vue nay thudng bi thidu cac mang 1am mét bao vé. Do d6 déy 13 yéu té chinh anh hudng t6i tudi tho canh.
Vi tri hu hong d4u tién xuét hién & khu vue mép canh, sau do6 1a rootslot. Cac khu vuyc tip co dAu hiéu bi
nUt rai rac doc theo duong tip.

4. KET LUAN
Nghién ctru danh gia dy doan vi tri tiém an hu hong da dugc tién hanh, mot s6 két luén c6 thé duoc rut ra:

e Tinh trang qua nhiét xay ra tai cac khu vuc thiéu 1am mat, din dén tmg suét tuong duong ting cao
duéi tac dong chu ky cua nhiét do va ap suét.

e Vi tri xuat hién vét nit: Cac vét nirt tap trung tai nhimg diém trong yéu nhu: dinh mép trudc (leading
tip), dinh mép sau (trailing tip), khu vuc gitra dinh (middle tip), ranh chan cainh mép sau (TE root-slot)
va mép nén (platform edge).

e Sy twong quan thuc té&: Céc vi tri nirt dwoc md phong du doan hoan toan tring khop véi cac mau nirt
quan sat dugc trong thuc té cong nghiép.

e Phan tich méi thip chu ky (LCF): Vét niit xudt hién tai mép nén (platform) sau 300 chu ky van hanh
do thiéu cac bién phap lam mat thich hop. Vét nit tai khu vuc gitra dinh (MT) xuét hién sau 450 chu
ky do lam mat khong du.

-11-
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ABSTRACT

In the power plant, the first-stage gas turbine blade is the most critical component, as it operates
under conditions of extremely high temperature and pressure. Consequently, these blades are frequently
prone to failure due to fatigue and localized overheating. The development of simulation models to predict
failure locations helps reduce experimental costs and problem-solving time. Current research focuses on
evaluating the impact of temperature distribution on blade damage using Computational Fluid Dynamics
(CFD) and structural simulations. Results regarding flow characteristics, heat transfer, and predicted crack
locations are also proposed. The current specimen is an F-class turbine blade with an operating temperature
of approximately 1250K and a compression ratio of 14. The findings reveal that high-temperature
distributions (up to 1050K) are concentrated in areas such as the root slot, tip, and the leading edge (LE)
near the tip. Furthermore, the results indicate that stresses in these regions reach critical levels. Life cycle
analysis suggests that the initial cracking will appear at the leading edge, while a significant area of the root
edge will also experience cracking.

Keywords: Gas turbine, CFD, cooling.

-12-



Pinh Lé Cao Ky, Lé Thé Truyén

ANH HUONG CUA NHIET PO GIA NHIET TRUOC DPEN LIEN KET
TRONG HAN SIEU AM HQP KIM NHOM AA6061

Pinh Lé Cao Ky, Lé Thé Truyén®
Khoa cong nghé co khi, Trwong Dai hoc Cong Thuong Thanh phé Ho Chi Minh, 140 Lé Trong Tdn,
Phuong Tay Thanh, TP. H6 Chi Minh 700000, Viét Nam

*Email cua tac gia lién hé: truyenlt@huit.edu.vn

Ngay nhdn bai: 24/04/2026; Ngay chap nhdn dang:03/05/2026, ngdy xudt ban:08/05/2026

TOM TAT

Han siéu am dugc tng dung rdng rii trong lap rap cac thanh phan nhém cho két cAu nhe va hé thng
pin lithium-ion; tuy nhién, viéc dam bao sy hinh thanh lién két bé mat ddng nhat van con nhiéu thach thirc.
Nghién ctru ndy khao sat qua trinh han siéu 4m c6 hd trg gia nhiét truée ddi voi hgp kim nhém AA6061
nhiam lam sang to cac co ché nhiét — co chi phdi sy hinh thanh mdi ndi. M6 hinh phén tir hiru han ba chiéu
lién hop, két hop véi thye nghiém keo, duge sir dung dé danh gid anh huong cua nhiét d6 gia nhiét trude
dén su thay d6i nhiét do, bién dang déo va dic tinh co hoc ctia mi han.

Két qua md phong cho thdy viéc ting nhiét do gia nhiét trudc gitip cai thién tinh dong nhit cia truong nhiét
va mé rong vung bién dang déo tai bé mit tiép xuc, qua d6 1am tang dién tich lién két. Két qua thuc nghiém
cho thiy d6 bén kéo tang khi nhiét d gia nhiét ting tir 25 °C 1én 125 °C, phu hop v&i su gia ting bién dang
bé mit va giam thiéu cac ving khong lién két. Tuy nhién, tai 150 °C, sy héa mém qua mirc dan dén thu hep
ving bién dang déo va lam suy giam do bén mbi ndi. Nhiét d6 gia nhiét trudc 125 °C duge xac dinh 1a diéu
kién téi wu, mang lai dac tinh co hoc cao nhat.

Két qua nghién ctru khing dinh vai tro then chdt ctia gia nhiét trudc trong viée nghién ctru twong tac nhiét
— co va kiém soét su phat trién dién tich lién két trong han siéu am. Céch tiép can tich hop giita mé phong
va thuc nghiém cung cip co s¢ dinh lwong déng tin cay cho viée tdi uu hoa quy trinh han dbi véi cac hop
kim nhom.

Tir khéa: Han siéu am, hop kim nhom AA6061, gia nhiét trudce, ph?m tir hitu han
1. GIOI THIEU

Nhing quan ngai gia ting lién quan dén bién doi khi hau va tinh bén viing ning lugng da thuc day
manh mé& sy phat trién cua xe dién chay pin (battery electric vehicles — BEVs). Cac phuong tién nay sir
dung pin lithium-ion nhd mat d§ nang lugng cao cung cac dac tinh dién hoa vuot trdi [1, 2]. Trong cAu tric
hé thong pin 6 t6, nhiéu té bao pin (cells) dugc tich hop theo kién tric phan cip cum—mo-dun—té bao (pack—
module—cell). Cac vit liéu dan dién nhu déng va nhom thuong duoc st dung lam dau cuc (tabs) va thanh
dan (bus bars) do s& hiru do dan dién cao va tinh déo tdt [3, 4]. DO tin cdy cua cac lién két dién nay dong
vai tro then chét, béi chi mot sai hong cuc b tai mbi nbi cling c6 thé 1am suy giam hiéu sudt van hanh cling
nhu mirc d6 an toan cua toan bo hé théng pin.

Céc phuong phéap han nong chay truyén thong, dién hinh nhu han hd quang khi bao vé kim loai (MIG)
va han hd quang khi (TIG), di timg duoc 4p dung cho cac chi tiét nhom. Tuy nhién, viéc xuét hién cac
khuyét tat ddc trung nhu nit két tinh, rd khi, cing voi nhiét dau vao 16n da han ché dang ké kha ning tng
dung ctia cac ky thuat nay. Trong bbi canh d6, han siéu am (Ultrasonic Welding — USW) ndi 1én nhu mot
phuong phép lién két trang thai ran, sir dung dao dong co hoc tin sb cao dudi tac dung cua ap luc kep.
Phuong phép nay cho phép hinh thanh lién két ma khong can 1am néng chay vt liéu nén, qua d6 giam thiéu
céc khuyét tat lién quan dén qué trinh néng chay [5, 6].

Mic du c6 tiém nang tng dung rong rdi, qua trinh han siéu &m (USW) dac trung boi sy tuong tac nhiét
— co phuc tap, gdy kho khan dang ké cho viéc quan sat va mo ta chi tiét thong qua thyc nghiém thudn tay.
Trong bdi canh d6, phuong phap m6 hinh hoa phén tir hitu han (finite element method — FEM) da tr¢ thanh
mot cong cu quan trong nham 1am rd mbi quan h¢ gitra thong s0 cong ngh¢ va sy hinh thanh cau trac moi
nbi. Cu thé, FEM cho phép dy doan sy thay doi nhiét do tai bé mit tiép xtic, phan bd tng suét ciing nhu
bién dang déo trong qua trinh lién két.
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Céc nghién ctru trude ddy da ap dung phuong phap phan tir hitu han dé phén tich qué trinh han siéu
am trén nhiéu hé vat liéu khac nhau. Elangovan va cong sy [7, 8] da xay dung cac mo hinh hai chiéu cho
mdi nbi kim loai khac nhau 1a nhom—déng, qua do6 du doan phan bé nhiét do va tmg suit, dong thoi danh
gid anh huong cua ap lyc kep va chleu day vat liéu dén chét luong mbi han. Mo va cong sy [9] da phat trlen
md hinh ba chiéu sir dung phan mém ABAQUS nhim nghién ctru thép khong gi, trong d6 md ta chi tiét sy
hinh thanh va phan bd Gng suét du. Bén canh d6, Chen va cong su [10] da chi ra rang sy két hop cua tai
trong cit va nén tudn hoan dong vai tro thuc diy dong chay déo tai bé mit tiép xuc, gop phan hinh thanh
co ché lién két co hoc trong hé vat liéu Cu—Al. Ngoai ra, cac nghién ctru md phong nhiét — co khac ciing
nhin manh vai trd then chdt cia nhiét 3 bé mat va mirc do bién dang déo trong viéc chi phéi dd bén mdi
ndi d6i vé6i cac hé vat liéu nhu d@)ng, nhom va d(k)ngfthiéc [11-14]. Tuy nhién, cac nghién ctru nhiét—co vé
lién két gifra nhiét do gia nhiét trudc vai dac tinh bién dang bé mat va do bén mdi ndi trong han siéu am
cung loai AA6061 van con han ché.

Trong nghién ctru ndy, anh hudng cua gia nhiét trude dén kha niang han siéu 4m ciia cac tim nhom
AA6061 duge khao sat thong qua m6 hinh phan tir hitu han nhiét—co ba chiéu, két hop v6i thi nghiém keo
va phan tich vi cdu trac. Phan tich sé tap trung vao su thay dbi ctia nhiét do, phan bd tng suét va bién dang
déo tuong duong dudi cac didu kién gia nhiét truée khac nhau. Song song d6, phan thyc nghiém dugc thyuc
hién nham déanh gi4 cac dic tinh co hoc twong tmg ctia mdi han. Cach tiép can tich hop nay giup 1am rd vai
trd ctia gia nhiét trudc trong viée thiic ddy sy hinh thanh ving lién két va nang cao d6 bén mdi ndi trong
cac hop kim nhém.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu

Nghién ctru sir dung phéi tim hop kim nhém AA6061-T6 dugc ché tao bang phuong phap can. Nhiét
do duong dac va duong long cia hop kim nay lan lugt 1 582 °C va 652 °C [5]. Thanh phan hoa hoc chi
tiét cia hop kim dugc trinh bay trong Béang 1.

Bdng 1. Thanh phan héa hoc ciia hop kim nhém (AA6061)
Chemical composition Al Mg F Cr Si Cu | Mn | Zn

% Bal | 2.8 04 | 035] 025 | 0.1 0.1 0.1
Céc tAm hop kim c6 chiéu day 0,3 mm duoc ct thanh cac tAm vdi kich thudc 90 mm x 26 mm. Trude khi
han, bé mit mau dugc lam sach béng acetone nham loai bo tap chét va ddu md. Qua trinh han siéu 4m
duoc thue hién theo cAu hinh méi han chéng, trong d6 mot mdi han diém duoc tao tai vi tri trung tam cua
vung chéng 14n ¢6 chiéu rong 26 mm.

2.2. Thuc nghiém

Thiét bi han siéu am kim loai do hiang UTHE (Nhat Ban) san Xuét, sur dung hé théng truyén dong
ngang, dugc sur dung trong nghién ctru nay. H¢ thong han c6 cong suat dau ra cuc dai 4,0 kW tai tan sb hoat
dong ¢b dinh 34 kHz, véi bién d¢ dao dong siéu am co thé diéu chinh trong khoang 60-100%. Ché d¢ diéu
khién theo thot gian dugc ap dung, trong d6 nang luong han va céng suat diu vao cua hé théng duoc didu
chmh gian tlep thong qua thoi gian han. Cong suét yéu cau trong qua trinh han phy thu¢c vao kich thude
mau, tinh chit vat liéu va hiéu sudt truyén ning luong t&i ving lién két.

2.3. M6 phéng

Qua trinh han si€u am dat dugc su lién két vat liéu thong qua viéc ap dung ning luong dao dong tin
sO cao tai bé mat tlep xuc. Trong qua trinh nay, ap luc kep dugce tac dung vudng goc véi bé mit phdi, tao
ra tai trong nén, ddng thoi dao dong theo chu ky dwoc 4p dung theo phuong tiép tuyén. Su két hop cua cac
chuyén dong nay giy ra hién tuong sinh nhiét ma sat va lam gia ting nhiét do tai mat tiép xtc. Do do6, han
siéu am dugc xem la mdt qua trinh nhiét — co Kkét hop.

Quy trinh han si€u am bao gém bbn giai doan chinh, lam co so cho viéc xdy dung mo hinh phén tor
hiru han:

— Giai doan kep: Ap suét kep dugc tac dong 1én phoi thong qua chuyén dong ctia diu han. Thoi gian
kep duogc xac dinh tir khi dau han bat dau tiép xtc v6i tAm trén dén khi ap suét dat gia tri cuc dai. Giai doan
nay c6 thé dugc xem 1 tinh do cac hiéu ing dong hoc khong dang ké.
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— Giai doan han: Bugc dac trung boi chuyén dong dao dong theo chu ky cua d4u han va s tiép xuc
ma sat tuong ung gitta dau han va phoi, cling nhu giita phoi va de han. Bién dang ctia phoi chu yéu xay ra
trong giai doan nay va tap trung theo chiéu day. Phan tich ddng hoc duoc st dung d€ mo ta giai doan nay.
— Giai doan gitr va nha kep: M0 ta qua trinh sau khi két thiic han. Céc giai doan nay ciing dugc xem
1a tinh do khong con sy tdc dong cia chuyén dong dao dong tur dau han.

Hinh 1 M6 hinh phan ti hitu han

Nhur thé hién trong Hinh 1, mot mé hinh phén tich phan tir hiru han ba chiéu da dugc sir dung dé mo
phong qua trinh han siéu 4m. M6 hinh bao gom diy du cac thanh phin: dau han, cac tim han, de han va
tam gia nhiét trudc qua trinh han siéu am dugc mo phong thong qua hai giai doan ké tiép: giai doan kep va
giai doan han. Trong d0, tim gia nhiét trudc dong vai tro thiét 1ap diéu kién bién nhiét do ban dau. M6 hinh
du bao nhiét d6 phan tich sy bién thién ctia nhiét d. Qua trinh sinh nhiét ma sat phat sinh tir cac bién dang
cit cuc b tai cac bé mat tiép xUc truot, gdy anh huong dang ké dén su phan bd nhiét do trong vung han.

Nghién ctru nay st dung bo giai Abaqus/Explicit nho hiéu suét cao trong viéc xtr Iy cac bai toan mo
phong dong hoc, bao gdm bién dang 16n va tlep xtc ma sat cuc bd. Mo hinh phén tir hiru han duge thiét lap
nhim mé phong qua trinh han siéu &m, bao gom bbn thanh phan chinh: dau han, cac tim kim loai han, tim
gia nhiét trudc va de. M6 hinh gom hai loai vt liéu: hgp kim nhom AA6061 (vat liéu han) va thép cong cu
(vat liéu ché tao dau han, tAim gia nhiét trudc va de han). Cac tinh chét vat 1y, co hoc va nhiét cua vat liéu
dugc tich hop dy dit vao mé hinh, bao gdm: nhiét d6 nong chay, mo-dun dan hdi Young, gisi han chay,
hé s6 Poisson va do dan nhiét [15].

3. KET QUA VA THAO LUAN

3.1. Phan b6 nhiét do

Hinh 2 trinh bay c4c biéu d6 phan bd nhiét do tai cac thoi diém t=0,01 s, t=0,03 s va t= 0,05 s, minh
hoa qua trinh sinh nhiét va sy lan truyén nhiét bén trong phdi han trong subt qua trinh hinh thanh méi ni.
Céac gia tri nhiét do duoc biéu dién theo thang mau trén hinh; trong d6, cac gam mau lanh tuong g voi
ving ¢ nhiét d6 thap, trong khi cic gam mau néng biéu thi cac ving c¢6 nhiét d6 cao hon.

NT11
+5.082e+02
+4.680e+02
+4.277e+02
+3.874e+02
+3.472e+02
+3.069e+02
+2.666e+02
+2.264e+02
+1.861e+02
+1.458e+02
+1.055e+02
+6.527e+01
+2.500e+01

a) t=0.01s b)t=0.03 s ¢c) t=0.05s

Hinh 2 Phan bd nhiét do tai bé mit tiép xtic mdi han trong qua trinh han siéu am tai cac thoi diém
0,015s,0,03sva0,05s
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Hinh 3 trinh bay su bién thién nhiét d6 do duoc tai tim cua tim dudi trong qua trinh han dudi bdn didu kién
gia nhiét trudc khac nhau: 25 °C, 75 °C, 100 °C va 150 °C. Cac duong dac tinh nhiét d6 cho thay anh hudng
r0 rét cuia nhiét do gia nhiét trudc dén dap Ung nhiét cua vat liéu trong qua trinh han.

Tai 25 °C, nhiét d6 ting dan theo thoi gian, phan anh mac nang luong dau vao ban dau tuong dbi th’?ip va
toc dg truyen nhiét vao vung 161 con han ché. Nhiét do tai mét di€ém ghi nhan khoang 444 °C, sau d6 duong
cong c6 xu hudng dat trang thai gan bao hoa, cho thay su can bang twong doi gilta qua trinh sinh nhiét va
tan nhiét.

Tai 75 °C va 100 °C, cac dudng dic tinh dich chuyén 1én phia trén, thé hién sy gia ting toc d6 tich liy nhiét
va nhiét d6 cuc dai dat khoang 502533 °C. Két qua nay cho thiy viéc nang cao nhiét d6 ban diu gop phan
cai thién kha nang truyén nhiét va lam giam chénh léch nhiét d gitra bé mat va ving 151, tir d6 thuc day
qué trinh gia nhiét ddong déu hon theo chiéu day vat lidu.

Tai 150 °C, anh huodng 10 rét nhét duoc quan sat, voi tdc do gia tang nhiét d§ nhanh ngay tur giai doan dau
va nhiét do cuc dai dat khoang 558 °C. biéu nay cho théiy kha nang duy tri nhiét dugc cai thién dang ké,
ddng thoi giam thiéu tén thit nhiét ra moi truong xung quanh nho giam chénh 1éch nhiét do gitra phoi va
bé mat khuén.

Ngoai ra, nhi¢t 4§ gia nhiét trudc cao con gop phan lam giam tmg suit chay cuia vat liéu, tao diéu kién thudn
loi cho bién dang déo va nang cao hidu qua chuyén hoa ning lwong co hoc thanh nhiét ning trong qué trinh
han.

700 I T T T T
. 100 MPa - 20 kHz - 9 um
0| |25 g ¢
1|——75°C )
1| ——100°C
500 - -
O
Q- i
S 300 i
@
= i PAu han
200 4 -
: Tam trén
i Tam dubi
100 4 _ 1
Tam gia nhiét trudc
04 ! T v T Y T Y T 7 T
0 0.01 0.02 0.03 0.04 0.05

Thdi gian (s)

Hinh 3 Sy bién thién nhiét d6 tai tim cta tAim dudi & cac diéu kién gia nhiét trude khac nhau
Hinh 4 minh hoa sy phan bd nhiét d6 doc theo bé mat tiép xtic mdi han, st dung cung thong s6 han nhu ap
luc kep, tan s dao dong va bién dg voi bdn mirc nhiét d6 gia nhiét trude khac nhau: 25 °C, 75 °C, 100 °C
va 150°C.

Céc dudng dic tinh déu c6 dang phan bd hinh chudng, vi dinh nhiét do tap trung tai vi tri khoang 12-13
mm, tuong ng voi tim moi han. Nhiét d6 giam dan mot cach ddi ximg vé hai phia va tién toi gia tri nén
on dinh tai cac vi tri cach xa vung han. Chiéu rong mbi han duge xéac dinh 1a khoang ma tai d6 nhiét d¢
vuot qua mot ngudng téi han nhét dinh, ch?mg han nhu nhiét d6 hda mém hodc 50% gia tri nhiét d6 cuc
dai.
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Quan sat cho théy tai 25 °C, viing anh hudng nhiét 1a hep nhét. Ving nhiét d6 cao (trén khoang 400°C) ¢
pham vi lan rong theo phuong ngang nho, phan anh sy han ché trong qua trinh khuéch tan nhiét do nhiét
d6 ban dau thap. Khi nhiét d6 gia nhiét trude ting 1én 75 °C va 100 °C, chiéu rong mdi han ting 1én dang
ké, thé hién qua sy m¢ rong cua vung nhiét do cao. biéu nay cho théy qua trinh hoa mém vét liéu dién ra
nhanh hon, ddng thoi sy phin bd ning luong trong ving han duge cai thién dudi diéu kién c6 gia nhiét

trudc.
700 T T T I I
. ; 050 | 100 MPa - 20 kHz - 25 um
) 75°C RAZ 1
1| ——100°C / i
500 150 °C /1A T
— 400 = / -
o
Q- ]
ko]
@
L
pd
0 T T T T T T ¥ ) ’ I
0 5 10 15 20 25

Distance (mm)
Hinh 4. Anh hudng cua nhiét d6 gia nhiét trude dén do rong vung han

Trudng hop 150 °C cho thiy chiéu rong mbi han 16n nhit, dic trung boi nhiét d6 nén ting cao (khoang
110-130°C) va sy mo rong cua cac vung bién nhiét do, Kkét hop tao nén mot viung anh hudng nhiét 16n hon.
Nhin chung, nhiét 0 ban d4u cao hon dan dén su gia tang chiéu rong mébi han, do gia nhiét trude thic dé‘iy
qua trinh khuéch tan nhiét va lam giam nang lugng can thiét dé vat liéu dat dén trang thai hoa mém.

Céc két qua mo phong cho thay su phu thudc dang ké cua truong nhiét d6 vao diéu kién gia nhiét so bo.
Viéc nang cao nhiét d gia nhiét khong chi lam tang toe do gia nhiét tai tAm dudi ma con mé rong ving
anh hudng nhiét ctia cac tim han. Nhimg két qua nay chi ra ring gia nhiét trudc trong han siéu 4m c6 vai
trd quan trong trong viée giam chénh léch nhiét do giira cac 16p vt lidu, dong thdi gop phan hinh thanh
vung han c6 kich thudc 16n hon.

3.2. Thuc nghiém
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Hinh 5 Biéu d6 thir kéo

Hinh 5 thé hién mdi twong quan rd rang giita d6 bén mbi han va nhiét d gia nhiét trude ciia cac miu trong
thi nghiém kéo. Khi nhiét d6 gia nhiét trudc tang tir nhi¢t d0 moi trudng dén 125 °C, kha nang chiu kéo
tang déu, phan anh sy cai thién lién tuc vé d6 bén lién két. Mau han & nhiét d6 moi truong c6 do bén thép
nhét, trong khi cac miu tai 50 °C, 75 °C, 100 °C va 125 °C cho thiy xu hudng ting dan, cho thiy sy gia
tang bién dang déo va kha ning tuong tac bé mat hiéu qua hon trong qué trinh han siéu am.

Két qua nay cho thay viéc nang nhiét d6 gia nhiét trudc gitp cac bé mat han dat trang thai nhiét gan twong
ddng, qua d6 thiic day su phat trién cta ving khuéch tan vat liéu va ting cudng do bén lién két. Tuy nhién,
khi nhiét d6 gia nhiét trudc dat 150 °C, d6 bén mdi han suy giam dang ké. Didu nay cho thiy hién tuong
nung néng qua muirc ¢6 thé gy mém hoéa vat lidu, lam giam hiéu qua truyén ning lwong ma sat, dong thoi
dan dén mét 6n dinh hodc lam mong cuc b tai vung lién két.

Nhin chung, két qua nhan manh vai tro quan trong cta viéc kiém soat nhié¢t do gia nhiét trude: do bén moi
han dugc cai thién dén mot ngudng nhiét do toi wu, nhung s€ suy giam néu vuot qua gidi han nay.

4. KET LUAN

Nghién ctru nay da khao sat mot cach hé thdng anh hudng cua viée gia nhiét trude dén chat luong lién
két trong han siéu 4m cac tim hop kim nhém AA6061, thong qua su ket hop giita mé hinh phén tir hiru han
nhiét—co ba chiu va thyc nghiém kéo. Cac két qua chinh dwoc tom tit nhu sau:

Sy sinh nhiét cuc bd: Cac mé hinh cho thay nhiét lwong sinh ra nhanh chéng va tap trung tai bé mat
tiép xtlc, trong do gia nhiét trudc lam thay doi dang ké sy phan bo nhiét d§ va su thay doi nhiét tai ving
lién keét.

Cai thién dién tich lién két: Viéc ting nhiét do gia nhiét trudc gitip cai thién do dong nhét cia trudng
nhiét va mé rong vung bién dang déo tai bé mat tiép xuc, tir d6 gia tang dién tich lién ket thyc te.

Tuong quan thyc nghiém: Két qua thuc nghiém chi ra ring do bén kéo ting dan khi nhiét d6 nung

nong so bo tang tir 25 °C dén 125 °C, tuong ung véi sy gia ting bién dang bé mit va giam thiéu cac ving
khong lién két.
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Ngudng nhiét d t6i wu: Tai muc 150 °C, sy tap trung nhiét cyc b lam thu hep ving bién dang déo,

dan dén suy giam d6 bén moi nbi. Picu nay khang dinh sy ton tai ctia mot khoang nhiét d6 nung néng so
b0 t6i uru.

Viée kiém soat nung gia nhiét truée dugc chimg minh 13 yéu t6 then chdt dé kiém soat cac thay doi

nhiét—co tai bé mat tiép xuc va ning cao hiéu qua lién két cho lién két hop kim nhom. Céch tiép can tich
hop gilra md phong va thuc nghiém cung cap co s¢ dinh lugng cho viée t6i wu hoa quy trinh va lam sang
to cac co ché lién quan. Cac nghién ctru tiép theo can tap trung danh gia sy hinh thanh va phat trién cu
tric té vi va dac tinh moi theo thoi gian cia mdi han dudi diéu kién gia nhiét trudce.
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ABSTRACT

Ultrasonic welding has been widely applied in assembling aluminum components for lightweight
structures and lithium-ion battery systems; however, ensuring uniform interfacial bonding remains a
significant challenge. This study investigates ultrasonic welding with preheating assistance applied to
AA6061 aluminum alloy in order to elucidate the thermo-mechanical mechanisms governing joint
formation. A three-dimensional coupled finite element model, combined with lap shear experiments, is
employed to evaluate the influence of preheating temperature on temperature evolution, stress distribution,
plastic deformation, and the mechanical properties of the weld.

Simulation results indicate that increasing the preheating temperature improves the uniformity of the
thermal field and expands the effective plastic deformation zone at the contact interface, thereby enhancing
the bonded area. Experimental results show that lap shear strength increases as the preheating temperature
rises from 25 °C to 125 °C, consistent with increased surface deformation and reduced unbonded regions.
However, at 150 °C, excessive softening leads to a reduction in the effective plastic deformation zone,
resulting in a decline in joint strength. A preheating temperature of 125 °C is identified as the optimal
condition, providing the highest mechanical performance.

The findings confirm the critical role of preheating in regulating thermo-mechanical interactions and
controlling the development of bonded area in ultrasonic welding. The integrated approach combining
simulation and experimentation provides a reliable quantitative basis for optimizing welding processes for
precipitation-hardened aluminum alloys.

Keywords: Ultrasonic welding, AA 6061 alloy, preheat-assisted, finite element analysis.
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TOM TAT

Qué trinh han hd quang vonfram khi (Gas Tungsten Arc Welding — GTAW), con dugc goi 14 han khi
tro vonfram (Tungsten Inert Gas —TIG), st dung dién cuc vonfram khong ti€u hao dé tao ra mbi han. Khi
bao vé (thuong la khi tro nhu argon hodc heli), bao vé khu vue han khoi bi 6 nhiém khi quyén va qué trinh
nay thuong sir dung kim loai phu, méc du mot so mdi han, dugc goi 1a mdi han ty sinh khong yéu céu kim
loai phu. Céc théng sb chinh ctia qua trinh han gom dong dién han I (A), dién ap han U (V) va toc do han
v (mm/s) dwoc lya chon dua trén yéu cau thue té khi tdi wu d6 sau ngau, chiéu cao mdi han, chiéu rong moi
han va chiéu rong ving anh huong nhiét (Heat Affected Zone — HAZ). Qua nghién ciru thyc nghlem va
quy hoach thuc nghiém da co két qua vé cac thong s6 chi tiéu dau ra nhu sau: do sau ngau dat gia tri lon
nhit Y imax = 2.3801 mm; chiéu cao mdi han dat gia tri 16n nhat Yamia = 1.2710 mm; chiéu rong mdi han dat
gid tri 16n nhit Ysmin = 6.0192 mm va chidu rong ving anh huong nhiét (HAZ) dat gia tri nho nhat Y amin =
0.6250 mm.

_ Tir cac két qua & trén, xac dinh dugc bo thong s t6i wu cho qué trinh han lién két gidp moi SUS304
bang cong nghé han GTAW nhu sau: dong dién han I = 108.42 A; dién ap han U = 14.977 V va toc d6 han
v =3.1704 mm/s.

Tiwr khoa: Toi vu hoa, GTAW, d0 sau ngau, chiéu cao moi han, chiéu rong moi han, chi€u rong vung anh
hudng nhiét.

1 GIOI THIEU

Han hd quang vonfram khi (GTAW) 1a mét qua trinh két ndi bang cach nung chay cuc bo hai vat liéu
v6i nang lugng can thiét duge cung cap tir ‘plasma hd quang dién. Qué trinh han nay tao ra chat lugng méi
han tuyét voi, dic biét dbi voi cac cum ldp rap quan trong nhu cum lp rép can thiét trong nganh hang
khong vil tru, hat nhan, hoa dau. Trong ba thap ky qua, mét luong 16n cong trinh di dugc cong bd nham
muc dich hiéu cac hién tuong co ban xay ra trong qua trinh han hd quang [1-6]. Gan ddy, mot sé mo phong
han da dugc thuc hién béng cach xem xét tat ca cac hién tuong vat 1y lién quan dén bé han [6, 7]. Tét ca
c4c mo hinh nay déu yéu cau chi dinh dau vao nhiét rong tr plasma hd quang dén bé mat chi tiét han.
Rosenthal [8] da dé xuat mot mo hinh toan hoc vé ngudn nhiét chuyén dong theo cac gia dinh vé trang thai
gan nhu tinh va gia nhiét diém tap trung trong phén tich 3D. Pavelic va cong su [9] di d& xuat mot md hinh
ngudn nhiét dia tron v6i phan bb Gauss ciia thong luong nhiét trén bé mat phoi. Goldak va cong sy [10] da
phat trién thém mot mé hinh phan bd mét do cong suét hinh elip kép cua nguon nhiét bén dudi hé quang
han dé mo phong chinh xac moi loai qua trmh han. Cac mo hinh nguon nhiét nay cling da duoc st dung
trong md phong han dé dy doan d6 méo miu va tmg sudt du ciia mdi han [11].

Thép khong gi 1a vat liéu duge su dung ngay cang nhiéu trong cac nganh coéng nghiép vi chiing ¢ kha
ning chong dn mon va tinh chat co hoc tbt. Tuy nhién, nhirng vat liéu nay doi hoi qua trinh han va kiém tra
nghiém ngdt [12]. Qua trinh han hé quang vonfram khi dugce thue hién dé giam ving bi anh hudng nhiét
dbi voi thép khong gi. Khi vét liéu dugc van hanh ¢ ap suét cao, nd s& ting hiéu qua nho dac tinh lam giam
su phat trién vét nut & ap suat cao [13]. Trong nghién clru nay, cc tac gia cho biét dong dién dau vao va
téc d6 han 1a nhimg thong sé quan trong nhat. Phuong phéap mo phong cling da dugce céc tac gia [14] thue
hién nhim muyc dich xdc dinh sy anh hudng cia goc con dau dién cyuc vofram khong tiéu hao t6i cac tinh
chat ctia hd quang han gdém nhiét do cuc dai, van téc doc truc cuc dai, chénh 1éch dién thé va chénh 1éch ap

sudt cuc duong. Cac thong sé ciia qué trinh han va hd quang dién di duge mé ta va dé xudt mot mo hinh
toan hoc cho hé théng GTAW boi Petrovic va cong su [15]. Theo d0, qué trinh dwoc mé phong bang céac
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thong sb thuc dé cac gid tri dau ra ciia qua trinh twong tmg vai cac gid tri thuc thu duge bang phuong phap
do luong. Pé xac dinh cac thong sé thong lugng nhiét trong qua trinh han hd quang vonfram khi (GTAW)
dugc bao vé bang khi argon. Cac tac gia [16] dd phat trién mot md hinh da vat 1y cua qua trinh GTAW dé
danh gia thong luong nhiét trao doi giita hd quang plasma va vt lidu han. Trong d6 bai toan truyén nhiét
nguoc két hop véi thut toan Levenberg-Marquardt dé xac dinh hiéu suit qua trinh va phan b xuyén tim
cua thong luong nhiét tir dir liéu thuc nghiém. da dugc sir dung. Trong qua trinh han, thong luong nhiét
truyen dén cac chi tiét han bang hd quang dién dan dén nhiét d6 ting dang ké [17]. Tai moi diém trong chi
tiét, nhiét do t6i da dat duoc thay 601 tuy theo vi tri cua diém nay so véi nguoén nhiét. Ngudn nhiét ciia
GTAW duoc mé hinh héa bing ngudn bé mit Gaussian ¢ dang bi-elliptic (ngudn ciia Goldak).

Toém lai, cho dén nay, viéc phat trién, t6i wu hoa va danh gia cac qua trinh han phan 16n duoc thyc hién
trén co s6 thir nghiém va sai s6, gdy ra chi phi dang ké. M6 phong s6 dugc cong nhan 1a mot giai phéap thay
thé dy hira hen cho cac thir nghiém va c6 thé cai thién sy hiéu biét vé hanh vi qua trinh phuc tap [18]. Vi
véy, trong nghién ciru nay, hoat ddng han hd quang khi vonfram (GTAW) da dugc nghién ciru vé mat thuc
nghiém va quy hoach thyc nghiém nham xac dinh théng sb tdi uu cta qué trinh han lién két giap mdi
SUS304 bang qué trinh GTAW.

Nhiét can thiét cho han hd quang vonfram khi (GTAW) dugc tao ra bdi hd quang dién duoc duy tri
giita dién cuc vonfram khéng tiéu hao va chi tiét cin han. Ving chiu anh huéng nhiét, kim loai nong chay
va dién cyc vonfram déu dugc bao vé khoi khi quyén bang 16p khi tro dugc dwa qua mé han GTAW. Khi
tro 1a khi khong hoat tinh hoac thiéu cac dic tinh hoa hoc hoat tinh. Khi bao vé c6 tac dung bao phu mbi
han va loai trir cac dic tinh hoat dong ctia khong khi xung quanh. N6 khong chay va khong thém hoc 1ay
bat ky thir gi tir kim loai. Céac khi tro nhu argon va heli khong phan g hoa hoc hodc két hop véi cac khi
khac. Ching khong c6 mui va trong sudt, cho phép thg han c¢6 thé nhin thay hd quang tdi da. Trong mot s6
truong hop, ¢ thé thém mot lugng nho khi phan tmg nhu hydro dé tang téc do di chuyén.

Qua trinh GTAW c¢6 thé tao ra nhiét do 1én t6i 19.426 °C. M6 han chi truyen nhiét cho chi tiét han.
Néu can kim loai phu dé tao mdi han, c6 thé thém kim loai phu thu cong theo cting cach nhu trong qua trinh
han oxy-acetylene. Ngoai ra con c6 mot sb hé théng cép kim loai phy dé thuc hién nhiém vu tu dong. Hinh
1.1 mo ta nhitng thanh phan cin thiét ciia qua trinh GTAW thu cong.

Bo diéu chinh/

Doéng ho do luu lugng Van khi

Nguon dién

Day ngudn
hé thdng

Khi bdo vé lam ngudi

Diéu khién tir xa

Kep chi tiét

Chéat lam ngudira
o Hé théng
B6 chuyén doi lam nguoi

Chi tiét han

Hinh 1 Nhiing thanh phan co ban ciia quéa trinh GTAW [19].

2 LUA CHON CAC THONG SO THU'C NGHIEM
2.1 Cic thong s6 ciia quy trinh han

Céc thong s6 ciia quy trinh han kiém soat qua trinh han va chit lugng ciia mdi han dugc tao ra. Viéc
Iya chon cac thong so han dugc thuc hién sau khi kim loai co ban, kim loai phu va thiét k€ moi noi duoc
chon. Viéc Iya chon dung cac thong so han sé giup cho viéc han tré nén dé dang hon, tang co hdi tao ra cac
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ddc tinh méi han can thiét. Ba loai thong sb han chinh l1a thong s6 ¢ dinh hodc duge chon trude, thong )
diéu chinh chinh va thong sb diéu chinh thir cap.

Céc thong sb dinh hoidc duge chon trude duge dat trude khi qué trinh han thyuc sy dién ra. Pay 1a nhiing
hang muc nhu loai va kich thudc dién cuc, loai dong dién, loai khi bao vé va goc con cua dién cuc. Cac
thong s6 nay khong thé d& dang thay dbi khi qué trinh han bat dau.

Céc thong sb diéu chinh chinh duoc sir dung dé dleu khién qué trinh han sau khi cac thong s6 ¢b dinh
da dugc chon. Ching klern soat sy hinh thanh cua mdi han bang cach anh huong dén chleu rong va chiéu
cao ciia mdi han, d6 ngu ciia mdi han, d6 on dinh ciia hd quang va do bén chic cia mbi han (Hinh 2). Céc
thong s6 ¢6 thé diéu chinh chinh d6i véi han hd quang vonfram khi 1a dong dién han, chiéu dai hd quang
(hay dién 4p hd quang) va toc d6 di chuyén.

Chiéu rong

mdi han
Chleu cao mdi han
D6 ngdu ! B

Hinh 2 Chiéu cao, chiéu rong va dd ngau ciia moi han [20].

Céc thong sb diéu chinh tht cép duoc st dung dé diéu khién qua trinh han. Nhitng thong sé nay thuong
kho do ludng hon va tac dong ctia chung c6 thé khong rd rang. Trong han GTAW, cac thong sb diéu chinh
thir cap bao gdm g(')c lam viéc va chuyén dong cua dién cuc va phén nho ra (tﬁm V('vi) cua dién cuc.

Cac thong s6 khac nhau anh hudng dén cac dic tinh cua mdi han bao gdm d6 ngau ciia mdi han, chleu
cao va chiéu rong cua mdi han va toc do lang dong. Do ngau ctia mbi han la khoang cach ma kim loai mdi
han kéo dai tir bé mit cua no dén mdi ndi, khong bao gdm phan gia ¢ mbi han. Chleu cao ciia mbi han 1a
chiéu cao ctia kim loai mdi han so v&i bé mit cua kim loai co ban. Chiéu rong cla méi han 14 chiéu rong
ctia duong han. Tdc d6 ling dong 1a trong lugng cua vét lidu ling dong trong mot don vi thoi gian.

Hau hét cac mdi han 13 han néng chay. Nhu dwoc minh hoa trong mit cit ngang cua Hinh 3, mot mbi
han néng chay dién hinh trong d6 kim loai phu dugc thém vao bao gdm moét s6 ving: (1) ving nong chay,
(2) giao dién mbi han, (3) ving bi anh hudng nhiét va (4) ving kim loai co ban khong bi anh huéng.

Ving nong chay bao gdm hdn hop kim loai phu va kim loai co ban da nong chay hoan toan. Ving nay
dugc dic trung boi mic do dong nhit cao giita cac kim loai thanh phan d3 bi néng chay
trong qua trinh han. Sy pha tron cta cac thanh phan nay chi yéu dugc thic day boi sy dbi luu trong viing
han néng chay. Qua trinh hoa rén trong ving néng chay c6 nhimng diém twong déng véi qua trinh duc.
Trong qua trinh han, khuén dugc hinh thanh bdi cac canh hodc bé mat khong nong chay cua cac chi tiét
duoc han. Sy khac biét dang ké giira dong dic trong diic va han 1a sy phat trién cta hat ghép (epitaxy) xay
ra trong qua trinh han.

Vung néng chay

Vung anh huéng
Giao dién nhiét (HAZ)
maGi han

Vung kim loai co' ban
khoéng bi anh hudng

Hinh 3 Mit cit ngang ctia mbi han nong chay dién hinh mé ta cac ving chinh trong mi ndi han [21].

2.2 Lua chon céc thong sé thwe nghiém

Qua phén tich & trén, két hop véi kinh nghiém thuc té, lwra chon céc théng s6 dau vao phu hop voi qua
trinh GTAW nhu sau:
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« Dong dién han I: anh hudng dén d6 ngau va thé tich kim loai mdi han.

« Dién ap han U: anh huong dén kich thude méi han va do ngau.

+ Tbc d6 han v: anh huong dén hinh dang méi han va d6 ngau.

