TAP CHi KHOA HOC VA CONG NGHE - SO 33 - TRUONG BAI HOC PHAM VAN BONG
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Mbi ghép han la dang lién két quan trong trong két cdu co khi va xdy dung, song
ddc tinh lam viéc cua no chiu anh huong lon tir cdac yéu 16 bat dinh nhw tdi trong, co tinh
vt lidu va sai s6 ché tao. Cdc phwong phdp thiét ké xdc dinh thwong bé qua sw bién
thién nay, dan dén thiét ké qud an toan hodc khéng an toan. Nghién ciru nay dp dung
phirong phdp xdp xi béc nhdt (First Order Reliability Method — FORM) dé phan tich d¢
tin cdy moi han, nham wéc luwong xac sudt hong mot cach hiéu qua. Dva trén mo hinh két
cau than mday CNC, ham trang thdi gidi han dwoc thiét Idp theo tiéu chi ing sudt cdt
twong dwong. Cdc bién ngdu nhién gom luc tac dung, gidi han bén cdt va chiéu cao moi
han. Két qua phan tich cho thdy chi sé dg tin cdy B = 3,38, twong g véi dé tin cdy
Rrorm = 0,99963. M6 phong Monte Carlo véi 5x10°mau cho két qua gan tring khép
(Rmcs = 0,9996). Sai s6 twong doi ciia phirong phdp FORM so véi MCS 1a 7.5%, chitng
minh FORM ¢6 d chinh xdc cao va chi phi tinh todn thdp. Phan tich d¢ nhay cho thdy
gidi han bén cdt la tham sé chi phéi, trong khi kich thwéc hinh hoc it anh hwéng hon.
Nghién ciru khang dinh FORM 1a c¢ong cu hitu hiéu trong phdn tich va thiét ké két cdu

han theo do tin cqy.

Tir khéa: B tin cdy; moi ghép han; FORM; Monte Carlo; phdn tich dé nhay.
1. Tong quan

M&i ghép han 1a dang lién két dugc sir dung rong rai trong cac két cau co khi, xay
dung, giao thong va niang lwong nhd wu diém bén viing, tiét kiém vat liéu va dé ché tao.
Tuy nhién, d6 bén va tudi tho ctia mdi han chiu anh hudng manh tir nhiéu yéu t6 bat dinh
nhu tai trong thay d6i, phan tan co tinh vt liéu, sai s6 hinh hoc va khuyét tat cong nghé.
Do @6, viéc chi ap dung cac phuong phép thiét ké xac dinh truyén thong thuong khong
du co s& dé phan anh ding ban chit ngau nhién cta qué trinh lam viéc, c6 thé din dén
thiét ké du thira hodc tiém 4n nguy co mat an toan [1, 2]. So véi két cau duc, két ciu han
thudng nhe hon (giam 30-50%) va c6 bd tri hop 1y hon do han ché tng suit du. Trong
thue té, xu hudng két hop giita két cAu han va két cau dic ngay cang phd bién, dic biét
khi mét sb bo phan c6 hinh dang phuc tap dugc ché tao bang phuong phap duc, sau d6
lién két voi khung thép han [3-5].

Trong thyc tién thiét ké, cac mdi han thudng dugc danh gia theo phuong phap xac
dinh, dua vao hé s6 an toan nhim tranh pha héng duéi tai trong du kién. Tuy nhién, cach
tiép can nay chua phan 4nh day du anh huong cua cac yéu td ngiu nhién nhu tai trong
bién thién, sai s6 ché tao, khuyét tit han hay su phan tan co tinh vat liéu. Do d6, nhiéu
phuong phap phan tich do tin cdy da duoc phat trién nham dinh luong xac suit hong hoc
va chi s6 d9 tin cay B cua hé théng. Cac phuong phéap chinh c6 thé ké dén: phuong phap
momen thich hop (FOSM), phuong phap trudng hop Xau nhét [6-8], phuong phap giam
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chiéu (DRM) [9, 10], md phong Monte Carlo (MCS) va céac bién thé cai tién [11-15],
phuong phép bé miat dap ung (RSM) [16-18], ciing nhu phuong phap xap xi bac nhat
(FORM) va béc hai (SORM) [19, 20]. Trong d6, MCS cho két qua toan dién nhung chi
phi tinh toan rat 16n, con FORM dugc xem 1a cong cu can bang gitta do chinh xac va
hiéu qua, dic biét hitu ich khi két hop voi mé phong phan tir hitu han (FEA).