Céc thong s6 diu ra can dugc chon sao cho pht hop véi yéu cau vé dic tinh, chat lugng va hinh dang
mdi han, ddng thoi c6 thé do luong duge chinh xac cac két qua thyc nghiém va kiém tra két qua véi cac
phuong phap khac nén cic thong sd dau ra ciing véi cac yéu cau t6i uu hda duge chon nhu sau:

+ Dic tinh mdi han ma dai dién 1a d6 sau ngéu véi yéu ciu cuc dai.

* Nang sudt han thong qua chiéu cao va chiéu rong médi han véi yéu cau cuc dai.

«  Chit luong mbi han thong qua kich thude ving anh huong nhiét (HAZ) voi yéu ciu cuc tiéu.

Sau khi x4c dinh thong s6 dau vao, tién hanh thyc nghiém don yéu tb lan luot véi cac thong s dau
vao. Mbi mirc bién thién cta thong s6 ddu vao duoc lip lai ba 1an, cac thong sé con lai duoc gitt & gia tri
¢b dinh 12 mtc co s6 da chon nhim xé4c dinh anh huong clia chung dén chi tiéu dau ra 1a: Y, — d6 sau ngau
(mm); Y, — chiéu cao mdi han (mm); Y3 — chiéu rong mdi han (mm) va Y, — kich thudce ving anh hudng
nhiét (mm). Mién quy hoach cac thong s6 dau vao duoc gidi han gdbm: dong dién han I = 85-105 A; dién
ap han U = 16-19 V; téc d6 han v = 2,5-3 mm/s.

Thuc nghiém han lién két giap mdi bang quéa trinh GTAW trén vét liéu tim SUS304. Cac phoi tim
dugc cit theo kich thude 100 mm x 60 mm x 4 mm. Vat mép chit V c6 goc vat 1a 60°, chiéu day chd khong
vat 1a 1,5 mm, khe hé giita hai tim 1a 1 mm (Hinh 4).

SUS304 SS400

60°

1,5

60 60

1
Hinh 4. Kich thudc ctua phoi khi han vat mép chit V.

Céc thong sb qua trinh han lién két gidp mbi SUS304-SS400 & vi tri bang voi cac tAm vat liéu day 4
mm duogc trinh bay trong Bang 1.

Bang 1 Cac thong sé qué trinh han lién két giap mbi SUS304-SS400 & vi tri bang.

Théng sb Gia tri
Duong kinh dién cuc (mm) 2.4
Dong dién han (A) 85-110
Dién ap han (V) 12
Loai day han — Puong kinh diy han 309L — 1.2 mm
Tbc d6 han (mm/gidy) 3-4
Puong kinh st phun (mm) 9.55 (Sir 6 6)
Khi bao vé Argon tinh khiét (99,99%)
Luu lugng khi béo vé (lit/phut) 10
Goc nghiéng mo han (°) 45 va 65
Goc dau dién cyc (°) 60

3 KE HOACH THUC NGHIEM BAC HAI
3.1 Khoang bién thién cac yéu té diu vao

Dura vao bang thong s6 va mirc han (Bang 2), phuong an thyc nghiém béc hai dugc chon ¢ dang
phuong 4n bac hai quay. Tinh chét quay ciia phuong 4n ciu trac c6 tim s& dat duoc khi chon canh tay don
sao (*) theo cong thuce [15]:
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a=2K* =234 = 1,682 (1)
v6i: k — s6 yéu tb nghién ciru, k = 3.
Khoang bién thién va gia tri cdc thong sb ddu vao dugc trinh bay trong Bang 3.

Bang 2 Thong s va mic han.

Théng s Mike duéi Mikc co 6 Mikc trén
Dong dién han, I (A) 85 90 105
Dién ap han, U (V) 16 17,5 19
Téc d6 han, v (mm/s) 25 2,75 3,0
Han tAm day 4 mm.

Béang 3 Muc va khoang bién thién cac yéu to dau vao.

Thong )
Dong dién han Dién ap han Téc @6 han
Mirc (A) V) (mm/s)
Mirc dudi -1 85 16 2,5
Mirc co s& 0 95 17,5 2,75
Mirc trén +1 105 19 3
Khoéng bién thién 10 1,5 0,25

3.2 Lap ma tran thye nghiém
Ma tran thyc nghiém bac hai theo phuong an quay, sb lugng thuc nghiém dugc xac dinh theo cong
thire [15]:

N =25+ 2k +n,
(2)
=2342x34+6=20
trong d6:  k — s yéu t6 nghién ctru, k = 3;

2k g6 lugng thyc nghiém ¢ muc trén va mic dudi;

2k — b lugng thyce nghiém ¢ muc diém sao (*);

no— s lugng thyc nghiém 1ap & muc co so, no = 6.

S6 luong thyc nghiém va két qua do dac thuc nghiém dugc trinh bay trong Bang 4.

Bang 4 Két qua do dac thuc nghiém.

Yéu to dau vao Yéu to dau ra
s Dong dién I | Pién ap U | Toc ddv |Pd sdu ngiu| Chiéu cao | Chiéurong | HAZ
A) V) (mm/s) Y: (mm) Y: (mm) Y:; (mm) | Y4 (mm)
1 -1 -1 -1 2.10 1.10 3.89 0.88
2 1 -1 -1 2.60 0.70 4.40 0.93
3 -1 1 -1 1.96 1.12 3.89 0.71
4 1 1 -1 1.98 1.10 3.89 0.65
5 -1 -1 1 1.98 1.20 5.34 0.65
6 1 -1 1 2.23 1.0 5.34 0.58
7 -1 1 1 2.20 0.96 4.30 0.88
8 1 1 1 2.06 1.31 3.89 0.71
9 -1.68 0 0 2.06 1.26 3.89 0.89
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10 1.68 0 0 2.40 1.16 3.88 0.88
11 0 -1.68 0 2.46 0.94 5.12 0.71
12 0 1.68 0 2.10 1.10 3.88 0.71
13 0 0 -1.68 2.05 0.94 4.40 0.71
14 0 0 1.68 1.96 1.12 5.34 0.53
15 0 0 0 2.10 0.94 4.05 0.53
16 0 0 0 1.98 1.10 4.97 0.65
17 0 0 0 2.10 1.02 4.97 0.53
18 0 0 0 2.05 1.02 4.97 0.53
19 0 0 0 2.06 0.95 4.97 0.53
20 0 0 0 2.13 0.96 4.97 0.53
3.3 Tom tit thiét ké theo phwong phap mit phiing hoi dap trong phin mém Minitab

4.1

Sau khi thiét 1ap ma trén thyc nghiém, chung ta co Kkét qua sau:
Design Summary

Factors: 3 Replicates: 1
Base runs: 20 Total runs: 20

Base 1 Total blocks: 1
blocks:

Point Types
Cube points:
Center points in cube:
Axial points:

S N &N

Center points in axial:

4 KET QUA THUC NGHIEM BAC HAI
Do sau ngflu Y: (mm)

Ma tran thyc nghiém duoc 1ap va ngau nhién hoa trat ty br?mg chuong trinh MiniTab (Bang 5)

Béang 5 Ma tran thyc nghi¢ém va két qua thyc nghiém bac hai (P9 sau ngéu Y1).
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+ C1 Cc2 c3 c4 c5 Cé Cc7 e
StdOrder RunOrder PtType  Blocks | U v Y1
1 19 1 0 1 95000 17.5000 2.75000 2.06
2 1 2 1 1 85000 16.0000 2.50000 2.10
3 15 3 0 1 95.000 17.5000 2.75000 2.10
4 4 1 1 105.000 16.0000 3.00000 2.23
5 5 -1 1 78182 17.5000 2.75000 2.06
6 6 1 1 105.000 19.0000 3.00000 2.06
7 if 1 1 105.000 19.0000 2.50000 1.98
8 12 8 -1 1 95.000 20.0227 2.75000 2.10
9 9 1 1 105.000 16.0000 2.50000 2.60
10 10 1 1 85000 16.0000 3.00000 1.98
1 20 11 0 1 95000 17.5000 2.75000 2.13
12 10 12 -1 1 111818 17.5000 2.75000 240
13 17 3 0 1 95.000 17.5000 2.75000 2.10
14 7 14 1 85.000 19.0000 3.00000 2.20
15 11 15 -1 1 95000 14.9773 2.75000 2.46
16 13 16 -1 1 95.000 17.5000 2.32955 2.05
17 18 17 1 95.000 17.5000 2.75000 2.05
18 16 18 0 1 95.000 17.5000 2.75000 1.98
19 14 19 -1 1 95000 17.5000 3.17045 1.96
20 3 20 1 1 85000 19.0000 2.50000 1.96

Dua vao két qua thuc nghiém, tién hanh phan tich phuong sai v6i md hinh dang da thirc bac hai day
du (Bang 6).

Bang 6 Két qua phan tich phuong sai ham Y, (D6 sau ngau).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0476984 96.04% 92.47% 84.67%
Analysis of Variance
Source DF Adj SS Adj MS  F-Value P-Value
Model 9 0.551169 0.061241 26.92 0.000
Linear 3 0.240027 0.080009 35.17 0.000
I 1 0.105760 0.105760 46.48 0.000
U 1 0.126705 0.126705 55.69 0.000
\% 1 0.007562 0.007562 3.32 0.098
Square 3 0.113504 0.037835 16.63 0.000
I*1 1 0.033649 0.033649 14.79 0.003
U*u 1 0.062773 0.062773 27.59 0.000
v¥v 1 0.014054 0.014054 6.18 0.032
2-Way Interaction 3 0.197638 0.065879 28.96 0.000
*U 1 0.094612 0.094612 41.59 0.000
I*v 1 0.021013 0.021013 9.24 0.012
U*v 1 0.082013 0.082013 36.05 0.000
Error 10 0.022751 0.002275
Lack-of-Fit 5 0.008751 0.001750 0.63 0.691
Pure Error 5 0.014000 0.002800
Total 19 0.573920
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Két qua phan tich phuong sai cho thay hé s6 hdi quy khong dam bao d6 tin cay va bi loai 1a téc d han
v (P-value > 0.05).

Sau khi logi bo hé s6 hdi quy khong dam béo o tin cdy (v) ra khoéi md hinh va tién hanh phén tich
phuong sai lan thir hai cho mé hinh. K&t qua xir Iy so6 li¢u xac dinh cac hé s6 hoi quy c¢6 y nghia (P-value <
0.05) dugc trinh bay trong Bang 7 va Bang 8.

Bang 7 Két qua phén tich phuong sai ham Y sau khi loai bo hé sb hoi quy khong phi hop (v).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0524954 94.72% 90.88% 81.77%
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 8 0.54361  0.067951 24.66 0.000
Linear 2 0.23247  0.116233 42.18 0.000
I 1 0.10576  0.105760 38.38 0.000
U 1 0.12671  0.126705 45.98 0.000
Square 3 0.11350  0.037835 13.73 0.000
I*1 1 0.03365 0.033649 12.21 0.005
U*U 1 0.06277  0.062773 22.78 0.001
v¥v 1 0.01405 0.014054 5.10 0.045
2-Way Interaction 3 0.19764  0.065879 2391 0.000
*u 1 0.09461  0.094613 3433 0.000
I*v 1 0.02101  0.021013 7.62 0.019
U*v 1 0.08201  0.082013 29.76 0.000
Error 11 0.03031  0.002756
Lack-of-Fit 6 0.01631  0.002719 0.97 0.524
Pure Error 5 0.01400  0.002800
Total 19 0.57392

Bang 8 Hé s6 hdi quy va phuong trinh hdi quy ham Y, (P9 siu ngiu).

Coded Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 2.0713 0.0214 96.74 0.000

1 0.0880 0.0142 6.19 0.000 1.00
U -0.0963 0.0142 -6.78 0.000 1.00
I*1 0.0483 0.0138 3.49 0.005 1.02
U*U 0.0660 0.0138 477 0.001 1.02
vy -0.0312 0.0138 -2.26 0.045 1.02
I*U -0.1088 0.0186 -5.86 0.000 1.00
I*v -0.0513 0.0186 -2.76 0.019 1.00
U*y 0.1013 0.0186 5.46 0.000 1.00

Phwong trinh hdi quy & dang thue

Y1=2.0713+0.0880 I-0.0963 U + 0.0483 I*I + 0.0660 U*U — 0.0312 v*v —0.1088 I*U
—0.0513 I*v+0.1013 U*v

Qua ham Y ¢6 thé v& db thi theo tirng cip yéu t6 anh hudng tdi goc tao hinh (Hinh 4 dén Hinh 6),
cac do thi dugc veé khi gia tri ctia yéu to con lai dugc gilt & mic co so.
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Hinh 6 D6 thi dang contour (a) va dang surface (b) mo ta quan hé gitta d6 sau ngéu va cdp thong s6 v-U.
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4.2 Chiéu cao mdi han (mm)

Ma tran thyc nghiém duoc 1ap va ngau nhién hoa trat ty béng chuong trinh MiniTab (Bang 9).

Bang 9 Ma tran thyc nghiém va két qua thyc nghiém béc hai (Chiéu cao mbi han).

+ C1 Cc2 c3 c4 c5 Cé6 Cc7 (G
StdOrder RunOrder PtType  Blocks | u v Y2
1 19 1 0 1 95.000 17.5000  2.75000 0.95
2 1 2 1 1 85.000 16.0000  2.50000 1.10
3 15 3 0 1 95.000 17.5000 2.75000 0.94
4 4 1 1 105.000 16.0000  3.00000 1.10
5 5 -1 1 78.182 17.5000  2.75000 1.26
6 6 1 1 105.000 19.0000  3.00000 1:31
7/ 7 1 1 105.000 19.0000  2.50000 1.10
8 12 8 -1 1 95.000 20.0227  2.75000 1.10
9 9 1 17 105.000 16.0000  2.50000 0.70
10 10 1 1 85.000 16.0000  3.00000 1.20
1 20 11 0 1 95.000 17.5000  2.75000 0.96
12 10 12 -1 1 111.818 17.5000 2.75000 1.16
13 17 13 0 1 95000 17.5000 2.75000 1.02
14 7 14 1 85.000 19.0000  3.00000 0.96
15 11 15 -1 1 95000 14.9773  2.75000 0.94
16 13 16 -1 1 95000 17.5000 2.32955 0.94
17 18 7 1 95000 17.5000 2.75000 1.02
18 16 18 1 95.000 17.5000  2.75000 1.10
19 14 19 -1 1 95.000 17.5000  3.17045 1.12
20 3 20 1 1 85.000 19.0000  2.50000 1.12

Dua vao két qua thyc nghiém, tién hanh phan tich phuong sai v6i mé hinh dang da thirc bac hai day
da (Béang 10).

Bang 10 Két qua phan tich phuong sai ham Y» (Chiéu cao mbi han).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0460159 94.03% 88.66% 86.49%
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 9 0.333725 0.037081 17.51 0.000
Linear 3 0.093425 0.031142 14.71 0.001
I 1 0.008374 0.008374 3.95 0.075
U 1 0.031808 0.031808 15.02 0.003
v 1 0.053243  0.053243 25.14 0.001
Square 3 0.072763  0.024254 11.45 0.001
I*1 1 0.072604 0.072604 34.29 0.000
U*u 1 0.000209 0.000209 0.10 0.760
v¥v 1 0.000776  0.000776 0.37 0.558
2-Way Interaction 3 0.167538 0.055846 26.37 0.000
*u 1 0.086113 0.086113 40.67 0.000
I*v 1 0.056113 0.056113 26.50 0.000
U*v 1 0.025313  0.025313 11.95 0.006
Error 10 0.021175 0.002117
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Lack-of-Fit 5 0.002691 0.000538
Pure Error 5 0.018483 0.003697
Total 19 0.354900

0.15

0.973

Két qua phan tich phwong sai cho thiy hé s6 hdi quy khong dam bao do tin cay va bi loai gdm I, U*U

va v¥*v (P-value > 0.05).

Sau khi loai bo h¢ s6 hoi quy khong dam bao do tin cdy (I, U*U va v*v) ra khoi m hinh va tién hanh
phéan tich phuong sai 1an thir hai cho mé hinh. Két qua xt 1y so li€u xac dinh cac hé s6 hoi quy cé y nghia

(P-value < 0.05) dugc trinh bay trong Bang 11 va Bang 12.

Bang 11 Két qua phan tich phuong sai ham Y sau khi loai bo hé s6 hdi quy khong phi hop

(I, U*U va v*v).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0484075 91.42% 87.45% 81.79%
Analysis of Variance
Source DF Adj SS Adj MS  F-Value P-Value
Model 6 032444 0.054073 23.08 0.000
Linear 2 0.08505 0.042526 18.15 0.000
U 1 0.03181  0.031808 13.57 0.003
v 1 0.05324  0.053243 22.72 0.000
Square 1 0.07185  0.071849 30.66 0.000
I*I 1 0.07185  0.071849 30.66 0.000
2-Way Interaction 3 0.16754 0.055846 23.83 0.000
*uU 1 0.08611  0.086113 36.75 0.000
I*v 1 0.05611  0.056113 23.95 0.000
U#tv 1 0.02531  0.025313 10.80 0.006
Error 13 0.03046 0.002343
Lack-of-Fit 8 0.01198 0.001497 0.41 0.877
Pure Error 5 0.01848 0.003697
Total 19  0.35490

Bang 12 Hé s6 hdi quy va phuong trinh hdi quy ham Y, (Chiéu cao mbi han).

Coded Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant  1.0072 0.0138 72.76 0.000

U 0.0483 0.0131 3.68 0.003 1.00
% 0.0624 0.0131 4.77 0.000 1.00
I*1 0.0700 0.0126 5.54 0.000 1.00
I*U 0.1038 0.0171 6.06 0.000 1.00
I*v 0.0838 0.0171 4.89 0.000 1.00
U*v -0.0563 0.0171 -3.29 0.006 1.00

Phwong trinh hdi quy & dang thue

Y2 =1.0072+0.0483 U + 0.0624 v + 0.0700 I*I + 0.1038 I*U + 0.0838 I*v - 0.0563 U*v

Qua ham Y3 c6 thé v& db thi theo tirmg cip yéu t6 anh hudng tdi goc tao hinh (Hinh 7 dén Hinh 9),
cac do thi dugc ve khi gia tri cia yeu to con lai dugc gitt & mic co so.
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Hinh 9 D6 thi dang contour (a) va dang surface (b) m ta quan hé giita chiéu cao mdi han va cap thong s6 v-U.

4.3 Chiéu rong mdi han (mm)

Ma tran thuc nghiém duoc 1ap va ngau nhién hoéa trat tu b?mg chuong trinh MiniTab (Bang 13).

Bang 13 Ma tran thyc nghiém va két qua thyc nghiém bac hai (Chiéu rong mbi han).

+ al Cc2 c3 c4 c5 C6 c7 c1o
StdOrder RunOrder PtType  Blocks 1 u v Y3
1 19 1 0 1 95.000 17.5000  2.75000 4.97
2 1 2 1 1 85.000 16.0000 2.50000 3.89
3 5 3 0 1 95.000 17.5000  2.75000 4.05
4 6 = 1 1 105.000 16.0000  3.00000 5.34
5 9 5 -1 1 78.182 17.5000  2.75000 3.89
6 8 6 1 1 105.000 19.0000  3.00000 3.89
7 - 7 1 1 105.000 19.0000  2.50000 3.89
8 12 8 -1 1 95000 20.0227 2.75000 3.88
9 9 1 1 105.000 16.0000  2.50000 4.40
10 10 1 1 85.000 16.0000  3.00000 5.34
n 20 1" 0 1 95.000 17.5000  2.75000 4.97
12 10 12 -1 1 111818 17.5000  2.75000 3.88
13 17 13 0 1 95.000 17.5000  2.75000 4.97
14 7 14 [ 1 85.000 19.0000  3.00000 4.30
15 1 15 -1 1 95000 14.9773  2.75000 5:12
16 13 16 -1 1 95.000 17.5000  2.32955 4.40
17 18 17 1 95.000 17.5000  2.75000 4.97
18 16 18 1 95.000 17.5000 2.75000 4.97
19 14 19 -1 1 95.000 17.5000  3.17045 5.34
20 3 20 [ 1 85.000 19.0000  2.50000 3.89

Dua vao két qua thuc nghiém, tién hanh phan tich phuong sai v6i mé hinh dang da thirc bac hai day
du (Bang 14).

Bang 14 Két qua phan tich phuong sai ham Y3 (Chiéu rong méi han).

Model Summary
S sq R-sq(adj) R-sq(pred)
0.269494 88.81% 78.74% 81.89%
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 9 5.76511 0.64057 8.82 0.001
Linear 3 3.29949 1.09983 15.14 0.000
I 1 0.00051 0.00051 0.01 0.935
U 1 1.89367 1.89367 26.07 0.000
v 1 1.40531 1.40531 19.35 0.001
Square 3 1.76397 0.58799 8.10 0.005
I*1 1 1.61752 1.61752 22.27 0.001
U*u 1 0.19926 0.19926 2.74 0.129
vy 1 0.00252 0.00252 0.03 0.856
2-Way Interaction 3 0.70165 0.23388 3.22 0.070
*U 1 0.10580 0.10580 1.46 0.255
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I*v 1 0.10580 0.10580 1.46 0.255
U*v 1 0.49005 0.49005 6.75 0.027
Error 10 0.72627 0.07263
Lack-of-Fit 5 0.02094 0.00419 0.03 0.999
Pure Error 5 0.70533 0.14107
Total 19 6.49137

Két qua phan tich phuong sai cho thdy hé s6 hdi quy khong dam bao do tin cay va bi loai gdm I, U*U,
v¥v, I*U va [*v (P-value > 0.05).

) Sau khi loai bé hé sb hdi quy khong dam bao do tin céy (I, U*U, V*V’, I*U va I*v) ra khoi m(f) hinh va
tién hanh phéan tich phuong sai lan thir hai cho mo6 hinh. Két qua xtr Iy s6 liéu xac dinh cac hé so hoi quy
¢6 y nghia (P-value < 0.05) dugc trinh bay trong Bang 15 va Bang 16.

Bang 15 Két qua phan tich phwong sai ham Y3 sau khi loai bo hé s6 hdi quy khong phu hop
(I, U*U, v*v, I*U va [*v).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.276485 82.34% 77.63% 73.16%
Analysis of Variance
Source DF AdjSS Adj MS F-Value P-Value
Model 4 53447 1.33618 17.48 0.000
Linear 2 3.2990 1.64949 21.58 0.000
U 1 1.8937 1.89367 24.77 0.000
v 1 1.4053 1.40531 18.38 0.001
Square 1 1.5557 1.55568 20.35 0.000
I*I 1 1.5557 1.55568 20.35 0.000
2-Way Interaction 1 0.4900 0.49005 6.41 0.023
U*v 1 0.4900 0.49005 6.41 0.023
Error 15 1.1467 0.07644
Lack-of-Fit 10 0.4413 0.04413 0.31 0.944
Pure Error 5 0.7053 0.14107
Total 19 64914
Bang 16 Hé s6 hdi quy va phuong trinh hdi quy ham Y3 (Chiéu rong méi han).
Coded Coefficients
Term Coef  SE Coef T-Value P-Value VIF
Constant 4.7398 0.0791 59.95 0.000
U -0.3724 0.0748 -4.98 0.000 1.00
s 0.3208 0.0748 4.29 0.001 1.00
I*1 -0.3256 0.0722 -4.51 0.000 1.00
U*v -0.2475 0.0978 -2.53 0.023  1.00

Phuong trinh hdi quy ¢ dang thuc
Y3 =4.7398 - 0.3724 U + 0.3208 v - 0.3256 I*I - 0.2475 U*v

Qua ham Y3 c6 thé vé d6 thi theo tung cap yéu t6 anh hudéng t6i goc tao hinh (Hinh 10 dén Hinh
12), cac dd thi dwoc v& khi gid tri cta yéu td con lai dwoc gitt & mirc co so. Cac dd thi cho thiy:
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Chiéu rong mdi han Y3 sovéi U val Chiéu rong mdi han Y3 so vai Uval
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Hinh 11 D6 thi dang contour (a) va dang surface (b) mé ta quan hé giita chiéu rong méi han va cap thong s6 v-1.
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Hinh 12 B4 thi dang contour (a) va dang surface (b) md ta quan hé giita chiéu rong mdi han va cap thong s v-U.
4.4 Chiéu rong ving inh hwéng nhi¢t HAZ (mm)

Ma tran thuc nghiém duoc 1ap va ngau nhién hoéa trat tu b?mg chuong trinh MiniTab (Bang 17).

Béang 17 Ma tran thyc nghiém va két qua thyc nghiém bac hai (HAZ).

+ Cl Cc2 c3 c4 c5 Cc6 c7 cn oy,
StdOrder RunOrder PtType  Blocks 1 U v Y4
1 19 1 0 1 95.000 17.5000  2.75000 0.53
2 1 2 1 1 85000 16.0000 2.50000 0.88
3 15 3 0 1 95.000 17.5000 2.75000 0.53
4 - 1 1 105.000 16.0000  3.00000 0.58
5 5 -1 1 78.182 17.5000  2.75000 0.89
6 6 1 1 105.000 19.0000  3.00000 0.71
7 7 1 1 105.000 19.0000  2.50000 0.65
8 12 8 -1 1 95.000 20.0227  2.75000 0.71
9 2 9 1 1 105.000 16.0000  2.50000 0.93
10 5 10 1 1 85.000 16.0000  3.00000 0.65
1 20 11 0 1 95.000 17.5000  2.75000 0.53
12 10 12 -1 1 111818 17.5000  2.75000 0.88
13 17 13 0 1 95000 17.5000 2.75000 0.53
14 7 14 1 85.000 19.0000  3.00000 0.88
15 11 15 -1 1 95.000 14.9773  2.75000 0.71
16 13 16 -1 1 95.000 17.5000  2.32955 0.71
17 18 7 1 95.000 17.5000 2.75000 0.53
18 16 18 1 95.000 17.5000  2.75000 0.65
19 14 19 -1 1 95.000 17.5000  3.17045 0.53
20 3 20 1 1 85.000 19.0000  2.50000 0.71

Dua vao két qua thuc nghiém, tién hanh phan tich phuong sai v6i md hinh dang da thirc bac hai day
da (Béang 18).

Bang 18 Két qua phén tich phuong sai ham Y4 (HAZ).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0392437  95.93% 92.26% 88.59%
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 9 0.362679  0.040298 26.17 0.000
Linear 3 0.037003  0.012334 8.01 0.005
I 1 0.005213  0.005213 3.38 0.096
8] 1 0.000593  0.000593 0.39 0.549
v 1 0.031197  0.031197 20.26 0.001
Square 3 0.231539  0.077180 50.11 0.000
I*1 1 0.201438  0.201438 130.80 0.000
U*uU 1 0.045770  0.045770 29.72 0.000
vy 1 0.008676  0.008676 5.63 0.039
2-Way Interaction 3 0.094138  0.031379 20.38 0.000
*uU 1 0.005512  0.005512 3.58 0.088
I*v 1 0.006613  0.006613 4.29 0.065
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U*v 1
Error 10
Lack-of-Fit 5
Pure Error 5
Total 19

0.082013
0.015401
0.003401
0.012000
0.378080

0.082013
0.001540
0.000680
0.002400

53.25

0.28

0.000

0.904

Két qua phan tich phuong sai cho thiy hé sb hdi quy khong dam bao do tin cay va bi loai gdbm I, U,

I*U va I*v (P-value > 0.05).

Sau khi loai bo hé s6 hdi quy khong dam bao do tin cy (I, U, I*U va I*v) ra khoi mé hinh va tién hanh
phéan tich phuong sai 1an thir hai cho mé hinh. Két qua xt 1y so li€u xac dinh cac hé s6 hoi quy cé y nghia
(P-value < 0.05) dugc trinh bay trong Bang 19 va Bang 20.

Bang 19 Két qua phan tich phwong sai ham Y, sau khi loai bo hé s6 hdi quy khong phu hop
(L U, I*U va I*v).

Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0487938 91.18% 88.04% 84.51%
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 5 0.344748 0.068950 28.96 0.000
Linear 1 0.031197 0.031197 13.10 0.003
v 1 0.031197 0.031197 13.10 0.003
Square 3 0.231539 0.077180 3242 0.000
I*I 1 0.201438 0.201438 84.61 0.000
U*u 1 0.045770 0.045770 19.22 0.001
v¥v 1 0.008676 0.008676 3.64 0.077
2-Way Interaction 1 0.082012 0.082012 34.45 0.000
U*v 1 0.082012 0.082012 34.45 0.000
Error 14 0.033332 0.002381
Lack-of-Fit 9 0.021332 0.002370 0.99 0.537
Pure Error 5 0.012000 0.002400
Total 19 0.378080

Bang 20 Hé s hdi quy va phuong trinh hdi quy ham Y, (HAZ).

Coded Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 0.5500 0.0199 27.64 0.000

v -0.0478 0.0132 -3.62 0.003 1.00
I*1 0.1182 0.0129 9.20 0.000 1.02
U*uU 0.0564 0.0129 4.38 0.001 1.02
v¥v 0.0245 0.0129 1.91 0.077 1.02
U*y 0.1012 0.0173 5.87 0.000 1.00

Phwong trinh hdi quy & dang thue

Y4 =0.5500 - 0.0478 v+ 0.1182 I*I + 0.0564 U*U + 0.0245 v*v + 0.1012 U*v

Qua ham Y4 c6 thé vé do thi theo tung cap yéu t6 anh hudng t6i goc tao hinh (Hinh 13 dén Hinh
15), cac dd thi dwoc v& khi gid tri cia yéu t con lai duge gitt & mirc co s6.
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Hinh 15 D) thi dang contour (a) va dang surface (b) mo ta quan hé gitra chiéu rong ving anh huong nhiét
va cap thong so v-U.

5 KET QUA GIAI BAI TOAN TOI UU

Bang 21 trinh bay két qua mo phong giai bai toan tdi wu bang phan mém Minitab. Hinh 16 1a db thi
toi uu hoa cac thong so dau vao dé dat cac gia tri toi wu.

Bing 21 Két qua mo phong giai bai toan ti wu.

Response Optimization: Y4, Y3, Y2, Y1

Parameters
Response  Goal Lower  Target Upper  Weight Importance
Y4 Minimum 0.53 0.93 1 1
Y3 Maximum 3.88 5.34 1 1
Y2 Maximum 0.70 1.31 1 1
Y1 Maximum 1.96 2.60 1 1
Solution
Y4 Y3 Y2 Y1 Composite
Solution I U v Fit Fit Fit Fit  Desirability
1 108.420 14.9773 3.17045 0.625006 6.01919 1.27105 2.38013 0.827359
Multiple Response Prediction
Variable Setting
I 108.42
U 14.9773
v 3.17045
Response Fit SE Fit 95% CI 95% PI
Y4 0.6250 0.0709  (0.4729,0.7771) (0.4404, 0.8096)
Y3 6.019 0.344 (5.286, 6.753) (5.078, 6.960)
Y2 1.2710 0.0813  (1.0953, 1.4468) (1.0666, 1.4755)
Y1 2.3801 0.0985  (2.1634, 2.5968) (2.1345,2.6257)
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Optimal | U N
D: 0.8274 High 111.8179 20.0227 3.1704
S Cur  [108.4204] (14.9773) [3.1704]
Low 78.1821 14.9773 2.3296
Composite T / B
Desirability \ /
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y:23801 R ] e d
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Hinh 16 D0 thi t6i wu hoa cac thong s6 dau vao dé dat cac gia tri tbi uru.

Qua nghién ctru quy hoach thuc nghiém (Hinh 16) di c6 két qua t6i wu hoa vé cac thong sd chi tiéu
dau ra nhu sau:

+ D0 sau ngu dat gia tri 16n nhat Y me = 2.3801 mm.

¢ Chiéu cao mdi han dat gia tri lon nhét Yomex = 1.2710 mm.

*  Chiéu rong mbi han dat gi tri 16n nhat Ysma, = 6.0192 mm.

*  Chiéu rong ving anh huong nhiét (HAZ) dat gia tri nho nhat Yamin = 0.6250 mm.

Khi cac théng sb dau vao twong tng 1a: Dong dién han = 108.42 A, Pién 4p han = 14.9773 V va tdc
d6 han = 3.1704 mm/s.

6 KET LUAN

Céc thong s cia quy trinh han kiém soat qua trinh han va chit luong ctia mdi han duoc tao ra. Viéc
lya chon céac thong s6 han dugce thuc hién sau khi kim loai co ban, kim loai phu va thiét ké mdi ndi duoc
chon. Viéc lya chon dung cac thong s6 han s& gitip cho viéc han tro nén dé dang hon, tang co hoi tao ra cac
dc tinh méi han can thiét.

Céc thong s chinh cua qué trinh han gdbm dong dién han I (A), dién ap han U (V) va téc do han v
(mm/s) dugc lua chon tir cac két qua & Muc 2.1 va 2.2 dua trén yéu cau thuc té khi t6i vu do sau ngéu o,
chiéu cao mbi han t, chiéu rong mdi han va chiéu rong ving anh huéng nhiét (HAZ).

Nhu véy, qua nghién ctru thuc nghiém va quy hoach thuc nghiém da c6 két qua vé cac thong sb chi
tiéu dau ra nhu sau:

+ Do sau ngdu dat gia tri 16n nhat Y e, = 2.3801 mm.

*  Chiéu cao mdi han dat gia tri 16n nhat Yomex = 1.2710 mm.

*  Chiéu rong mbi han dat gia tri nho nhét Yimax = 6.019 mm.

*  Chiéu rong ving anh huong nhiét (HAZ) dat gia tri nho nht Yasmin = 0.6250 mm.

Tir céc két qua & trén, xac dinh duoc bo thong sb toi wru cho qua trinh han lién két giap mdi SUS304 —
Ti bang cong nghé han TIG nhu sau:
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

e Dong dién han [ = 108.42 A;
+ Diénéphan U=14.9773 V;
e To6c dd han v=3.1704 mm/s.
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ABSTRACT

Gas tungsten arc welding (GTAW), also known as tungsten inert gas welding (TIG), uses a non-
consumable tungsten electrode to create the weld. A shielding gas (usually an inert gas such as argon or
helium) protects the welding area from atmospheric contamination, and the process typically uses filler
metal, although some welds, known as self-generating welds, do not require filler metal. The main welding
parameters, including welding current I (A), welding voltage U (V), and welding speed v (mm/s), are
selected based on practical requirements to optimize penetration depth, weld height, weld width, and heat-
affected zone (HAZ). Experimental research and design yielded the following output parameters: maximum
penetration depth Y Imax = 2.3801 mm; The maximum weld height Y2min = 1.2710 mm; the maximum
weld width Y3min = 6.0192 mm; and the minimum heat-affected zone (HAZ) Y4min = 0.6250 mm.

From the above results, the optimal parameters for welding SUS304 butt joints using GTAW welding
technology are determined as follows: welding current [ = 108.42 A; welding voltage U = 14.977 V; and
welding speed v = 3.1704 mm/s.

Keywords: Optimization, GTAW, penetration depth, weld height, weld width, heat-affected zone width.
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TOM TAT

Bai bdo trinh bay nghién ctru vé anh hudng cia cac tham s6 cong nghé co ban trong qua trinh cér}
siéu &m be mat (Ultrasonic Surface Rolling Process — USRP) d6i v&i hop kim nhdm AA6061. Céac tham so
dugc xem xét bao gom lyc €p tinh (Fs), bién do dao dong (Ao), tan s siéu am (f) va ban kinh bi lan (Ri).
Hiéu qua cta qué trinh dugc danh gia thong qua su thay doi ciia truong (mg suat du nén va chiéu sau 16p
nén hinh thanh dudi bé mat vat liéu.
Trén co so phan tich co hoc tiép xtic va bién dang dan héiidéo, nghién ciru lam r6 anh hudng cua timg
tham s0 cong ngh¢ dén qua trinh hinh thanh 16p bién cimg bé mat. Kt qua cho thay lyc ép tinh Fs ¢6 anh
huong quyét dinh dén mirc d6 bién dang déo va gid tri ing suat du nén. Ban kinh bi lan Ri chi phdi dang
ké pham vi anh huéng theo chiéu sau, trong khi bién d6 dao dong Ao va tin sb siéu am f chu yéu gop phan
tang cuong hidu tmg xir 1y bé mat.
Cac két qua thu duoc cung,cép co 8¢ dinh hudng cho viée lya chon tham s6 cong nghé phil hgp nhiam cai
thién dac tinh co hoc va chat lvgng bé mat cua chi tict sau gia cong bang USRP.

Tir khéa: Qua trinh can siéu 4m bé mit; Hop kim nhom AA6061; Ung suat du nén; Chiéu sau 16p nén;
Tiep xuc Hertz dan hoi—déo.

1. GIOI THIEU

Hop kim nhom 6061 (AA6061) 1a mot trong nhiing vét liéu k¥ thuat quan trong thuc nhém hop kim
Al-Mg-Si ¢6 kha néng hoa bén bang nhiét luyén, dugc tng dung rong rii trong hang khong, vén tai va co
khi chinh xac nho ty so6 ben/trong lu’(yng cao, tinh déo dai va kha nang gla cong 1 t6t [1, 2]. Tuy nhién, glong
nhu nhiéu hop kim nhom khéc, be mat AA6061 thuong c6 do cing thip va dé bi suy giam co tinh do 4n
mon hodc moi, dan dén giam tudi tho moi cua chi tiét [3, 4].

Trong co hoc vat liéu, img sut du nén (Compressive Residual Stress — CRS) tai ving gan bé mit
duoc xem 13 yéu t6 then chdt chi phdi kha ning chdng méi cua chi tiét. Nhidu nghién ctru cho thay CRS c6
thé tri hodn su khoi phat vét ntt va lam chdm qué trinh lan truyén niit, nho 6 nang cao kha ning chéng
pha huy do tai trong chu ky [3, 4].

Trong bdi canh do, tdng bén bé mat dua trén bién dang déo da duoc phat trién nhdm cai thién co tinh
bé mit cua kim loai. Trong s6 cac phuong phap nay, cong nghé can siéu 4m bé mit (Ultrasonic Surface
Rolling Process — USRP) 1a mot ky thuat ndi bat, két hop luc ép tinh voi xung dong tan sb cao—bién do thap
tir ngudn siéu am. Qua trinh USRP tao ra bién dang déo manh din dén tinh luyén hat, hinh thanh ciu
triic gradient theo chiéu siu, ting dd clrng vi md va tao trudng CRS cé bién dd 16n va chiéu sau dang
ké trong ving lan can bé mit [5, 6]. Dong thoi, USRP con gitp cai thién chat lugng hinh hoc bé mat, gop
phin giam do nham bé mit mot cach hiéu qua [5].

Tinh hiu qua cua USRP d3 duoc x4c nhan trén nhiéu loai vat lidu. D4i voi thép 6 1an GCrl15, USRP tao ra
16p bién dang sau va CRS 16n, cai thién rd rét do bén moéi va do cimg vi md so v6i bé mat chua xir 1y [6,
7]. Céc nghién ctru trén hé hgp kim nhom series 7xxx (7075 va 7050) cho thiy CRS va chiéu sau 16p nén
phu thugc manh vao lyc ép tinh, bién d¢ dao dong, tan sb siéu am va ban kinh dau bi lan [8-10]. Vi hop
kim nhém 7050, qué trinh ldn bé mit siéu 4m hai chiéu téc d6 cao (HTUR) c6 thé hinh thanh mét 16p bién
cirng theo gradient (véi chiéu day khoang 61-69 pm) va tao ra g suat nén du (CRS) bé mit khong
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thip hon —285 MPa. Ung suét nén du c6 loi ndy c6 y nghia quan trong trong viéc ngin chin su hinh thanh
va lan truyén vét niit moi, do do cai thién dang ké kha nang khang moi cta vat liéu [10].

Dbi voi AA6061, USRP cling dugc chirng minh mang lai hiéu qua vuot trdi trong cai thién do cung, giam
d6 nham va gia tang CRS. Két qua thye nghiém cho théy CRS c6 thé dat t6i —217 MPa, dong thoi do
clng vi mo va chét luong bé mit dwoc nang cao dang ké [5, 11]. Ma va cong sy cho thiy luc ép tinh Fc
anh huong manh nhat dén cac tinh chat bé mit va tmg suat du nén cia AA6061 trong USRP [5]. Trong
khi d6, cac nghién ciru co ché tai trong chi ra tai dong Fy do dao dong siéu 4m dong vai trd quan trong
trong viéc hinh thanh va phan bd g suét du theo chiéu séu [11-13].

Mic di USRP da duge chimg minh mang lai cai thién dang ké ddi véi co tinh bé mit ctia nhiéu kim loai,
céc nghién ctru hién nay cha yéu danh gia timg tham s6 cong nghé mot cach riéng 1¢ hodc tap trung vao céc
hop kim series 7xxx. Pbi véi AA6061, anh hudng két hop ctia bon tham sb quan trong gém luc ép tinh Fs,
bién d6 dao dong Ao, tin s6 siéu 4m f va ban kinh bi lin R, d6i voi ing sut du nén (CRS) va chiéu sau 16p
nén van chua dugc mo ta mot cach hé théng va dinh lugng. Bén canh d6, cac mo hinh tiép xuc Hertz hién
c6 chu yéu dugc xay dung cho cac vt liéu hoac diéu kién tai chung, chua dugc hiéu chinh theo déc tinh co
hoc riéng ctia AA6061, dan dén han ché trong kha nang du doan dinh lugng bién dang bé mit khi chiu déng
thoi tai trong tinh va tai trong dong trong qua trinh USRP.

Tu nhitng han ché trén, nghién ctiru nay dé xuat phat trién mot mo hinh toan hoc dua trén co hoc tiép xuc
Hertz [14, 15] & m6 phong va phén tich déng thoi bon tham sb cong nghé ddi voi truong CRS va chiédu
sau 16p nén cua AA6061. M6 hinh dugce klem ching bing dir liéu thyc nghiém da cong b, qua d6 cung
clp co s& khoa hoc dang tin cdy cho viéc t6i wu hoa thong s USRP va du doan dic tinh bé mit sau gia
cong.

2. M hinh giai tich dua trén tiép xic Hertz cho USRP
2.1. Thiét ldp hinh hoc—vit li¢u va gid thiét mé hinh tiép xic

Can siéu am la su két hop gilra nang luong va dap siéu am voi tan sb cao va tai trong tinh dé tao ra tac
dong bién dang déo cho vét li¢u. Trong qua trinh cén si€u am, dau con lan ludn duoc ty tiép xuc véi vat
lidu can, dudi tac dong cua tai trong tinh va tai trong va dép do tan sb rung dau siéu am gy ra sé tac dong
lam bién dang vat liéu can (Hinh 1)

My phat siéu dm

N
\\
\,
\

ooo 4 .
l © Egg dvb /

N Fd: Lue tai trong dong

Bé mit vat liéu sau khi can

Ft: Lurc tai trong tinh

‘\\ V: toe db nap Bé mat vir ligu trrée khi cén
\\ — \\
Bién dang déo VAR
i Nl I
. Ung suat nén dur
TN . .
Ung suat kéo dur
Phoi can

Hinh 1 Hinh minh hoa so d6 qua trinh cén siéu 4m bé mat
Xét tiép xtic dan hoi giita dau bi lin ban kinh R, va bé mit phdi co thé xip xi boi cung tron 16i ban kinh
Ry> 0 (truong hop tiép xlic cau—phang: R, — o). Vit li¢u cua hai vét (bi/phodi) duoc gia thict la dan hoi
tuyén tinh, dang hudng, bién dang nho, tlep xuc khong ma sat, va hinh hoc dm xiung truc quanh phap tuyén

tai tdm tlep xuc. Truc z lay dwong xuong theo hudng lyc ép, mat phang tlep tuyen chung ban dduz=0;r
1a toa @6 xuyén tam (Hinh 2).
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Hinh 2 Tuong tac tiép xtc giira bi lan va phoi
2.1.1. Tdi tinh trong qud trinh cdn siéu Gm

Ap suit tiép xiic theo nghiém Hertz c6 dang [14]

pr) =p:1-(2) M

Cac bieu thirc cho ban kinh ti€p xtc a,g, do lun &, va ap suat cue dai p; :

1

3FR;\3
aes = (2) )
, &
[ 9F2 \3
8es = (1rzr) (3)
.
6F E**\3
ps = (%s) 4
Tir cac biéu thirc trén ta thu dugc:
Aes = /Ri0es (5
Fy = SE°Ry%8,5°/° ©)

2.1.2. Tdi dong trong qua trinh cdn siéu dm
Ngoai tai tinh, trong qua trinh can siéu am, ddu can con chiu dao dong diéu hoa véi tan sb cao, tir d6
sinh ra tai dong tudn hoan tac dung 1én bé mat phoi hop kim nhom 6061. Chuyén vi dao dong ctia dau can
theo phuong tac dung luc dugc mo ta boi ham diéu hoa:
x(t) = Ay sin(2nft) )

Trong d6 Ao la bién d6 dao dong siéu am va f1a tan sé dao dong.

Van téc tirc thoi cua ddu can duge xac dinh béng dao ham theo thoi gian cua chuyén vi:
v(t) = — = 2nfAy cos(2nft) ®)

Do d6, van tbc cuc dai cua dau can trong mot chu ky dao dong dugc xac dinh la:

Vmax = 2Tf A )

Khi dau can va cham vai bé mit phoi, dong nang cua dAu can tai thoi diém va cham dugc chuyén hoa
thanh cong bién dang dan hi tai ving tiép xtc. Qua trinh nay dugc mé ta dya trén nguyén 1y bao toan
nang lugng:
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1 8¢
SMVax = [ “F,(8)ds (10)

trong do m = g 7R3 p 12 khdi lwgng dau can, véi p 1a khoi lugng riéng cua vat liéu bi can. Luc tiép xitic
dong twong dwong duoc suy ra gian tiép thong qua do lun dan hdi do va cham, dua trén nguyén 1y bao
toan nang lugng:

Fa(8) = 3 E*R/? 8,47 (11)
Thay biéu thirc trén vao phuong trinh (10), ta thu dugc:

1 8 1/2

MV = [ ed( E*RY/ 63/2)d6 (12)

D6 lin dan hdi do tai dong duoc x4c dinh nhu sau:
355/2 02 42 2/5
8pq = (WRl—fAO) (13)

E*

Theo quan hé hinh hoc ciia tiép xtic Hertz, ban kinh viing tiép xtic dan hoi do tai dong duoc xac dinh boi:

Qeq = 4 R16eq (14)

Ap sudt nén cuc dai do tai dong dugc xac dinh tuong ty truong hop tai tinh, dya trén ban kinh tiép xuc
dong:

2E*
TRy

Pa = Qeq (15)

2.1.3. Tdi téng hop trong qud trinh cdn siéu Gm

Trong qua trinh can siéu 4m, ving tiép xtc giita bi lan va bé miat phoi chiu tac dung cua tai tinh va tai
dong siéu am. Dé thuén tién cho viéc xay dung mo hinh giai tich, anh huong cua tai dong duge quy do6i
thanh mot thanh phan tiép xiic dan hdi twong dwong, va trang thai tiép xuc tong duoc mo ta theo nguyén
1y chdng chit dwéi dang hiéu dung.

Cu thé, bién dang dan hdi tai ving tiép xuc duge xem nhu két qua tong hop cua hai thanh phin gay ra boi
tai tinh va tai dong. Do d6, ban kinh tiép xic dan hoi tong hop duoc biéu dien dudi dang cong gdp hai
thanh phan tuong tng:

Qe = Qg5 T Qeq (16)

Tuong ty, ap suét tiép xic cwe dai tong hop trén bé mit phdi duoc xac dinh bang cach cong gop dong
gop cuia ap suat cyc dai trong giai doan tai tinh va ap sudt cuc dai do tai dong giy ra

Po = DPs + Pa (17
2.2 Quan h¢ tiép xic Hertz va truong ing suit dan hdi theo chiéu sau
Trong mo6 hinh USRP, viing tiép xUc giira bi ciu va phoi dugc mo hinh hoa theo Hertz nhu mot mién

7 LK . 2
tiép xuc tron ban kinh a,; ap suat tiép xic phan bo ban elip theo p(r) = p, \/ 1- (al) voi0<r=<a,.
e

Ung suit twong dwong von Mises duoc xac dinh bdi

1 2 2
= \/5[(05 - af;’) + (a;;’ - aze) + (6f — o) ] (18)
Bién dang dan hdi thu dugc tir dinh luat Hooke téng quét cho vat liéu ddng hudng [15, 16]:
1 1

&g =E—2[J§—v2(a;+aze)], &y =E—2[a§—v2(0x +O'Z)] (19)

1

ef =—[af —vy(0f + of)]
E,
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Bién dang 1éch theo céc thanh ph?m ung suét:

e§=e§=§(1+v2)£f, ef =—2ef (20)
2.3. Phén tich tng suit-bién dang trong tiép xic déo

Tai mdi diém & d6 sau z so voi bé mat, ky hiéu £f 1a bién dang dan hdi tuong dwong (suy ra tir truong
Hertz 6 Muc 2.2), slp 1a bién dang déo twong duong can xac dinh, & 1a bién dang tai ngudng chay Gng véi
05 . Quy tac chuyén d6i dugc viet nhu sau:

p_

e, =

e e
{ei, & < &
12

et alef —&), & > &

21

Trong d6 o 1a hé s6 hiéu chinh déo dic trung cho mirc vugt dan hdi, duoc dinh nghia b%lng ti s6 kich
thudc tiep xtic déo va dan hoi:

a=2 (22)

Qe
Vi a. 12 ban kinh tiép xic dan hoi, a, 13 ban kinh tiép xic déo duoc suy ra dudi day.
2.3.1. Tdi tinh

Xic dinh ban kinh tiép xtic déo ap. Goi F; 12 luc nén tac dung, theo nguyén 1y cong-ning lugng:

[y Fds = [} p S(8) d (23)

Trong d6 P la ap suat trung binh trong ving tiép xtc déo, dugc gia thiét khong dbi va lay bang p = 30,
[14, 17], o, 1a gidi han chay cta vt liéu phoi. Dién tich ti€p xtic S phy thudc hinh hoc ving 16m déo.

Fs

z
2ag,

Hinh 3 So do hinh hoc viing l6m déo

Hinh hoc vung 16m déo:
2
R? = (R, — 8sp)" + a2, (24)

Gia sir ving tiép xuc rat nho 8sp <Ry

agp = /2R, 6y (25)
2F
agp = /2R, 65y = \/BMS (26)

2.3.2. Tdi dgng

Trong qua trinh c4n siéu 4m, ngoai tai tinh gy bién dang déo cuc bg, dao dong siéu 4m ciia dau bi lan con
tao ra cac va cham dong ngén han v&i van toc 16n, dan dén sy hinh thanh thém vung bién dang déo do tai
dong. Pac trung hinh hoc cua viung 16m déo sinh ra bdi va cham dong dugc xac dinh dua trén can bé’mg
ddng luc hoc va gia thiét tiép xuc déo hoan toan.
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Phuong trinh can béng dong lyc hoc co thé duoc viét lai dudi dang:
4 _
3 TpR} vdv = pmaj, d8y, 27)

Theo quan hé hinh hoc ciia tiép xtic cAu—phang trong mién bién dang nho, ban kinh vung tiép xuc déo do
tai dong dugc xac dinh bai:

adp = 1’2R16dp (28)

Do Iin déo do tai dong:

Sap = \/_ZPRf v (29)

90

Trong qua trinh can siéu am, van toc va cham 16n nhat ctia dau bi lan dugc xac dinh boi dao dong siéu
am:

Vmax = 2TAof (30)
Thay v = Vmax , 40 lin déo cuc dai do tai dong duoc xac dinh la:
'8p
Bap = TR Aof |32 G
Ban kinh vung bién dang déo do tai dong dugc xac dinh:
32 pm2 42 £23 /%
cap - 1y (2228 @

Trong qua trinh c4n siéu 4m, ving bién dang déo tong cong dugc gia thiét hinh thanh do sy chdng chét cua
vung déo sinh ra boi tai tinh va tai dong. Do d6, ban kinh ving bién dang déo tong cong dugc xac dinh nhu
sau:

ap = asp + agp (33)

Ung suét déo tuong duong co6 thé duoc tinh theo duong cong tmg sudt bién dang dan hdi déo [13] nhu sau:

af slp <&
P
o'l.p =4 0;+ Hi(g] —& )& < elp <& (34)
op + Hy(ef — &) el >¢

Trong d6: Hy = (0, — 05)/(&p — &5), & =05/E2, 0, 1a ing suét kéo cuc dai ciia vat thé can siéu 4m, &, 1a
d6 bién dang tuong tng véi oy,; Hy, Hy 12 hé s hoa bén tuyén tinh trong cic mién tng suit bién dang khéac
nhau. Trong nghién ciru ndy, xét truong hop khong co hoa bén bd sung & mién sau &5, do d6 lay Ha = 0.
Khi d6, doan ! > ¢, trd thanh o7 = o),

Trong mé hinh dan hdi-déo ddng hudng, trudng tng suat duge tach thanh phan thity tinh va 1éch; trong d6
phén thuy tinh chi gay bién déi thé tich va khong kich hoat chay, con thanh phén léch quyét dinh sy phat
trién bién dang déo. D6i voi cdu hinh tryc d6i xing da néu ¢ Muc 2.3, chiing ta gia dinh tinh bt bién hinh
thire cua quan hé glu’a céac tensor bién dang va ung suat mo rong tir mién dan hdi sang mién dan hdi— deo
nho gia thuyét nay, bién dang léch déo ei ;o thé dugc biéu dién gon theo bién dang twong duong déo ei

1
el ef,’ = 5(1 + vz),szlfJ (3%5)

p
z

e —§(1 +v,)el (36)

Dua trén biéu thirc tensor 1éch trong 1y thuyét dan hdi-déo cua Iliushin, ing suit déo léch lién hé voi
bién dang déo léch qua mdédun déo hi¢u dung theo hudng twong duong [9]:

.p. _ 1
tj (1+4vy)

o} p
weh (37)

Thé (35) — (36) vao (37), ta thu dugc tensor wng suit déo léch nhu sau
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sP=sb =20, (38)
P =—Zof = —257 (39)

2.4. Ung suét du sau d& tai

Trong qua trinh tinh toan L'mg suat du, mo hinh sir dung céc gia thiét tiéu chuan ciia co hoc dan hdi—déo: (i)
vat lidu AA6061 dugc coi 1a ding hudng voi co ché hoa bén dang huéng, va hiéu ing Bauschinger duoc
bo qua; (ii) bién dang gy ra b01 USRP nam trong mién nho dén trung binh, va qua trinh d& tai dién ra theo
quy luat dan hoi cho dén khi xuat hién chay nguoc; (iii) chay déo tuan theo tiéu chuan von Mises, trong d6
thanh phan {mg suét thity tinh khong diéu khién qué trinh chay, con thanh phan léch (deviatoric) dong vai
trd chi phdi [11, 13]. Dudi cac gia thiét nay, tmg sudt du ban ddu ngay sau d tai duoc xéac dinh theo:

ofj =sij —sij (40)

Trong do, s " 14 tensor tng sut 1éch déo tai thoi diém bat diu d tai va s 1a tensor ing suat léch dan

hoi trong ung. Dua trén quan h¢ gitta o va ngudng chay g, qua trinh dor tai duoc chia thanh ba mién
nhu sau:

Mién A — dé tai dan hdi hoan toan (¢f < o)
Tai diém xét, vat liéu chua bi chay trude do; sau khi do tai:

of =0 (D)
Mién B — d& tai khong xuit hién chiy nguge (0, < of < 207)

Tir didu kién tensor léch cd téng béng khong trong ba phuwong chinh, thu duoc:

oy =0y = 5(0? —of) (42)
oy = —%(Gf - of) (43)

Mién C - ¢6 chdy ngugc vi hoa bén khi dé tai (6f > 207)

Néu of > 20ip , vat liéu xuat hién chay ngugc kém hoa bén. Pau tién, mirc Ging suat ZO'ip duoc do tai dan
hoi; sau do, phan Gng suat con lai:

Acf =of -2 Gf (44)
Tiép tuc gay chay nguoc trong qua trinh d tai. Bién dang dan hodi trong tng 1a:

pee = 9% (45)

Ep

va bién dang déo dugc gia thiét ti 18 theo:

Aslp = alef (46)
Mirc tmg suit chay tang thém do hoa bén dugc xac dinh boi:

Ac? = Hy Ae? (47
Khi d6, tmg suét du theo cac phuong x, y va z dugc viét:

o} = o} = —3(of + Ac?) (48)

oy =—20% (49)

Trong qué trinh USRP, mdi chu ky lin—va dap ciia ddu bi siéu 4m tao ra mot trudng ng suat du sau do tai
o;;. Khi dat d6 pht 100% v6i mirc chdng 1ap du 16n, truong bién dang tién t6i trang thai 6n dinh va lién tuc
theo dai can; bién dang 16p bé mit c6 thé xem 1a ddng nhét trong mit phiang (khong phu thudc x, y) va chi
phu thudc vao chidu sau z. Khi d6, trudng tng suit du sau ciing thoa:
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0y =0y = f1(2),0, =0 (50)
Pé chuyen tir truong chuyén tiép o ; sang trang thai sau cung, thyc hién bude tri¢t tiéu thanh phan phap
tuyén tam thoi sao cho bién dang trong mit phing dugc giit khong dbi:

Ae, = Ag, =0, Ao, =—o0y (51

Theo dinh luat Hooke dang gia s6 cho vat lidu dan hdi dang hudng (voi Ea, v2), g sudt bu trong mét phang
do hiéu rng Poisson dugc xac dinh:

rel — rel — (_Y2 r
Ox =0y = (1—1/2) oy (52)
Vi vy, trudng tng suit du sau ciing la:
R_ R _ -r _ ~rel _1tV2a o
Ox =0y = 0y — Oy T, oy (53)
ok =0 (54)

3. M6 phéng va phuong phap tinh toan

Mo hinh mé phéng dugc xdy dung dua trén hé phuong trinh tiép xac Hertz va mo hinh dan hdi-déo di
trinh bay trong Muyc 2. Toan bd qué trinh tinh toan trong nghién ctru dwoc thyc hién bang phian mém
MATLAB. Chuong trinh MATLAB duoc xdy dung dé tw dong hoa viée tinh cac dai luong tiép xuc Hertz
(ban kinh tiép xuc, do lan va ap sut cuc dai), xac dinh truong rng sudt-bién dang theo chiéu sau, ap dung
quy tic 4nh xa dan hdi-déo va mo phong qué trinh d& tai nham thu duoc phéan b tng suit du theo chiéu
sau. Cac thong s6 vat liéu duge thu thap tir nhitng nghién ctru thuc nghi€ém da cong bd cho AA6061 va
WC—Co [5, 6, 11].

Téng luc tiép xuc trong mdi chu ky USRP gdm lyc tinh F, va luc dong Fy. Luc dong Fy xuét phat tir dao
dong didu hoa cua cum rung & tan s6 f va bién do Ao. D& phan anh ding dic tinh dong hoc cua dau bi lin,
khéi lugng hiéu dung cua cum rung dugc tinh theo hinh hoc cua bi:

4
m; =P, 'ETERE (55)

v6i pi 1 khdi lugng riéng cua vat liéu WC—Co (Bang 1). Piéu nay dam bao m thay ddi theo ban kinh bi
lan Ri, phu hop thyc t€ va khdp hoan toan véi moé hinh tai dong da trinh bay & Muc 2.2.

Mién dudi bé mat duge chia ludi mot chleu (1D) trong khoang 0 <z <2 mm vdi budc Az =1 pm, cho
phép danh gia chinh xéac dién bién tng suat du theo chiéu sau.

Hai chi tiéu dau ra duogc xé4c dinh:
- Ung sut du bé mit: 6,k (0%) (56)
- Chiéu sau 16p nén: d. = max {z>0 | 6,X(z) <0} (57)

Bdng 1. Co tinh cua vat liéu s dung trong mé phong USRP

Vit liéu Khoi lwgng rieng | Mo dun H¢ sb Gioi han chay
p (kg/m?) dan hoi E | Poisson v o, (Pa)
(Pa)
AA6061-T6 2.75x10° 5.22x101 0.33 1.5%108
WC—Co (dau bi) 1.563x10% 7.10x10" 0.31 Cling tuyét doi

Ghi chu: Dit liéu AA6061-T6 tham khdo tir [5,11]; dir liéu WC—Co tham khdo tir [6].
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4. Két qua va thao luin

Phan nay trinh bay va thao luan két qua md phong phan bd mg suit du nén theo chiéu sdu 6,R(z) va chiéu
sdu 16p nén d. cua hop kim nhém AA6061 trong qua trinh can siéu dm bé mat (USRP), twong (mg voi bon
tham s0 cong ngh¢ chinh gom lyc ép tinh Fs, bién d§ dao dong Ao, tan so si€u am f va ban kinh bi lan R;.
Anh huong riéng 1€ cua ting tham s6 dugc phan tich trong cac Muc 4.1-4.4.

4.1. Anh hwéng ciia lye ép tinh F,
Diéu kién khao sat: Ao =3 um, f=20 kHz, R1 =4 mm; F, € {100, 200, 300} N.

Két qua trong Hinh 4(a) cho thiy luc ép tinh F, 12 tham s chi ph6i manh dén phan bd tng suit du nén theo
chiéu siu. Khi F; ting, bién d6 ung suat du nén tai ving gan bé mit ting rd rét va dudng cong o:X(z) dich
chuyén xubng trén toan mién khao sat. Pong thoi, chidu sau 16p nén d. ting dang ké theo F, phan anh sy
mé rong ving bién dang déo vio sau trong vat liéu. Xu hudng nay phu hop véi cac két qua thuc nghiém va
phan tich 1y thuyét da cong bd cho AA6061 sau USRP [11].

w i
s g
= =
¥ x —
S %
- 5
g g
& i
@
= 8
5 k=)
< 3
o ©
Depth z [mm] Depth z [mm]
a) b)
-30 : :
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-40 menmnn [ =30 kHz
— ©
©
& o
= =
2
Kbx bx
% &
g @
7] »
Tg ©
e 3
w0 [
@ [0
[vd V4
| 110 | | |
0 0.5 1 15 2 0 0.5 1 15 2
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Hinh 4 Anh hudng ctia cac thong so can siéu am dén ung suat du va chiéu sau nén: a) lyc tai tinh, b) bién
d6 dao dong siéu am, c) tan so siéu am, d) ban kinh bi lan

4.2. Anh hwéng cia bién d dao dong siéu Am A,

Piéu kién khao sat: F, =300 N, f=20 kHz, R, =4 mm; Ao € {3, 5, 8} um.
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Hinh 4(b) cho thay khi bién d6 dao dong A0 ting, mirc ing suit du nén o,R(z) ting trén toan bd mién chiéu
sau, dic biét tai ving gan bé mat. Chiéu sau 16p nén dc tang nhe theo A0, cho thiy tai dong dong vai trd bd
tro trong viéc tng cudng trudng Ung suat du. Tuy nhién, so voi luc ép tinh Fs, mirc d¢ anh hudng ctia A0
1a thtr yéu, phut hop véi cac phan tich vé dong gbp twong ddi giira tai tinh va tai dong trong USRP [12, 13].

4.3. Anh hwéng cia tin s siéu am f

Piéu kién khao sat: F; =300 N, Ag=3 um, R, =4 mm; f € {20.0, 25, 30} kHz.

Két qua trong Hinh 4(c) cho thy tin sb siéu am f anh huong dén phan b6 ok(z) thong qua viée lam tang
murc tic dung cua tai dong. Khi f ting, ing sudt du nén co xu huéng tang va vung anh huong theo chleu
sdu mo rong hon. Xu huéng ndy phu hop véi cac nghién ctru ly thuyét—thyc nghiém vé truong Gng suat du
trong USRP khi xét dén vai tro ctia thanh phén tai dong [11-13].

4.4. Anh hwéng ciia ban kinh bi lin R,
Diéu kién khao sat: Fs=300 N, Ao =3 um, f=20 kHz; R; € {4, 5, 6} mm.

Hinh 4(d) cho thiy ban kinh bi lan R, anh huong rd rét den chiéu sau 16p nén. Khi R, ting, chiéu sau 16p
nén d. tang do ving tiép xtic mo rong, cho phép tmg suét lan truyén sau hon vao vt lidu. Ngu’orc lai, muc
g sut du nén cyc dai tai ving gan | bé mat khong tang twong tng; trudng hop R =4 mm cho gid tri [6."|
16n nhét. Didu nay cho thiy R, chi yéu chi phdi pham vi anh huéng theo chiéu sau hon 1 cuong d6 nén bé
mat, phu hop vadi cac nghién ctru trén hgp kim nhom hé [8-10].

5. Két luan

Nghién ctru da xay dyng mot mé hinh giai tich dya trén co hoc tiép xtc Hertz két hop quy tac anh xa dan
hdi—déo va mé phong d& tai nham dy bao phan bd Ung sudt du nén theo chiéu sau va chiéu sau 16p nen cua
hop kim nhém AA6061 trong qué trinh can siéu 4m bé mat (USRP). Trén co sé khio sat bén tham sb cong
nghé gém luc ép tinh Fs, bién d6 dao dong Ao, tan s6 siéu am f va ban kinh bi lan Ry, cac két luan chinh
dugc rat ra nhu sau:

(1) Lyc ép tinh F, 1a tham s6 ¢6 anh huong manh nhit dén ca bién d6 tng suit du nén va chiéu sau 16p nén
d.. Khi F; tang, mtc ting suat du nén tdng rd rét va vung chiu anh hudng theo chi€u sau mo rong.

(2) Bién d¢ dao dong Ao va tan so siéu 4m f 1am ting tai trong dong tac dung 1én bé mat, qua d6 gop phan
gla tang ing sudt du nén va cai thién chiéu sdu 16p nén. Tuy nhién, mic do anh huong ciia hai tham s6 nay
thép hon so véi Fs trong dai khao sat.

(3) Ban kinh bi lan R, chu yéu chi phbi kha ning lan truyén Gng suit vao ving dudi bé mit va lam ting
chiéu sau 16p nén. Trong khi do, trng suat du nén cuc dai tai ving gan bé mat khong tang tuong tng khi R,
tang, cho thay xu hudng danh doi gitta d6 sau anh hudng va bién do nén bé mat.

Trong céac nghién ctru tiép theo, mé hinh c6 thé dugc phat trién theo ‘huéng hiéu chinh biéu thuc tai dong
theo co ché va dap thuc, bo sung anh huong cua s6 1an can va mirc chong lap dudng can, cting nhu tich hop
md hinh vat liéu phi tuyén nhdm ning cao d6 chinh xac du bao truong tmg sudt du theo chiéu siu.
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ABSTRACT

This paper presents a study on the influence of basic technological parameters in the Ultrasonic
Surface Rolling Process (USRP) on AA6061 aluminum alloy. The parameters considered include static
pressure (Fs), oscillation amplitude (Ao), ultrasonic frequency (f), and roller radius (R1). The efficiency of
the process is evaluated through the change in the compressive residual stress field and the depth of the
compression layer formed below the material surface.

Based on contact mechanics and elastic-plastic deformation analysis, the study clarifies the influence of
each technological parameter on the formation of the surface hardened layer. The results show that the
static pressure Fs has a decisive influence on the degree of plastic deformation and the value of the
compressive residual stress. The roller radius Ri significantly influences the depth of influence, while the
oscillation amplitude Ao and ultrasonic frequency f primarily contribute to enhancing the surface treatment
effect.

The results obtained provide a basis for guiding the selection of appropriate technological parameters to
improve the mechanical properties and surface quality of parts after machining with USRP.

Keywords: Surface ultrasonic rolling process; AA6061 aluminum alloy; Compressive residual stress;
Compression layer depth; Elastic-plastic Hertz contact.
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TOM TAT

Nghién ciru nay khao sat mirc do lién két ctia viéc han hai vat liéu khac nhau bang phuong phap han
hd quang dién cuc nong chay SMAW(Shielded Metal Arc Welding). Két qua thuc nghiém bang cam quan
cho thay lién két tét, cac chi tiéu co tinh (d0 clng tai tim moi han 350HV, gi6i han bén kéo dat 508.33MPa
duogc xac dinh theo ASTM E 8M-2009, TCVN 258-1) va té chirc te vi cua moi han, ving anh hudng nhiét
(HAZ- Heat Affected Zone) dwoc xac dinh rd rang. Hién nay, nhu cdu han cac vat liéu khac nhau ngay cang
16n, viéc han cac vat liéu khac nhau gitp t61 wu chi phi va trong lugng, dat dugc dac tinh ki thuat téng hop.
Tuy nhién, viéc han cdc vét liéu khac nhau thyc té gap khong it khé khan, do cac vt liéu c6 thanh phan hoa
hoc khac nhau, nhi¢t do néng chay, hé s6 gidn nd nhiét va nhiét o két tinh khac nhau; do do, de tao ra cac
khuyet tat nhu vét nut, ung sudt du. Muc tiéu cua nghién ctru nay la thyc nghlem han glap mbi (vat meép
chir V) giita thép SS400-SUS304 biang phuong phap SMAW va khao sat co tinh, t6 chirc t& vi cua lién két.

Tir khéa: SMAW, SS304, SS400, han gidp mbi.

1. GIOI THIEU

Han la mot qua trinh ndi vat liéu trong d6 hai hoac nhiéu thanh phan dugc lién két voi nhau tai cac
bé mit tiép xuc gilia chung bang nhiét d6 hodc 4p sudt thich hop. Hién nay, cong nghé han rit phat trién
cung véi su phét trién ciia khoa hoc va c6ng nghé, han hd quang vonfram khi (Gas Tungsten Arc Welding
— GTAW) va han hd quang kim loai dugc bao vé (Shielded Metal Arc Welding — SMAW) 12 hai trong s6
d6. Hai phuong phap han phd bién nay thuong duge bd sung vat liéu phy (vat liéu don) dé lién két dwoc
bén chat [1]. Han thuong duogc thuc hién trén cac thanh phﬁn cung loai vat li¢u, nhung mét s6 hoat dong
han c6 thé duoc sit dung dé ndi cac vat liéu khac nhau [2]. Néi cac kim loai khac nhau mang lai tiém nang
tan dung cac dic tinh cta vat li€u va dem lai hi€u qua kinh té ma van dap ung duogc cac yéu cau k¥ thuat.
Do d6, viéc ndi cac kim loai khac nhau bi’mg céch han dé cung cép cac dic tinh can thiét 1a mot thach thire
vi su khéc biét v& tinh chét vat 1y, luyén kim va co hoc ctia cac kim loai duoc ndi [3].

Trong nhiing nam gan day, viéc lién két han gitra hai vat liéu khac chung loai bang cac phuong phap
han khdc nhau da phat trién hét sirc manh m&. Trong nghién ciru cua Nguyen Tién Duong [4] da khao sat
{mg suat du va bién dang trong cac mdi han chir T giita thép cacbon thap va thép khong gi, 1a vat liéu phd
bién trong nhiéu nganh cong nghiép, nghién ctru phat trién cong thirc dwa trén phuong phap luc do dé xac
dinh tmg sudt han va bién dang, so sanh két qua giita mbi han hai phia va mgt phia. Két qua cho thdy médi
han hai phia c6 Gmg suat va bién dang 16n hon khoang 30% so véi mo6i han mot phia, cho thay mdi han mot
phia c6 thé duoc wu tién néu khong co yéu cau dic biét Ve do ben Nghién ctru cling nhin manh tim quan
trong cua viéc giam bién dang sau han dé dam bao higu sut va tudi tho clia cau triic. Khi so sanh cac cong
ngh¢ han khac nhau dé san xudt cac san phém da vat liéu (Multi-Material Products — MMP), Siri Marthe
Arbo va cong su [5] da nhin manh tim quan trong cua cac san phém nhe va hiéu suét cao trong mot xa hoi
phat thai thip. Cac tac gia phan tich cac phwong phap han nhu han can, han ma sat khudy (Friction Stir
Welding — FSW), va han dun & lién két kim loai lai (Hybrid Metal Extrusion & Bonding — HYB), cting
v6i cac phuong phap han nong chay nhu han dich chuyén kim loai ngudi (Cold Metal Transfer — CMT),
han chum tia laser (Laser Beam Welding — LBW), va han hd quang hd tro laser (Laser-Assisted Arc
Welding — LAAW). Mgt thach thire chinh dugc nhin manh 1a sy hinh thanh céc hop chét lién kim loai
(Intermetallic — IMC), va cac chién lugc giam thiéu, bao gém vi€c st dung cac 16p xen k&, dugc thao luan
chi tiét. Nghién ciru cia Chonlakorn Onma va Jongkol Srithorn [6] da khao sat tic dong ciia cac thong s6
han hd quang kim loai khi (Gas Metal Arc Welding — GMAW) dén lién két thép khong gi ferritic 1.4003
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v6i thép carbon SS400. Viéc t6i wu hoa quy trinh han dé cai thién chét lwong khung gim xe buyt bing
cach phén tich cdu trac vi mo, d6 bén kéo va do cimg clia mbi han da duoc dé cap. Cac yéu td nhu loai day
han, cuong d6 dong dién va tdc do han da duge thir nghiém dé x4c dinh cdu hinh mang lai d§ bén kéo tbi
wu va do cimg pht hop cho vat liéu ndi khong ddng nhit nay. Ngé Hiru Manh [7, 8] dé trinh bay nghién
ctru vé cac k¥ thuat han vat liéu khong dong nhét, cu thé 1a thép khong gi SUS304 va thép cacbon thip.
Nghién ctru tép trung vao phuong phap GTAW, sur dung cac vat li¢u phu khac nhau, df)ng thoi kiém tra
thanh phan hoa hoc va tinh chat co hoc ctia cac mbi han. Muc tiéu tong the 1a nang cao hiéu biét vé cac ky
thuat ndi c6 sin dé dam bao lién két chic chin va déng tin cdy trong cac ciu trac ki thuét. Dé cap dén viéc
han kim loai khac nhau, Md Salim Kamil va cong sy [9], Pierpaolo Carlone va Antonello Astarita [10] da
cung cap mot cai nhin tong quan vé nhirng tién bo gan déy trong viéc ndi cac kim loai khac nhau, mét linh
vuc quan trong trong nhiéu nganh céng nghiép. Cac nghién ctru néu bat sy can thiét cua viéc két hop cac
vét lidu khac nhau dé dap ung cac yéu cau ve hi¢u suét va trong lugng nhe, ddc biét trong linh vuc 6 w0va
hang khong. Pong thoi, thao ludn vé nhimng thach thirc cua ky thuat han nong chay do su khac biét vé tinh
chit vét Iy ciia vat lidu va trinh bay cac phuong phap han trang thai rin nhu han khudy ma sat va han xung
dién tir nhu nhitng giai phap htra hen. Nghién ctru ciia D. Bahar [11] tap trung vao viéc tdi uu hoa cac thong
s6 qua trinh cho han TIG, dic biét 1a dé ni thép khong gi SS304 va thép mém MS1018. Nghién ctru su
dung phuong phap Taguchi va phan tich ANOVA dé xac dinh cac diéu kién t01 wu nham dat duge do bén
ubn cao nhit cho médi ndi giap moi. Céc thong s6 chinh dugc kiém tra bao gdm dong dién han, toc do han
va luu lugng khi. Két qua chi ra rang dong dién han 13 yéu t6 c6 anh huéng déng ké nhat dén do bén ubn,
v&i d6 bén udn du kién t6i da 1a 517,37 MPa tai cc diéu kién ti wu di xac dinh. Trong nghién ctru va phan
tich qua trinh han cac kim loai khong gidng nhau 1a thép khong gi 409 va thép khong gi 439 bang phuong
phéap han TIG, Britto Joseph G va cong sy [12] da thyc hién mot loat cac thur nghiém co hoc va vi clu
truc sau khi han, bao gém thir nghiém kéo, thtr nghiém do cirng Rockwell, kiém tra vi mé va vi md, dé danh
gia chit lugng va tinh chat cua mbi han. Két qua cho théy mdi han dat dugc cac tinh chit tdi wu cho thép
khong gi thong thudng, khing dinh su két hop nay c6 thé duge sir dung trong cac linh vuc dé bi an mon
nhu cong nghiép hoa chat va san xuét mdy moc. Nghién ctru cia Alber Sadek [13] da kham phé nhiing thach
thirc va khai niém quan trong 1ién quan dén viéc han cac loai vat liéu khac nhau. Nghién ctru sdu vao cac kho
khan cy the khi ndi cac kim loai khong ‘twong thich, nhu thép véi thép khong gi, hodc thép v6i nhom, do su
khéac biét vé dic tinh vét liéu va cac van dé tiém an nhu nut do dong dac hoac lam gion pha sigma. Dong
thoi, trinh bay cac yéu to anh huong dén kha ning han, bao gbm su twong thich cia vat lidu, théng sb quéa
trinh va phan tmg v6i ing sut. Trong nghién ctru vé viéc han thép carbon SS400 va  thép khong gi SUS430
bang han hd quang kim loai khi (GMAW) [14]. Cac tac gia tap trung vao viéc t6i wu hoa cac thong 5O
han dé dat duoc dac tinh mdi ndi tot nhét, dic blet 12 d6 bén kéo. Nghlen clru cing kiém tra cdu truc vi mo
va do clmg cua mdi han dé hiéu cach cac thong s6 han anh huong dén tinh chét vat lidu.

Tom lai, xu hudng han cac kim loai khac nhau dang ngay cang duoc quan tim va phat trién manh trong
nhiéu nganh cong nghiép nhu 6 t6, hang khong, dong tau, dién tir va nang lugng vi ¢6 nhiing uu diém nbi
bat nhu gitp t&i wu chi phi va trong luong, dat dugc dac tinh ky thuat tong hop, tan dung uu diém riéng cia
tung vat liéu va gop phén phat trién cic san pham cong ngh¢ cao, tich hgp nhleu loai vét liéu. Vi viy, trong
nghién ciru nay dé cap t6i viéc thuc nghiém, so sanh vé co tinh va t6 chirc t& vi ciia mdi han giap mbi vat
mép chit V giita thép SS400 va SUS304 bang phuong phap GTAW va SMAW.

2 PHUONG PHAP VA THIET BI

Han hd quang kim loai dugc bao vé (Shielded Metal Arc Welding — SMAW) 1a mot qué trinh han hd
quang sir dung dién cuc tiéu hao bao gdm que kim loai bé sung duoc phu chét trg dung va bao vé mdi han.
SMAW dbi khi con duogc goi 1a han que, que kim loai bé sung thudng theo tiéu chuén (dai 225-450 mm va
duong kinh 2,5-9.5 mm). Hinh 1 minh hoa phuong phap va thiét bi SMAW. Kim loai b6 sung c6 thanh
phan gin voi thanh phan cia kim loai co ban. Nhiét cia qua trinh han 1am néng chay que han va 16p phu
tao ra xi va moi truong bao vé bé han (viing han). Phuong phéap nay dugc sir dung rong rai vi thiét bi don
gian, tinh linh hoat cao [15, 16, 17].
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(a) ‘ (b)
Hinh 1 (a) Phuong phap SMAW; (b) Thiét bi van hanh SMAW [15, 16, 17].

Han céc kim loai khac nhau nhu thép can nong SS400 véi thép khong gi SUS304 da duogc trién khai
trong thyc té tir rt som. Tuy nhién, gin day da thu hat sy cht ¥ dang ké do g dung thém cac cong nghé
hd trg nham nang cao chét luong mbi han nhu cong ngh¢ siéu am, lazer, v.v. Do d6, nghién ciru thuc nghiém
qué trinh han gidp mbi vat mép chir V cho thép SUS304-SS400 bing cong nghé SMAW c6 khao sat vé co
tinh, t& chirc t& vi ctia lién két va ving anh huéng nhiét 1 co s dé dua cac cong nghé hd trg vao nhim
nang cao chit luong mdi han. Nghién ciru nay han thir nghiém thép SUS304-SS400 sau d6 khao st co tinh
(dd cung, gidi han bén kéo va cau truc cua lién két han) dé phuc vu cho qua trinh han c6 hd trg cac cong
nghé tiép theo.

3 VAT LIEU VA THONG SO THU NGHIEM

3.1 Vit liéu kim loai co ban va kim loai bo sung

Cac vat liéu co ban duoc str dung trong thir nghiém han giap mdi 13 thép khong gi SUS304 va thép can
nong SS400 (Hinh 2). Thanh phéan hoa h(_)q cua thép khong gi SUS304 va thép can ndng SS400 dugc trinh
bay trong Bang 1 va Bang 2. Cac tinh chat co hoc cua SUS304 va thép can nong SS400 duoc trinh bay
trong Bang 3 va Bang 4.

Tam SUS304 Tam SS400 Tam SUS304 Tam SS400

(a) (b)
Hinh 2 Mbi han giap mdi SUS304 — SS400: (a) Han mot phia; (b) Han hai phia.
Kim loai b sung (vt liéu don) dung cho phuong phap SMAW la E308L-16 ¢6 thanh phan hoa hoc dwoc

thé hién trong Bang 5. Day la loai vat liéu b6 sung thep khong gi c6 lugng carbon thdp, mdi han thanh hinh
dep va kha nang chong dn mon tot.

Bang 1 Thanh phan héa hoc ciia SUS304 [18].

Thanh ph?ln ho6a hoc (% trong lwong)
C Mn Si P S Cr Ni
<0,08 <2,0 | £1,00 | £0,045 <0,030 18-20 | 8,0-10,5

-56-



Trinh Tién Tho, Vo Tuyén
Bang 2 Thanh phan hoa hoc cia SS400 [19].
C Mn Si P S
<0,25 <0,5 <0,2 0,05 0,05

Bang 3 Tinh chit co hoc ciia SUS304 [18].

Gi6i han bén kéo Gidi han chay (MPa) | D9 gian dai (%) | Do cirng (HRB)
(MPa)
580 250 55 70-90

Bang 4 Tinh chét co hoc cua SS400 [19].

Gi6i han bén kéo Gidi han chay (MPa) | D9 gian dai (%) Do cirng (HB)
(MPa)
420-540 240 21 130-190

Bang 5 Thanh phan hoa hoc cia E308L-16 [15].