Mic du di c6 nhiéu nghién ciu vé do tin cay trong cac linh vyc két cAu co khi,
nhung viéc ap dung FORM cho phan tich méi ghép han van con han ché. Do dé, nghién
clru nay tap trung xay dung mo hinh d6 tin cay cho méi ghép han, trong dé cac yéu tb
ngau nhién cua tai trong, kich thudc hinh hoc va dic tinh co hoc vat liéu dugc xem xét.
Phuong phap FORM duoc &p dung dé xac dinh chi s6 do tin cay va xac suat hong caa
mdi han. Bén canh d6, nghién ctru ciing tién hanh phan tich d6 nhay nham lam rd vai trd
cua tirng tham sé trong do tin cdy tong thé. Két qua nghién ctiu ky vong sé& cung cap co
s khoa hoc cho viéc cai tién cac phuong phap thiét ké, gop phan nang cao do an toan va
t6i wu héa két cau han trong thyc tién.

2. Co s& ly thuyét
2.1. Khéi niém co ban vé do tin cay

Do tin cay (Reliability, R) ctia mot két ciu hodc chi tiét may duoc dinh nghia 1a xac
sudt dé hé thong thuc hién dang chirc ning thiét ké trong mot khoang thoi gian xac dinh,
dudi cac diéu kién van hanh nhat dinh. D6i véi mdi ghép han, do tin cdy phan anh kha
nang 1am viéc an toan cua lién két trong sudt qua trinh chiu tai trong, bao gdm ca tai tinh
va tai thay ddi theo thoi gian. Cach khac, d6 tin cay dugc dinh nghia la xac suat cua ham
trang thai gigi han g(X) >0, twong &tng Vi gia tri Xac suat cac bién ngau nhién X = (X,
X2, ..., Xn) NAm trong vung an toan, dugc xac dinh theo cong thic:

R=P(g(x)>0)= ( I) jx(x)dx (1)

Trong phan tich d6 tin cay, trang thai hong dugc xac dinh théng qua ham trang thai
gioi han (Limit State Function — LSF):

9(X) = R(X) - S(X) )

Trong do: R(X) 1a stc bén hodc kha nang chiu tai cua méi han, S(X) 1a tai trong
hodc yéu cau tic dong 1én mbi han va X 14 vector cac bién ngau nhién dic trung cho tai
trong, ddc tinh vat li€u va kich thudc hinh hoc.

Néu g(X) >0, mbi ghép han dugc coi 1a an toan; ngugc lai, khi g(X) <0, mbi ghép
han bi hong. Do d6, xac suit hong (P) duoc dinh nghia:

P =P(g(X) <0) 3)

Dé biéu dién muc do an toan cua két cdu, phuong phap do tin ciy thuong sir dung
chi s @6 tin cay (Reliability Index) p:

p=-0"'(P) @
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Trong d6 ®—1(-) 1a ham nghich dao cua phan phdi chuén tich lity. Gi4 tri B cang
16n, x4c suét hong cang nho, tuc két cAu c6 d6 an toan cao hon.

Céc phuong phap phd bién thudng duoc sir dung trong viée phén tich do tin cay la
phuong phap moémen thich hop, phuong phap xap xi bac nhat va xap xi bac hai. Co s
cua cac phuong phap nay la lam don gian qud trinh tinh todn thong qua viéc don gian hoa
céc cong thirc dudi dau tich phan f,(x) va s dung gia tri xap xi ham trang thai gioi han
g(Xx).