Thanh ph?ln ho6a hoc (% trong lwong)
C Mn Si P S Cr Ni Mo Cu
<0,04 | 0,5-2,0 | 0,9 <0,04 <0,03 18-21 9,0-11 | <0,75 | £0,75

3.2 Théng s6 thwe nghiém

Cac vat liéu co ban dugc sir dung trong thtr nghiém han giap mdi vat mép chir V 1a thép khong gi SUS304
va $S400. Cac phéi tim duoc cét theo kich thude 200 mm x 50 mm x 6 mm. Vat mép chir V véi goc vat
1a 60°, chiéu day phan khong vat 1a 1,5 mm, khe ho giita hai tim 1a 1,5 mm (Hinh 3).

Céc thong sb ciia qua trinh han SUS304-SS400 bang phuong phiap SMAW va GTAW duoc trinh bay
trong Bang 6.

60°

200 L5] 200
[
1,5

Hinh 3 Céc thong s6 cua phoi khi han vat mép chir V.

Bang 6 Céc thong s6 cua qua trinh han SUS304-SS400 bang phuong phap SMAW [15].

Trinh tw Phwong phap han SMAW
Gia nhiét phdi han | Phéi han dwgc gia nhiét 200 °C trwde khi
han
Han 3 16p, sir dung que 93,25, ky hiéu que
Théong s6 hanva | E308L-16
trinh ty han Léop1: I =100 A
Lép2:1,=110 A
Lop3: 1, =110 A
Két qua (cam Mau lién két tot, cong vénh nhe, khong niit
quan)

Hinh 4 1 hinh anh thyc t& cia mau han, mau sau khi han dugc 1am ngudi trong méi trudng khong khi
tinh va lam sach xi. Sau d6 dugc kiém tra bang cam quan, mau lién ket tot, khong nirt, cong vénh nhe.
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Hinh 4 Lién két sau khi han SMAW

4 KET QUA VA THAO LUAN
4.1 Thir nghiém dj cirng

Mau han sau khi ngudi duoc vé sinh va tién hanh do do cung Vickers (HV) theo tiéu chuén Viét Nam
TCVN 258-1: 2007; TCVN 258-2: 2007 [22]. Thiét bi do 1a VMT X7, ddy 1a may ctia hdng Matsuzawa
cép tai ty dong voi thang luc tir 10-50 kG/mm?. Tién hanh do mAu lan luot & nim vi tri: (1) vung vt liéu
nén SS400, (2) ving tiép giap cua SS400 va bé han, (3) ving bé han, (4) vung tiép giap cua bé han va
SUS304 va (5) vung vét liéu nén SUS304. Biéu d6 do ctng cua lién két dugc thé hién trén Hinh 5.

e .
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n / \
@
s o /'/
s
HY 200F-=-=-f-=-=-doeu- Pl —— W F— | P—
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100 Close I
0
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Linet [ —

Hinh 5 Biéu d6 d6 cung cua lién két han.

Quan sét biéu d d6 ctng trén Hinh 5 cho thiy, phan bd do cimg trén mau 1a hop ly. Bg clng cao nhit
1a & khu vyuc bé han (319.8 HV). So sanh v6i d6 clmg trong Bang 3 va Bang 4 nhan thdy rang, d6 cung ting
1én déng ké, diéu nay c6 thé dugc giai thich 1a do c6 sy xuét hién ciia t6 chirc martensite nén do cimg ting
Ién. Mac du vat liéu SS400 c6 ham lugng cacbon tuong ddi thap, kho c6 kha nang tao ra martensite, tuy
nhién diéu nay dugc Iy giai boi luong cacbon dwong lugng va do SUS304 1a thép hop kim cao nén lam dich
chuyén duong cong chit “C” khi lam ngudi nén co thé trong t& churc té vi c6 martensite.

4.2 Thir nghiém gi6i han bén kéo

_Hinh 6 la kich thudce mau khi thir nghiém xé4c dinh gi¢i han bén kéo theo tiéu chuan AWS D1.1 [20, 21].
Mau sau khi han xong dugc 1am ngudi trong moi truong khong khi tinh, 1am sach xi han va gia cong phay
CNC.
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Hinh 6 Kich thuéc miu dé xac dinh d6 bén kéo cua lién két han [20, 21].

Thir nghiém bén kéo duge thue nghiém trén may kéo cia hang SANS (model may SHT4 series Servo-
Hydraulic), cong suit kéo 1a 1.000KN. Két qua gidi han bén kéo thu duoc khi thir nghiém 1a 508.33 MPa,
mau khong bi pha hity & ving mdi han ma bi pha hily & vi tri ving anh huong nhiét (Heat Affected Zone —
HAZ) cta thép SS400 (Hinh 7).

Hinh 7 Mau sau khi x4c dinh gioi han bén kéo.

Input Original Param ] Hain Curve

A

Load (kN)

|

Position (mm)

n |1 I‘ IA |! |m |1‘) Iu I*r- Iii I:ﬁ ]7‘) I

Hinh 8 Gidi han bén kéo cta lién két han

Hinh 8 thé hién biéu d6 khi x4c dinh gi6i han bén kéo ctia mau, v6i dic trung ctia vat lidu déo nén biéu
dd kéo gdbm bdn giai doan: bién dang dan hdi, bién dang déo, hoa bén bién dang va pha hiy. Vi gia tri cuc
tri cua biéu dd 1a gioi han bén kéo ciia lién két han.

So sanh chi tiéu vé co tinh (gidi han bén kéo) ctia hai vét liéu co ban & Bang 3 va Bang 4 cho thiy rang,
mau déu bi pha hily & ving anh huéng nhiét (Heat Affected Zone — HAZ) cua vat liéu SS400 (Hinh 7). Véi
gidi han bén kéo trong khoang 508,33 MPa. D¢ gian dai ctia mau la 22 mm (12,2%) la tuong dbi thap. Co

thé giai thich nguyén nhan do gidn dai thap 14 do ving anh huéng nhiét c6 ciu tric hat to nén dé déo bi anh
hudng.

4.3 T chirc kim loai méi han va viing énh huéng nhiét

Mau dung soi kim twong dugc cat ra tir lién két han, mau dugc cat vudng goc véi duong han sau do
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duogc xtr Iy mai thd, mai tinh va danh bong va tim thuc (dung dich va thoi gian tim thyc phi hop) trude
khi soi kim tuong trén kinh hién vi quang hoc GX51 cua hang Olympus véi d6 phong dai 50-500 lan. Trong
nghién ctru nay, nhom tac gia xem xét nam khu vuc sau: vat li¢u nén cua SS400 (khu vyc 1), khu vuc tiép
giap ctia SS400 va bé han (khu vuc 2), bé han (khu vuc 3), khu vuc tiép gidp cua bé han va SUS304 (khu
vuc 4) va vat lidéu nén SUS304 (khu vyc 5) nhu thé hién trong Hinh 9.

Khu vue 2 Khu vuc 4
Khu vuc 1 Khu vuc 3 Khu vuc 5

Hinh 9 Cac khu vuc ciia moi han dugc xem xét

Hinh 10 thé hién cdu trac té vi ¢ khu vyc 1 cua lién két (ving vat liéu nén SS400). Vung kim loai co
ban cua theép SS400 c6 to chire té vi gdm hai pha ferrite va pearlite. Céu truc pha twong d01 ddng déu, cac
pha sip xép tuong dbi 6n dinh. Vi lugng ferrite chiém wu thé nén tinh chat ving nay mém, déo.

Hinh 10 T4 chire té vi & khu vue 1 cua lién két

Hinh 11 thé hién cAu triic & vi & khu vuc 2 ctia mdi han (ving tiép gidp cia SS400 va bé han). Ving
tiép giap giita SS400 va bé han c6 to chirc té vi 1a gdm ferrite, pearlite va martensite. Ving ndy la ving
phirc tap ctia mdi han vi ¢6 sy tron 14n ciia hai kim loai khac nhau nén nhiét do  nong chay va két tinh ciing
khac nhau; ngoai ra, con 6 chuyén bién martensite nén xu huéng d& tao ra vét nut. Vi ly do d6 nén mau
sic co sy twong phan 13 rét va giira hai ving ¢6 ranh giéi pha, cau trac pha twong dbi ddng déu, sap xép 6n
dinh va khong c6 vét nirt.

Hinh 11 T4 chire té vi & khu vuce 2 caa lién két.

Hinh 12 thé hién céu trac té vi & khu vuc 3 cia mdi han (vung trung tam bé han). Quan sat mau cho
-60-



Trinh Tién Tho, Vé Tuyén
thdy, ving trung tdm bé han c6 t6 chuc t& vi gdm martensite va c6 thé co ca cacbit Crom, voi dic trung
clg va gion tiy thudc vao s lwong va mirc dd phan bd. Viéc hinh thanh martensite trong mdi han sau khi
két tinh d& dan dén khuyét tat nirt nong.

Hinh 13 thé hién céu trac t& vi & khu vuc 4 ctia mbi han (ving tiép giap cia SUS304 va bé han). Ving
tiép giap giita bé han va SUS304 gdm austenit va martensite, cac pha phan bd dong déu, c6 ranh giéi pha
16 rang va khong c6 vét nit.

Hinh 12 T4 chire té vi & khu vue 3 cua lién két.

Hinh 13 T6 chtre té vi & khu vuc 4 cua lién két.

Hinh 14 thé hién c4u trac té vi & khu vuc 5 ciia lién két (ving vt liéu co ban SUS304). T6 chirc té vi &
khu vuc nay 13 austenit song tinh (austenite with twins), day 1a to chirc dic trung ciia thép khong gi SUS304
v6i tinh déo cao. Thép khong gi SUS304 c6 xu hudng dé han, nhung c6 kha ning bi bién dang do gidn nd
nhiét cao dan dén nut va giam kha nang chéng dn mon, vi vay viéc lya chon ché do han hop 1y la hét stre
quan trong.
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Hinh 14 T4 chire té vi & khu vue 5 cua lién két.

5 KET LUAN

Trong nghién clru nay, nhom tac gia da t@én hanh thyc nghiém han gidp mdi vat mép chir V gitra thép
khong gi SUS304 va thép can nong SS400 bang hai cong nghé SMAW, sau d6 khao sat co tinh va t6 chire
te vi cua lién két. Sau day la nhiing két luan dugc rit ra:

1 Nghién ctru da thyc hién quy trinh han twong d6i day du, hop 1y c6 thé ding cac théng sb nay cho
qua trinh nghién ctru tiép theo.

2 Moi han lién két tdt, cac chi tiéu co tinh xac dinh dugc 14 gioi han bén kéo, d6 gidn dai va do cing.

3 T chirc té vi & cac vung kim loai nén, vung anh hudng nhiét va bé han dugc xac dinh rd rang.

Tom lai, qua nghién clru nay, cac dir liéu thu duoc la dang tin cdy va c6 gia tri tham khao dé 1am co s
cho viéc ap dung cac cong nghé hd tro khac nham nang cao chét luong mbi han, hd trg qua trinh thyc
ngh1em lién két han céc vét liéu khac nhau, gitp rat ngén thoi gian nghién ciru, dic biét 13 tiét kiém dugc
thoi gian va t6i wu chi phi thir nghiém. Qua do cting cho thay phuong phap SMAW lién két han cac chi tiét
v6i thanh phan kim loai khac nhau tét. Kha nang ghép nodi cac kim loai khac nhau s&€ m¢ ra nhing canh cura
moi lién quan dén thiét ké va san xuat san pham, cling nhu cho phép thay thé cac chi tiét ciia mot thanh
phan bang vat liéu nhe thong qua qua trinh ghép nbi.
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ABSTRACT

This study investigates the bonding strength of two different materials using the Shielded Metal Arc
Welding (SMAW) method. Sensory experimental results showed good bonding, and the mechanical
properties (hardness at the weld center 350HV, tensile strength 508.33MPa determined according to ASTM
E 8M-2009, TCVN 258-1) and the weld microstructure, as well as the heat-affected zone (HAZ), were
clearly defined. Currently, the demand for welding different materials is increasing, and welding different
materials helps optimize costs and weight while achieving comprehensive technical characteristics.
However, welding different materials is actually quite difficult due to their different chemical compositions,
melting temperatures, coefficients of thermal expansion, and crystallization temperatures; therefore, defects
such as cracks and residual stress are easily created. The objective of this study is to experimentally weld a
butt joint (V-bevel) between SS400 and SUS304 steels using the SMAW method and to investigate the
mechanical properties and microstructure of the joint.

Keywords: SMAW, SS304, SS400, butt welding.
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TOM TAT

Nghién ciru nay trinh bay viéc xdy dung mé hinh phan tir hiru han cho gia d& dya trén didu kién lam viéc
thuc té. Gia d dong vai tro két ndi gitta than chiu luc va chdt chiu luc, do d6 cac yéu cau k¥ thudt cta chi
tiét nay anh hudng truc tiép dén kha nang lam viéc va d6 an toan cua hé théng Mo hinh phan tir hitu han
duoc xay dyng véi phan tir khdi C3DSR (phan tir tam nut, tich phén giam) két hop ky thuat chia ludi cuc
bd c6 d6 phén gidi cao tai cac vung tap trung Umg sudt nhu goc vat, 16 chdt va bé mit tiép xuc, nham dam
bao do chinh xac ctia két qua phan tich. Phan mém Abaqus dwoc st dung dé phén tich cac thong s t6i han
gdm Ung suit va bién dang cua gia d& dudi diéu kién chiu tai. Két qua toi uu hoa xac dinh phan b vat liéu
hop 1y, loai bo cac ving vat liéu it chiu luc, dam bao két ciu sau tdi uu dap ung yéu cau giam khdi luong
ma van théa man cac tiéu chi bén.

Tir khéa: t6i wu, két cdu, tdi wvu hoa, mod phéng, phan bd vat liéu, Abaqus
1. GIOI THIEU

Gia d& 1a mot chi tiét két cau quan trong trong nhiéu hé théng ky thuat, ddm nhén chic nang chiu tai
trong va lién két gilta phan than ¢b dinh v6i cac bd phan chuyen dong. Trong qua trinh vén hanh, gia do
chiu tac dong truc t1ep clia céc tai trong co hoc, doi hoi két cau phai dam bao dong thoi cac yéu cau vé do
bén, do cung va do on dinh. Bt ky sai 1éch nao trong thiét ké déu c6 thé dan dén bién dang qua muc hoac
pha huy két cau, anh huong truc tiép dén do tin cdy va an toan cia toan hé théng.

Trong thyc tién k¥ thuat truyen thdng, thiét ké gia do chii yéu dya vao kinh nghiém va céc quy tac
thyc hanh, din dén nguy co sai s0 trong tinh toan, lang phi vat liéu va tang chi phi san xuét. Su phat trién
cua phuong phap phan tir hitu han (FEM) cung cac ky thuat t6i uu hoa két cau da khéc phuc dang ké nhing
han ché nay. Mo phong s6 cho phép phan tich chinh xdc trang thai ing suét va bién dang, dong thoi ho tro
t6i vu hoa phan b vat liéu nham dat hiéu sudt két cau t6i da v6i khdi luong tdi thiéu, qua d6 rat ngin chu
trinh thiét ké va nang cao hiéu qua kinh té.

Vé nén tang ly thuyét t6i wu hoa to po két chu duoc Bendsoe va Kikuchi [1] dat nén mong thong qua
phuong phap ddng nhit hoa (homogenlzatlon) trong do két céu ti wu duoc xac dinh bang cach tim kiém
su phan bd t01 uu cua cac 16 rong trong mién thiét ké. Phuong phap mat d6 vat liéu, duge Rozvany va Zhou
[2] phat trién tlep theo, d4 trd nén phd bién rong rai hon nho tinh don gian trong trién khai sb. Trong phwong
phap nay, mdi phan tir dugc gan mot bién mat do lién tuc tir 0 den 1, va ky thuat phat SIMP (Solid Isotropic
Material with Penalization) duoc ap dung dé hudng nghiém vé phan b nhi phén vt lidu — c6 hodc khong
co.

Nhiéu nghién ctru tmg dung da minh chimg hiéu qua ciia phuong phap nay trong thiét ké chi tiét két
cAu. Yi [3] d4 ap dung ANSYS dé phan tich do bén va thuc hién t6i wu hoa to pd gia dd dong co 6 1o, dat
duge muc giam dang ké vé khdi lwong két cau. Wen va Long [4] st dung module TOSCA tich hop trong
Abagqus dé t6i wu hoa nhe hoa khung dong co, cai thién dang ké kha ning chiu tai trén don vi khéi luong.
Ngoai ra, Fazel va Bahrani [5] dé xuét bai toan tdi uu hoa da muc tiéu cho két cau khép ndi mit bich lién
két bulong, két hop dong thdi cac rang bude vé do bén, do cing va khdi luong.

Trong nghien clru nay, mo hinh phén tir hiru han ba chiéu cua gia d6 duoc xay dung trong phén mém
Abaqus v6i phan tir khéi C3D8R va ki thuét chia ludi cuc b tai cac vung tap trung Umg suét. Phén tich
tinh dwoc thyc hién nhim xac dinh phan bd tng suit va bién dang dudi diéu kién tai trong thuc té. Tiép
theo, module Optimization trong Abaqus dugc sir dung dé thuc hién téi wu héa to pd theo phuong phap
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SIMP, v6i myc ti€u toi thi€éu héa do mém két cau (compliance minimization) dudi rang budc v€ phén so
thé tich vat liéu, nham dat dugc thict ké gia do toi wu vé ca khoi lugng lan kha nang chiu tai.

2. PHUONG PHAP TOI UU HOA KET CAU

2.1. Phuwong phap phén tir hiru han

Phuong phéap phan tir hitu han (Finite Element Method — FEM) 1a cong cu sé dugc sir dung rong rai
dé phan tich g xtr co hoc cua céac két cau phire tap. Nguyén 1y co ban ciia FEM 1a phéan chia mién lién tuc
thanh tdp hop cac phan tir nhd hon — goi 1a phan tir hitu han — dugc lién két v6i nhau tai cac nat. Trén mdi
phan tir, trudng chuyén vi duge x4p xi bang cac ham ndi suy, tir d6 thiét 1ap hé phuong trinh dai s6 tuyén
tinh mo ta quan hé lyc — chuyén vi toan két cAu.

Quy trinh phén tich FEM bao gdm ba giai doan chinh: (i) tién xir 1y (preprocessing) — xdy dung mo
hinh hinh hoc, chia ludi va dinh nghia diéu kién bién cung tai trong; (ii) giai bai toan (solving) — giai h¢
phuong trinh vi phan dang roi rac hoa; va (iii) hdu xur Iy (postprocessing) — trich xudt va phén tich cac két
qua nhu phan b tng sut, bién dang hodc chuyén vi. FEM dugc g dung rong rii trong cac linh vuc két
cAu, truyén nhiét, co hoc chét 16ng va nhiéu bai toan vat 1y lién quan khac.

2.2. T6i wu héa két cAu

T01 vu hoa két cau (topology optimization) la phuong phap xac dinh sy phan bd vat liéu téi uvu trong
mot mién thiét ké cho trude, nham dat dugc hiéu suét két cau t6t nhat dudi cac rang budc cho truge vé tai
trong, diéu kién bién va lwong vat liéu st dung. Khac véi t61 wu hoa kich thude hay hinh dang, ti uu hoa
két ciu khong yéu ciu hinh dang két ciu duoc xac dinh trude, do d6 c6 kha nang tao ra cac thiét ké ma
phuong phap thu cong khé dat duoc.

Phuong phép phé bién nhat hién nay la SIMP (Solid Isotropic Material with Penalization), trong d6
mdi phan tir duge gan mot bién mat do ndm trong khoang tir 0 dén 1. M6 dun dan hdi ctia phan tr dugc
biéu dién theo ham Iily thira ciia mat d§ nhan v4i mo dun dan hdi cua vat liéu dic, trong d6 hé s6 mil l6n
hon 1 dong vai trd 1a hé s6 phat nhim huéng nghiém vé& phan bd nhi phén (c6 hodc khong c¢6 vat lidu).

Bai toan ti wru héa dwoc phat bleu dudi dang t6i thiéu hoa ham muyc tiéu do mém két cdu (compliance
minimization) theo rang budc phén s6 thé tich: tim phan bb mat do sao cho tich vo hudng cia véc-to chuyen
vi v&i ma tran d cing toan két cau 1a nho nhat, véi diéu kién ti 18 giira thé tich vat lidu sir dung va thé tich
mién thiét ké ban dau khong vuot qua phan sé thé tich cho phép, dong thoi mat d6 mdi phan tir bi chin
dudi boi mot gia tri dwong nho dé tranh suy bién s hoc.

2.3. Cac thuit toan tdi wu hoa trong Abaqus

Abagqus tich hop nhiéu thuat toan t6i wu hoa phuc vu bai toan két cdu. Phuong phéap dua trén gradient
(gradient-based optimization) khai thac thong tin dao ham ctia ham muc tiéu dé cap nhat bién thiét ké, phu
hop v6i cic bai toan co khong gian thiét ké 16n va ham muc tiéu lién tuc kha vi. Phuong phap mat do
(density-based method) theo k¥ thuat SIMP 1a phuong phap méc dinh trong module Optimization ctia
Abagqus, cho phép thiét 1ap bai toan t6i ru mot cach truc quan théng qua giao dién d6 hoa. Ngoai ra, phuong
phap level set va cac thuét toan tién hoa (evolutionary algorithms) cting dugc hd tro, phu hop véi cac bai
toan co yéu cau dic biét vé bién hinh hoc hodc khong gian tim kiém phi tuyén manh.

2.4. T6i wu héa tham so

Bén canh tbi wu hoa két cau, t6i uvu hoa tham sb (parameter optimization) dugc st dung dé xac dinh
gia tri tdi wu cua cac tham s6 hinh hoc hodc vat liéu trong mot mo hinh da co cAu trac xac dinh. Cac phuong
phéap thudng ding bao gém tim kiém luéi (grid search), tim kiém ngau nhién (random search), t6i wu hoa
Bayes (Bayesian optimization) va thuat toan di truyén (genetic algorithm). Trong bdi canh thiét ké két cau
co khi, t6i wu hoa tham sé thuong duoc ap dung ¢ giai doan hiu t6i rru két cau, nham tinh chinh kich thuge

hinh hoc cta m6 hinh tai thiét ké, dam bao két cau dap tmg dong thoi cac rang budc vé do bén, do cimg va
khoi luong.

2.5. Quy trinh thue hién

Quy trinh thuc hién t6i wu hoa két ciu trong Abaqus bao gdm céc budc tuan ty sau ddy.
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Budce dau tién 1a xac dinh muc tiéu t6i wu hoa. Nguoi dung can dat ra muc tiéu cu thé va c6 thé dinh
luong, chang han nhu t6i thicu hoa khoi Iwgng két cau, toi da hoa do cing, hodc cai thién kha nang chiu tai
dudi cac diéu kién khai thac xac dinh.

Bude thir hai 1a chuin bi m6 hinh hinh hoc. M6 hinh hinh hoc cua két cau duge xay dung hodc nhap
vao moi truong Abaqus/CAE, ddm bao tinh tuong thich véi cac yéu cau k¥ thuat va rang budc thiét ké da
de ra.

Budc thir ba 1a dinh nghia mién thiét ké. Ving khong gian ma qua trinh t6i wu hoa duge phép can
thiép can dugc xac dinh rd rang. Pay 1a mién ma vat li€u c6 thé dugc phan bo hoac loai bo trong qua trinh
tinh toan.

Budc thir tu 14 thiét 1ap diéu kién bién va tai trong. Cac diéu kién bién vé chuyén vi ciing nhu tai trong
tac dung thyc t€ dugc ap dat 1én moé hinh, phan anh dung diéu kién lam viéc cia két cau trong thyc te.

Budce thir nam 1a lya chon thuét toan toi wu hoa. Thuat toan phu hgp duoc lya chon dya trén ban chét
cua bai toan va muc ti€u can dat dugc, chang han nhu phuong phap SIMP hodc cac phuong phap dua trén
tiéu chi toi vu.

Budc thir sau 1a thyc hién phén tich phan tir hitu han. Phuong phap phén tir hitu han dugc ap dung dé
xac dinh truong g suat, bién dang va cac dai lugng co hoc lién quan trong toan bd két cau, 1am co sé cho
quaé trinh cdp nhét thiét ké.

Budc thir bay 1a chay qua trinh t6i wu héa. Bai toan tdi wu hda duge thuc thi théng qua cac vong lap
lan lugt cap nhét phan bo mat do vat liéu cho dén khi hoi tu ve thict ke toi uvu.

Budc thi tam 1a danh gia két qua. Két qua thu dugc duoc phén tich va kiém tra nham xac nhan ring
thiét ke de xuat dap ung day du cac yéu cau ky thuat, rang budc vt liéu va muyc tiéu ban dau da dat ra.

Budc thi chin 14 hiéu chinh va cai tién. Trong truong hop két qua chua thoa mén, cac tham sb dau vao
nhu phan so thé tich, hé so phat hodc diéu kién bai toan dugc diéu chinh va qua trinh toi wu hoa dugc lap
lai.

Toan bd quy trinh mang tinh ldp, trong d6 mdi chu ky tinh toan cung cap thong tin phan hdi dé cai
thién chat luong thict ke, cho dén khi dat dugc két qua hdi tu thoa man.

Hinh 1 M6 hinh tAm chiu luc tac dung tai 2 vi tri

Mb hinh hinh hoc dugc xay dung truc tiép trong mdi truong Abaqus/CAE thong qua cac cong cu dung
hinh tich hop trong chirc ndng Part dugc minh hoa ¢ Hinh 1. Céc thiét 1ap lién quan dén tai trong tac dung,
dicu kién bién va chia Iuéi lan lugt dugc thuc hién tai cac module twong ting 1a Load, Boundary Conditions
va Mesh trong giao dién phan mém.

Cac yéu ciu rang budc thiét ké duoc dat ra bao gém: do dich chuyén 16n nhit khong vuot qua 0,01
mm; rng suat tap trung 16n nhat khong vuot qua 300 kPa; va thé tich vat liéu sau toi wu hoa phai nhé hon
40% so véi thé tich thiét ké ban dau.

Vit liéu st dung cho két céu gia d& 1a hop kim nhém véi cac thong sé co hoc dwoc trinh bay trong
Bang 1. M6 hinh dugc roi rac hda bang phan tu ti dién bon nit vaéi kich thudc phan tir 1a 0,1 mm.
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Bdng 1. Tinh chét co hoc cia Nhom
Khdi lwgng riéng [kg/m?] | Ung suit chay Médun dan hoi H¢ s6 Poisson
[MPa] [GPa]
2700 920 66,24 0,33

3. KET QUA VA THAO LUAN

Két céu gia d& chiu tac dung ddng thoi cua lyc theo phuong X va phuong Y véi gid tri lan luot 1a Fx
=154 N va Fy =423 N. Dicu kién bién duoc ap dat tai hai vi tri lién két, trong d6 toan bd bac tu do tinh
tién va xoay trong mat phang bi khoa hoan toan (Ux = Uy = URz = 0), nhu minh hoa trong Hinh 2.

a) Phan bd (mg suét b) Chuyén vi

Hinh 2 Két qua tng suit va chuyén vi theo bai toan tinh

Bai toan phén tich tinh dugc thuc hién nham xac dinh trudng chuyén vi va trudng Gng suét trong két
cau. K&t qua cho thay chuyén vi 16n nhat dat gia tri 1,28x107° mm, xuat hién tai vi tri goc trén bén phai ctia
gia d& nhu thé hién trong Hinh 2. Ung suat 16n nhat twong tng 1a 10,2 kPa, cling tip trung tai ving nay. Ca
hai gia tri d€u thoa man cac rang budc thiét ké da dat ra vé chuyén vi va ung suat cho phép.

Trén co s két qua phan tich ban dau, bai toan t6i wu hoa két cau duoc thiét 1ap véi muc tiéu téi thiéu
hoa the tich vat ligu, trong d6 yéu cau khoi lugng két cau sau toi wu hoa phai nhé hon 60% so véi khoi
Iuwgng thiet ké ban dau, dong thoi van dam bao cac rang budc vé do cung va d bén cua két cau.

154N 154N
"’423N 423N
®: =

a) Phan bd ung suit b) Chuyén vi

Hinh 3. Biéu kién bién cia mé hinh va bé mit 4p dung ti wu

Dua trén két qua phén tich bai toan tinh, module Optimization trong Abaqus/CAE duoc sir dung dé thuc
hién t&i wu hoa két cdu nhim xéc dinh phuong 4n phan b vat liéu hop 1y dap tng cac yéu cau thiét ké da
dé ra. Trong qua trinh t61 wu hoa, hai vi tri lép chdt ¢6 dinh duoc dinh nghia la vung khong thudc mién thiét
ké va duoc giltr nguyén khong thay dbi, trong khi ph?m con lai cua két cdu dugc xéac dinh 14 mién thiét ké,
noi thuat toan tdi wu thuc hién viéc phéan bd lai vat liéu, nhu minh hoa trong Hinh 3.

a) Chu ky thit 5 b) Chu Ky thi 10
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¢) Chu ky thir 15 d) Chu ky thir 20

e) Chu ky thir 25

Hinh 4 Két qua ti wu két cau
Két qua t6i wu hoa dugce thé hién trong Hinh 4. M6 hinh sau t8i uu héa duge dua tré lai bai toan phéan tich
phan tir hitu han dé kiém tra va danh gia lai cac gia tri (mg suat va chuyén vi, tir d6 ddi chiéu véi cac rang
budc thiét ké ban dau. Két qua so sanh cac dai lugng trude va sau khi thuc hién t6i uu hoa duoc téng hop
trong Bang 2.

Bang. 2 Ung suat, chuyén vi va thé tich trudc va sau khi toi vu

Ung suit chay [kPa] Chuyén vi [mm|] Thé tich(%)
Ban dau 10.2 1.28¢-3 100
Téi wu 17.6 1.93¢-3 60
4. KET LUAN

Bai bao nay trinh bay nghién ctru vé t6i uu hoa két cau thong qua ba ndi dung chinh bao gdm viéc gidi
thieu 0 s0 1y thuy¢t nén tang, xay dyng mo hinh hoéa chi tiét két cau gia dd va trién khai phuong phéap tim

Két qua thu dugc sau qua trinh tbi uu héa cho théy sy cai thién dang_ ké Vé hiéu qué st dung vét li€u
trong khi van duy tri toan bd cac yéu cau ky thuat. Cu thé, khdi lugng két ciu giam khoang 40% so v6i
thiét ké ban déu, dat ding muc tiéu t6i wu hoa dé ra. Dong thoi, cac gia tri ing sudt va chuyen vi sau tbi uu
hoa déu nam trong gidi han cho phép, lan luot thoéa man rang budc img sudt tap trung 16n nhit Kkhong vuot
qua 300 kPa va chuyen vi 16n nhat khong vuot qua 0,5 mm. Nhimng két qua nay khing dinh ring phuong
phap t6i wu hoa két cdu duge ap dung khong chi mang lai hiéu qua giam khéi lugng vat liéu dang ké ma
con dam bao tinh toan ven vé mit co hoc ctia két cau, dap tmg diy du cac yéu cau ki thuét dé ra trong thiét
ke ban dau.
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ABSTRACT

This study presents the development of a finite element model for a structural bracket based on its
actual operating conditions. The bracket serves as a connecting component between the load-bearing body
and the load-bearing pin; therefore, the technical requirements of this component directly affect the
operational capacity and safety of the overall system. The finite element model was constructed using
C3DS8R elements (eight-node brick elements with reduced integration), combined with a local mesh
refinement technique applied to stress concentration regions such as chamfered edges, pin holes, and
contact surfaces, in order to ensure the accuracy of the analysis results. Abaqus software was employed to
analyze critical parameters including stress distribution and deformation of the bracket under loading
conditions. The topology optimization results identified a rational material distribution by eliminating low-
stress material regions, ensuring that the optimized structure satisfies the mass reduction requirement while
still meeting the prescribed strength criteria.

Keywords: optimization, structure, topology optimization, simulation, material distribution, Abaqus
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TOM TAT

Qua trinh cit got kim loai 1a qua trinh con ngudi st dung cac dang niang lugng va dung cu cit dé
¢t bo 16p kim loai thira ra khoi chi tiét, nhim dat dwoc nhing yéu cau cho trudce vé hinh dang, kich thudc,
vi tri trong quan giira cac bé mat va d bong cua chi tiét. Vi vay, lya chon ché do cit phu hgp doéng vai tro
hét sirc quan trong trong gia cong. Chang han nhu trong qua trinh tién, dé gop phin ting do bong bé mit,
thi cAn chii ¥ mot trong nhiing yéu té quan trong d6 1a ché do cit khi tién. Myc tiéu chinh ciia bai bao 1a
phan tich danh huong dén d6 bong bé mit chi tiét khi tién try ngoai thép S45C mdi khi thay dbi ché do cit.
Viéc nghién ciru két hop thi nghiém thyc té v6i phuong phap quy hoach thyc nghiém Taguchi cho thiy su
anh hudng cua ché do cit dén d6 bong bé mat chi tiét gia cong, vai ti 18 phan tram anh hudng dén do bong
bé mat chi tiét 1an luot 55,108 % d6i voi van tde cit; 25,983 % ddi vai luong chay dao; 18,909 % ddi véi
chiéu sau cit. Va khi v =180 (m/phit), s = 0,1 mm/vong, t =0,25 mm cho d6 bong nhé nhat 1a F = 1,893
pm.
Tir khéa: ché d6 cit dao tién, do bong bé mit, phwong phap Taguchi.

1. TONG QUAN

Dao tién 1a dung cu cit got khong thé thiéu trong qua trinh gia cong tién trong linh vuc co khi ché
tao. Dao tién nham muc dich boc tach 16p phoi thira ra khoi bé mat chi tiét dé dat duogc kich thudc, d6 bong,
hinh dang hinh hoc, vi tri twong quan giita cdc bé mat nhu mong mudn. Ngay nay, voi sy phat trién manh
mé cua nganh co khi ché tao, doi hoi chat lugng do bong bé mit chi tiét, ning sudt cit got ngay cang cao,
cling nhu tudi tho dao cit doi hoi ngay cang ting. Chinh vi 18 d6, ngay nay rat nhiéu cong ty nghién ciru vé
linh vuc dao cit nhiam di tim vat liéu cit, ché do cit nhim lam tang d¢ bong bé mit, kha nang cét got, tang
bén dao cit. Vi vay dé tang d6 bong bé mat cua chi tiét ngoai viéc phu thudc vao cac yéu t6 nhu vat liéu
dao, diéu kién cit, may cong cu, dd ga...,ma con phu thudc vao yéu td quan trong d6 chinh Ia ché do cit.
Viéc lya chon ché d6 cat mot cach hop 1y s& gop phin ting d6 bong bé mit, kha niang cét got ciia dao, dong
thoi giup dao bén 1au hon. Do d6 phwong phap phan tich d6 bong bé mit bang quy hoach thuc nghiém ciing
¢6 thé duoc str dung dé nghién ciru.

Do d6 viéc xac dinh gia tri d6 bong bé mat trong qua trinh tién , khi ta thay ddi thong s6 ché do cit cua dao
1a rat quan trong. Trong nghién ctru nay ching t6i phan tich d6 bong bé mit véi cac ché do cit khac nhau cua
dao tién tru ngoai tir d6 1am co sd danh gia so sanh, lya chon céc ché @6 cét dao tién dé ting do bong bé mat.

2. UNG DUNG PHUONG PHAP TAGUCHI TRONG THU'C NGHIEM CHE PQ CAT KHI
TIEN.
2.1 Thue nghiém ché d¢ cit khi tién.
2.1.1  Thiét lap bai toan.
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- Dung dao tién tru ngoai bang thép hop kim VNMG160408 xut xit Han Qudc v6i ban kinh miii dao r=0,8
mm, thép dugc gia cong la thép S45C

- Thuc nghiém duoc tién hanh trén may tién CNC.

- Phoi dugc kep mot dau trén may tién CNC, dinh vi 4 bac ty do, kep chat béng thay luc.

- Phéi dugc gia cong trong didu kién c6 nudc tudi nguodi.

- B bong duoc do truc tiép trén may tién, may do do bong cAm tay cua hang Total Meter, ma s6 SRT-
6200, xuat x(r Dai Loan.

Hinh 1 May do d¢ nham bé mat. Hinh 2 Ga phdi trén may tién CNC.

2.1.2  Cac gia thiét va diéu kién ban dau.

- Ché @6 cat got phdi trong thyc té thay d6i dan dén luc tac dong 1én phoi thay dbi..., va tinh chat cta vat
lidu ciing thay d6i viéc xac dinh chinh x4c nhitng anh huéng nay 14 rat khé thuc hién . Trong pham vi cia
dé tai nay do diéu kién thoi gian han hep nén khong dé cap dén nhitng dang tai trong mang tinh ngiu nhién
tac dung 1én hé, bo qua anh hudng cia rung dong, dao trong diéu kién cit c6 nude tuéi ngudi.

- Pé tién cho viée xac dinh do bong bé mat, ta coi chi tiét gia cong va dao cit 1a chi tiét co tinh cht déng
nhit v& vat liéu. Mbi thuc nghiém duoc thuc hién véi s6 1an 1ap 1a 5.Tién hanh thyc nghiém va 13y két qua
thuc nghiém.

- Hinh anh minh hoa dai dién cho 9 thyc nghiém:

Hinh 4 Khi v =100 m/phut, s = 0,1 mm/vong, t
=0,25 mm

Hinh 3 Khi v =100 m/phit, s = 0,1 mm/vong, t
=0,2 mm
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Hinh 5 Khi v = 100 m/phat, s = 0,1 mm/vong, Hinh 6 Khi v = 140 m/phut, s = 0,15
t=0,3 mm mm/vong, t = 0,25 mm

1:;..' "

5 4

Hinh 7 Khi v = 140 m/phut, s = 0,15 mm/vong, t ~ Hinh 8 Khi v = 140 m/phat, s = 0,15 mm/vong, t
=0,3 mm =0,2 mm

Hinh 9 Khi v =180 m/phuit, s = 0,2 mm/vong, t =
0,3 mm
Hinh 10 Khi v = 180 m/phut, s = 0,2 mm/vong, t
=0,2 mm
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Nhdn xét: Trong 09 thyc nghiém ’V(')i‘Ché‘d('_‘) cit khac nhau , cho do bong bé mit khac nhau, véi truong hop
d6 bong trung binh cho ra nhé nhat gan bang 2,003 um
khi v = 140 m/phut, s = 0,15 mm/vong, t = 0,25 mm
(xem bang 2).
2.2 Ung dung Taguchi.
Giai bai toan t&i wu ché do cit khi tién ding phwong phap Taguchi véi cac diu kién va thong sb diu vao
vt liéu phdi cit thép S45C, vat lidu dao tién thép hop kim. Gia thuyét yéu cau khao sat anh huong cta ché
dd cit cua dao vai tién tru ngoai (v, t, s), ban kinh miii dao r = 0,8 mm, v&i ché @6 cat v=100+180 m/phut,
lugng chay dao s = 0,1+0,2 mm/vong, chiéu sau cit t=0,2 + 0,3 mm, . Gi tri dau ra la do bong bé mat,
gi4 tri cang nho cang tét. Theo phuong phap Taguchi 14 giai bai toan dat gia tri cuc tiéu.
Bai ton cuc tiéu:
Muc tiéu 1a x4c dinh ché do cét dao tién dé dat tiéu chi cho do bong tét nhét.
Budc 1: Chon cac bién doc 1ap va ham muc tiéu: C6 3 bién doc 1ap 1a van tde cit, chiéu siu cit,
luong chay dao. Muc tiéu t6i wru dau ra 1a do bong (F)
Budc 2: Phan chia cac khoang véi khoang bién thién da cho, cac bién thanh phan dugc chia lam 3
khoang cho trong bang 1.
Béng 1: Gia tri mirc bién ddi ché do cit cua dao tién

Ky hiéu Tham s Miic 1 Mikc 2 Miic 3
A v 100 140 180
B s 0,1 0,15 0,2
C t 0,2 0,25 0,3

Budc 3: Tao dang ma tran quy hoach thyc nghiém

Kich thudce cua ma tran phuy thudc vao s6 nhan t6 va sé muc gia tri. Trong trueong hop nay vaoi 3
yéu t6, mdi yéu t6 co 3 mirc, bang ma tran truc giao ¢6 ciu trac L9, xem bang 2. Cot F (um) thém vao
dai dién cho dg bong dugc xac dinh & budce 4

Bang 2: Bang ma tran truc dao thyc nghiém do bong bé mat.

N v s t F (um)
1 1 1 3,310
2 1 2 2 3,367
3 1 3 3 3,875
4 2 1 2 2,003
5 2 2 3 2,313
6 2 3 1 3,245
7 3 1 3 2,206
8 3 2 1 2,106
9 3 3 2 2,317

Budc 4: Tién hanh thuc nghiém

Tién hanh 9 thuc nghi€m véi cac yéu td theo tung muc. Vi dy, thyc nghiém $6 1, van tde v =100
m/phut, lugng chay dao s = 0,1 mm/vong, chiéu sdu cit t = 0,2 mm, Do bong F thu duoc 3,31 um.
Két qua cta F duoc ghi & ¢t cudi cung bang 2.

Béng 3: Bang két qua thuc nghiém va xir 1y két qua theo Taguchi

N v s t F (pm) Ti s6 S/N

1 100 0,1 0,2 3,310 -10,422
2 100 0,15 0,25 3,367 -10,611
3 100 0,2 0,3 3,875 -11,767
4 140 0,1 0,25 2,003 -6,070
5 140 0,15 0,3 2,313 7,462
6 140 0,2 0,2 3,245 -10,234
7 180 0,1 0,3 2,206 -6,897
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8 180 0,15 0,2 2,106 -6,476
9 180 0,2 0,25 2,317 -7,354
Bude 5: Phan tich s6 liéu dua trén ti s6 S/N va xé4c dinh cac do bong ti uu cua dao tién
Vi bai toan cuc tiéu gia tri S/N dugc tinh theo cong thirc sau:
S/N=-10logio (.21 ¥7) (1)
n-sd lan 13p lai thi nghiém (n=5)
yi- Gia tri do d9 bong cuia thi nghiém tha i (y=F)
Néun = 1, ta c6 thé viét:
S/N = -20logio(P) 2
Ap dung cong thuc (1) v6i timg thuc nghiém tmg vai gia tri F (um) ta xac dinh duoc ti s S/N ghi trong
bang 3.

Str dung phuong phap phan tich phuong sai ANOVA dé danh gia cac thong s6 nghién ctru ta thu
duogc két qua nhu trong bang 4.
Bang 4: Phan tich S/N va phuong sai ANOVA

v s t Ché dp cat toi wu
1 -10,933 -7,796 -9,044
2 -7,922 -8,183 -8,012 V3-81-12
3 -6,909 9,785 -8,709
Mean(m) -8,588 -8,588 -8,588
Max -6,909 -7,796 -8,012 v =180
Max-m 1,679 0,792 0,576 s=0.1, t=0,25
% anh hudng 55,108 25,983 18,909 V3-S1-12
Delta 4,024 1,989 1,032
Rank 1 2 3

Trén co s& cac két qua nhan dugc, xay dung dd thi danh gia muc do anh hudng riéng ré cla cac thong )
cong nghé, phan tich S/N trén phan mém Minitab xem Hinh 11, Hinh 12
Tir bang phan tich ANOVA ¢6 thé thiy ring phuong 4n téi wu s& 1a phuong 4n véi mue bién ddi cua cac
yéu t6 co ti s6 S/N trung binh 14 16n nhat. P6 1a phuong an voi bd tham sb v3s1t2 , ing cac thong s6 sau:
v =180 m/phut, s =0,1 (mm/vong),t = 0,25 mm.
Khi d6 gia tri trung binh ty s6 S/N ciia phwong an téi vu s& 1a:

Nopt = (S/N)tu =m+ (rleax' 1'1’1)+ (rLZmax' 1'1’1)+ (r]}max' 1'1’1)
Nopt = Nimax T N2max T N3max -2*m
Nopt = -6,909-7,796-8,012-2*%(-8,588) =~ -5,541

Do bong nho nhét dat duoc 1a:
Gtu

Fiin =10 T: 109277 = 1,893 pum.

Main Effects Plot for Means

Data Means
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Main Effects Plot for SN ratios
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Signal-to-noise: Smaller is better

Hinh 12 Anh huéng cac ché d6 cit dén do bong bé mit
3 KET LUAN

-Tr bang phén tich ANOVA va hinh 11, hinh 12 ta thiy mtc do anh huong ciia céc yéu t6 dén do bong
dau ra theo ti 1¢ nhu sau : Van toc cat v (55,108%), lugng chay sao S (25,983%), chiéu séu cat t (18,909
%).

- Phuong an ti wu dé ¢ thé cho d6 bong nhé 1a khi: , ‘,

v =180 (m/phut) , s = 0,1 mm/vong, t =0,25 mm . Khi d6 d6 bong nho nhat c¢6 thé nhan dugc 1a F = 1,893
pm.
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ABSTRACT

Metal cutting is the process by which humans use various forms of energy and cutting tools to remove
excess metal from a workpiece, aiming to achieve predetermined requirements regarding shape, size,
relative position between surfaces, and surface finish. Therefore, selecting the appropriate cutting
parameters plays a crucial role in machining. For example, in the turning process, to contribute to increasing
surface finish, one of the important factors to consider is the cutting parameters during turning. The main
objective of this paper is to analyze the influence on the surface finish of a workpiece when turning an
external cylindrical S45C steel workpiece each time the cutting parameters are changed. The study,
combining practical experiments with the Taguchi experimental design method, shows the influence of
cutting parameters on the surface finish of the machined workpiece, with the percentage influence on
surface finish being 55.108% for cutting speed; 25.983% for feed rate; 18.909% for depth of cut. And when
v = 180 (m/min), s = 0.1 mm/revolution, t = 0.25 mm, the minimum surface finish is F = 1.893 um.

Keywords: lathe cutting mode, surface finish, Taguchi method.
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TOM TAT

Bai bao trinh bay két qua nghién ctru thuc nghiém siy mang géc bang phwong phap siy bom nhiét.
Dé xac dinh cac thong s6 tdi wu cho qua trinh siy, cac thi nghiém dugc bb tri theo quy hoach thuc nghiém
tryc giao cip 2 va duoc t6i vu hoa da muc tidu theo phuong phap bé mit dap ung. Theo két qua nghién ciru
thuc nghiém, cac thong ) cong nghé t8i uu da xac dinh nhiét do séy T=47°C va vén tdc tic nhan séy V=
2,2 m/s. Twong tmg v&i ché d6 toi wu nay, cic ham muc tidu dat gia tri tbi wu gdm thoi gian sdy Ty=10 gio,
dién ning tiéu thy tinh cho 2 kg 4m bay hoi N, = 14609k Cal/2kgSP.

Tu khoa: Bom nhiét, géc, thuc nghiém da yéu tb

1. MO DPAU

Nude ta 1a mot nude co diéu kién dét dai va khi hau thuan loi cho viéc phat trién cua nhiéu loai thuc
vét n6i chung va cdy an trai noi riéng. Céc loai rau, qua & nudc ta rat phong phu véi chit luong dic trung
va tiém nang phat trién diy hira hen cho nganh cong nghé biao quan va ché bién néng san thyc pham.

Yéu ciu san pham cong nghé ché bién sau thu hoach phai dap Gmg dugc thi hiéu tiéu dung, phai ¢6
tinh canh tranh cao trén thi trudng. Chét luong clia san pham siy yéu cau vé do kho, mot s6 san pham con
doi hoi phai dam bao mau séc, hwong vi cao nhu cac san phim c6 chira tinh dau, huong hoa, duoc pham.

Céc phuong phép sdy ¢ nhiét do cao co6 thé pha huy cac chit hoat tinh sinh hoc nhu hoc mén, mau,
mui vi, men, vitamin, protéin va lam thay d6i chét lugng san pham. Vi vay dé dép tmg duoc yéu ciu vé
mau sdc, mui vi ty nhién sau khi sdy, ngudi ta di 4p dung phuong phap say ¢ nhiét do thap, trong d6 phuwong
phap sy sir dung bom nhiét t6 ra ¢6 hiéu qua cao hon ca [1,2,3].

Viéc nghién ciru thyc nghiém dé phan tich, thiét ké hé thong diéu khién mot sé thong s lam viée
clia may sdy bom nhiét va xac dinh ché d¢ sy t6i uru trong qua trinh sdy mang gic. Tir d6 1am co s& dé sdy
nhiéu loai san pham khac nhau, qua trinh nghién ciru d cho thdy nhing vu diém sau:

- Phu hop v6i diéu kién khi hau néng 4m & Viét Nam.

- Thich hop dé sdy kho cac vat phdm khong chiu duge nhiét do cao.

- Chét lugng, mau sdc va mui vi ciia san pham séy duogc gitr t6t hon.

Ty dong hoa cao, van hanh don gidn, nang cao nang sudt va hi€u qua sir dung may.
May say bom nhiét c6 thé say dugc nhi€u loai san pham khac nhau.

2. PHUONG PHAP NGHIEN CUU
2.1. Muc tiéu nghién ciru
Nghién ctru thuc nghiém dé thiét ké, ché tao hé thong thiét bi diéu khién tu dong hai thong sb nhiét
d6 va tdc do tac nhan siy trén mo hinh sdy bang bom nhiét phuc vu cho cong tac nghién ciru khoa hoc va
thi nghiém ciia can bd va sinh vién vi yéu cau mé hinh phai didu chinh dwoc dé dang va chinh xac.
Ngi dung nghién ciru chinh bao gom:
e Nghién ctru thyc nghiém dé phan tich cac yéu t6 trong qua trinh didu khién mot sé yéu t6 lam
viéc gdbm nhiét do sdy va tdc do tac nhan sdy cua may siy bom nhiét [3,8].
e Qui hoach thyc nghiém, phén tich san phim dé xac dinh ché d¢ sy t6i wu trong sdy mang gic,
[6].
76-



bang Van Hai

e Pham vi sir dung rong: c6 thé siy nhiét thong thuong va sdy bom nhiét & cac ché do nhiét do say

tr 20 + 80°C.
2.2. Vit liéu va phwong phap
2.2.1 Vat liéu

Géc nguyén li¢u st dung dé thi nghiém dugc lya chon tai Thanh phé Hd Chi Minh, chon tréi vira

chin t6i, trong lwong mdi trai khoang 1,2 kg + 1,3 kg, ham lwong 4m cua gic nguyén liéu xac dinh bang
may do d6 4m Axis — AGS100 1a 77%, san phim géc siy kho c6 ham lwong 4m 14 7,6%, [1].

2.2.2 Dung cu do va thiét bi

Bang 1. Dung cu do va thiét bi thi nghiém

STT Tén dung cu do Ma Xuit st | Thong s va dd chinh xac
1 May do toc do gi6 Tenmarns TM4001 Taiwan D06 chinh x4ac +3%
2 Dau do nhiét d6 va d6 am Fox 300A Korea Nhiét d6 chinh xac +1%
D6 4m chinh xac +3%
3 Can dién tur CAS SW- | Korea Do chinh xac +2¢g
IWD
Cén xac dinh d6 am Axis AGS100 Poland | P9 chinh x4c +0,05%
Dong ho do dién van ning CHY-88A Japan AC Dién ap 500V, +1,2%
Cong to dién tir 3 pha MV3E43T Viét nam | Dién ap dinh mtrc: 220+240V
50(100)A Pong dién dinh muc 50A
7 My sdy bom nhiét S03 PHCT Viét nam | Ché tao tai khoa CN Co khi. Trudng

PH Coéng Thuong TPHCM

Hinh 1 May séy bom nhiét d duge ché tao

2.2.3. Phuong phap nghién curu thuc nghiém

Thiét bi thi nghiém: Méy sy bom nhiét da ning duoc thiét ké, ché tao do khoa cong nghé co khi
truong Pai hoc Céng Thuong TP HS Chi Minh.

Déi tugng nghién ciru dung méay sy bom nhiét thi nghiém 2kg/mé va cac thiét bi do dé thuc nghiém

say mang gac say kho.

Dé do danh gia két qua nghién ctru thyc nghiém ding ma tran quy hoach thuc nghiém dugc lap theo

phuong 4n bac hai Box—Hunter [6]. Bai toan t6i vu dwoc giai bang phin mém Matlab [7].
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3.1. Thiét 1ap bai toan hd den va sé thi nghiém cin tién hanh
3.1.1 Bai toan hop den

Céc thong s6 dau vao va cac bién nhidu c6 anh hudng dén hai thong s ra Y1 va Y2 dic trung cho
qua trinh sdy (hinh 2), [6]

Co Iy tmh cua nguyen
liéu say (i hoa £1)

Nhiét d¢ say ¢ l Chi phi nang hrong

(mé héa X1) * Hop den d riéng (mé hoa Y1)
(qu trinh
— say bom
Van toc Khi say v nhiét) Chit lugng san

(ma hoa X2) " T g pham (mi héa V2)

Yeu to moi trurimg

(ma hoa £2)

Hinh 2 M5 hinh bai toan hop den thi nghiém trén trén may sdy bom nhiét

3.1.2. 86 thi nghiém can tién hanh
N = ngtn*+n, = 2542k+n, = 22 + 2x2+5 =13 €))
Véi: k =2; nk=22=4; 2k = 2x2 = 4; chon s6 thi nghiém ¢ tam n,=05
Gia trj cua diém sao:

a = \/ JN2ED o0 \/ V132072 20 801 2

Mién thyc nghiém duoc xay dung théng qua quy hoach thuc nghiém tryc giao cdp 2 bang phin mém

Statgraphics. Sau khi tién hanh 13 thi nghiém, ta thu dugc két qua thoi gian sdy, tiéu thy dién ning riéng
va chét lugng san pham say.

A
X2
A 70, o)
2(-1, 1) (1, 1)
Q=======f=-===== -0
I I
I I
6(a,0) ! 0(0.0) |  S(«0)
. : -
I I g
: : X1
I I
I I
o M —— S
4(-1,-1) 3(1-1)

S$(0,-a)

Hinh 3 Phuong phép qui hoach (TY7) bac II hai yéu t6 ciu tric co tim
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3.2. Két qua thuc nghiém va xac dinh ché d6 sdy téi uu trong siy mang gic

Pé xac dinh kha nang lam viéc, d6 chinh xac ctia hé théng diéu khién va tao ra céc dit liéu chuin
dung dé so sanh, danh gia tinh trang thiét bi lam viéc. P tién hanh thyc nghiém trén hé thong may siy dé
xac dinh ché do sdy téi wu trong siy mang géc (hinh 1)
3.2.1. Phuong phdp xit Iy s6 liéu thuc nghiém
+ Bo tri thi nghiém theo kiéu ngiu nhién hoan toan.

Phuong phap quy hoach thuc nghiém: 4p dung quy hoach thyc nghiém nhiéu yéu t6 véi phan mém
Statgraphics.

Bang 2. Két qua nghién ctru thyc nghiém

Bién thuc Bién dwgc ma héa Gia tri ham muc tiéu
N TEC) | Vas) | X1 X2 Mau sacg‘y" phim | Cal2kgsP)
1 40 4 -1 +1 mau do déu 15880
2 50 4 +1 +1 mau khong déu 12612
2 3 40 2 -1 -1 mau do déu 17585
4 50 2 +1 -1 mau khéng déu 15460
5 45 1.5858 0 -1.821 mau d6 déu 16854
6 52.07 3 1.821 0 mau khong déu 13433
2 7 45 4.4142 0 1.821 mau do déu 13596
8 37.93 3 -1.821 0 mau do déu 17382
9 45 3 0 0 mau do déu 14320
10 45 3 0 0 mau do déu 14300
n° |11 45 3 0 0 mau do déu 14325
12 45 3 0 0 mau dé ddu 14530
13 45 3 0 0 mau do déu 14310

+ Kiém tra mirc ¥ nghia ciia cic thong sé
Bang 3. Két qua phan tich thong ké (ANOVA — Y1)

Effect Sum of Sqguares DF Mean Sq. F-Ratio P-value
(hé s6 anh hrgng) (tong binh plirong)  (bictr do) (phwongsai)  (F tinh) (gatrip)
A:X2 1822115.0 a 1822115.0 192.92 .0002
B:X2 74174.5 1 74174.5 7.85 .0478
A3 326612.3 3 326612.3 34.58 .0042
An 1694273.6 a 1694273.6 179.38 .0002
BB 1518567.8 3 1518567.8 160.78 .0002
Lack-of-fit 74905.4 3 243962.5 2.64 .1855
Pure errxrorx 37780.5 4 9445.0
Total (corr.) 29861338.3 12
R-squared = 0.996226 R-squared (adj. for d.f.) = 0.993531

* Két qua phan tich phuong sai dia vao bang ANOVA cho thiy:

- R-squared = 0,996226, chiing to mirc d6 twong quan rat cao.

- Tét ca cac hé sb hdi qui déu dam bao dd tin cay (P-value < 0,05).

- Kiém tra tinh twong thich ctia mé hinh: Ta ¢ Fumn = 2,64 < F1, bang
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— Fip (fi,f2) = 9,1; vay phuong trinh tuwong thich véi thuc nghiém.

Két qua tinh toan hé s6 F, theo chuong trinh Statgraphic cho mé hinh c6 mirc d y nghia lap =
0.1855 > 0.05). Nén mo6 hinh ¢ dang bac II dugc xay dung la phu hop.
+ Phén tich két qua thwe nghiém

Qua phan tich vé gia tri hdi quy trén phan mém Statgraphic, cho cac gia tri ciia phuong trinh hdi quy
ngo ra Y1(Q)
Y 1=Q=67029.8-1889.24*X1-1376.65%X2-57.15*X1*X2+19.75%X1°+467.2*X2* (3)
+ Két qua tinh toan tbi wu

Phuong an thuc nghi¢ém bac hai quay theo Box va Hunter

Xuét phat tir muc dich nghién ctru bai toan t&i wu dugc l4p trén co s& ham Y1(Q) chi phi ning lugng
dic trung cho chi tiéu nghién ctru va viing thuc nghiém dugc thiét 1ap cua ham nay, ciing nhu yéu cau vé
chét lugng san phém, nhu vay ta c6 bai toan tbi wu:
Ham muc tiéu:

% chi phi nang luong (dang thuc Q): Q = (T, V) —» min
Q=67029,8-1 889,24”‘T—1376,65"‘\’7—57,15”‘T"‘V+19,75”‘T2+467,2>“V2 @)
Trong d6: T—Nhi€tdosay (°C);
V — Toc d6 tac nhan say (m/s);

40<T <50
2,01V <40

Dé giai bai toan phan tich hdi quy gz‘in“dﬁng phu thudc vao phuong phap tinh cac hé sb hdi quy. O
day ta dung phuong phap binh phuong cyc tiéu o . )

bé thuan loi cho viéc nghién ctru tinh chat bé mat dap ng lan cén diém toi uu, can chuyén phuong
trinh trén v¢ dang chinh tac. ) . i .

Tinh tién hé truc toa d6 c6 goc toa dd vé mot diém dic biét trén bé mat dap ing tdm S ctia mat dap
ung. Toa do tam S 1a nghiém cua hé phuong trinh:

Q= 67029.8-1889.2T - 1376.65 V -.. + 467.22 V2

Ham diéu kién : {

Q (KCalikgSP)

V (mis)

T (0C)
Hinh 4 D) thi ctia phuong trinh hdi quy (dang thyc)
Quay h¢ truc toa d6 quanh géc hé truc toa do mai dé cac truc trung véi cac truc chinh cta bé mat dap
g, sau d6 nhan duoc phuong trinh chinh tic va bé mat dap ung (hinh 5).
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5 o . = . 12 w2
0= 670208 189027 - 176,667V - 5716 T*V + 1975772+ a57.227v2 » 10° 0 =67020.8- 1880.27T- 1376.86.7V - 57 157 TV + 10.75.7T2 + 467 22 V.
R S

r
i
17 x 10 e L
: HIPEE A
1
N

.....

Q KCalkgSP)

V(mis) T(oC) V(mis)

Hinh 5 Bé mit dap ung dugc biéu dién bing da thirc bac 2 (dang thyc)

Dua vao bé mat dap ting va dudng contour dang thuc, di cho thdy chi phi ning lugng bi anh hudng
rat 16n cua hai yéu t6 ddu vao la nhiét do Séy va téc do tac nhan séy. Nhiét 36 séy va téc do tac nhan sﬁy
cao thi chi phi nang lugng giam va nguoc lai nhiét do sy va téc do tac nhéan siy thap thi chi phi ning luong
nang cao. Léy d6 1am co s& cho viéc chon nhiét 36 séy va tde do tac nhan séy cho nhiéu loai san phém khac
nhau.

+ Xac dinh cac thong s6 tdi wu theo chi tiéu chi phi ning lwong thip nhit

Két qua tinh toan t6i vu cho thdy chi phi ning lugng thap nhit (dya trén muc co sé va qua trinh khao

nghiém thyc t&) va dugc giai voi phan mém Matlab 2021
- Chi tiéu ti wu: Qumi= 1.4609e+004=14609 kCal/2kgSP
- Nhiét d6 sdy Ti =47 °C.
- Tbc @6 tac nhan sdy Vi, = 2.2 m/s.

Két qua qua trinh khio nghiém sy mang gic cho thay sdy & nhiét do 47 °C va toc do tac nhin siy
2,2 m/s theo két qua t6i uu 1a hop 1y mirc d6 chi phi ning lugng thip, nhung vin dam bao do dong déu vé
mau sic va chit luong ctia mang gic sy kho 16n hon 95% (bang 4).

Két qua phan tich khao nghiém kiém chimg khi didu khién nhiét do sdy va tdc do tic nhan sdy cua
may sdy bom nhiét. P cho thdy giam chi phi ning luong riéng nhung van dam bao vé chit lugng san pham.

Két qua nghién ctru da gop phan thuan tién trong viéc thiét ké, ché tao va van hanh hé thng didu
khién ty dong ctia may siy bom nhiét. Ung dung két qua nghlen clru siy mang gic sau d6 phan tich két qua
thyc nghi€ém va xac dinh ché do say t6i uu trong say mang gac
Bdng 4. Thanh phan ho4 hoc mang gic sdy kho

STT Thanh phén Két qua Pon vi Ghi chu
1 Nudce 7,6 (g/100g)
2 Lipit 31,46 (g/100g)
3 Protein 7,3 (g/100g)
4 B - caroten 3.30 (mg/ml)
5 Lycopen 0.02032 (mg/ml)

4. KET LUAN
Két qua nghién ctru thyc nghiém di dat dugc cac két qua sau:
Khi tién hanh nghién ctru thyc nghiém da diéu chinh nhiét do séy va tde do tac nhan sfiy & nhiéu mirc
d6 khac nhau pht hop v6i phuong phap qui hoach (TYT) bac IT hai yéu té ciu trac ¢6 tam.
Céc thiét ké cac yéu t6 dau vao va dau ra da dap ing dwoc qua trinh diéu khién may 6n dinh va dap
g kha ning sy cho nhiéu loai nguyén liéu sy khac nhau trén cting mot loai may siy bom nhiét.
Kiém chung lai két qua t6i wru trén mot sb day chuyén c0 ndng suét cao.
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Két qua diéu khién can duoc tiép tuc phat trién dé co thé img dung trong thuc té cho nhiéu loai may
sdy khac.
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ABSTRACT

This paper presents the results of an experimental study on drying gac fruit membrane using a heat
pump drying method. To determine the optimal parameters for the drying process, the experiments were
designed according to a second-order orthogonal experimental design and optimized using a multi-objective
response surface method. According to the experimental results, the optimal technological parameters were
determined as drying temperature T = 47°C and drying agent velocity V = 2.2 m/s. Corresponding to this
optimal mode, the objective functions achieved optimal values, including drying time Th = 10 hours and
power consumption per 2 kg of evaporated moisture Ne = 14609 kcal/2 kg product.

Keywords: Heat pump, gac fruit, multi-factor experiment
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TOM TAT

Hé théng Hyperloop dang dugc xem 1a mot trong nhiing phuong thirc giao thong d6 thi day trién
vong cua tuong lai, voi téc d6 van hanh muyc tiéu 1én dén 1.200 km/h trong méi truong dng gan chan khong.
Pé phat trién hé thong nay, viéc hiéu rd cac dic tinh khi dong luc hoc dédc trung cua vat thé chuyen dong
trong 6ng chan khong — von rat khac biét so voi khong gian mo — 1a nén tang 1y thuyét khong thé thiéu. Bai
bao nay trinh bay nghién ctru so sanh sé vé dic tinh khi dong luc hoc ciia mot qua cau (dai dién cho
Hyperloop pod duge don gian hoa) chuyén dong ¢ ba tbe do 100, 200 va 300 m/s trong éng co ty 1& tic
nghén (blockage ratio — BR = 0,36) va trong khong gian mé. Str dung mo phong CFD véi mé hinh rbi SST
k-, nghién ctru phén tich sy hinh thanh séng xung kich, phan bd ap suit, luc can va hé sé can trong hai
moi trudng. Két qua chi ra réng, khac v6i khong gian mo noi song xung kich binh thuong chi hinh thanh ¢
téc do siéu am (M > 1), trong ong Hyperloop, song xung kich c6 thé xudt hién ngay ¢ toc do dudi am (M
~0,43) do hiéu mg tic ngh&n dong chay. Hé s6 can dinh trong ong xay ra 6 M = 0,65-0,80, thap hon dang
ké so v6i M = 1,60 trong khong gian mo. Ngoai ra, téc d6 lan truyén song xung kich dau trong dng ludn
vuot toe do 4m thanh va tang theo téc do pod. Nhitng két qua nay cung cip co s6 1y thuyét quan trong cho
viée thiét ké va tdi wu hoa hé théng Hyperloop trong tuong lai.

Tir khéa: hé thong Hyperloop; ong chin khéng; séng xung kich; lic can khi dong; qud cau trong ong.
1. GIOI THIEU

Trong nhitng thap ky gan day, nhu cau vé cac phuong thirc giao thong nhanh hon, hiéu qua hon va
than thién v6i méi trudng hon da thuc dy su phat trién cia hé théng Hyperloop — mét hé théng van tai sur
dung ong chan khong gin dé giam luc can khi dong 1én tau/pod, tir d6 cho phép tdc do di chuyén cuc cao
(965-1220 km/h) [1]. Hyperloop két hop cong nghé dém tir (maglev), hé thong ddy tuyén tinh va moi
truong ap sudt thip nham ti wu hoa hidu suit niang luong va giam thoi gian hanh trinh.

Su khac biét co ban vé vat Iy dong chay giira vat thé chuyén dong trong khong gian han ché (6ng) va trong
khong gian m¢ 1a mot linh vyc nghién ctru quan trong cd nhiéu tng dung thyc tién, tir tau Hyperloop dén
sung phong dan trong 6ng va hé¢ thong turbine khi [2-4]. Trong khong gian mg, song xung kich chi hinh
thanh & toc do siéu am, va hé sé can dinh xay ra 6 khoang M = 1,6 d6i v6i hinh cau [5, 6]. Tuy nhién, trong
khong gian bi han ché, diac biét & ty 1€ chan (blockage ratio — BR) cao, song xung kich binh thuong c6 thé
hinh thanh ngay ca ¢ toc d6 dudi 4m do co ché tic nghén dong chay dic trung cta hé thong 6ng—vat thé
[7-9].

Nghién ciru ctia Hruschka va Klatt [3] vé dic tinh khi dong ciia dan trong éng & toc do xuyén am da
chi ra rang hé sb can dinh trong dng xay ra & s Mach thap hon so véi bay tu do. Tuy nhién, nghién ctru d6
chi xét BR = 0,08 — thip hon nhiéu so véi hé thong Hyperloop thuc té (BR = 0,25-0,36) [8]. Cac nghién
clru trude vé Hyperloop dé phan tich anh hudng cta nhiéu thong sé thiét ké nhu tdc do, BR, ap suét 6ng va
hinh dang pod [7, 10-18], nhung mét so sanh hé thdng va toan dién giita chuyén dong trong dng va trong
khong gian m¢ ¢ cung diéu kién tc d6 van chua duge thuc hién dﬁy du.

Bai bao nay st dung qua cau lam vt thé nghién ctru thay vi Hyperloop pod dé don gian hoa bai toan
trong khi van dam bao ndm bét dugc ban chit vat ly chinh xéc cua hién tuong. Muc tiéu chinh cua bai bao
1a: (1) so sanh truong dong chay va phan b ap suat quanh qua cau trong hai moi truong; (2) phén tich su
hinh thanh va dic diém cua song xung kich; (3) so sanh luc can va hé so can; va (4) 1am 13 co ché vat Iy
gdy ra su khac biét giira hai moéi truong.
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2. VAT LIEU VA PHUONG PHAP

2.1. M hinh tinh to4n va diéu ki¢n bién

Céac mo phong duoc thuc hién bang phin mém CFD thuong mai ANSYS Fluent véi bd giai nén
khong 6n dinh (unsteady) va mé hinh r6i SST k-o. Phuong trinh Navier—Stokes cho khéng khi nén duoc
(compressible air) dugc ap dung cho ca hai trudng hop. Khong khi dwoc gia dinh 14 khi 1y trong ¢ thé nén
(tuan theo dinh luat khi 1y tuong p = p/RT véi R = 287,058 J/kg.K) va d6 nhdt duge mé hinh hoa bang dinh
luat Sutherland.

Déi v6i trudng hop qua ciu trong 6ng, dudng kinh qua cdu 1a 3 m va ong lan luot 14 5 m va 6 m,
tuong tng BR = 0.36 va BR = 0.25. Ap suét ban dau duoc dit 1a 101,325 Pa (1 atm). Hai ddu ctia dng duoc
thiét lap 1a diéu kién bién 4p suét truong xa (pressure far- field). Tét ca cac tuong/thanh dng duge thiét lap
1a diéu kién khong truot (no slip) va doan nhiét (adiabatic). D6i voi truong hop khong gian mo, mién tinh
toan du 16n (duong kinh ti thiéu 50 1an duong kinh qua cau) dé loai trir anh huéng cua thanh dng, véi ap
suét ban diu tuong tu 14 101,325 Pa dé dam bao tinh c6ng bang trong so sanh.

Dé giam thoi gian tinh toan va cting la dé tao dugc két qua phan tich tong quan hon, qua cdu mo
phong duoc dat tai chinh gitra ong va khong gian mé. Do vay, 2D ax1symmetrlc model dugc su dung (Hinh
1). Ddi v6i trudng hop qua cau trong khong gian mé, khoang cach tir qua cau toi dau vao va dau ra cua
vung tinh toan duoc dat lan luot 1a 10D va 30D, vé6i D 1a duong kinh qua cau. Trong truong hop qua cau
di chuyén trong ong, dé tranh sy phan lai cua song xung kich tai cubi moi ong, chiéu dai cua ong dugc thiét
ké dai hon, cu thé khoang cach tir qua ciu téi diu vao va dau ra cia dng lan luot 1a 116D va 216D.

' Ludi hexhedral véi kich thude trung binh 0.1 m duoc chon dua trén két qua kiém tra doc lap ludi,
cho s6 6 khoang 300,000 cho truong hop qua ciu trong dng va 270,000 cho qua ciu trong khong gian mé.
Budc thoi gian 1a 1 x 10 s véi toi da 20 vong 1ap mdi bude thoi gian.

= Pressure-
Outlet

Velocity-
Inlet

Hinh 1. Ludi sir dung trong truong hop qua cau trong khong gian mé.
Khoéng cach tur qué céu to1 inlet va outlet dugc dat 1an luot 1a 10D va 30D, véi D 1a duong kinh qua céu
Trong truong hop qua cau di chuyen trong ong, dé tranh sy phan lai cua song xung kich tai cu01 mdi 6ng,
chiéu dai ciia dng duoc thiét ké dai hon, cu thé khoang cach tir qua ciu t6i inlet va outlet ciia dng lan luot
la 116D va 216D.
2.2. Co sé' Iy thuyét
2.2.1 T¥ 1¢ tic nghén blockage ratio
Ty lé’téc nghén (blockage ratio) 1a thong s6 quan trong nhét phan biét hai truong hop. Déi véi hé thong qua
cau—ong, BR duoc dinh nghia la:
BR = Asphere [Atube @

Trong d6: BR — hé s6 tic nghén dng, Agphere: dién tich w6t ctia qua cdu, Awpe: dién tich u6t cua éng

Diéu kién tic nghén dong chay (choked flow) trong hé thdng dng—qué cau xay ra khi tbc d6 dong chay tai
hong (khe ho giira qua cau va thanh ong) dat M = 1. S0 Mach t6i han (M.,) duoc xac dinh tir quan hé dién
tich—s0 Mach (phuong trinh isentropic 1D):
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N @

trong d6 A* = Awbe — Asphere 12 dién tich hong, y=1,41a ty s6 nhiét dung riéng.

Phuong trinh (2) & trén dugc goi 1a phuong trinh quan hé dién tich — sé Mach. Béi véi phuong trinh (2), M
¢6 hai nghiém, trong d6 mot nghiém nam trong ving dudi dm (subsonic) va nghiém con lai nam trong vung
siéu 4m (supersonic). Nghiém duéi am con dugc goi 1a sé Mach t6i han ding entropy (Mer). Ba ché d6 dong
chay dugc phén chia dya trén M. nay. Ché d6 1 (Regime 1): khi toc d6 cta qua cau thdp hon M, dong
chay khong bi tic nghén tai hong va dong chay hoan toan ¢ ving dudi 4m. Ché d6 2 (regime 2): khi toc do
clia qua ciu dat dén M., dong chay bi tic nghén tai hong, nhung dong chay khéng ting tdc hoan toan (hay
s6 Mach cuc bo ciia dong chay (M) khong dat dén nghiém siéu 4m (supersonic solution) trong phwong trinh
(2)). Ché d6 3 (Regime 3): khi dong chay dugc ting toc hoan toan (hay M dat dén nghiém siéu 4m
(supersonic solution) trong phwong trinh (2)). O BR = 0.36, M, ~ 0.43, c6 nghia 1 tic nghén dong chay va
hinh thanh song xung kich (normal shock wave — NSW) xay ra khi qua ciu dat téc d6 khoang 150 m/s —
hoan toan 1a ché d6 du6i am [7, 17].

2.2.2 Voi phun h§i tu-phan ky (converging-diverging nozzle: C-D nozzle)

Voi phun héi tu-phén ky (C-D nozzle) la mgt trong nhiing khai niém co ban va quan trong nhat trong co
hoc luwu chit nén dugc. Viée hiéu rd nguyén ly hoat dong cua voi phun C-D la nén tang thiét yeu dé phan
tich cac dac tinh khi dong hoc trong hé thong Hyperloop. Cu thé, khi pod di chuyén bén trong 6ng, khoang
khong gian hep gilta pod va thanh ong tao ra mot cau truc hinh hoc twong tu voi phun C-D, trong d6 dong
khong khi 1an luot di qua cac doan hoi tu, hong va phan ky. Tuy thudc vao tdc do cua pod va ti sé blockage
(BR), cac ché d6 dong chay khac nhau c6 thé xuét hién, bao gdm dong chay dudi 4m (subsonic), dong chay
tic nghén (chocked flow), va dong chdy siéu am (supersonic) kém theo sy hinh thanh cac song va. Do do,
Iy thuyét vé voi phun C-D cung cap cong cu ly thuyét quan trong dé du doan va giai thich sy hinh thanh
song va phap tuyén (normal shock wave — NSW) va séng va xién (oblique shock wave — OSW) trong hé
thong Hyperloop, tir 46 giup danh gia chinh xac hon luc can khi dong hoc tac dung Ién pod trong qua trinh
van hanh. Vi vay, phin nay tic gia s& giai thich ngén gon v& voi phun hdi ty-phan ky.

Dura trén ti s giita ap suat te_uﬂdau vao cua voi phun (Ri) va ap suit ngugc hay ap suat moi truong (Py), dong
chay qua voi phun C-D c¢6 thé dugc chia thanh ba ché d9, nhu dugc trinh bay trong Hinh 2.

(i) Dong chay hoan toan dwéi Am (tirc 13 dong chay chwra bi tic nghén)

Dong chay ting téc qua doan hoi ty, dat toc do toi da (van dudi am) tai hong, sau d6 giam tbe qua doan
phan ky (truong hop a). Khi Py tlep tuc giam, dong chdy dugc tang tdc nhiéu hon. Khi P, giam xuong mot
gi4 tri nhat dinh, dong chay bi tic nghén tai hong, noi toc do dong chay dat M =1 va luu lugng khéi luong
dat cuc dai. Viéc tlep tuc giam ap suat dau ra khong thé dich chuyen vi tri M = 1 ra khoi hong. Ngoai trir
tai hong, dong chay trong toan bd hé thong van & ché 6 duéi 4m (truong hop b).

(ii) Séng va phap tuyén trong doan phén ky (tirc 12 dong chay bi tic nghén tai hong)

Khi P, giam xudng thip hon Py, & truong hop b, dong chay siéu 4m hinh thanh & phia ha luu cua hong. Khi
dién tich tiét dién tang dan trong doan phan ky, dong chay siéu &m tiép tuc dugc tang téc. Tuy nhién, sy
tang tdc nay bi chim dut boi mot song va phép tuyen (NSW), v6n 1am giam toc dot ngot dong chay vé che
d6 dudi am. Do d6, dong chay bi giam tdc trong phan con lai ciia doan phén ky (truong hop c). Néu Py, tiép
tuc giam, vung dong chay siéu am s& mé rong va cudi ciing dich chuyén dén dau ra ctia voi phun (trudng

hop d).

(iii) Song va gian né qua mire va gidn né chwa da

Khi Py tiép tuc giam thém, song va s& dich chuyén ra khoi du ra cta voi phun va bé cong ra ngoai vao
trong dong phun. Trong tinh huong nay, cac hinh thai phiic tap cla séng va va cac phan xa cua chiing sé
tao ra hon hop dong chay dudi am va si€éu am, hodc chi c6 dong chay siéu am. Truong hop e dé cap dén
song va gian nd qua muic (over-expanded shock), trong d6 ap suat tai dau ra cua voi phun Pe < P,. Cudi
cung, néu tiép tuc giam Py, khi d6 P. > Py, song va gian nd dudi muc (under-expanded shock) duoc tao ra
(truong hop f).
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Converging :- Diverging

! g ] Regime 1
/_ t! :] Regime 2

& N ~
S~
Q M=1 } Regime 3
i
0
Throat Exit
Casea Casec Casee
~— Mt~ M=1 M=1
mix
Caseb Cased Casef
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Hinh 2 Cdc ché dg dong chay trong voi phun hdi tu-phdn ky théng thuong.
3. KET QUA VA THAO LUAN

3.1. Ché d9 dong chay va phéan bd s6 Mach

Hinh 3 so sanh phén b s6 Mach xung quanh qua cau trong dng va trong khong gian md & cac toc do khac
nhau. Luu ¥ ring ca hai truong hop déu & ap sudt khi quyén va Re ~ 1075, Tai M = 0.2, dong chay hoan
toan ¢ ché d6 dudi am trong ca hai truong hop va co sy khac biét khong dang ke Dbi voi truong hop qua
cau trong khong glan mo, khong cd song xung kich hmh thanh trude va sau qua cdu 6 M= 0.5 va M =0.8.
Tuy nhién, khi qua cau di chuyén trong 6ng co ty 18 tic nghén cao (cu the BR =0.36 trong hinh 3), tai M =
0.5, dong chay tac nghén xay ra tai dién tich nho nhét gifra qua cau va ng, tuy nhién séng xung kich phia
trude qua cau chua hinh thanh. Sy xuét hién cta séng va phap tuyén (normal shock wave — NSW) phia
trude qua cau va song va xién (oblique shock wave — OSW) phia sau qua cau trong ong duge quan sat tur
M = 0.8. Piéu nay khac v6i qua cau trong khong gian m&, noi cac song va chi xuat hién & téc do siéu am
M =1.2). Ket quéa nay phu hop véi 1y thuyét vé voi phun hoi tu—phan ky (C-D nozzle). Khi qua cau di
chuyen trong ong, dong chay di qua ba vung: vung hoi tu (phia trude qua cau), hong (khe hep nhét giira
qué cau va 6ng), va ving phan ky (phia sau qua cau). Co ché nay khong ton tai trong khong gian mé, noi
dong chay c6 thé mé rong tu do theo moi hudng.

Thém nira, khi thoi gian md phong tang, NSW tiép tuc di chuyén vé phia trude theo cung chiéu di chuyén
clia qua cau, dong thoi OSW di chuyén vé phia nguoc chidu di chuyén ciia qua ciu. Trong Hyperloop, do
l6n va do dai cua hai song nay (NSW va OSW) tang dan theo thoi gian va c6 thé anh huong t6i cac
Hyperloop pod di chuyen phia trudc hodc phia sau nd. Vi vay, viéc hiéu vé su hinh thanh va tc do phat
trién cua ching 1 rit quan trong. Giai thich cho sy hinh thanh NSW trong 6ng ¢ toc do dudi 4m c6 thé
dugc doc thém 6 tai li€u tham khao [15].
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Hinh 3 Phin b s6 Mach xung quanh qua cau trong ng (trén) va trong khong gian mé (dudi) & cac toc
d6 khac nhau.
3.2. Hé s6 can va lyce cin
Bang 1 tong hop céc gia tri hé s6 can & ba toc d6 khac nhau. Luc can trong dng 16n hon dang ké so voi

trong khong gian m¢ & cung téc do. Nguyén nhan chinh la do ap suat cao dugc tao ra boi NSW trude qua
cau trong Ong lam ting dang ké gradient ap suit 1én qua cau.

Thém nita, ta c6 thé thiy hé s can trong dng ting téi mot toc do gii han va giam. Trong khi hé sé can
trong khong gian mo tang khi toc d6 tang.

Béng 1. So sanh hé sb can (Cp) giita qua ciu trong dng va trong khong gian mo

Mach Cp trong dng Cp khong gian mé T§ 1 Cp (6ng/mé)
0.5 1.84 0.08 23
0.86 2.24 0.38 5.84
1.2 1.7 0.90 2.36

Ghi cha: Hé s6 can (Cp) duogc tinh theo dinh nghia chuan Cp = 2Fp/(pV?A), trong do6 p 1a mat do khong
khi tai diéu kién ban dau (1/1000 atm), V 1a téc d6 qua cau va A 1a dién tich chinh dién ciia qua cau.