2.2. Ham trang thai giéi han cho méi ghép han

Xét mbi han gdc chiu lyc phuce tap nhu Hinh 1. Mébi ghép han chiu luc kéo Fz, Luc
cit Fx, Fy, Momen ubén Mx, My va Momen xoén T.

y
Y
t Fy Fy
o,
f ]
- Fz 1] ' ;{ Fx X
z | P
L L
} ~ 1

Hinh 1. Mai han goc chju luc phic tap
Mbi han goc dugc tinh toan theo ¢ng suat cat trén mat cat c6 dién tich nho nhat
(mat cit nguy hiém), nam trén mat phang phan giac goc vudng cua mat cat ngang moi
han. Bé xac dinh d¢ tin cay R cua mdi ghép han, dau tién ta xac dinh ham trang thai gigi
han theo g suét cat gisi han trong mat cit nguy hiém caa méi han:
g(X ) = Tiim — Ta (5)
Trong d6: Tim & tng Suat cat giéi han, MPa, T4 & tng suét cat twong duong 16n
nhét sinh ra trong méi han, MPa.
Mot cach tong quét, do tin cay R hay xéac suat khong hong cia mdi ghép han la xac
SUat 7, > 7,,:
R=P(g(X)>0)=P((zy, ~7,)>0) (6)
Vi tai trong tac dung F, ing suat cat giéi han tim, cac kich thudc méi han. .. 1a cac
dai luong ngau nhién phan phdi theo quy luat chuan.
2.3. Phwong phap x4p xi bac nhat (FORM)

Phén tich d6 tin cdy cua mdi ghép han 1a mot bai toan phuc tap do chiu anh huong
ddng thoi cua nhiéu yéu té ngau nhién, bao gom tai trong tac dung, dic tinh vat liéu, sai
s6 ché tao va khuyét tat méi han. Trong khi cac phuong phap mé phong truc tiép nhu
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Monte Carlo c6 thé cung cp két qua chinh xac, ching doi hoi s lugng mau rat 16n, dan
dén chi phi tinh toan cao, dic biét khi xac suat hong can udc luong & muc rat nho. Bé
khic phuc, phuong phap xap xi bac nhat (First Order Reliability Method — FORM) dugc
st dung.

Phuong phap x4p Xi bac nhat gdm 2 budc: dau tién chuyén céc bién ngau nhién ban
dau sang khong gian chuan, tiép theo 1a xap xi bac nhat ham trang thai gigi han.

Céc bién ngau nhién X; dugc chuan héa thanh bién Ui c6 phan phéi chuan chuan
hoa. Nho vay, mién hong g(X) < 0 trong khong gian thuc duoc anh xa thanh mién hong
tuong tng trong khéng gian chuan. Bé chuyén céac bién ngiu nhién tir khéng gian ngau
nhién ban dau sang khdng gian chuan thi dau tién ham duéi dau tich phan fx(x) dugc don
gian hoa bang cach bién doi cac bién ngau nhién. Khong gian cua cac bién ngau nhién
ban dau X = (X1, Xz..., Xn) duoc goi 1a khong gian X nhu Hinh 2a. Chuyén tat ca céac
bién ngau nhién thiét ké tir khong gian X sang khdng gian chuan U theo cong thic (7).
Trong d6, gia tri trung binh caa céc bién nay bang 0 va sai léch chuan bang 1 nhu Hinh
2b.

Fy, (i) = @(w;) v6i Xy = my, + U;Sy, (7
b(0)
0.3989 | ¢ (u)
¢’: ()
¢, (uo)
0 T
6

a) b)

Hinh 2. Ham mdt d6 phan be trong khong gian X va U.
Sau khi bién d6i ham trang thai giéi han c6 dang Y = g(U).