Hinh 4 so sanh hé s6 can theo s6 Mach cho qua cau va mot s6 vat thé khac trong dng va trong khong gian
mo cua cdc dir liéu thyc nghiém trong cdc tai liéu tham khao [3, 5, 6, 19]. Két qua cho thdy hé s6 can dinh
trong ong xay ra & khoang M = 0,65-0,80 — thip hon dang ké so véi gia tri M~ 1,6 trong khong gian mg.
Piéu nay twong ddng véi cac bao cdo trudc ddy vé tau Hyperloop [8, 20], noi hé sé can dinh xay ra &
khoang M = 0,65-0,72 tuy theo BR (Hinh 5).
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Hinh 4 Hé s6 can theo sé Mach ciia cic vat thé trong 6ng va trong khong gian mé.
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Hinh 5 So sdnh hé s6 can giita cdc 1y 1é tdc nghén khdc nhau.
3.3. Co ché hinh thanh va lan truyén séng ap suét
Su khac biét quan trong nhét giita hai truong hop nam & co ché hinh thanh soéng ap suat. Trong khong gian
md, song nén (compression wave — CW) lan truyen theo moi hudng, phan tan nhanh chong do ton that nang
luong 16n. HE qua 1a CW khong du manh de hinh thanh NSW ¢ toc d6 dudi am. Nguoc lai, trong ong, su

lan truyén ciia CW bi han ché bai thanh éng; cac song bi phan xa va tich lly, cudi cung phat trién thanh
NSW. Hinh 6 mé ta sy hinh thanh song va phép tuyén phia trudc ctia Hyperloop pod.

Cw

t=0.0015s
—

NSW

Hinh 6. Contour ap suat phia truée mot Hyperloop pod theo thoi gian m6 phong cho truong hop mot
khoang hoat dong & toc dg 300 m/s (M = 0,86). NSW: normal shock wave — séng va phap tuyén, CW:
compression wave — SOnNg néen
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Béng 2. Téc d6 lan truyén va cudng do cta song xung kich ddu (LSW) trong ng theo téc d6 qua cau

Téc dd qua ciu (m/s) visw (m/s) pusw (Pa)
100 338.2 106.1
200 371.7 (+9.9%) 124.9 (+17.7%)
300 440.1 (+30.1%) 176.6 (+66.4%)

Luuy: Phan tram trong ngoac thé hién su tang so voi tdc dd 100 m/s. Tdc dd am thanh & diéu kién ban dau
¢ = 347 m/s.

Béng 2 cung cép dit lidu vé tdc do lan truyén va cudng do cua song xung kich dau (leading shock wave —
LSW) & ba tbc do khac nhau trong éng. Diac biét dang chu ¥ 1a tbc d6 LSW ludn cao hon toc do 4m thanh
(c = 347 m/s).

3.4. Anh hwéng ciia twong dng: séng xung kich xién

Mot dic diém khac biét quan trong cua hé thdng 6ng so véi khong gian mo la sy xudt hién ctia s6ng xung
kich xién (OSW) phia sau qua cau. Trong khong gian mo & toc d6 dudi 4m, khong c6 OSW; chi c6 vung
tach 16p bién va vét sau (wake) tao ra lyc can. Tuy nhién, trong éng & tdc d6 > 200 m/s (tuong (mg Regime
2va 3), OSW hinh thanh do sy phan xa cua song gitra thanh 6ng va qua ciu. OSW nay giy ra ap suit thip
dac trung sau qua cau gop phan déng ké vao lyc can tong thé. Nhu da thay trong Hinh 3, trong khong gian
md, phén bb 4p sut dbi ximg va din giam vé ap suét moi trudng sau qua cau. Trong 6 ng, ap suat phia truge

qua cau taing manh do LSW, trong khi phia sau qua cau c6 ving ap sudt thap dic trung giita qua cdu va
OSW.

4. THAO LUAN

ba co nhiéu nghién ciru chuyén siu vé dong chay téc dd cao qua cac vat thé trong khong gian mé
(vi du: qua cdu, canh may bay va tau cao tc). Tuy nhién, van con thiéu cac nghién clru tap trung vao dong
chay tdc do cao qua cac vat thé trong khong gian han ché (vi du: dong chay qua qua cau trong dng, tau cao
tdc trong duong him, hozc hé théng Hyperloop). Cac dong chay nay c6 thé dugc phan loai 1a dong chay
nén trong ong. Viéc hiéu rd cac dic tinh vat 1y cia dong chay trong hé thong Hyperloop c6 thé mang lai loi
ich thiét thuc cho viéc nghién ciru cac dong chay toc do cao khac trong khong gian han che Ngoai ra, viéc
tim hiéu truong dong chay xung quanh mot qua cau chuyén dong & toc d6 cao bén trong dng co thé cung
cAp mot nghién ciru so bd cho hé théng Hyperloop.

Khi qua cdu hay mot Hyperloop pod di chuyén trong dng, do sy thay ddi dién tich tiét dién gy ra
boi hinh dang ciia qua cau/pod, dong chay trong hé théng nay duoc ky vong s& tuong tu nhu dong chay
trong voi phun hoi ty-phan ky (C-D nozzle), v6i sy khac biét nho do cac didu kién hinh hoc va bat dbi ximg
giita pod va thanh éng [7]. Do do, dong chay ciing s€ trai qua cac doan hdi ty, hong va phan ky, nhu dugc
minh hoa trong Hinh 7. Luu y ring, thay vi str dung md hinh pod Hyperloop don gian hdéa nhu trong cac
nghién clru trude, tac gia str dung qua cau lam d6i twong nghién ctru trong cong trinh nay. Nhin chung, do
viéc sir dung miii va dudi hinh ban cau, mé hinh Hyperloop don glan hoa nay va qua cau s¢ cho két qua rat
twrong dong dbi voi dong chay & phia truée va phia sau pod/qua cau. Diém khac biét duy nhit 1a md hinh
qué cau khong thé phan 4nh anh hudng cua chiéu dai pod va than cia pod.

Divergent Convergent Divergent Convergent
section section section section
e e bl

ggh“"" Throat —s!

- O

i Straight |
—i S e
section

Simple Hyperloop pod-tube system Sphere-tube system
Hinh 7 So d6 hé thong dng-vdt hinh tru (Hyperloop don gian héa) va hé thong ong-qud cau.

Trong hé thong Hyperloop véi pod, ton tai cac 16p bién doc theo pod va thanh & ong do truong cit gan thanh
[7]. Céc 16p bién nay khién dong chay gap phai dién tich hong nho hon so véi thiét ké ban dau. Do do, s6
Mach t6i han (actual M) thyuc té nho hon s6 Mach t6i han dang entropy (M.;). Tuy nhién, trong hé thong
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qua c?}u—éng, anh hudng cua 16p bién nay dugc bo qua, do do s6 Mach t61 han chinh xac bang sé Mach t6i
han dang entropy. Thong tin chi tiét hon vé ché d6 dong chay trong hé thong Hyperloop vé6i pod don gian
¢6 thé dugc tim thay trong [7].

Hinh 4 so sanh hé s6 can ciia cac vat thé trong ong va trong khong gian m¢ theo s Mach. [3] da so sanh
céc dic tinh khi dong hoc ctia dan phong di chuyén trong ong va trong khong gian ty do ¢ toc dd xuyén
am, Két qua thue nghiém va mo6 phong cua ho cho thdy hé s can dinh ctia dan phong trong ong xudt hién
& tbe do thap hon nhiéu (khoang M = 0.8) so véi dan phong trong khong gian ty do. Can luu ¥ ring, trong
pham vi tbe do nghién ctru cua ho (M= 0.5 dén M = 1.5), he s0 can cua dan phong trong khong gian ty do
van chua dat dén gia tri dinh. Trong khong gian md, hé s6 can thuong dat dinh & khoang M = 16 dbi voi
qua cau [5, 6, 19] hodc hinh nén-try [19]. Hruschka va Klatt (2019) [3] cling chi ra rd rang rang tir M >
0.78, mot séng va xién (OSW) manh duoc tao ra phia sau dan phong trong dng, didu nay khong dugc quan
st thiy ¢ phia sau dan phong trong khong gian ty do.

Tuy nhién, Hruschka va Klatt (2019) [3] da nghién ctru cdc ddc tinh khi dong hoc cta dan phong trong ong
& ti s6 blockage thép, tirc 1a BR = 0,08. Sy khac biét vé& hé so can gitra dan phong trong 6ng va trong khong
gian m& trd nén déang ké hon khi BR ting. Chang han, hé sé can cua pod Hyperloop dat dinh tai M = 0,72
(250 m/s) véi BR = 0,25 va tai M = 0,65 (225 m/s) v6i BR = 0,36 [8, 20]. Hinh 3 trinh bay truong dong
chay xung quanh mét qua cdu duong kinh 3 m trong khong gian han ché (BR = 0,36) va trong khong gian
mé théng qua mé phong dong luc hoc lwu chét tinh toan (CFD). Két qua CFD cua Hruschka va Klatt (2019)
cho thiy tai M = 0.6 va BR = 0.08, dng c6 anh huong khong dang ké va dong chay tic nghén chua xay ra.
Tuy nhién, trong nghién ctru ndy, tai BR = 0.36, dong chay tac nghen xdy ra tai dién tich nho nhat gilta qua
cau va éng tir M = 0.5. Hon nira, sy xuat hién ciia séng va phéap tuyén (NSW) phia trude qua cau va song
va xién (OSW) phia sau qua cau trong dng dwoc quan sat tir M = 0.8.

Béng 3 tom tit cac diém khac biét chinh giita qua cdu/pod trong dng chan khong va trong khong gian mé.

Bang 3. So sanh téng hop dic tinh khi dong giita dng gan chin khong va khéng gian mo.

Pic diém Trong 6ng gin chan khong Trong khong gian mé
. . Téc d6 dudi am (M ~ 0,43 & e a
NSW hinh thanh BR=0,36) Chi ¢ sifuam (M > 1)
Hé s6 can dinh M =~ 0,65-0,80 M=1,6
OSW sau vat thé C6 (tr M = 0,58 & BR=0,36) Khong (& téc do dudi am)
Téc do LSW Cao hon t6¢c d 4m thanh Khong ap dung
S6 Reynolds 104-107 (thap) — do p thap 105107 (cao hon)
Lan truyén CW Bihan che bml\?él\%} tich Ity thanh Ding hudng, phan tan nhanh
Anh huéng BR Rat16n (cang cao, lyc can cang Khong c6 khai niém BR
tang manh)
4. KET LUAN

Nghién ciru nay di trinh bay phan tich so sanh toan dién vé dic tinh khi dong luc hoc ciia qua cau chuyén
dong trong ong va trong khong gian m¢d thong qua mo phong CFD. Céc két luan chinh nhu sau:

(1) Trong dng véi BR = 0,36, song va phép tuyén NSW c6 thé hinh thanh & toc d6 hoan toan dudi 4m (M
~ 0,43 tr¢ 1én) do co ché tac nghén dong chdy dédc trung cua hé thong ong—vat thé ty 1€ chan cao. Diéu nay
hoan toan trai ngugc vai khong gian md, noi NSW chi xuat hién ¢ siéu am.

(2) Hé s6 can dinh trong dng xay ra ¢ s6 Mach thap hon dang ké (M = 0,65-0,80) so voi khong gian mé

(M ~ 1,60). bay 1a hé qua truc tiép ciia BR cao va co ché tic nghén. Ngoai ra, & cing tdc do, lyc can trong
6ng 16n hon nhiéu so v&i trong khong gian mé.

(3) Trong bng, séng xung kich xién (OSW) déc trung hinh thanh phia sau qua cau 6 toe do > 200 m/s (BR
= 0,36) do phan xa song gitra thanh ong va qua cau. bac diém nay khong quan sat thiy trong khong gian
mé & cung dai toe do.
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4 Téc d6 lan truyén ctia LSW trong f)ng chén khong luén cao hon tbc do am thanh, va tang theo tbc do
qua cau (tir 338 m/s 1én 440 m/s khi toc d¢ qua cu tang tir 100 1én 300 m/s). Toc do lan truyen song cao
bat thuong nay la dac diém riéng ctia hé thong ong chan khong.

Nhitng phat hién nay cung cap co s& Iy thuyét quan trong dé hiéu rd tai sao cac phuong phap thiét ké khi
dong hoc cho phuong tién trong khong gian mo khong thé ap dung truc tiép cho hé théng Hyperloop.
Nghién ctru twong lai cAn xem xét anh hudng ciia nhidu pod hoat dong ddng thoi, hiéu tmg nhiét khi dong,
va dng c6 nhanh.
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ABSTRACT

The Hyperloop system is considered one of the most promising urban transportation methods of the
future, with a target operating speed of up to 1,200 km/h in a near-vacuum tube environment. To develop
this system, a thorough understanding of the characteristic acrodynamic properties of objects moving in a
vacuum tube — which are very different from open space — is an indispensable theoretical foundation. This
paper presents a numerical comparative study of the aerodynamic properties of a sphere (representing a
simplified Hyperloop pod) moving at three speeds of 100, 200, and 300 m/s in a tube with a blockage ratio
(BR=0.36) and in open space. Using CFD simulations with a k- SST turbulence model, the study analyzes
shock wave formation, pressure distribution, drag, and drag coefficient in the two environments. The results
indicate that, unlike open space where normal shock waves only form at supersonic speeds (M > 1), in the
Hyperloop tube, shock waves can appear at subsonic speeds (M = 0.43) due to the flow obstruction effect.
The peak drag coefficient in the tube occurs at M = 0.65—-0.80, significantly lower than M = 1.60 in open
space. Furthermore, the initial shock wave propagation speed in the tube always exceeds the speed of sound
and increases with pod speed. These results provide an important theoretical basis for the design and
optimization of future Hyperloop systems.

Keywords: Hyperloop system; vacuum tube; shock wave; aecrodynamic drag; sphere in the tube.
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TOM TAT
Bai nghién ctru ny so sanh cac cu hinh cua cdc canh tan nhiét dang rin dugc gan 1én trén tudng

nong cua khoang kin dugc gia nhiét khong dong déu. Nam cau hinh canh tdn nhiét khac nhau duoc gioi
thiéu trong bai béo nay la: 1 canh don (1= 0.5),2 canh (1=10.25), 3 gémh (1=0.17), 4 célph (= 0.125) va 5
canh (1= 0.1). Chi€u cao cua canh dugc o dinh ¢ h = 0.1L trong tat ca cdc cau hinh d€ cho tong thé tich
cua canh dugc gitr nguyén. Phuong phép sai phan hitu han duge sir dung dé giai cac phuong trinh vi phan.
Keét qua cho thay cau hinh canh don cho hi¢u suat truyén nhiét tot hon cac cau hinh khac doi voi tat ca cac
s0 Rayleigh 16n hon Ra = 10*.

Tir khéa: ddi Iuu tu nhién, phuong phap sai phan hitu han, canh tan nhiét dang rén, cau hinh canh tan
nhiét

1. MO AU

Déi lwu tu nhién véi canh tan nhiét da thu hat sy quan tdm cua nhiéu nha nghién ctru do tinh dé str dung va
ung dung rong rai trong nhiéu linh vuc ky thuat, chéng han nhu 6ng ¢6 gan, b trao ddi nhiét trong k¥ thuat
lanh, tan nhiét cac thiét bi dién tir va nhiéu linh vuec khac. Mot trong sb nghién clru vé cha dé nay co thé ké
dén nhu bai bao cua Saleh va cac dong tac gia [1]. Ong di trinh bay mot nghién ctru vé tic dong ciia canh
tan nhiét déo 1én ddi luu ty nhién trong mot khoang duoc gia nhiét khong déu, mot phén cua khoang chura
vt liéu xdp. Nguoi ta da ching minh ring viéc ting bién d dao dong cta canh s& 1am ting téc do truyén
nhiét theo ham mii. Anh hudng cua sé Rayleigh, chiéu dai va vi tri ctia canh ran 1én qua trinh truyén nhiét
dbi luu trong khoang dugc gia nhiét khong déu da dugc Shi va Khodadadi [2] nghién ciru bing mé phong
s6. Nguoi ta nhan thiy rang truong dong chay tré nén doc 1ap v6i chiéu dai va vi tri ciia canh & s6 Rayleigh
cao. Cac nghién cuu khac vé sy trao d6i nhiét ddi luu trong khoang kin c6 thé tim thiy & cac tai liéu [3-5].
Mic du da c6 nhiéu nghién ctru sau rong vé dbi luu ty nhién bén trong cac khoang dugc gia nhiét khong
déng déu co sy hién dién cta cac canh tan nhiét dang rén, van chua c6 nghién ctru ndo so sanh cac cAu hinh
canh tan nhiét khac nhau véi sé lwong canh khac nhau trong diéu kién tong thé tich canh khong dbi

2. PHUONG PHAP NGHIEN CUU

2.1. Muc tiéu nghién ciru

Trong nghién ctru ndy, ndm cu hinh vay tan nhiét khac nhau da dwoc gisi thidu va so sanh v6i nhau
dé tim ra quy luat phan bd véan tdc va nhiét 6 khong khi trong khoang, dong thoi tim ra cdu hinh cho hiéu
sudt truyén nhiét 16n nhét trong cac diéu kién déi luu khac nhau.
2.2. Phuong phap nghién ciru

Phuong phép sai phan hitu han dugc sir dung trong bai nghién ctru nay. Cac vi phan riéng phan dugc
xAp xi v6i d chinh xac bac 2. Phuong trinh ning lugng va chuyén dong dugc gidi bang ma tran tam giac
trong khi phuong trinh duong dong dugc giai bang phuong phap lap (diéu kién hoi tu <10°)

3. KET QUA VA THAO LUAN
3.1. Thiét 13p bai toan
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Bai bao nay nghién ciru vé khoang kin 2 chiéu hinh vuéng c6 canh 1a L (hinh 1). Mbi chét & day la
khong khi (Pr=0,71). Tuong bén trai dugc giit & nhiét do khong dbi Ty con tudng bén phai dugc giit & nhiét
d6 thdp hon T.. 2 twdng trén va dudi dugc cach nhiét hoan toan. Trén tudng ndng c6 gin cac canh tan nhiét
dang rén. S5 lugng va chiéu dai canh dugc thay ddi sao cho tong thé tich canh khong ddi. Chon hudng cua
gia tdc trong trudng 14 tir trén xubng dudi theo truc y.

Y Y b

/ /
AT /én=0
Th /Tc :l :l
I [ ]
1=0.5
aT/en=0 T 1E0.17
O X O X O st
I

L B

FDDD

d) e)
Hinh 1 C4c cdu hinh canh tan nhiét
a) 1 canh, b) 2 canh, ¢) 3 canh, d) 4 canh, e) 5 canh
3.2 Cac phwong trinh diéu Khién

Hé phuong trinh diéu khién duoc tao ra tir 3 phwong trinh: phwong trinh lién tyc, phuong trinh
chuyén dong va phuong trinh béo toan nang lugng. Mot s6 gia thiét duoc sir dung trong bai nay nhu la:

e Khong khi dugce xem nhu 1a khong nén dugce va chay ting
e B0 qua butic xa nhiét
e Xip xi Booussinesq duoc ap dung

O dang khong thtr nguyén cac phuong trinh nay ¢6 dang nhu sau:
e Db v6i khong khi:

oy N o’y
6x2 ayZ

=-0 (1)
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oo 0w Ow |Pr (0w J’w) 06
—tu—+v—=— | St |t @)
ot ox oy Ra \ ox” oy ox
o0 06 060 1 0’6 06
—tu—+v—= Tt 3)
ot ox dy  JPr-Ralox® oy
e Ddi véi canh tan nhiét:
» 2 2
20_ aje (30, 50 W
or \/Pr'Ra ox~ oy

Céc hang s6 va bién sb & dang khong thir nguyén trong céc phudng trinh trén dugce tinh nhu sau
(ddu “~” biéu thi cho dai lwong & dang c6 thir nguyén):

(;Ca;}) (;l,l:) ~V0 l; L ~
(xay)_T)(uav)——O,T—TT,l//—ﬁ,((}-;oa),
_ 3
Pr=£, Ra =—gﬁ(T’7 TL)L
a va

3.3 Két qua nghién ciru

Hinh 2 thé hién dudng dong va phan bo nhiét o ctia khong khi trong khoang. Ta thy rd rang trong
truong hop Ra = 10* thi m6 hinh 5 canh cho gia tri duong dong cuc dai 16n hon m6 hinh 1 canh (hinh 2a(I)
va 2a(V)). Diéu nay chimg to khong khi trong khoang v&i 5 canh Iuu thong v6i véan tde 16n hon trudng hop
1 canh. Trén truong nhiét d6 thi sy phan 16p ciia cac duong dang nhiét theo chiéu ngang chi xay ra & truong
hop 5 canh (su phan 16p nay biéu thi cho sy ddi luu manh cua khong khi trong khi su phan 16p cia céc
duong d'flng nhiét theo chiu doc biéu thi cho sy d6i luu kém). Cac diéu trén thé hién réng su ting cuong
trao ddi nhiét dién ra manh mé hon trong trudng hop khoang ¢6 5 canh tan nhiét (hinh 2a(V) va hinh 2b(V)).
Ngoai ra ching ta c6 thé nhan thiy trong truong hop 5 canh ngén nhiét do va van téc phan bo trong khoang
twong ty nhu trong truong hop khoang khéng ¢ canh tan nhiét nhung bi hep di mot doan bang dung véi
chiéu dai canh (khong thé hién trong bai).

\Vmax = 0.03 1 2

0 T r T T T T T T T 0 T T T T T T T T T
0 01 02 03 04 05 06 0.7 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X
a(l b()
Wimax = 0.0589
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0 T T T T T T T T T 0 y t t T T T T T T

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X
a(V) b(V)

Hinh 2 Puong dong a) va trudng van toc b) cho Ra=10*
(I) - mét canh, (V) — nam canh

Khi sb Rayleigh ting 1én 10°, d6i luu phat trién manh. Diéu nay thé hién qua viéc phan 16p clia cac
duong dang nhiét ctia trudng nhiét do trong ca 2 trudng hop (hinh 3b(I) va 3b(V)). Tuy nhién trong truong
hop nay céu hinh 1 canh lai cho gia tri duong dong cuc dai cao hon cAu hinh 5 canh (hinh 3a(I) va 3a(V)).
O sb Rayleigh cao nay, su gia tang tc do chuyén dong ciia khong khi du manh dé vuot qua hiéu Gng can
tré do cac canh tan nhiét gdy ra. Do do, loi thé cua viée st dung mét canh don dai duoc thé hién 3, cu thé
1a canh Iuc nay hoat dong nhu mét bo tang cuong truyén nhiét, gitp tang cuong dbi luu br?mg cach tao ra
luc ndi doc theo chiéu dai cua no (hinh 3b(I)). i véi cdu hinh 5 canh, cac canh dugce tap trung rat gin véi
thanh néng (hinh 3bV)). Vi Iy do nay, c4u hinh 5 canh nay tao ra rat it hodc khong tao ra lyc ndi, diéu d6
¢6 nghia 1a kha ning ting cudng truyén nhiét kém hon so véi truong hop canh don. Tuong ty nhu trong
trudng hop véi s6 Ra=10*, khi ting s6 Rayleigh 1én Ra=10° nhiét d6 va vén tdc phan bd trong khoang ¢6 5
canh ngén giéng nhu trong trudng hop khoang khong c¢6 canh tan nhiét nhung bi hep di mot doan bang
dung vé6i chiéu dai canh (khong thé hién trong bai).

Wimax= 0.0211

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X
a) b)

Wimax= 0.01957
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1

0 T T T T T T T T T t T T T T g T T T 1
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X
a) b)

Hinh 3 Puong dong a) va trudng van toc b) cho Ra=10°

Bang 1 thé hién s6 Nusselt trung binh cho cac diéu kién ddi luu (s6 Rayleigh) va cdu hinh canh tan
nhiét khac nhau. Ta thiy rét rd trudng hop canh don dai ting cuong trao ddi nhiét tét hon 4 cu hinh da
canh ngin con lai. Sir dung diing cAu hinh canh c6 thé 1am ting hi¢u qua trao d6i nhiét 1én khoang 10%.

Bang 1. S6 Nusselt trung binh cho céc diéu kién d6i luu va cdu hinh canh tin nhiét khac nhau

Ra Fin configuration (constant fin height)
() dmn 1D av) ™
10* 2.131 2227 2.265 2.281 2.288
5x10* 3.772 3.536 3.580 3.631 3.664
10° 4.772 4344 4.363 4.432 4.484
5x10° 7.932 7.193 7.021 7.062 7.139
10° 9.734 8.934 8.619 8.630 8.701

5. KET LUAN
Trong bai nghién ctru ndy 5 c4u hinh canh tan nhiét dugc so sanh trong cac diéu kién dbi luu manh
yéu khac nhau béng phuong phap s6. Két qua thu dugc cho ta théy cAu hinh 1 canh don cho hiéu qua trao
d6i nhiét cao hon so v6i cac cau hinh da canh con lai, trir trudng hop Ra=10*. CHon dung c4u hinh canh c6
thé ting cuong trao doi nhiét 1én khoang 10%.
Nghién ctru thém anh hudng ciia birc xa nhiét 1én két qua nghién ciru.
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ABSTRACT

This study compares the configurations of solid fins mounted on the hot wall of a non-uniformly
heated enclosed cavity. Five different fin configurations are presented in this paper: single fin (1 = 0.5),
double fin (1 = 0.25), triple fin (1 = 0.17), quadruple fin (1 = 0.125), and quadruple fin (1 = 0.1). The fin
height is fixed at h=0.1L in all configurations so that the total fin volume is kept constant. Finite difference
method is used to solve the differential equations. The results show that the single fin configuration provides
better heat transfer performance than the other configurations for all Rayleigh numbers greater than Ra =
104.

Keywords: natural convection, finite difference method, solid fins, fin configuration
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TOM TAT

Nghién ctru tdp trung t6i wu hoa thiét ké canh tuabin gié thong qua viéc khao sat cac thong s6 hinh
hoc (goc nghiéng, bé day canh) va vat liéu ché tao. Bang cach két hop phuong phap Taguchi de thiét 1ap
27 mo6 hinh thi nghiém va mé phong khi dong luc hoc trén phan mém Inventor, cac dic tinh vé van toc
dong khi va d¢ bén co hoc da duoc phén tich ¢ cac van tdc dau vao khac nhau (50-60 m/s). Bé lwa chon
phuong an t6i wu nhét, nghién ctru st dung phuong phap Entropy dé xac dinh trong s6 cua céc tiéu chi va
phuong phap EDAS (Evaluation based on Distance from Average Solution) dé xép hang cac céu hinh. Két
qua xac dinh dugc mé hinh t6i wu bao gém: bé day 640 mm, goc nghiéng 12°, van toc déu vao 55 m/s va
vt liéu hop kim nhom. C4u hinh nay gitip can bang giita hiéu suit khi dong hoc (van téc qua canh 107 m/s)
va do bén (ing sut 31.228 MPa), dong thoi giam 5% trong luong so vdi cac thiét ké tién nhiém.

Tir khéa: Ti uu hda canh tuabin gid, Phuong phap Taguchi, Phuong phap EDAS, M6 phong khi dong
luc hoc, Hop kim nhém nhe

1. GIOI THIEU

Viét Nam dang tich cyc diy manh nganh dién gio thong qua viée két hop giita hoach dinh chinh sach va
nghién ctru k¥ thuat chuyén sau, tiéu biéu 1a céc khao sat ve tdc dong cua mua dén hiéu suét tuabin truc
dung [1] va danh gia do tin cay hé thong ngudn phat bang phuong phap Monte Carlo trén ludi dién IEEE-
RTS 1979 |2]. bé cung cép co sé tham khao cho cac nha khoa hoc trong nudc, nhiéu nghién ctru da tap
trung mo phong may phat nam cham vinh ctru (PMSG) cong sudt 2 MW trén phén mém PSIM [3], déng
thoi phan tich chi tiét dic tinh khi dong hoc cta canh tuabin S1210 bang phuong phap CFD tai s6 Reynolds
thip nham x4c dinh goc tin cong t6i wu [4]. Ngoai ra, giai thudt mang no-ron mo hdi quy ciing dugc ing
dung manh m@ trong viéc diéu khién goc canh dé duy tri cong suat on dinh duéi cac kich ban gié bién dong

[S].

Trén thé gidi, cac qubc gia tién tién da ddu tu manh mé& vao vét liéu composite va cac giai phap ky thudt
cao nhu may phat xody nham giam anh huong ctiia d6 nham bé mat, gitip nang hé s6 cong suat lén t01 47,8%
[6]. Cac nghién clru hién dai con tép trung t6i uu cdu trac phin gbc canh voi hang nghin bién sé ve do day
dé giam thiéu khoi luong va xu Iy van dé mai phi tuyén [7], cing nhu két hop thuét toan di truyén véi mo
hinh Kriging trong thiét ké da nganh dé cai thién hiéu suit két ciu canh quat [8]. V& mit van hanh va béao
tri, viéc ing dung tri tu€ nhan tao nhu moé hinh DCW-YOLO gitip phat hién hu hong qua anh UAV véi do
chinh xac vuot trdi [9], song song vdi thudt toan RPSO trong td1 wu hoa bd tri trang trai gio dé dat hiéu sut
chuyén d6i cong suat trung binh 98,68% [10]. Cubi cling, phuong phap kiém tra khong pha hiy (NDT) dya
trén phan tich d6 rung va may do laser Doppler da chimg minh tinh hi¢u qua trong viéc phat hién vét nit
tiém 4n trén vat liéu GFRP [11], tao nén tang cho cac mo hinh canh t6i wu giup giam 5% trong luong va
dam bao sai sé du bao dudi murc 2,5% trong thuc té.

2. THIET KE MO HINH

Mo hinh chan dé dién gi6 duogc thiét ké bang phan mém INVENTOR véi 27 mé hinh khac nhau vé
kich thuéc ma sé dugc phan tich lya chon trong khi thiét ké cac bién. Phan tich ph?m tr hitu han trong
ANSY'S CFD sau d6 chuyén trudng ap suit vao méi trudng phan tich tinh dé xac dinh van tdc va ing suat
clia canh tuabin dién gi6. Toan bo dit liéu moé phong 27 trudng hop dugce st dung dé tdi wu bang phuong
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phap EDAS va phuong phiap MAIRCA dya trén phuong phap Taguchi va phuong phap phén tir hitu han
dé Iya chon mot mé hinh tdi vu trong 27 mo hinh thiét ké.

Cénh tuabin gi6 ngoai khoi trong nghién ctru nay dugc thiét ké bang phan mém Inventor nhu thé hién trong
Hinh 2.1. Hinh 2.2 13 hinh chiéu ciia tuabin gi6 ngoai khoi. ban kinh cuia canh tuabin thiét ké 1a 59 m. Gisc
nghién cua canh so véi dudng thing nim ngang duoc goi goc Teta thay déi theo 3 mirc 12°, 14° va 16°. Bé
day cua canh tuabin ky hiéu la t va thay ddi 1a 650 mm, 640 mm va 630 mm. Vat liéu dugc lya chon cho
cénh tuabin dé mo phong 14 3 loai hop kim nhém, hop kim ma gié, hop kim titan.

Hinh 1. Canh tuabin gi6 ngoai khoi

N-N(1:25)

~— -~

Hinh 2. Hinh chiéu cta canh tuabin gié ngoai khoi

2.2 M6 hinh khi djng lwc hoc tic dong 1én canh tuabin gié ngoai khoi

Bang 1 St dung 1énh Boolean dé tao chudng ngai vat trong méi trudng
Details of Booleanl

Boolean Booleanl
Operation Subtract
Target Bodies 2 Bodies
Tool Bodies 1 Body
Tool Bodies? No

— /]\. “——"" zi\

e 2 o

Hinh 3. Két qua tao mién tinh toan
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Mién Iuu chét sau phép trir Boolean nhur thé hién trong Hinh 3, gitip d& dang phan biét giira cac kénh dong
chay luu chét va ranh gi6i cdu trac. Day chinh 12 mién tinh toan thu duoc. Dé tao luéi chinh xéac va thiét
lap diéu kién bién trong sudt qua trinh mé phong, budc nay rit quan trong.

Su tich hop chi tiét cia ludi rotor trong pham vi tinh toan toan ciu duge mo ta trong Hinh 4. Phén bén trai
cta hinh 1am ndi bat ving ludi tinh chinh xung quanh rotor bang mét hinh elip mau do, nhdn manh cac
phan tir c6 @6 phan giai cao, noi dy kién s& c6 twong tic dong chay phirc tap. Phan bén phai hién thi ché do
xem phong to cua canh quat ba canh dang ludi, mé ta rd rang sy phan bd luéi day dic doc theo bé mat canh
quat. Chién lugc ludi tich hop nay dam bao sy két hop chinh xac giira cac canh quat quay va chét 16ng xung
quanh, diéu nay rat quan trong dé nim bit hiéu sut khi dong hoc ciia hé thong tuabin gié ngoai khoi. Kich
thudc mién tinh toan dugc chia 13 bao nhiéu. Kich thudc ludi cua mién tinh toan duge chia 0.7 m. Két qua
chia lu6i cho mién tinh toan 1a 1890732 phén tir tam gidc va 2612046 nodes. Canh tuabin dugc chia lu6i
t dong vai kich thudc ludi Két qua chia ludi cho canh tuabin 1 50234 phan tir tam giac 89737 nodes

000 150.00 300.00 (m) ;/I\xx
_— _—

7500 22500

Hinh 4. Két qua chia ludi

Str dung phin mém MiniTab dé thiét ké 27 thi nghiém véi cac thong sb thiét ké nhu sau: van téc dau vao
cua gio thay ddi theo 3 mure 50 m/s, 55 m/s va 60 m/s. Vit liéu dugc st dung trong nghién ctru nay la 3 loai
hop kim nhém hop, kim Titan va hop kim magié. Cac hop kim nay dugc dai dién 1a cac hé sé poisson 0.33,
0,34 va 0.35. Bé day cua canh tubin dugc lya chon 1a 3 muc dé mo phéng 650 mm, 640 mm va 630 mm,
goc nghién cua canh ciing duge thiét ké 3 murc 12°, 14° va 16°. TAt ca cac gia tri cta cac thong sb thiét ké
nhu dugc ghi nhéan trong Bang 2.3.

Bang 2. Cac thong s thiét ké va cac mirc

Théng sb Ky hidu  Ponvi Miic 1 Mikc 2 Miic 3
Van toc ban dau cia gid \% m/s 50 m/s 55 m/s 60 m/s
Hé sb poisson p 0.33 0.34 0.35
Bé day cua canh tuabin t mm 650 640 630
Go6c nghién cua canh tuabin Teta bo 12 14 16

S:17

Static Structural
Time: 0.5
8/5/2025 2:20 AM

[A Fixed support
[Bl Pressure: 2897¢-003 Pa
'C Standard Earth Gravity: 9.8066 m/s?

Y

000 2000 40,00 (m) zA/L X
[ — —

Hinh 2. Thiét 1ap diéu kién bién va tai
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3. PHUONG PHAP TOI UU
3.1 Xdc dinh trong so bang Ky thudt Entropy

K§ thuét Entropy 1a mot phuong phap dinh lugng duge dung dé xac dinh trong s6 khach quan
clia cac tidu chi trong bai toan ra quyét dinh da tiéu chi (MCDM). Phuong phap ndy dya trén ly thuyét
théng tin Entropy, do luong mirc dj khong chic chin (entropy) cua tung ti€u chi.

Céc budc tinh trong s6 bang k¥ thuat Entropy [12-16]

Chuan hoa ma tran quyét dinh
Dir liéu thi nghiém hay mé phong thu dugc can phai chuan hoa theo phuong trinh sau:
Tiéu chi cang 16n cang tot:
x,; —min(x;)

v,
7" max(x,) - min(x,) M
Tiéu chi cang nho cang tot
max(x;)—x;
Ty = ; 2
max(x;)—min(x;)

@, (x) = xe'™ +(1-x)e* -1 3)

Trong d6 o, (x) 1a ham 4nh xa trong phép do entropy va ham nay c6 gia tri cyc dai khi x=0.5, va

—-1=0.6487 va gia tri anh xa trong doan [0,1] dat dugc nhu sau:

We s Y @ (%) )
( ) i=1
Xéc dinh hé s6 chun hoa
_ 1 _ 1
k= iy~ 06ASTam ©)
Xac dinh entropy
o =S j=12...n ©
i=l J

Trong do, a)e(x) dung cong thuec. (3.9)
Tinh tong entropy theo cong thirc (3.12)
E=2¢ (7)
j=1

Tinh trong sd

-
y = 1 Uzl 1o

§ e ] @®)

3.2 Xac dinh mé hinh canh tuabin t6i wu bang phwong phap EDAS

Phuong phap EDAS (Evaluation based on Distance from Average Solution) 14 phuong phap ra
quyét dinh da ti€u chi. Vi mong mu6n mo hinh dé xudt co do khuéch dai cao va ing suét thap. Pay la
bai toan t6i wu hoa da muyc tiéu. Do d6, viéc ap dung phuong phap EDAS la can thiét dé x4c nhan truong
hop ti wu cua cac bién thiét ké. Cac budce thyc hién phuong phap EDAS [17-19] bi véi cac quyét dinh da
tiéu chi nhu sau:

- Bude 1: Xay dung ma trdn quyét dinh 1a tdp hop tat ca cdc tiéu chi hay muc tiéu duge xay dung thanh
ma tran:
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Xt My
X1 0 My
X [ ]mxn - : (9)
N e x2n
xml xmn

m 1a s6 lugng thi nghiém hay mo phong, n 1a s6 tiéu chi hay muc tiéu, x; 14 gia tri ciia tiéu chi j tai tiy
chon 1.
- Budc 2: Gia tri trung binh (AVG) cua cac phuong an dugc xac dinh:

AVGz—Zi:lxi (10)

m
Buee 3: Tinh gid tri tot (PD) va gid tri xdu (ND):
max[0,(x; —AVG))]

PD. = ‘
Y AVG, (1
max[0,(4VG; —x;)]
AVG,
max[0,(4AVG; —x,)]
ND; = — (13)
AVG,
max[0,(x, — AVG))]
= (14)
AVG,
Bue 4: Tong gid tri t6t (SoP) va téng gid tri xdu (SoN) dwoc xdc dinh.
SoR = " w,.PD, (15)
SoN, = Z | w,.ND, (16)

W; la trong s6 cua tiéu chi j.

Bueée 5: Nhitng gid tri SoP va SoN da dwoc chudn héa theo cong thire:

SSoP, = & (17)
max(SoP)
SSON[ = ﬂ (18)
max(SoN,)
Bue 6: Piém danh gid (APS,) ciia cdc tiry chon duwgc tinh theo cong thirc:
1
APS. = —(SSOE +SSoN;) (19)

Buoc 7: Cac phiong dn dwoe xép hang theo nguyén tic phwong dn c6 gid tri APS; cao nhat la phiwong dn
16t nhat.

4. KET QUA VA THAO LUAN
4.1 Ky thugt ENTROPY

Két qua x4c dinh trong s6 bang ky thuat ENTROPY dugc ghi nhan trong Bang 4.3. Trong bang nay
cot thir 1 13 cot mo hinh, cot thir hai va cot thi ba dat dugc bing cach chuan hoa dir liéu thu duoc bang
phan tich khi dong luc hoc va phan tich bén c6 nghia 1a chuin héa van tdc qua canh tuabin va (mg suét ctia
canh tubin bang cach thay cac gia tri nay 1an lugt vao phuong tinh (3.7) va (3.8). Anh xa va gia trj cia ham
anh xa duoc xac dinh bang phuong trinh (3.9), (3.10) va dugc ghi nhan trong cot thir 4 va thir 6. Hiéu sut
hiéu qua sau khi loai bo cac ti€u chi don lé duoc xac dinh bang phuong trinh (3.4) va dugc ghi nhén trong
cot thir 5 va thir 6. D¢ 1éch cua hai tiéu chi van tdc va img suat duoc xac dinh bang phuong trinh (3.5) va
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dugc ghi nhan trogn cdt thir 7 va 8. Cudi cung trong s6 ctia van tdc va ung suit dat duoc 1an luot 13 0.5001
va 0.4999 boi phuong trinh (3.6).

Bang 3. Két qua xac dinh trong s6 bang k§y thudst ENTROPY

nij

M0 hinh wev wes we*(rj/dj)  we*(1j/d))
1 0.0620  0.6492  0.1564  0.5934 0.0039 0.0239
2 0.1983 05735  0.4196  0.6353 0.0115 0.0235
3 0.1033  0.5864  0.2475  0.6302 0.0063 0.0236
4 0.1653  0.5605  0.3656  0.6397 0.0098 0.0233
5 03182  0.5363  0.5665  0.6455 0.0171 0.0229
6 0.2901  0.5605  0.5388  0.6397 0.0159 0.0233
7 0.2562  0.6596  0.5000  0.5854 0.0143 0.0238
8 0.3595  0.6200  0.5997  0.6130 0.0187 0.0238
9 0.1322  0.6241  0.3053  0.6105 0.0080 0.0238
10 03926  0.6697  0.6201  0.5771 0.0199 0.0238
11 0.2273 05710 04621  0.6362 0.0129 0.0234
12 0.4339  0.5755  0.6379  0.6346 0.0213 0.0235
13 0.1942  0.6353  0.4132  0.6033 0.0113 0.0239
14 0.1488  0.5395  0.3363  0.6449 0.0089 0.0230
15 0.3595 09493  0.5997  0.1297 0.0187 0.0081
16 0.0000  0.8765  0.0000  0.2884 0.0000 0.0158
17 0.4380  1.0000  0.6392  0.0000 0.0214 0.0000
18 04711 09672  0.6264  0.0885 0.0204 0.0057
19 0.7066  0.1293  0.5423  0.2997 0.0243 0.0075

20 0.7521  0.2204  0.4896  0.4524 0.0233 0.0121
21 0.7893  0.0769  0.4384  0.1905 0.0220 0.0046
22 0.7975  0.0628  0.4261  0.1583 0.0216 0.0038
23 0.8554  0.1368  0.3286  0.3141 0.0182 0.0079
24 0.8802  0.0000  0.2811  0.0000 0.0162 0.0000
25 1.0000  0.0216  0.0000  0.0572 0.0000 0.0013
26 0.9380 0.1263  0.1564  0.2939 0.0099 0.0073
27 0.6364  0.0418  0.6025  0.1081 0.0249 0.0025

Két qua tiép theo cua ky thuat ENTROPY con dugc ghi nhan trong Bang 4.4. Gia tri entroy dwoc
xac dinh béng phuong trinh (3.12) va duoc ghi nhén trong cot 2 va cot 3 cua Bang 4.4. Téng entropy dugc
xac dinh bang phuong trinh (3.13) va dugc ghi nhan trong cot 4. Trong 56 duoc xac dinh bang phuong trinh
(3.14) va dwoc ghi nhan trong cot thir 7 va 8. Trong s6 cua véan toc va g suit dat dugc 1an lugt 1a 0.5001
va 0.4999

Bing 4. Gia tri etropy va trong s6

(1/(m-
FY*(1-
el e2 g @B e wi W2
el)
e2)
0.0229 00232 00460  0.5001 04999  0.5001  0.4999

4.2 Két qui EDAS vdi trong sé dat dwoc bang kj thugt ENTROPY
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Tuong tu, khi dung trong s dat dugc tir ky thuat ENTROPY, cac gia tri t6t va gia trl x4u cua hai
tidu chi van toc qua canh tuabin va ting suat duoc xac dinh bang phuong trinh (3.21) dén (3.24) va duoc
ghi nhén trong Bang 4.10.

Bing 5. Gia tri tot va gia tri x4u

Mo hinh PDij NDjj
\% St \Y% St
1 0.00000 0.13933 0.11635 0.00000
2 0.00000 0.07688 0.07421 0.00000
3 0.00000 0.08751 0.10358 0.00000
4 0.00000 0.06619 0.08443 0.00000
5 0.00000 0.04617 0.03718 0.00000
6 0.00000 0.06619 0.04587 0.00000
7 0.00000 0.14797 0.05634 0.00000
8 0.00000 0.11527 0.02441 0.00000
9 0.00000 0.11867 0.09465 0.00000
10 0.00000 0.15631 0.01420 0.00000
11 0.00000 0.07481 0.06528 0.00000
12 0.00000 0.07857 0.00143 0.00000
13 0.00000 0.12787 0.07549 0.00000
14 0.00000 0.04881 0.08954 0.00000
15 0.00000 0.38700 0.02441 0.00000
16 0.00000 0.32692 0.13551 0.00000
17 0.00000 0.42888 0.00015 0.00000
18 0.00000 0.40092 0.01037 0.00000
19 0.08285 0.00000 0.00000 0.28971
20 0.09690 0.00000 0.00000 0.21454
21 0.10839 0.00000 0.00000 0.33290
22 0.11094 0.00000 0.00000 0.34457
23 0.12882 0.00000 0.00000 0.28349
24 0.13648 0.00000 0.00000 0.39640
25 0.17351 0.00000 0.00000 0.37861
26 0.15436 0.00000 0.00000 0.29212
27 0.06114 0.00000 0.00000 0.36194

Tiép theo két qua ciia phuong phap EDAS cong ghi nhan trong Bang 5 Tdng gié tri t6t dwoc xac dinh
bang phuong tinh (3.25) va duoc ghi nhan trong cot thr 2, tong gia tri xu dugc xac dinh bang phuong trinh
(3.26) duoc ghi nhan trong cot thir 3. Sau d6 chuan hoéa c6 trong sO cia cac gié tri nay bang phuong trinh
(3.27) va (3.28) duoc ghi nhan trong cot thr 4, 5. Ti€u chi t6i wu duoc xac dinh bang phuong trinh (3.29)
va dugc ghi nhan trong cot thur 6. Cudi cung 1a cot xép hang. Gia tri 16n nhit ciia APSi dugc xép hang 1 va
tiép theo cho dén gia tri nho nhat 1 hang 27. Gia tri hang 1 1a truong hop thir 17 chi ra truong hop t6i wu.
Két qua dat dugc mo hinh canh tuabin t6i wu 1a mé hinh st dung vat liéu 1a hop kim nhém c6 bé day 1a 640
mm c6 goc nghién 1a 12°. Khi d6 van tbe qua canh tuabin dat dugc 1a 107 m/s. Ung sudt cua canh tuabin
dat duoc 12 31.228 MPa. Vén tdc tuong dbi cao trong khi canh tuabin ¢6 ing sudt rit thip nho hon gidi han
bén. Trong luong trude khi t6i wu 1a 3 tin. Trong lugng sau khi téi vu 1a 2.25 tAn. Va mo hinh ciing giam
dugc trong luong 1a 25%.

Bang 6. Tong gié tri t6t, tng gi4 tri xau, chuin héa, tiéu chi t6i vu va xép hang

M0 hinh SoPi SoNi SSoPi SSoNi APSi Xép hang
1 0.06965 0.05819 0.32488 0.70635  0.51562 12
2 0.03843 0.03711 0.17925 0.81270  0.49598 15
3 0.04374 0.05180 0.20403 0.73858  0.47131 16
4 0.03309 0.04222 0.15433 0.78692  0.47063 17
5 0.02308 0.01860 0.10765 0.90616  0.50690 13
6 0.03309 0.02294 0.15433 0.88425  0.51929 10
7 0.07397 0.02817 0.34502 0.85782  0.60142 7
8 0.05762 0.01221 0.26877 0.93839  0.60358 6
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9 0.05932 0.04733 0.27670 0.76114  0.51892 11
10 0.07814 0.00710 0.36447 0.96417  0.66432 5
11 0.03740 0.03264 0.17442 0.83526  0.50484 14
12 0.03928 0.00071 0.18320 0.99640  0.58980 8
13 0.06392 0.03775 0.29815 0.80948  0.55381 9
14 0.02440 0.04478 0.11381 0.77403  0.44392 18
15 0.19346 0.01221 0.90237 0.93839  0.92038 3
16 0.16343 0.06777 0.76228 0.65801 0.71015 4
17 0.21440 0.00008 1.00000 0.99962  0.99981 1
18 0.20042 0.00518 0.93482 0.97384  0.95433 2
19 0.04143 0.14483 0.19326 0.26914  0.23120 22
20 0.04846 0.10725 0.22602 0.45876  0.34239 19
21 0.05421 0.16642 0.25283 0.16019  0.20651 24
22 0.05548 0.17225 0.25879 0.13075  0.19477 25
23 0.06442 0.14171 0.30049 0.28484  0.29266 21
24 0.06825 0.19816 0.31836 0.00000  0.15918 26
25 0.08677 0.18927 0.40474 0.04487  0.22480 23
26 0.07719 0.14603 0.36006 0.26305  0.31155 20
27 0.03058 0.18093 0.14262 0.08693  0.11477 27

Két qua tdi wu dat duoc van tde cuc dai qua canh tuabin 1a 107 m/s. nhu duogc trinh bay trong Hinh 4.38.
Van tc rat 16n gay ra bién dang 82.464 mm nhu ghi nhan tronh Hinh 4.39 va tmg suat 31.228 MPa nhu
trinh bay trong Hinh 4.40. Tuy rang bién dang rat 16n nhung g suat thdp dam bao canh tuabin dii bén
trudce bao lon.

5.KET LUAN

Tir céc két qua phén tich va tinh toan t6i vu hoa, nghién ciru rit ra cac két luan chinh sau:

e Sy anh hudng cua cac thong sb: Van tdc dong khi dau vao va goc nghiéng canh 14 hai yéu t6 quyét
dinh nhét dén dic tinh khi dong hoc va ing sut co hoc. Trong khi do, bé day canh va hé sb Poisson
ctia vat lidu c6 mirc do anh hudng thip hon.

 Hi€u qua cua phuong phap EDAS va Entropy: Viéc timg dung phuong phap Entropy giap loai bo
tinh cam tinh trong vi¢c chia trong s, két hop cung thuat toan EDAS da chi ra cau hinh ti wu mot
cach chinh xéc. Sai s giita mé phong thuc té va du bao dat mirc rat thap (dudi 2.5%), khing dinh
do tin cdy cua quy trinh tinh toan.

e Thong s t&i vu: Céu hinh 1y twong dwoc xac dinh tai mirc goc nghiéng 12° va vét liéu hop kim
nhoém. Tai déy, canh tuabin khong chi dam bao san luwgng dién ning cao nhit ma con téi wu hoa vé
mit két cdu khi giam dugc 5% khéi lugng.

e Gia tri thyc tién: M6 hinh nghién ctru tich hop gitra Taguchi, mé phong s6 va ra quyét dinh da tiéu
chi (MCDM) la hutng tiép can hiéu qua, gitp rat ngan thoi gian thiét k& va giam chi phi san xuét,
g6p phan thuc diy sy phat trién bén vimg ciia nganh nang lugng gio.
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ABSTRACT

This study focuses on optimizing wind turbine blade design by investigating geometric parameters
(inclination angle, blade thickness) and materials. By combining the Taguchi method to establish 27
experimental models and aerodynamic simulations in Inventor software, airflow velocity and mechanical
strength characteristics were analyzed at different inlet velocities (50—-60 m/s). To select the most optimal
solution, the study used the Entropy method to determine the weights of the criteria and the EDAS
(Evaluation based on Distance from Average Solution) method to rank the configurations. The results
identified the optimal model with: a thickness of 640 mm, an inclination angle of 12°, an inlet velocity of
55 m/s, and an aluminum alloy material. This configuration balances aerodynamic performance (velocity
over the blade 107 m/s) and strength (stress 31,228 MPa), while reducing weight by 5% compared to
previous designs.

Keywords: Wind turbine blade optimization, Taguchi method, EDAS method, Aerodynamic simulation,
Lightweight aluminum alloy
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TOM TAT

Nghién ctru thyc hién thiét ké va ti vu hoa 27 mé hinh chan dé dién gié ngoai khoi thong qua su két
hop giita phin mém Inventor va mé phong da vat Iy CFD — FEA dé danh gia twong tac thuy - khi dong luc
hoc va phan tng két cau. Dé giai quyét bai toan t6i uu hoda, phuong phap MEREC di duoc ap dung dé xac
dinh trong s6 khach quan cho céc tiéu chi dua trén hi¢u (g loai bo bién sb, dam bao tinh chinh xac trong
viéc danh gia mic d6 quan trong cua Umg sut va bién dang. Tiép d6, phuong phap SAW dugc sir dung de
tong hop diém s6 va x€p hang cac phuong an thiét ké, tir d6 xac dinh dwoc mo hinh thir 24 1a cu trac i
wu nhét. Két qua cho thay su tuong thich dic biét gitta mo phong phén tir hiru han va gi4 tri du doan véi sai
$6 cuc th?ip (duéi 0.55%), cu thé mo hinh t6i uu dat bién dang 8.0258 mm va ung suat 70.503 MPa, khéng
dinh d9 tin cdy cua quy trinh tinh toan trong diéu kién van hanh khic nghiét.

Tir khéa: Chan dé dién gié ngoai khoi, M6 phong CED-FEA, Phuwong phiap MEREC, Phuong phap SAW,
Téi uu hoa két cau
1. GIOI THIEU

Hién nay trén thé gi6i, viéc nghién ctru vé két cau chan dé dién gié ngoai khoi rat phd bién. Dién
hinh nhu Wenzhe Zhang va cong sy [1] da ung dung CFD dé phan tich thuy — khi dong luc hoc cho FOWT.
Mot nghién ctru khac cua Huang va Chen (2020) [2] vé viéc két hop 2 mo hinh CFD — FEM dé danh gia
anh huong hiéu tmg giam chin neo d6i voi chuyén dong do dong xody géy ra trén FOWT. Zhe Tian va cac
cong su cua Ong [3] da img dung thanh cong phuong phap tuong tac chat 1ong phan ving (Fluid — Structure
Interactlon FSI) dé phan tich dong luc hoc cho cac két chu ngoai khoi, ¢ phuong phap FSI, ong da cung
cap su tac dong 1én két cAu cua cac thanh phan lru chit khac nhau. Mot didu quan trong hon, v6i phuong
phap nay da cai thién hon dugc do chinh xac sy tic dong cua moi trudng 1én két cAu, diéu nay 1a can thiét
cho linh vuc mé phong thiét ké. Bang viéc mg dung phuong phap phan tir hitu han (FEM) két hop véi
thudt toan di truyén (Genetic Algorithm), Lin Wang va cac cong su [4] da dua ra duoc mé hinh két cau d&
tubines v6i 19.8% la khéi lugng giam trong khi d6 van dam bao vé moi rang budc vé thiét ké, vén khdi
luong vit liéu chiém 25% trong tong chi phi dau tu cho mot OWT. Ali Marjan va cong su [5] bang két qua
da chirng minh dugc két cAu Jacket ban dau van con nhiéu han ché, tr d6 bé'mg viéc Iyra chon hinh hoc duoc
t6i wru hod ctia Jacket, da giam dugc 35.2% vé khoi luong va dong thoi ciing nhan ra tudi tho cia két cu
t6t hon 37.2%. Muc tiéu giam khéi luong sau khi két cdu dugc t6i wu ciing dugc Shen-Haw Ju [6] dua ra
con sb 15% véi phuong phap Powell’s.

Ngoai cac thuat toan t6i wu hod duge ké dén tir nhirg nghién ctru trén, thi con rat nhiu cc phuong
phép t01 wu hoa trong thiét ké co khi, két cau. Pién hinh do6 1a cac thuat toan Taguchi va cac phuong phap
ra quyet dinh da muc tiéu. Bing phén tich Taguchl Mohammad Hassan Khanjanpour va cong sur [7] cho
thiy thong s6 anh huong dang ké dén hiéu suét thuy dong luc hoc cua turbines 14 goc xodn, bén canh d6
thong s6 it anh huong 1a ty 1¢ day cung va ban kinh. Ciing trong nghién ctru do, phén tich tuong tac ANOVA
chi ra ring goc xoan, vi tri d6 cong va do cong t6i da c6 twong tac dang ké véi nhau. Véi tiém nang, cting
ngdy cang phat trién va mo rong cua nganh nang lugng dién gio ngoai khoi da dua ra duge nhiéu huéng
nghién ctru chuyén sau cta nhiéu chuyén gia va nha khoa hoc trong linh vyc nay. Mot phuong phap tlep
can két hop CFD-FEA [8] da dugc trién khai & mo phong toan dién phan (mg cta tua-bin gi6 ngoai khoi
nbi (FOWT) dudi tac dong cua gioé va song: CFD sir dung VOF, DFBI va lu6i truot dé ndm bit dong khi-
nudce va tinh toan cac lyuc, trong khi FEA dong phi tuyén tinh rd rang danh gia bién dang két cau, va dit liéu
tai trong tir CFD sau d6 dwoc dua vao FEA mot chiéu. Trén mé hinh NREL 5MW véi hé thong neo dau,
cac md phong trong nhiéu diéu kién gi0, song va hudng song khac nhau cho thay tai trong khi dong hoc
anh huong dang ké den phan ing chuyen dong (song dang, song nho, do cao) va bién dang - cung cép thong
tin dang tin cdy dé t6i wu hoa thiét ké két ciu FOWT. M6t mé hinh dong luc hoc méi [9] d dwoc phat trién
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cho cdc tua-bin gi6 ngoai khoi nodi (FOWT) tich hop tuong tac neo- -neo-dt, thach thirc gia dinh truyén
thong vé mot neo ¢ dinh dudi day bién. Str dung phuong phap CEL trong Abaqus, nghién ctru nay thé
hién hanh vi phirc tap cuia neo-xich-dit thong qua do cimg va do giam chén tuong duong, dong thoi két hop
hoan toan v6i cac mo hinh khi dong hoc-thuy dong hoc trong OpenFAST va Orcaflex. Két qua cho thdy
cac mo hinh thong thuong danh gia thip chuyen dong ngang cyc dai cua gian va danh gia qua cao do cang
cua day neo, trong khi md hinh két hop mé&i ndm bit chinh xdc hon hanh vi dong lyc hoc cua FOWT bang
cach bao gdm anh hudng ciia mong neo. Tinh toan ven vé ciu tric cua tua-bin gid. Tinh toan ven ve cau
trac cia tua-bin gié [10] dudi tai trong gié st dung phuwong phap tiép can hai hudng: dau tién 13 voi mo
hinh ty 1& 1/100 dugc x4y dung ti mi trong dwong ham gio va thir hai 1a véi mé phong CFD néng cao. Ca
hai phuong phép déu tinh dén khoang cach giita cac tua-bin. Thiét ké thap dugc danh gia dudi tai trong
ngang, trong luc va tai trong canh quat quay dang ké, sau nay dugc phan tich trong Abaqus bang cach ap
dung vén tdc goc dé tinh toan phan tng hd trg phy thude thoi gian thong qua phuong phap Newmark. Cac
lyc tinh twong duong da dugce suy ra va két qua cho thy do dich chuyen t6i da phi hop v6i pha ban dau
ctia chuyén dong ro-to, cung cip nhirng hiéu biét co gia tri vé phan Gng cau truc cua tua-bin dudi tai trong
gio.
2. PHUONG PHAP TOI UU
2.1 Xdc dinh trong 50 b(ing phwong phap MEREC

Véi cac uu diém chinh cua phuong phap MEREC so v6i cac phuong phap trong s6 khach quan khac nhu
de hi€u, de tinh todn va 1a nén tang toan hoc vimg chac [11]. Vay nén, trong nghién ctu nay, tac gia lua
chon viéc tinh toan trong so theo phuong phap MEREC.

Trong luong cia timg muc tiéu duoc xac dinh bang phuong phap MEREC [12-14] nhu sau:

Xdc dinh cac gia tri chuan hoa ciia ham muc tiéu

minu,,
=Y ©)
ij
i Néu muc tiéu cang Iém thi cang tot
B o=t
.
maxu, 2)

7 Néu muc tiéu cang nhé thi cang tot

u;; la céc gia tri dich chuyén va tng suit thu dugc tir két qua phén tich phan tir hiru han. Trong nghién ciru
nay, Eq (3.5) s& duoc st dung cho trudng hop muc tiéu cang nho cang tét.
Xac dinh hi¢u suat cho tirng trwong hop

1 n
S, =In 1+(;Z‘h1(hij)) ()
J

Xiac dinh hiéu suét hiéu quﬁ sau khi loai bé cac tiéu chi don 1é

S, =In 1+(— ln(hy)‘) “)

N k,k+j
Xac dinh dg 1éch cia cac tiéu chi
- ‘ S, - Si‘ (5)
Xac dinh trong so cho tirng muc tiéu
Ej
w, = ——— (6)

J
2k
2.2 Phuong phap SAW
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Phuong phap SAW (Simple Additive Weighting) 1a mgt trong nhimg phuong phap ra quyét dinh da tiéu
chi don gian nhung hi¢u qua. Phuong phap nay dugc st dung dé cong cac gia tri cua cac tiéu chi chuan
hoa, ¢6 tinh dén trong s6 cua tirng ti€u chi [15]. Véi uu dlem cua phuong phap nay la c6 kha nang cung cap
danh gia khach quan dya trén dir li¢u hién c6 va trong s6 dugc cung cap trude.
Trong nghién ciru nay, viéc xac nhan cic gia tri toi uu cta dich chuyén va mg suét dugc thyc hién bang
phuong phap SAW [16-19] nhu sau:

Buiéc 1: Xdc dinh gid tri chudn héa ciia moi tiéu chi

V.

n, =——"—— (7)
maX yl A oA \ I \ A

Y néu muc tiéu cang lén cang tot

; _minyl.j
= (®)

Y néu muyc tiéu cang nhé cang tot
Buwée 2: Xdc dinh tong cdc gid tri chudn hoa trong so

n
_ 9
V= 21%11"7 ©)
]:

Bue 3: Xdc dinh thir hang ciia gid tri v; dé xdc nhdn cdc gid tri t6i wu theo nguyén tdc gid tri nhé nhat la
gida tri tot nhat.

3. THIET KE MO HINH KET CAU VA MO HIiNH KHi PONG LU'C HQC
3.1 Thiét ké mo hinh két céu chén dé dién gié

Mo hinh chan dé dién gi6 ngoai khoi OWTs trong luan vin nay tham khao tir mé hinh chan dé dién gio
ngoai khoi ciia dy 4n Changhua — CHW2204. Dy an nay dang duoc trién khai thiét ké, thi cong tai Trung
tam Ning luong Qudc gia Viét Nam tai thanh phd Viing Tau, véi quy mé 33 chan dé dién gid dang Suction
Bucket Jacket (SBJ) v6i cac loai B, C, D va E tuong tg cho cac ving nudc sdu va nude nong, tong khoi
lwong vat liéu thép udce tinh 18n dén 75.000 tan. Chiéu cao 16n nhét cho SBJ loai E v6i 83.4 m va thip nhat
loai B v6i 73.5 m twong tmg véi d6 sau thiét ké day bién (DSBL) lan lugt 14 -40.1 m va -31.5 m. C4u hinh
chan dé dién gi6 OWTs trong nghién ciru ndy gdm 3 legs chinh va 2 ting X — bracing, mé hinh nay dugc
thiét ké trén phan mém Autodesk Inventor Professional. Sau d6 cac mé hinh nay dwoc dwa vao phan mém
ANSYSS dé thiét 1ap FEM, mé phong Fluent, phan tich Strutural Static. Phan két cdu dang dng (Jacket) co
chiéu cao 60 m, v6i chidu rong phan dinh va day 1an luot 1a 19 m va 32 m nhu minh hoa trong Hinh 3.1.
Két cau dugc dit & do sau day bién 1a -31 m. Vat lidu dung cho két céu chinh 14 thép S355 (ngoai trir cac
két ciu phu nhu gia d& cap tau — boat landing, cau thang...) véi cac thude tinh co hoc nhu khéi lwong riéng
p = 7850 kg/m?, md dun dan hdi — Young’s E = 2.1 x 10" N/m?, mé dun cit G = 8.0 x 10'° N/m Trong
nghién ctru nay s& tap trung toi vu hoa cho phan két cdu Jacket, cu thé cac bién thiét ké dwoc lwa chon dé
t6i wu hoa bao gdm dudong kinh ciing nhu chidu day ciia dng Legs va dng Braces. Cac bién thiét ké nay
dugc thay d6i theo 3 murc khic nhau va twong tng cho ting bién, dwoc chi tiét & Bang 3.1. Ddi voi bién D,
mirc thay ddi 1an luot 1a 1500mm, 1600mm, 1700mm; tiép theo, bién T, 1a 80mm, 100mm, 120mm; trong
tu cho bién D, 12 700mm, 800mm, 900mm va sau cung la bién T, ¢6 cac muc lan lugt 1a 30mm, 50mm va
70mm.

Bang 1 Bién thiét ké cta khung két céu chan dé dién gio ngoai khoi

Bién s6 thiét ké Thongs6 Ponvi Muacl Mic2 Mic 3
Puong kinh dng legs D, mm 1500 1600 1700
Do day bng legs T mm 80 100 120
Puong kinh éng braces D, mm 700 800 900
Do day dng braces T, mm 30 50 70
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Hinh 1 M6 hinh khung két ciu chan dé dién gi6 ngoai khoi OWT
3.2 M6 hinh khi déng luc hoc

Mb hinh phan tir hitu han 13 ving khong gian bao quanh vat thé dugc gio1 han nhét dinh. Theo ly
thuyét, vung khong gian gi6i han dong luu chat chuyén dong xung quanh vét thé 1a v6 han.
Mot trong s cac yéu té anh hudng dén do bén cua cac ket cau ngoai khoi d6 1a tai dong chay cua nudc va
gi6. Va cach phan tich sy twong tic giira luu chit va két ciu (Fluid — Structure Interaction) dugc lya chon
trong phan tich két cdu. Viéc danh gia tac dong 1dn nhau gay ra boi sy tuong tac giita luu chat va két cu
trong dong luc hoc két ciu cin thiét 1ap mién tinh toan cho luu chit goi 1a mién khong gian tinh toan.
Ving khong gian mé phong nhu thé hién trong Hinh 3.2 12 viing bao quanh gioi han vét thé trong qua trinh
mo phong. Do sy phuc tap cua mo phong, tai nguyén may tinh con han ché va thoi glan md phong nén
khong gian mé phong can dugc chia mot cach hop ly nhét vai chidu cao, chleu rong va chiéu dai ciia mién
tinh toan c6 kich thude cy thé nhu hinh dudi, nhim dam bao toan bo két ciu chan dé nam trong moi truong
lwu chat va ding vai thyc té. Vi két cdu chan dé chiu anh hudng boi 2 dong chay luu chit nudc bién va
khong khi vay nén ving khong gian mé phong dugc chia lam 2 thanh phan chinh gom mé phong nudce bién
va khong khi.

Thiét lap diéu kién bién cho mo hinh giup bd giai ctia ph??m mém doc duogc va ap dung ty dong va hé
thong:
Kiéu bién Inlet: La ving dong chay “di vao” mién tinh toan
Kiéu bién Outlet: La viing dong chay “di ra” mién tinh toan
Kiéu bién Walls: La ving bao quanh mé hinh
Trong nghién ctru nay s€ tap trung phan tinh sy anh hudng ctia dong chay luu chét 1én két cAu chan dé. Khi
d6 anh huéng ciia Tower tubine s& dwoc quy ddi thanh tai tac dung 1én két cu chan dé tai vi tri interface.
Chia ludi 1a mot trong nhitng budc quan trong nhét ctia qua trinh mé phong k¥ thuat khi dong luc hoc. Chia
ludi giup xac dinh hinh dang vat 1y cia dbi twong. O dang hinh hoc thuc té may tinh khéng thé ap dung
phuong trinh chu dao vi vy cac phan tir ludi cho phép giai cac phuong trinh chi dao trén cac thé tich co
hinh dang va dugc xac dinh vé& mat toan hoc.
Do day cuia ludi anh huong rat 16n dén do chinh xac va thoi gian cta két qua mé phong. Néu ludi dugce chia
qua thua, két qua cta qua trinh mé phong s& kém sy chinh xac va thiéu d tin cdy, con d6 day cta ludi qua
16n ciing 1am cho thoi gian cho ra két qua 1au hon nhung d6 chinh xéac 16n hon.
Céc loai phuong phap chia luéi phd bién hién nay:
Chia ludi phan tir tir dién “tet”: Ding dé chia lu6i & mé hinh 3D ¢6 bé mit tir don gian dén phirc tap v6i sb
lwong phén tir 16n.
Chia lu6i phﬁn tir luc dién “hex”: Cho phép tao cac ludi 3D tir mdt vat thé c6 bé mat don gian dén phirc tap
o dinh dang Stereolithography (STL) hoac Wavefont Object (OBJ).
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Ngoai ra con c6 phwong phap ludi két hop “Hybrid” 1a phuong phap két hop giita hai phan tor “tet” va
“hex”, phuong phap nay gitp giam viéc thuc hién thao tac chuan bi hinh hoc va c6 nhidu kiém soat ludi
cuc bo hon.

<« wpoeg > woclye —»

Hinh 2 Thiét 1ap mién khong gian tinh toan va diéu kién bién

Chtre ning ANSY'S Meshing duoc st dung dé thiét 1ap viéc chia ludi. Muc dich dé chia nhé mé hinh
CAD thanh cac mién nho hon va duoc lién két voi nhau mét cach lién tuc thong qua cac nit va canh dugc
goi 1a cac phan tir, trén d6 mot tap ‘hop cac phuong trinh duogc giai quyét. Cong viéc chia ludi duge thuce
hién thong qua cac cai dét trong phan mém. Luéi trong nghién ctru nay dugc thiét 1ap cho 2 giai doan, giai
doan du duoc thiét 1ap dé mo phong Fluent, giai doan 2 dwoc thiét 1ap cho phan tich tinh két cau. Phan
mém sir dung phuong phap chia luéi tir dién.
Trong nghlen ciru nay, bang viéc ung dung FEM, mo hinh duoc chia thanh cac mién tinh toan nho goi la
ludi bao gom cac phan tir hinh hoc va cac phan tir nodes nhu thé hién trong Bang 3.2 tir chirc ning Meshing
trong phin mém Ansys. Trong nghién ctru ndy, cic thong thiét 1ap cho viéce tao ludi ciia md hinh dugc chi
tiét nhu sau:
Dbi v6i thanh ph??ln luu chét (Sea — Air): kich thudc luéi la 1000mm, duoc chia ty dong theo phén mém.
Phan két ciu chan dé dién gio, can su chinh xéac cao hon, do vay kich thudc luéi 1a 100mm va theo phuong
phép chia luéi tir dién (Tetrahedrons):
Phuong phap chia luéi tit dién: Tetrahedrons
Thuat toan ban va doc 1ap: Patch Independent
Kich thugc ludi phan tir 16n nhat: 100 mm
Khi d6 lugng phan tir nodes va phan tir hinh hoc lan lugt 1a: 1212033 va 3087908 nhu thé hién trong Hinh
3
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Hinh 3 Két qua cua thiét 1ap lu6i phan tir

Piéu kién méi truong va thiét Igp mé phong Fluent trong ANSYS

Su lyra chon cac thong s6 dé dua vao bai toan thuc chit 1a gan dit cac diéu kién, thudc tinh dé giai bai toan.
Céc thong s6 duoc dua vao s& quyét dinh dén do chinh xac va tdi uu cho bai mé phong.

Cac thong $6 moi truong tai vi tri lép dat chan dé duoc su dung trong nghién ctru nay la cac gia tri cyc han
trong diéu kién bdo (chu ky 100 nim) trong Bang 3.3, Hinh 3.4 va Hinh 3.5.

Thay ddi kich thude, hinh dang cia chan dé so véi ban dau dé ra dugc 27 mé hinh khac nhau cua chan dén
dién gi6. Khao sat trong cung diéu kién dé danh gia ap suét cia moi trudng 1én két céu. Sau d6 chuyén
truong ap suit vao moi trudng phén tich tinh dé danh gia bién dang, ing suit ciia két cdu chan dé.

>', . y /
Hinh 4 M6 phong trong Ansys Fluent

Céc thiét 1ap bai toan mo phong Fluent bao gdm thiét 1ap cac thudc tinh va diéu kién bién cua mod
hinh CED, céc thong sb thiét 1ap dugc chi tiét & Bang 4.
Diéu kién bién dugc thiét 1ap theo trudng do 16n thuong ngudn vudng goc véi bién tudng, véi didu nay sé
tao ra dugc truong thity dong luc hoc phit hop voi sy twong tac giita luu chat va két ciu. Phuong phép giai
s& 1a “Pressure — velocity coupling”. B giai dua trén ap suit, dugc lya chon trong bai toan nay dé thuc
hién hiéu chinh ap suat. Biéu d6 mé phong dwoc minh hoa trong Hinh 5
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Hinh 5. Biéu d6 md phong trong Ansys Fluent

Theo nhu cdu trac mé phong FSI & Hinh 6. Sau khi md phong Fluent, két qua 1a trudng ap suat s&
duoc chuyén qua module phén tich tinh két cau dudi dang ap sut 1én bé mat két cau. Két cdu chan dé tiép
tuc dugc phan tich tinh dé co duoc dit lidu ung suit va bién dang mo6 hinh véi cac diéu kién nhu sau:

- Vit liéu duoc ding cho két ciu chan dé dién gi6 1a thép voi bién dang déo 12 200 Gpa, khdi luong riéng
1a 7850 kg/m’ va ty sb Poisson 13 0.3

- M6 hinh dugc tao lu6i voi cac thong sb thiét 1ap cu thé nhu sau: phuong phép chia luéi duoc ding 1a
“Tetrahedrons” 14 cac phéan tir tam giac véi kich thude phan tir 1a 100mm. Khi d6 sb lwong phan tir nodes
12 900006 va 438474 phin tir tam gidc.

Diéu kién tai trong bai toan phan tich tinh cho két cau chan dé dién gi6 ngoai khoi nhu sau: trong nghién
clru nay chi tap trung vao phan tich thity — khi dong luc hoc két cdu 1én chan dé dién gio ngoai khoi, vay
nén sy tuong tic ciia dia chit voi sy neo giit cia OWTs chua duogc ké dén trong bai bao nay. Khi do cac
diém dudi day “D” ciia chan dé duoc thiét 1ap 1a cac diém cd dinh nhu hinh duéi. Téi trong ban than cia
khéi thuong t.:?mg bao gém ca hé théng tubine 1a tai “B” dugc dat tai vi tri trén dinh khung Kkét cau. Ngoai
ra trong qué trinh van hanh cua turbine ciing nhu tac dong cia méi trudng 1én tower tao ra moment xodn
“C”. Truong ap suit co duoc tir viéc phéan tich CED 1a “E” dugc ghi nhan trong Hinh 3.8. Két qua ciia phin
tich tinh két cdu chan dé dién gi6 ngoai khoi 14 bién dang va (mg suit ctia 27 trudng hop, dugc ghi tai Bang
4.1.

B: Static Structural
Static Structural
Time: 1.s

A] Standard Earth Gravity: 9806.6
Bl Force: 392274006 N

Bl Moment: 24042+011 Nmm)
Bl Fixed Support

I8l imported Pressure

0 5e+03 1e+04 (m
- .

25e+037.5e+03

Hinh 6 Tai trong tac dong 1én két ciu chan dé dién gid

4. KET QUA VA THAO LUAN
Két ciu chan dé dién gi6 ngoai khoi dang lién két coc doi hoi do bén cao nén can thiét ké két cAu dam bao
yéu cau lam viéc. Két cau lam viéc trong mdi truong ap suat cao va mo hinh rat 16m nén chi phi ché tao rat
cao. Do d6, khong thé ché tao va thir nghiém ma chi ¢6 thé mé phong bang phan mém dé xac dinh d6 bén
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ctia két cau va lya chon mé hinh t6i wu d4p tmg yéu cau lam viéc. Do d6, md hinh két cdu dién gid ngoai
khoi trong nghién ciru nay dugc thiét ké dua trén viéc lua chon kich thude thiét ké va duoc phéan tich do
bén sau do lya chon mé hinh dép tmg didu kién bién dang va tng suat thap. Kich thugc thiét ké cua mo
hinh nghién ctru duoc lya chon 1a duong kinh thanh chan ky hi¢u 1a D; véi kich thudc thay dbi theo 3 mirc
1a 1500 mm, 1600 mm va 1700 mm, d¢ day thanh chan T; cé kich thude 1a 80 mm, 100 mm va 120 mm.
Puong kinh cac thanh gidng D, 14 600 mm, 700 mm va 800 mm. Do day cua thanh gidng T, 14 30 mm, 50
mm va 70 mm. Céc kich thude da chon duge st dung dé thiét ké 27 m6 hinh nhu dugc liét ké trong Bang
4.1. Trong bang nay, 27 md hinh c6 kich thudc thiét ké khac nhau va két qua phén tich phan tir hiru han
cua 27 truong hop dugc trinh bay.

Bang 4. 1 Két qua bién dang va tng suét

D, T D> T, St
T (mm) (mm) (mm) (mm) 2™ (\py
1 1500 80 700 30 9.9691 85269
2 1500 80 800 50 03788  96.439
3 1500 80 900 70 8.8255 74270
4 1500 100 700 50 102127 100111
5 1500 100 800 70 0.5045  88.267
6 1500 100 900 30 83275  99.486
7 1500 120 700 70 104136 91.150
g 1500 120 800 30 88303  116.329
9 1500 120 900 50 84475  96.108
10 1600 80 700 30 0.8664  109.753
11 1600 80 800 50 9.2654  95.509
12 1600 80 900 70 8.8246  86.266
13 1600 100 700 50 10.1073  91.853
14 1600 100 800 70 0.3955  83.488
15 1600 100 900 30 81217  94.564
16 1600 120 700 70 115261 89.010
17 1600 120 800 30 8.6988  77.962
18 1600 120 900 50 82649 85365
19 1700 80 700 30 9.7831  97.893
20 1700 80 800 50 9.1761  82.835
21 1700 80 900 70 85995  78.819
2 1700 100 700 50 100234 77.561
23 1700 100 800 70 93090  72.022
24 1700 100 900 30 80258  70.503
25 1700 120 700 70 102280  108.746
26 1700 120 800 30 85874  98.153
27 1700 120 900 50 8.1636  87.473

4.1 Két qua xac dinh trong sb

Thong qua phuong phap MEREC, trong s6 ciia cac tiéu chi duge xac dinh voi myc dich dé lya cho
truong hop t6i wu. Két qua thé hién trong Bang 4.2 dugc tinh tr cac cdng thire Eq. (2.17) dén Eq. (2.22).
Trong bang nay, cot 2 va 3 1a gia tri chuén hoa cua bién dang va tmg suét dugc tinh theo Eq. (2.17. K& dén,
¢ot 3 trong bang nay dugc xac dinh theo Eq. (2.19) danh cho gia tri S;. Tiép theo, cac gia tri S’ twong tng
cft 5, 6 trong bang nay duoc tinh theo Eq. (2.20). Luc nay, Eq. (2.21) dugc xac dinh cho gia tri d6 1éch
gilra Sy’ va S; img v6i cot 7 va 8 lan luot cho De va St. Sau ciing, trong sé cua 2 tiéu chi bién dang va ing
suét duoc xac dinh bang Eq. (22) trong phuong phap MEREC.

Bang 4. 2 Trong s6 tinh theo phuong phap MEREC

TT hj Siy Ej
De St Si De St De St
1 0.9402  0.7330 0.1707  0.0304  0.1444  0.1403 0.1140
0.8608  0.8290  0.1559  0.0723 0.0896  0.0836  0.0173
3 0.7863 0.6384  0.2961 0.1135 02024  0.1826  0.0889
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4 0.9730
5 0.8777
6 0.7193
7 1.0000
8 0.7870
9 0.7355
10 0.9264
11 0.8455
12 0.7862
13 0.9588
14 0.8630
15 0.6916
16 0.9866
17 0.7693
18 0.7109
19 0.9152
20 0.8335
21 0.7559
22 0.9475
23 0.8514
24 0.6787
25 0.9750
26 0.7543
27 0.6973

0.8606  0.0850  0.0136
0.7588  0.1850  0.0632
0.8552  0.2175  0.1525
0.7835  0.1151 0.0000
1.0000  0.1131 0.1131
0.8262  0.2224  0.1429
09435  0.0652  0.0375
0.8210  0.1676  0.0806
0.7416  0.2388  0.1136
0.7896  0.1303  0.0208
0.7177  0.2147  0.0711
0.8129  0.2530  0.1692
0.7652  0.1315  0.0067
0.6702  0.2861 0.1232
0.7338  0.2817  0.1575
0.8415  0.1227  0.0434
0.7121  0.2318  0.0872
0.6775  0.2886  0.1310
0.6667  0.2067  0.0266
0.6112  0.2826  0.0774
0.6140  0.3630  0.1771

0.9348  0.0453  0.0126
0.8438  0.2037  0.1319
0.7519  0.2798  0.1658

0.0724  0.0714  0.0588
0.1293  0.1218  0.0661
0.0753  0.0650  0.0772
0.1151 0.1151  0.1151
0.0000  0.0000  0.1131
0.0912  0.0795  0.0517
0.0287  0.0276  0.0088
0.0940  0.0871  0.0135
0.1393  0.1253  0.0257
0.1116 ~ 0.1095  0.0908
0.1535  0.1437  0.0824
0.0986  0.0838  0.0706
0.1256  0.1248  0.1189
0.1824  0.1629  0.0592
0.1439  0.1242  0.0137
0.0828  0.0794  0.0394
0.1568  0.1446  0.0697
0.1778  0.1576  0.0469
0.1846  0.1801  0.1579
0.2201 0.2053  0.1427
02182  0.1859  0.0411

0.0331 0.0327  0.0206
0.0815  0.0718  0.0504
0.1333  0.1140  0.0325

4.2 Két qua cia phuwong phap SAW

Két qua phén tich quan hé xAm di ghi nhén truong hop thir 24 13 truong hop t6i wu. Dé biét két qua
nay c6 dang tin cdy hay khong. Tiép tuc ap dung phuong phap SAW dé xac thuc didu nay. Két qua cua
phuong phap nay dugc ghi lai trong Bang 4.4. Cot thtr 2 va thir 3 1a cac gia tri chudn héa thu dugc béng
cach thay cac gia tri blén dang (De) va (g suit (St) vao cong thirc (2.30) va (2. 31). Cot the 4 1a gia tri
chuan hoa cé trong sb thu duge theo Cong thirc (2.32) bang cach nhan gi tri chuan hoa vai trong sb. Cot
cu01 cung 1a bac cua cac gia tri Vi. Theo phuong phap xep hang, gia tri 16n nhit ciia Vi 1a bac 1 va la gia tri
t01 vu. Va nhu vay, trudng hop thir 24 13 truong hop tdi wu vi gia tri Vi 16n nhat 1a 0,9983. Khi do, két cdu
t6i wru ctia Jacket co duong kinh chan 1a 1700 mm, do day chan 1a 100 mm, dudng kinh thanh gidng 1a 900
mm. D¢ day thanh gidng 12 30 mm. Gia tri Vi ciia 27 truong hop déu khac nhau, cho thiy kich thudc thiét
ké c6 anh huong déng ké dén gia tri Vi. Két qua ctia phuong phap SAW phit hop véi két qua phan tich phan

tr hiru han

Bang 4. 3 Két qua ciia phuong phap SAW

1 Vi Rank

TT De St

1 0.7219 0.8338 0.7635 20
2 0.7885 0.7372 0.7694 18
3 0.8631 0.9573 0.8981 5
4 0.6976 0.7102 0.7023 25
5 0.7733 0.8055 0.7853 16
6 0.9436 0.7146 0.8585 9
7 0.6787 0.7800 0.7164 24
8 0.8624 0.6112 0.7690 19
9 0.9228 0.7398 0.8548 10
10 0.7327 0.6478 0.7011 26
11 0.8027 0.7444 0.7810 17
12 0.8633 0.8242 0.8487 11
13 0.7079 0.7740 0.7325 22
14 0.7864 0.8516 0.8107 14
15 0.9813 0.7518 0.8960 6
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16 0.6879  0.7988  0.7291 23
17 0.8823 09119 08933 7
18 0.9547  0.8329 09094 3
19 0.7416  0.7263  0.7359 21
20 0.8143  0.8583  0.8307 13
21 0.8979  0.9020 0.8994 4
22 0.7163 09167  0.7908 15
23 0.7972  1.0000 0.8726 8
24 1.0000  0.9954  0.9983 1
25 0.6961  0.6538  0.6804 27
26 0.8998  0.7244  0.8346 12
27 09734 08128 09137 2
5.KET LUAN

Thong qua viéc trién khai cac phuong phap toan hoc hién dai nhu MEREC va SAW, nghién ctru da

ching minh dugc tinh hi¢u qua trong viéc lya chon céu trac chan dé dién gi6 tbi wu, giup giam thleu dang
ké bién dang va img suat so véi cac thiét ké thong thuong. Mac du két qua dat duoc & giai doan tién thiét
ké c6 d6 chinh xac rat cao va sai SO dyu dodn thap, nghién ctru van chi ra nhiing gi¢i han can khic phyc nhu
viéc mo rong sang cac dang két céu ndi (Floating structures) cho ving bién sau hon va b0 sung cac phan
tich vé twong tac dat nén - coc. Trong twong lai, viéc thuc hién cac thuc nghiém thuc té va xdy dung mé
hinh khi - thiy dong luc hoc chi tiét s& 1a budc di quan trong dé hién thuc hoa céc thiét ké nay, nhim danh
gia sy phu hop va trién khai lp dit tai cac khu vuc bién tiém ning cua Viét Nam.
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ABSTRACT

This study designed and optimized 27 Offshore wind turbine foundation models using a combination

of Inventor software and CFD-FEA multi-physics simulation to evaluate hydrodynamic interactions and
structural responses. To solve the optimization problem, the MEREC method was applied to determine
objective weights for criteria based on variable elimination effects, ensuring accuracy in assessing the
importance of stress and strain. Next, the SAW method was used to synthesize scores and rank design
options, thereby identifying the 24th model as the most optimal structure. The results showed exceptional
compatibility between finite element simulation and predicted values with extremely low error (below
0.55%). Specifically, the optimal model achieved a strain of 8.0258 mm and a stress of 70.503 MPa,
confirming the reliability of the calculation process under harsh operating conditions.