Khi d6 do tin cay duoc xac dinh theo céng thuc:

R = P{g(U) > 0} = j u(Wdu ®)
g(U)>0

Pé viéc tinh toan ham tich phan ¢ cong thirc (8) duge don gian hon thi ham trang
thai gisi han g(U) = 0 duoc xap xi thanh ham tuyén tinh thong qua phép khai trién Taylor
bac 1:

U, -u) ©)
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V6i u* = (ur*, uz*,... un*) 1a diém khai trién, T 13 ky hiéu ma tran chuyén vi va
Vg(u*) la gradien ctia ham g(U) tai u*.

Dé giam sai s6, mot phuong phap don gian thuong dugc sir dung la khai trién ham
g(U) tai diém c6 xac suat 16n nhat (MPP). Bai toan xac dinh diém c6 xac suat 16n nhat
chinh 1a viéc tim diém nam trén mat g(U) = 0 dong thoi cd mat &6 phan phéi theo U dat
gia tri cuc dai.

Khoang cach S=|u™| duoc goi la chi s6 d¢ tin cay, la khoang cach ngan nhat tir

bé miat g(U) = 0 d&én gbc do toa trong khong gian U nhu Hinh 3. Diém xac suit 16n nhit
u* chinh la tiép diém cua ham trang thai gidi han g(U) va dudng tron ¢ ban kinh 1a B, do

A . . . U* U
vay vécto don vi doc theo vécto u* co gia tri H = 7 bang vai gia tri cua vécto don
u

Vi a:

u *

— =a hoac u*=—pa (10)

B

[ e)-o
Diém x4c suét
16n nhét
g(U) <0

u*

FORM
0 U

Hinh 3. Tich phan xac sudt theo xdp xi bdc nhdt
Khi d6 ham do¢ tin cay s€ dugc xac dinh qua cong thurc sau:
R~P{LU)>0}=1-d(au*" )=1- (- paa’ )=1- d(- ) (11)
C6 rat nhiéu phuong phap sé da dwoc phat trién dé thyc hién cong viéc tim diém
X&c sut 1on nhat. Giai thuat tim kiém diém xéc suét Ién nhét nay sir dung cong thire hoi

quy va n6 dua vao tuyén tinh ho ham trang théi gisi han. Gia tri diém xac suét 16n nhat
& vong lap tha k 12 uk dugc xac dinh theo cong thic:

g(u"*l)= g(u“)+Vg(u"Xuk*l—u")T =0 (12)
Vi a la vécto don vi nén tir Hinh 4 ta ¢6:
uk+l — _ﬂk+1ak (13)
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U,
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Hinh 4. Tim diém xac suat lén nhat u*

Thé uk va uk*! vao cong thire (12) thu dugc:

g(uk)_'_vg(ukxak)T(ﬁk _ﬂk+1): g(uk)_'_uvg(ukn(ﬂk _ﬂk+1):0 (14)
Tur day suy ra:
kel _ pkeigk _ k| ok g(uk)
ut == a_aﬂ+vauk‘ (15)

Pé sir dung cbng thirc (15) ta can phai c6 mot diém khoi dau u® va thong thuong
U= 0. Céc diéu kién hoi tu duoc sir dung dé két thic vong lap:

Huk+1_ukHSgl; “ﬂk+l_ﬂk“ggz; HVg(ukﬂ)_vg(ukl‘sgs

Gan diém ban dau {us} ]

U'dce luwong ham trang thai
gid1 han g(X)

C
( Tinh chi s d6 tin cay B )

+ ( Cap nhat {u} )
i

Tim (k+1 — _.k I e(u)
it ()