Keywords: Offshore wind turbine foundation, CFD-FEA simulation, MEREC method, SAW method,

Structural optimization
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TOM TAT

Bai bao nay trinh bay két qua nghién ctru tinh toan, thiét k& va ché tao cum giam tdc canh xe banh xich
XCB-01. Cum giam tdc thudc hé thdng truyén lyc cua xe va c6 cong dung lam ting mé men xodn trén cac
truc cua banh chu dong. Trong do, bd truyén banh ring hanh tinh 1a két c4u chinh cua bd giam tc. Bo
truyén banh rang hanh tinh la dang truyen dong dugc su dung rong réi trong cac hé thdng co khi chiu tai
ning, yéu cau mat dg cong suat cao, o ddng tryc t6t va do bén cao. Trong nghién ctru nay, mét bo truyén
hanh tinh mot cap cua b giam téc dugc khao sat dua trén cac thong so thiét k& nham danh gia tng xtr co
hoc chinh ctia cac banh rang diéu kién tai 1on va tdc d cao. Cu thé, cac luc dn khop, do bén udn chan rang,
ung suét tiép xUc mat rang va cac hé s6 an toan duoc xac dinh. Thém vao do, anh huong cia viéc thay doi
kich thudc cua bé rong ring toi gia tri cac ing xudt va hé sb an toan ciing dugc xem xét. Két qua nghién
clru nay 1a co s& dé danh gia didu kién lam viéc cling nhu tudi tho cua bo truyén banh ring hanh tinh néi
riéng va bo giam tdc noi chung trén hé thong truyén luc cia xe banh xich XCB.

Tir khéa : xe banh xich, bo giam tc, bod truyén banh rang hanh tinh, lyc an khop, ting suét
1. PAT VAN DE

Xe banh xich 1a loai xe mat dat ding dai xich (track) quin quanh céc banh chiu tai (road Wheels)
banh dan hudng va banh sao chu dong (drive sprocket) dé tao lyc kéo. CAu hinh nay glup giam 4p suét tiép
xuc nén (do dién tich tlep xuc 16n), tang kha nang vuot dla hinh mém/x4u va bam kéo tét hon so v6i banh
16p trong nhiéu diéu kién [1]. Loai Xe nay co uu diém rét 16n 1a co dong dia hinh (bun/cat/tuyet) va kha
ning leo dbc va vuot chudng ngai t6t, 6n dinh khi mang tai trong 16n (phu hop xe chién dau hang ning)
[2]. Tuy nhién, han ché dién hinh ciia dong xe nay chinh 13 ton that co khi ndi tai (ma sat khép xich, con
lan—xich...), tiéng on, rung dong, chi phi bao dudng va hao mon xich cao; khi co dong trén dudng cimg co
thé gy mai mon va tiéu hao nhién liéu tang. Pic diém chinh cua hé thdng truyén dong trén xe banh xich
1a tich hop manh chtre nang 1ai — phanh - truyén dong véi cac hé banh xe vi sai va kha nang tao do chenh
léch tdc d6, mo-men xodn 16n giira xich trai va phai thay vi co céu 1ai goc banh nhu xe banh 16p [3 ]. H
thdng xe banh xich da dwoc nghién ctru va phat trién tir rit 1au voi qué trinh tich lity kinh nghiém va khac
phuc nhirng han ché thiéu sét trong timg giai doan thleft ké, ché tao cu thé.

Hé théng truyén luc trén xe banh xich vé& co ban ¢ thé duge md té theo chudi dan dong nhu sau: dong co
(diesel hodc turbine hodc dang lai), hop s6, cum l4i, truyén dong déu ra, banh chu dong va dai xich. Trong
d6, hop sb cho xe banh xich thudng 13 loai chuyén dung boi nd khong chi di s6, ma con phan phéi cong
suét ra hai nhanh trai—phai va hd trg tao chénh léch toc do dé 1ai [4]. Vi du Hé xe M113 (APC) ¢6 céc tai
li€u bao du’é’ng/khai thac mo ta hé thong truyén dong va cac cum lién quan & mic chi tiét k§ thuat (bao
dudng cap don vi, lap rap banh rang tryc 14i...) [5]. Hién nay c6 ngay cang nhiéu nghién ciru mé hinh héa
dong luc hoc truyén lyc—xe va dleu khién 14i vi sai (dic biét vi truyén dong thity tinh/dién-lai) dé cai thién
6n dinh khi quay vong va hiéu suit [6].

Trong xe banh xich, bo giam tdc 1a bo phan quan trong nhat va thuong nam & truyén dong cudi va dit hai
bén trai/phai gan banh chu dong. Chirc nang chinh cua n6 1a giam tbc 16n (ting mo- -men) tur tryc ra cua bo
truyén dong xudng banh xe chu dong. Pdng thdi né chiu tai xung kich dia hinh va truyén lyc 6n dinh cho
dai xich [7].

Truyén dong cudi ciia xe banh xich thuong dung bo truyén banh riang hanh tinh vi n6 can ty sé truyén
16n trong khong gian hep [8]. Hon nira, bo truyen nay c6 kha nang chia tai (nhleu banh rang cung an khép)
dé tang bén va chiu mé-men 16n. Do d6, ciu tric banh rang hanh tinh rat phd bién trong cdc cap giam toc
trén xe banh xich. Mt khac, trén nhiéu kién truc, truyen dong cubi bang bo giam tbe khong chi giam tbe
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ma con 1a mét xich co khi cudi cung dé thyc thi hiéu qua cc trang thai ting toc — phanh - 14i thong qua
viéc truyén mé - men trai/phai.

Banh rang dong vai tro then chét trong cac hé théng co khi, trong d6 do bén va hiéu suit cta chung anh
huong dang ke dén hiéu nang cia may moc. Viéc hiéu 13 (mg suat udn trong banh rang doi hoi phai xem
xét cac yéu t6 nhu phéan b tai, tmh chat vat liéu va hinh hoc banh riang. Céc tiéu chuén tinh todn cung cép
cac hudng din dé xac dinh tmg suit udn, can bang giita do chinh x4c va kha ning ap dung thyc té thong
qua cac phuong phap don gian hoa dya trén nghién ctru va dit lidu thuc nghiém. Cac tiéu chuan tinh toan
dua ra huéng dan xac dinh g suét udn trong banh ring bang cac phuong phap don gian hoa, dam bao su
can béng gitra d6 chinh xac va tinh thyc tién, dyua trén khéi lugng 16n cac nghién ctru va dit liéu. Cac tiéu
chudn AGMA 2001-D04 [9] va ISO 6336-3 [10] cung cap chi dan chi tiét dé danh gi4 kha ning chiu tai cua
banh ring try va banh ring nghiéng. Tiéu chuan JIS B 1701-1 [11] va GB/T 3480-2008 [12] dua ra cac
hudng dan mang tinh khu vuc, phut hop véi thuc hanh thiét ké va ché tao tai tung quéc gia. B§ chinh xac
va d¢ tin cly cua cac phép tinh tng suat banh rang phu thugc manh mé& vao sy phat trién lién tuc va hoan
thién cua cac tiéu chuén thiét ké. Cac phuong phép tinh tng suét udn theo ISO 6336: 2006, AGMA 2001-
D04, phan tich phan tir hitu han bang ANSYS, va ky thuat do bién dang bang strain gauge da dugc Timothy
va cong su [13] so sanh, qua d6 cho thay su can thlet cua viéc khong ngung cai tién cac tiéu chuan thiét ké.
Mot dang tai nho dugc tao ra nho khe hé bo tmyen ¢6 thé t6i wu hoa tai tac dung Ién con lan va tdi da hoa
tudi tho 6 lan [14]. Cac 6 lan dugc ing dung k¥ thuét nay va két hop vdi truc banh riang hanh tinh di giup
cai thién do dong truc cua bd truyén hanh tinh va déc tinh phan bd tai. Thiét ké 6 1an hanh tinh ban tich hop
cung lam tang kha nang chju tai cia bo truyén Cac tinh toan thiét ké trong [15], [16] di cho phép du doan
b6 giam tdc hanh tinh c¢6 tudi tho gép ba lan s0 v6i hop sb ban dau. Nhirng anh hudong bat loi cia mé men
ro-to t6i kha nang phan bd tai ctia bo truyen hanh tinh va tudi tho moi dy doan, ciing nhu nguy co trugt ctia
) lan trong didu kién mé men thip d01 véi hé tmyen dong duge mo ta trong [17], [18]. La mot thanh phan
ot 16i cuia hé truyen ddng cong suét trong cac thiét bi tién tién, bo truyén banh ring hanh tinh gii vai tro
khong thé thay thé trong cac linh vyc hang khong - vii try, cac loai xe banh xich va hé thong tuabin phat
dién gi6. Do chinh xéc truyén dong va do tin cdy cua chung phai d6i mit véi nhing thach thire, nghiém
trong trong didu klen lam viéc khic nghlet nhu da1 nhlet d6 rong, ta1 trong 16m va tc do cao [19-21]. Cac
thiét ké cho bo truyen hanh t1nh véi hai cap mic nbi tlep cung mot cap truc song song tbc do cao dugc mo
ta trong [22]. Theo do, bo truyén co ba, bén va nam banh riang hanh tinh déu mang lai phan bb tai tot va ty
) truyen dua 16n. Ket quéa nghién ciru ciing cho thdy, cac cong nghé lién quan dén vat liéu (thép do tinh
khiét cao ding cho 6 ldn va banh ring), thiét ké bo truyén hanh tinh (st dung cac két cdu dan hoi dé cai
thién kha ning phan b tai giita cac banh ring), thiét ké 6 lan (diéu chinh do 15i ciia con lin cho phép sai
léch ddng tryc 16n hon), tich hop vanh ring trong vao banh ring hanh tinh, s dung 6 lan thuy dong, va
kién trac hop sb (ting s6 banh rang hanh tinh,

Cac phuong phap giai tich mang lai su can bang gilra hiéu qua tinh toan va d9 chinh xac bang cach st dung
cac m6 hinh don gian hoa dé tinh toan tmg suat udn cua banh rang. Dya trén dir liéu thyc nghiém va co hoc
¢b dién, cac phuong phap nay dong vai tro thiét yéu trong viéc xdy dung cac tiéu chuén thiét ke banh rang.
Céc nghién clru ban dau cua Nicoletto [23] da st dung cac thé nang phirc dé phan tich ing suit rang banh
rang, dit nén méng cho cac mé hinh tién tién hon sau nay. Kapovich va Shekhtman [24] da gioi thiéu thiét
ké banh ring truc tiép nhim giam thiéu g sut udn thong qua tbi uu hoa hinh hoc, danh diu budc chuyén
sang thiét ké chinh x4c hon. Kawalec va cong su [25] dd so sanh d6 bén chan ring bang cac tiéu chudn ISO
va AGMA két hop v6i xéac minh bang FEM, qua d6 nhan manh tim quan trong ciia cac md hinh giai tich
trong phan tich ing suit banh ring. Arikan [26], [27] da dua ra cac biéu thirc giai tich cho hé sb hinh hoc
AGMA J cua banh rang tru ngoai, tao co s¢ cho phan tich img suét banh rang. Li [28], [29] dé nghién ctu
anh huong cua sai s6 va cac bién phap sira d6i dén tiép xic va d6 bén udn ciia banh rang try, lam noi bat
tac dong cia sai s6 ché tao va lip rap. Pedersen [30] dd nang cao cac phép tinh ung suat udn thong qua
banh ring bat dbi ximg va t6i uru héa hinh dang, cho thiy tiém ning giam Gmg suit banh ring thong qua cai
tién thiét ké.

Bai bao nay tap trung tinh toan cac thanh phén lyc dn khép duya trén cac thong sé dau vao ctia bo giam téc
noi chung va bo truyen banh rang hanh tinh n6i riéng. Cac ung xu co hoc chu yéu duoc xac dinh bao gom
(g suat tiép xtic bé mat ring, tng suit uén chan rang va cc hé s6 an toan tuong ung. Trén co so cac ket
qua tinh toan, tinh an toan va kha ning dap tng yéu ciu cua bo truyén duoc khing dinh. Hon nita, yéu t6
bé rong chan ring ciing 1a thanh phin dugc xac dinh trén vai trd 1a nhan t§ chinh khi danh gia sy thay doi
cua cac chi ti€u tng xur co hoc.

2. NOI DUNG NGHIEN CUU

2.1. M6 hinh héa cum giim téc
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Cum giam tbc c6 dang 14 bd truyen banh rang hanh tinh bao gdm 1 banh ring trung tdm (Sun), 3 banh rang
hanh tinh (Planet) va Vo vi sai (Ring) ¢b dinh (hinh 1). Theo d6, kiéu bo truyén dugc xem xét 1a bd truyén
banh ring hanh tinh 1 cip, dang rang thing.

Central gear (Sun)

Differential gear
Planetary gear housing (Ring)

shaft

Planetary gears

(Planet)
Hinh 1 B giam toc trén xe banh xich XCB
Céc thong s6 dau vao phuc vu bai toan danh gia img xir co hoc ciia hé dwoc mé ta nhu bang 1 va bang 2.
Bang 1 Cac thong s b truyén

Théng sb Ky hi¢u Gi4 tri Pon vi

Ti s0 truyén i 5.5

Mo dun rang m 6 mm

Goc an khép a 20 bo

S6 banh rang hanh tinh n, 3 cai

S rang banh ring trung tim Z, 12 rang

S rang banh rang hanh tinh Z, 21 rang

S riang banh ring vi sai z, 54 rang

Bé rong ring b 43 mm

Bang 2 Diéu kién lam viéc cua bd truyen

Théng s6 Ky hiéu Gia tri Pon vi
M6 men xodn 16n nhat T 5250 Nm
Téc d6 quay dau ra 16n nhat n 950 Vong/phut
Hiéu suét co hoc bd truyén hanh tinh n 0.97
Heé s6 phan b tai giita cac banh ring hanh K 1.2
tinh !
He s6 tai tong hop (chat luong rang cap 7, K 1.35; 1.55
lam viéc kin) thuong va 16n nhat e
SO rang banh rang vi sai 7
Bé rong rang b
Vit liéu banh rang hanh tinh va trung tdm 18XGT - GOST 453-71
Vit liéu banh rang vi sai c0 dinh 40XM - GOST 453-71
Do cung cac loai banh rang 55-60 HRC
Gidi han bén uon Gng vadi cac loai vat ligu oy 600 MPa
Gidi han bén tiép xtc ing véi cac loai vat o, 1800 MPa
liéu

bong co tr}lyén dong dugc xem x¢t 1a loai dong co Diesel 6 xi-lanh, 4 ky, dang chir V UTD-20 phun

nhiéq lidu truc tip, lz‘irp mat bang nudc, da nhién li¢u, dung tich 15.8 lit, cong suat 300 HP (hay 224 kW)

véi toc do vong quay toi da 2600 vong/phut. Bai toan danh gia trng xur co hoc dat ra nhu sau : dya trén cac
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thong so thiét ké dau vao, can xéc dinh duoc cac thong sb truyen dong cua hé thdng, céac lyc an khop, ung
xudt tiép xtic va ing suat ubn trén cac vi tri an khop cua bo truyén. Tir d6 xac dinh dugc cac hé so an toan
va dua ra cac két luan v& bo thong s6 thiét ké ban dau Hon nira, v6i cac thong s6 hinh hoc quan trong mang
tinh quyét dinh dén kha nang lam viéc cta bd truyen nhu do rong rang, hé s6 dich chinh thi viéc thay doi
ching s& c6 anh hudng ra sao dén tmg sut, hé s6 an toan va tudi tho ctia hé thong. Didu nay ciing can dugc
xem xét va phén tich cu thé.
2.2. Tinh toan va phén tich co hoc cum giam téc
2.2.1. Xdc dinh cdc thong sé hé truyén dpng
Duong kinh vong chia cia cac banh rang:
d=mxZ
Theo do, duong kinh vong chia banh rang trung tam la:
dg =mxZ, =6x12 = T2(mm)
Duong kinh vong chia banh rang hanh tinh:
d, =mxZ, =6x21=126(mm)
Duong kinh vong chia banh rang vi sai (vanh rang trong):
d, =mxZ, =6x54 = 324(mm)
Khodang cach tdm gilta banh rang trung tam va banh rang hanh tinh la:

m(Z,+Z,)
a,, = ————

SP 2 ’

Khoang cach tam gitta banh rang hanh tinh va banh rang vi sai c¢o dinh la:

m(Z,-Z,) 6(54-21)
Ugp = =

r2 1 2

M6 men xoan dau ra ciia banh rang trung tam duoc xac dinh:

T
T, =2t = 0250 _ 984(Nm)
nxi  0.97x5.5
Ddi chiéu céc thong sé dong co Diezel V-UTD 20 véi cong sudt dinh mac P = 224(kW),n = 2600(rpm)

thi m6 men xoan dinh murc & ving c6 toc dd cao nhat la:

= 99(mm)

= 99(mm,)

7= o T L so3Nm)
T 2600
max 27[( )
60

So sanh gita T, va T, , thi nhan thdy sy phii hop vé mit mé men xodn khi truc trung tam dugc giéi han
tde do n, < 950(rpm). Noi cach khéc, & noi ¢b tdc do thép thi gia tri mé men xodn co thé dat cao hon noi
¢6 tde do cao.
2.2.2. Xadc dinh lyc an khop tai cac banh rang trung tdm va banh rang hanh tinh
Luec an khp tiép tuyén tong trén cac banh ring hanh tinh dwoc xac dinh [31], [32]

"od 0.072

S

~ 27335(N)

Thyc hién chia tai [én timg banh rdng hanh tinh thi can cha y rang, do ¢6 sai s6 trong viéc ché tao, 1ap ghép
trong thyuc t& nén viéc chia tai nay khong dam bao déu tuyét ddi trén timg banh ring hanh tinh. Do d6, can

dua thém hé s6 khong déu tai K , [33], [34]. Gia tri nay thuong ndm trong khoang (1.1 dén 1.25). Trong
truong hop nay, voi 3 banh rang hanh tinh, moi banh rang dugc dd béi 2 6 lan va do chinh xac rang dat cap
7 nén chon Ky =1.2.

Luc nay, luc an khép tiép tuyén tinh cho ting banh rang dugc tinh toan:

27335

~ 10934(N)

B
F;-,P :K7§:1.2><
Luc an khép phap tuyén tmg véi timg banh rang hanh tinh dugc xac dinh:
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F, 10934
cosa  cos20
Luc an khép hudng tam Gng véi tiing banh rang hanh tinh dugc tinh toan nhu sau:
F ,=F , xtana =10934 x tan 20" = 3980(N)

r,P

F =

n,P

~ 11636(NV)

2.2.3. Kiém bén uén chin ring
Theo cong thl'{c Lewis (dang co ban) [35], [36], [37] khi xem mdi ring nhu mot dang « dim coéng x6n »
thi ing suat uon xap xi dugc xac dinh :
N F,xK

E hbxmxY
Trong do, K 1a hé s tai tong hop (bao gom céc gia thi€t co ban v€ yéu t6 dong luc hoc, va dap nhe va phan
bo Gng suat theo bé rong rang). Theo do, gia tri kinh nghiém thuong lay K=1.35. H¢ s6 dang rang la Y. H¢
s6 nay phu thudc vao sb rang, hé sé dich chinh va goc an khop [38], [39], [40]. Vi goc an khép a =20
thi c6 thé xac dinh gia tri nay nhu sau:

Y =~ 0.484 _ 287
Z

Theo do6, véi banh rang trung tam thi:

Y, ~0.484 - 257 _ 0 2448
; Z

s
V6i banh rang hanh tinh thi:

Y, ~ 0484 -2 _ 03473
Z

P
Luc ndy, ing suit udn cua chan ring trung tim duoc tinh toan nhu sau:
o~ Fipx K 10934x135 233.68(MPa)
TobxmxY,  43x6x0.2448
Gia tri ing suét uén cua chan rang hanh tinh dugc xac dinh:
o~ F o, xK _ 10934 x1.35
e bxmxY, 43x6x0.3473

Dé dang tha, do bén udn cua cac banh ring trung tim va hanh tinh nhé hon rat nhiéu so v&i gi¢i han bén

~ 164.74(MPa)

ubn ciia vat ligu tuong ing 0, .. = 600(MPa). Nhu vay, thiét ké cho thay cac théng s6 dam bao didu
kién bén udn [41].
2.2.4. Kiém bén tiép xiic mdt ring

Viéc tinh toan bén tiép xuc theo bé mat rang c6 thé xac dinh theo Hertz va AGMA [34] :

p F;'PXK
o, x Eq’—bxdxl (aa)

Trong do, Z, lah¢ s6 dan hdi (phu thudc vao hé¢ s6 Young ( E), Poison (v) Ging véi vat li¢u ché tao banh
rang). I 1a hé s6 hinh hoc tiép xtc, gia tri nay c6 thé lay theo tiéu chudn AGMA 908-B89 [34].

Vi cdp banh rang dan khép ngoai - ngoai (Trung tdm va hanh tinh) thi cép vt li¢u tuong Gng 1a Thép-Thép,
do d6 c6 thé lay E =210(GPa),v = 0.3. Lic nay, hé s dan hdi Z, duoc xéc dinh:
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Pbi voi cac banh ring trung tim c6 duong kinh vong chia d =dg, =72(mm) va ti s6 ring

Z 21
m, = Z—P =1.75 thi ¢ thé chon so bd I ~ 0.102. Theo dé, ing suit tiép xtic bé mat rang cua cip

S
banh ring hanh tinh va banh ring trung tim (tiép xtic ngoai — ngoai) duoc tinh toan:

z, ,p f10934><1 35 ~ 1309.94(MPa)
bxdy ><] 43 x72x0.102

V6i cip banh riang hanh tinh va banh ring vi sai ¢6 dinh (dang tiép xtc ngoai — trong), dudong kinh vong

) . Zy _ 54
chia d = d, =126(mm) va ti so ring m, = Z—R ETRE =2.571 thi c6 thé chon so bd I ~ 0.116. Luc nay,
P

ung suat ti€p xtic mét cua cap banh rang hanh tinh-vi sai dugc xac dinh:

7, fp f 10934 x1.35 ~ 928.55(MPa)
bxd, ><I 43 x126x0.116

Céc gia tri ung sudt tiép xtic nho hon gia tri ing sudt tiép xtc gidi han O, = 1800(MPa) . Do do, cac
thong sb thiét ké dam bao diéu kién bén tiép xuc.
2.2.5. Xadc dinh tdi lén cdc truc banh rang hanh tinh
Trong bo truyén banh ring hanh tinh ciia bd giam tdc, vo vi sai ¢b dinh nén tai 6 va truc ciia cic banh ring
hanh tinh bi chi phoi bdi thanh phan luc an khép hudng tdm [42] do 2 1an an khép tao ra (hanh tinh véi Vi
sai va hanh tinh véi trung tam). Do do, tai trong tac dong 1é€n O truc banh rang hanh tinh so bd duogc xac
dinh [43]:
F, =2xF ,=2x3980=T960(N)
M&i 6 13n ¢6 2 ddy nén tai ciing dugc chia déu trén cac 6 voi gia tri [14]:

bering o= 3980(N)
Vi gia tri tai tdc dong 1én b truc vira xac dinh, kich thuge 6 diia théng ¢6 thé duge chon tuong tng voi tudi
tho cta nod di kém theo cac tiéu chuan.
2.2.6. Tinh todn hé sé an toin
Heé s6 an toan uén chan rang dugc xac dinh :

(o
n, =—" = 000 " 5 57
o, 2335

F.S

Heé s6 an toan tiép xtc mat rang duoc xac dinh :
Oy 1800

H . lim
n =i - 7 ~1.37 (bb
7 e . 1309.9 (60)

H,SP
2.3. Khao sdt anh hwong cia bé rong rang va hé Y dich chinh toi irng xir co hoc ciia b truyén
Tir cong thirc (aa), tng sut tiép xiic mit rang phu thudc vao rat nhiéu dai lugng khac nhau. Gia thiét cac
thong s6 Z o by K d co giatri c¢b dinh. Hé s6 hinh hoc tiép xtc c6 thé duge mé hinh hoa theo quy luat
sau [32]:
I(xy)=1,(1+kz,) (cc)
Trong do, xs la hé sb dich chinh bién dang ctia banh rang trung tam (Profile Shift‘Coefﬁcier‘lt), 10 14 hé s
tiép xac hinh hoc khi xs=0, va kI }é hé s6 nhay mo ta mirc ting cua I theo xs. Cén chu y rang, viéc dich
chinh duong thuong lam dudng tiép xac hinh hoc phu hop hon doi v6i ing suat tiép xtc boi luc nay ban
kinh cong 16n hon va sy truot bé mat dn khop giam [44].

Nhu vy, tir cong thirc (aa), gid tri ing suat tiép xtic hoan toan ¢ thé duoc khao sat tmg véi sy thay dbi
clia gia tri bé rong rang (b). Cu thé :
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KY 2 j_lna‘(

GG /1000)X( K
s nx1

f b bxd,xI (1+kz,)

Tir cong thire (bb), hé s6 an toan tiép xuc co thé dugc xac dinh nhu sau :

(dd)

_ GH,lim _ GH,lim
n, = = (ee)
GH,SP ZE F;,P x K

Thay (cc) vao (ee) thi hé sé nay dugc tinh nhu sau:
n = O-H,lilll — O-H,lilll I b X ds X I[] (1 + k[:ljs)

T o Z K T

| e Y S B T
n, - d, /1000 nxi

M0t s6 nhan xét chinh c6 thé so bo xac dinh nhu sau:

Ung suat tiép xtic mit rang ti 1€ nghich v&i can bac hai gia tri ctia b, nguoc lai, hé so an toan ti 1€ thuan
véi can bac hai gia tri cua b, nghia la:

o

1
Hocﬁ;nHOC\/g

Nhu vay, khi gi tri cia b tang thi tdng hé s6 an toan va giam ung suat tiép xic mat rang.
Doi véi hé so dich chinh xs (rng véi mo hinh nhay dugc Iya chon [45], quan hé ctia Gng suat ti€p xuc, hé
s0 an toan ti€p xuc dugc xac dinh nhu sau:

1 1 \/7
oc ,n oo I (1+kx,)
Ny L+kay) " VT
Nhu véy, dich chinh duong ciing s& lam tang hé s6 an toan, nhung gia tri ndy ting theo ham cin bac hai.
Ung sudt uon va hé s6 an toan chan ring duoc xac dinh tuong ty nhu sau:

K K}/ 2 max
O-F:—X_ PR
bxmxY n, dg/1000 7xi
o XXM d,
ny = xbxmx Y x o s
g O'F F lim 2><K><K7 T;nax

Hé s6 hinh hoc udn Y khi c¢6 dich chinh chi phu thude ) rang va h¢ sb dich chinh bién dang xs. Dac biét,
hé s6 dich chinh bién dang anh hudong manh t&i d6 day chan rang, ban kinh goc lugn chén rang, vi tri tiét
dién nguy hiém. Luc nay, hé s6 hinh hoc udn hiéu dung dugc xem xét nhu sau:

Y (z5) =Y (1+cpzy)

Trong d6, YO0 1a h¢ s6 Lewis co s¢ (khi hé s6 dich chinh xs=0). cF 1a h¢ s6 nhay va nhan gié trj dwong khi
xs>0 (chan rang duoc lam day hon va tang do bén udn chan ring).

Luc ndy, ing sudt va hé sé an toan udn chén ring duoc xac dinh nhu sau:

o, =
bxmxY (1+c,z)

n. = O-F,lim X b Xm X }/;)(1 + CP‘xS)

! K x EP
Nhu vay c6 thé thiy mdi quan hé giira ing suit va hé sb an toan tiép xtc dbi voi bé rong chan rang, hé sb
dich chinh bién dang nhu sau:
K b(1+c,z,)
b(l+c,z,) K
Khi gia tri b tang thi img sudt tiép giam tuyén tinh, hé sé an toan tiép xtic ting tuyén tinh. Tuong tu v6i hé
s6 dich chinh xs > 0, khi dich chinh duong thi d6 bén udn s& duge cai thién ung voi sy tang cua bé rong
chén rang.
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Vi cac thong sb thiét ké dwoc mo ta trong bang 1 va bang 2, anh huéng cta bé rong chén ring va hé sé
dich chinh bién dang t6i ing xudt va hé so an toan dugc thé hién nhu hinh 3, hinh 4 va hinh 5. Cac gia tri
twong tng duoc thé hién trong bang 3.

Bang 3. Gia tri ing suit va h¢ sd an toan tng véi bé rong rin

b (mm) o, (MPa) o, (MPa) n, n,

40 251.2085 1353.927 2.388454 1.329466
41 245.0815 1337.313 2.448165 1.345982
42 239.2462 1321.297 2.507877 1.362298
43 233.6823 1305.843 2.567588 1.37842
44 228.3714 1290.918 2.6273 1.394356
45 223.2965 1276.494 2.687011 1.410112
46 218.4422 1262.543 2.746722 1.425694
47 213.7945 1249.04 2.806434 1.441107
48 209.3404 1235.96 2.866145 1.456358
49 205.0682 1223.283 2.925856 1.47145
50 200.9668 1210.989 2.985568 1.486389
51 197.0263 1199.058 3.045279 1.501179
52 193.2373 1187.472 3.10499 1.515825
53 189.5913 1176.216 3.164702 1.530331
54 186.0804 1165.274 3.224413 1.5447

55 182.6971 1154.632 3.284124 1.558938
56 179.4347 1144.277 3.343836 1.573046
57 176.2867 1134.195 3.403547 1.587029
58 173.2472 1124.375 3.463258 1.60089
59 170.3109 1114.805 3.52297 1.614631
60 167.4723 1105.476 3.582681 1.628257

T T T T T T T T T
—0p (Sun bending stress)
o, (Sun-Planet contact stress)
Hsp
1200 - b

1000 -

=3
=3
=3

Safety factor

Stress (MPa)

@
=3
S

400 -
151 1
200 \__

1 . . . . . . . . .
0 . . . . . . . . .

40 42 44 46 48 50 52 54 56 58 60 40 42 44 46 48 50 52 54 56 58 60
Facewidth b (mm)

Facewidth b (mm)
Hinh 2 Anh huong ctia bé rong rang t&i ung suat va hé so an toan

Tu hinh 1a nhan thay, gié tri (g suét uén vaimg suét tiép xtc giam khi bé rong rang tang. Dang cua duong
cong co tinh chit tuyén tinh. Gia tri ing suat udn giam chdm hon so v6i ing sudt tiép xtic. V& gia tri, ung
sut ubn (khoang 170-250 MPa) nhé hon rét nhiéu so véi ing suit tiép xac (1100-1350 MPa) theo chiéu
tang ctia bé rong chan rang. Theo do, khi bg giam tc lam viée ¢ trang thai tai nang, kin nudc va tc do cao
thi dang hong tiép xtc s& chi phéi 1a chu yéu ma khong phai la do gay ubn chan rang.

Gi4 tri hé s6 an toan dugc mo ta & hinh 1b cho théy, ching déu c6 dang tang tuyén tinh. Hé s6 an toan tiép
xuc (khoang gia tri tir 1.35 dén 1.6) ting cham hon hé sb an toan uén (khoang gia tri tir 2.4 dén 3.6). Ngay
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ca khi b=40mm thi nF>2, do d6 banh ring rt an toan v& udn, viéc ting b s& khong can thiét néu chi xét van
dé udn. Tuy nhién, gia tri nH ting cham, ngudng nH & khoang (1.3; 1.4) thi banh ring c6 nguy co rui ro
cao.

Co the nhan thiy, khi ting b trong khoang hon 10mm so véi thiét ke thi ing suat ubn giam 20-25%, tng
suét tlep xuc glam 10-12%, hé s6 an toan uén tang manh, con he s6 an toan tlep xuc tang cham. RS rang,
khi bé rong rang nam trong khoang tr 50mm dén 55mm thi hé s6 nF=3, nH=1.5. Day la ving gia tri t6i ru
hon ca vé mat ky thuét cling nhu diéu kién 1am viéc ctia bd giam tde.

2.4. Két qua ché tao va lam viéc ciia bg gidam toc trong thuc té

Trén co s¢ danh gid Gmg xur co hoc cua bg giam tdc Vi cac thong ) ky thuét dugce thiét ké ban dau, két
cAu hoan toan dép tung dugce vé didu kién bén udn chan rang, didu kién bén t1ep xuc. Céc gia tri an toan déu
16n hon 1.3, dac biét h¢ s6 an toan tiép xuc cao hon rat nhiéu. Do dé, bd truyén hoan toan dap tmg duoc
kha nang lam viéc & tdc do cao, tai nang va khong gian kin. Viéc ché tao cac bd phén cua by giam tdc phai
tuan tha nghiém ngit vé quy trinh cong nghé va cac yéu cau ky thuét ciia hé thng. Trude tién, cac cong
nghé tao phoi nhu rén, dap, 16¢ duogc sir dung dé tao phoi ban dau. Phuong phap rén, dap nham muc dich
tao ra phoi c6 hinh dang tuong ty nhu hinh dang san pham, do do6 giup tiét kiém vat tu, thoi gian gia cong
va cai thién co tinh vat liéu. Trong giai doan nay, cong nghé rén thép duoc sir dung dé thay thé cho cong
nghé duc thong thuong nhidm dé ting co tinh, chét luong san pham. Tiép theo, cac phuong phap gia cong
cit got kim loai nhu: tién, phay, mai rang, mai tron, cit day duoc ap dung. Dac diém cua cac phuong phap
nay 1a cét got, tao hinh cho san pham. Dé nang cao do chinh x4c va chit lugng ctia san pham, cac thiét bi
hién dai, c6 @0 chinh xac cao nhu hé théng may ti€én CNC, may phay CNC dugc dua vao sur dung. Sau khi
gia cong cét got, cong nghé xir Iy nhiét nhu thim cac bon ni to, t6i, ram, u dugc trién khai. Muc dich cta
cong nghé nay nham dé nang cao co tinh cta vat liéu, tir 46 nang cao chat lwong san pham. Cudi cing, cac
cong nghé xtr Iy bé mat nhu ma, phun cat, bi, son dugc sir dung. Nhitng budc xir Iy bé mét nay giup bao vé
bé mit san pham sau khi ché tao khoi cac tac dong ciia méi truong, ngoai ra con ning cao tinh thim my
cho san phdm. Coéng nghé ma dung dé tao mot 16p oxit kém ding dé bao vé bé mit cac chi tiét bang thép.
Cong nghé phun cat ding dé xir Iy bé mat san pham sau nhiét luyén. Mot sb két qua ché tao dugc thé hién
trén hinh 1, hinh 2 va hinh 3.

Hinh 3 Tryc va banh ring trung tim sau khi ché tao
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Hinh 5 B6 giam tdc sau khi lip rap va trén xe banh xich XCB.
3. KET LUAN

Nghién ctru nay di thuc hién viéc danh gia img xtr co hoc ctia bd giam tdc ndm trong hé théng truyén
luc xe banh xich XCB véi cac théng sb thiét ké diu vao. Cac tmg xtr ndy dwoc xac dinh véi céc tiéu chi
chinh bao gdm cac ung suit udn chan ring, Gmg suat tiép xic bé mit ring, va cac hé sb an toan twong tng.
Anh huéng cta bé rong chan ring - mot trong nhiing thong sé thiét ké quan trong nhét cua banh ring véi
céc tinh chat co hoc ciing dugc khao sat chi tiét. Két qua nghién ctru di chi ra dugc rang, cac thong sb thiét
ké ban déu dap ung day di cac tidu chi vé do bén udn, do6 bén tiép xiic. Chung dap tng duoc diéu kién lam
viée ¢ the do cao, tai nang va kin nude. Hon nira, viée tang gia tri be rong chan rang lam tang kha nang bén
cua bo truyen ung voi hé s6 an toan ting cao. Gia tri ing suét tlep xuc giam cham va ung sudt uén glam
nhanh khi ting gia tri bé rong chan ring voi cac mirc giam tuong tng 10-12% va 20-25%. Dya trén cac két
qua danh gia, bd truyén da dugc ché tao va lap rap thir nghiém dap ung dugc dy du cac tidu chi va yéu cau
dat ra ban diu. Hon nita, viéc ché tao thanh cong bd giam tde khéng dinh dugc kha nang lam chu duoc viéc
thiét ké, cong nghé ché tao cum giam tdc 1ap trén xe banh xich XCB. Cac tinh ning k¥ thuat déu duoc kiém
tra va dap tmg yéu cAu. Cac san phém da duoc 1§p rap 1én xe va duoc chay thir nghiém tai thyc dia. Két qua
budc dau dam bao céc yéu ciu ky thudt cua san phém trong diéu kién lam viée thue té. Mat khac, viéc
nghién ctru va ché tao thanh cong tir tinh toan, thiét ké va ché tao, da goép phﬁn tién toi noi dia hoa hoan
toan vat tu, phu tung xe banh xich XCB, han ché viéc phu thude va nhap Kkhéu tir cac nguén nudc ngoai.
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ABSTRACT

This paper presents the results of the computational design and fabrication of the XCB-01 tracked
vehicle side reduction gear assembly. The reduction gear assembly is part of the vehicle's power
transmission system and serves to increase torque on the drive wheel axles. The planetary gear set is the
main component of the reduction gear. Planetary gear sets are widely used in heavy-duty mechanical
systems requiring high power density, good concentricity, and high durability. In this study, a single-stage
planetary gear set is investigated based on design parameters to evaluate the main mechanical behavior of
the gears under high load and high speed conditions. Specifically, meshing forces, tooth root bending
strength, tooth surface contact stress, and safety factors are determined. Additionally, the influence of
changing tooth width on stress values and safety factors is also considered. This research provides a basis
for evaluating the working conditions and lifespan of planetary gear sets in particular, and reduction gear
sets in general, on the power transmission system of the XCB tracked vehicle.

Keywords: tracked vehicle, reduction gear set, planetary gear set, meshing force, stress
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