(ukt —uk”S &
(ukth —Vg(ukmﬁ €,

[ve

[ Piém xac suat 1én nhat fu*y J

Hinh 5. Gidi thudr rim diém xac suat lén nhdt u*
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Thuat todn tim kiém MPP d3 trinh bay ¢ trén ¢6 vu diém don gian, téc do hoi tu
cao trong nhiéu truong hop, vi vay duoc ung dung rong rii trong phan tich do tin cay va
thiét ké xac suat cua céac két cau. Tuy nhién, trong mot sé tinh hudng, thuat toan co thé
khong hoi tu, chiang han khi ton tai dao dong gita hai hodc nhiéu diém ma khong dat
duoc hoi ty, hoic khi xay ra phan ky. Khi 6, mot phwong phép thay thé hiru hiéu 1a sir
dung md phong Monte Carlo (MCS) dé udce luong truc tiép do tin cay.

Giai thuat tim diém xac suét 16n nhat dugc trinh bay trén Hinh 5.

3. M6 hinh va phwong phap nghién ciu
3.1. M6 hinh két cau nghién ctu

Than may CNC duoc thiét ké dudi dang két cAu han, bao gdbm khung dung, tim dé
va cac moi ghép han lién két. TAm dé dong vai tro 1am nén, truc tiép truyén tai trong
xudng bé may, dong thoi gia ting do 6n dinh va giam rung dong trong qua trinh gia cong.
Khung dimg duoc gin chit voi tAm dé thong qua mbi ghép han, dam bao tao thanh mot
két cau lién khéi c6 do cung vimng cao. Trong két cau than may c6 nhiéu mdi ghép han,
tuy nhién chi thuc hién phan tich d6 tin cay cho moi ghép han nhu Hinh 6.

Mbi ghép han

Tam dé

Hinh 6. Mai ghép han trén than may CNC

Trong qué trinh 1am viéc, thin may phai chiu ddng thoi nhiéu thanh phan tai trong
phat sinh tir qua trinh cét got, bao gdm lyc theo cac phuong X (Fix ), Y (Fiy ), Z (Fiz) va
momen xodn T1. Céc tai trong nay tac dong 1én két ciu, giy ra bién dang va (mg suét tap
trung tai cic ving mdi ghép han. Do d6, viéc phan tich kha ning chiu tai cta than may,
dic biét 1a tai cac vi tri lién két han, co y nghia quan trong trong viéc danh gia do bén va
do tin cay cua két cdu may CNC.

1N
A
[~ For
L A
Mo M=
H
L Favr
- == ]
o A |

FZX

Hinh 7. Céc thanh phan luc trong méi ghép han
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Mbi ghép han chiu luc kéo Foz, Luc cit Fax, Fay, momen uén Max, Moy va momen
xodn T2 nhu Hinh 7. Luc tac dung Fax, Fay, F2z ng suat cho phép va chiéu cao méi han
1a cAc dai lugng ngau nhién co gia tri cho trong Bang 1.

Bang 1. Cdc dai lwong ngdu nhién

Pai lwgng Gia tri trung binh Do lech chuan
Luc tac dung Fax, N 100 10
Luc tac dung Fov, N 170 17
Luc tac dung F2z, N 24 24
Momen Max, Nmm 46333 4633.3
Momen May, Nmm 13851 1385.1
Momen T2, Nmm 5076 507.6
Gi6i han bén cit z,,,, MPa 150 15
Chiéu cao mdi han k, mm S 0,5
Chiéu dai duong han, H 400 40
Khoang cach hai duong han, W 100 10

3.2. Ham trang thai gi¢i han theo chi tiéu dd bén cat

Ung suat twong dwong sinh ra trong mdi ghép han [1]:

F M M i F T © (F T 2
Ttd = (%‘FI_ZXX ymax+ I 2y XxmaX} +3l(%+\]_2x ymax} +(%+J_ZxxmaX] }
X y P P

Trong do:

_0T07KH® | _ (W +2x0.707k) -w?) H

I ’
" 6 g 12

P A=2x0.707xk xH

Ham trang théai gioi han theo tng suét cit gigi han trong mat cat nguy hiém cua
méi han nhu sau:

g(X): Tiim — Ty

F, M M > T(e T . 2
= Tlim — 22 +ixymax+ixxmax +3 ﬁ+_2><ymalx + —2y+—2><xmax
A I, I, A J, A D,
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4. Két qua va thao luan
4.1. Két qua phan tich FORM

Phuong phép x4p xi bac nhat (FORM) dugc xem 13 cong cu hitu hiéu nho kha ning
can bang giita d6 chinh xac va chi phi tinh toan. Giai thuat tinh toan hoi tu sau 4 vong
lap. Két qua trinh bay trong Bang 2. Két qua chi s d tin cay p = 3.38, tra bang ta c6
duogc do tin cay twong tng Rrorm = 0.99963.

Bang 2. Két qud hgi tu

(Utyim)
Buéc Iquxl
lap 4 Up,, $ g(w) Vg(u) IVg@)l| B
.
0 ( 15
1o | —30.8212
1 40& 154.954 { —25562 ; | 34.7826 0
Lol —7.6429
) \ J
(—1.918) (15
2.669 —20.1979
2 0.076 0.3712 { —0.5998 ; 30.2172 3.5038
L 0.980 J —6.8595
\ J
(—4.1314) (15
2.3751 -0.029 —20.236
3 { 0.0319 ; {—0.5999 ; 30.2345 3.4944
0.3734 —6.8699
.. .
(—4.1297) (15
2.3770 -2.5748.10° —20.236
4 { 0.0319 ; {—0.5999 30.2349 3.38
0.3756 —6.8699
\ e \ e/

4.2. Md phéng Monte Carlo cho méi ghép han

Pé kiém chung két qua, md phong Monte Carlo véi sé lugng mau Ién dugc thuc
hién song song dé phan tich do tin cay cia mdi ghép han. Bang 3 trinh bay cac dic trung
thdng ké chinh ciia ham trang théai giéi han g(X) véi N = 5x10° mau. Két qua cho thay
Gia trj trung binh mgx) = 62.638 MPa va d6 léch chuan Sqx) =16.629 MPa, phan anh
bién an toan duong va tuong dbi 6n dinh. Do tin cay udc luong tir MCS dat Rmcs =
0.99960.
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Bang 3. Két qud phdn tich dg tin cdy theo MCS

S6 miu moé phéng N | Gia tri trung binh | P§ léch chuin Sgx) | Pé tin cay Rmcs
Mg(X)

5.10° 62,638 16,629 0.99960

Hinh 8 minh hoa tryc quan phan bb ngau nhién cua gidi han bén cat tim, g Suat
I6n nhit tq va ham trang théi gidi han g(X).

2500 T T T T T T T T T 2500

2000 2000 -

1500 |

1500

1000 |

1000 |

500

a. Ung sudt 74, aim b. Ham trang thai gigi han g(X)
Hinh 8. Bé thi mdt dé phan phéi theo md phéng monte Carlo

Két qua cho thay, hau hét cac mau déu nam trong mién an toan (g(X) > 0). Biéu dd
tan suat cua g(X) ¢ dang gan phan bb Gauss, vai do léch (skewness) xap xi bang khong
va do nhon (kurtosis) khoang ba, cho thdy anh huéng phan dudi khong dang ké va rui ro
xuat hién cac kich ban mat an toan cuc doan la rat thip. Két qua phan tich do tin cay theo
MCS va FORM trong Bang 4.

Bang 4. Két qud phdn tich dé tin cdy theo MCS va FORM

Phuong phép MCS FORM

bo tincay R 0.99960 0.99963

Nhan xét:
Sai s6 twong dbi cua phuong phap FORM so véi MCS:

Prorm — Pucs 3.7x107% — 4.0 x 10~*
x 100% = x 100% = 7.59
Pucs % 4.0 x 10-* % &

EFORM =

Sai s tuong ddi cua phuwong phap FORM so véi MCS 1a 7.5%, khang dinh rang
phuong phap FORM c6 thé thay thé déng tin ciy cho MCS trong qué trinh phén tich d
tin cdy. Trong khi MCS doi hoi sé luong mau 16n va chi phi tinh toan cao, FORM cho
phép udc lwong nhanh hon véi d6 chinh xac twong duong. Diéu nay dic biét co y nghia
trong nghién cttu mdi ghép han, noi viéc danh gia nhiéu kich ban thiét ké va tai trong l1a
can thiét dé t6i wu hoa két cu trén co sé do tin cay.
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4.3. Phan tich do nhay (Sensitivity Analysis)

Dé danh gia thém do tin cay cua mbi ghép han trong didu kién bét dinh, phan tich
d6 nhay toan cuc (GSA) di duoc thyuc hién bang cach st dung céc chi sé Sobol. Phan tich
nay xem xét cac bién thiét ké ngau nhién chinh bao gom Gigi han bén cit (tim), luc téc
dung (Fi), Kich thuéc (H) va (W), Chiéu cao mdi han (k) va mé dun dan hoi (E). Két qua
duogc tém tit trong Bang 5 va Hinh 9.

Béang 5. Phdn tich d6 nhay toadn cuc cia cac bién ngau nhién bang chi sé Sobol

, ) S, STi

Bién ngau nhién (First-order) S;Ztatl; Nhén xét
Giéi han bén cit 7, 0.75 0.83 E}:’; f@i‘;ﬁ;@ng nhat, chi
Luc tac dung Fax, N 0.12 0.24 Anh huong trung binh
Luyec tac dung Fov, N 0.11 0.19 Anh huong trung binh
Luec tac dung F2z, N 0.04 0.06 Anh huong trung binh
Chiéu cao mdi han k, mm 0.02 0.04 Anh hudng rat nho
Kich thuéc H, mm 0.03 0.07 Anh hudng rat nho
Kich thuéc W, mm 0.02 0.05 Anh hudng rat nho

Két qua GSA mang lai nhitng hiéu biét sau hon vé hanh vi d tin cay ciia mbi ghép
han. Nhu thé hién trong Bang 5, Gi6i han bén cit cta vat liéu mdi ghép (tiim) 12 thong sb
quan trong nhat, chiém khoang 75% anh hudng bac mot va 83% anh hudng tong. Didu
nay khang dinh rang sy bién thién trong dic tinh bén cat quyét dinh tudi tho lam viéc va
d6 tin cdy cia moi ghép. Do 6, kiém soat chat lugng vat lidu va nang cao kha niang chiu
bén cét la nhiing chién lugc chu dao dé cai thién do tin cay cua hé théng.

Céc lyc tac dung Fax, Fay VA F2; thé hién muc anh hudng trung binh, trong dé Fax
ndi bat hon do dic trung truyén tai trong doc theo phuong chinh. Nguoc lai, cac thong s6
hinh hoc nhu chiéu cao mbi han (k), kich thuéc H va chiéu rong W chi c6 tac dong rat
nho dén do tin cdy, cho thay bién thién trong pham vi thiét ké ctia chung khong lam thay
d6i dang ké trang thai an toan.
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I st order Si
I Total-Effect STi

.......................................................

Chi sé Sobol

4 5 6 7
Faz k H W

Hinh 9. Két qua phdn tich dé nhay toan cuc bang chi sé Sobol

Phén tich nay ciing phan 4nh su phan tan vdn co trong cac dic tinh co hoc cua vat
liéu mdi ghép han, von 1a b phan chiu tai chinh cta hé théng két ciu. Dé minh hoa rd
hon, anh huéng cua do 1éch chuin cta gidi han bén cit dén xac suat hong da duge khao
sat va thé hién trong Hinh 10, khi d6 1éch chuan cua giéi han bén cit ting 1én, xac sudt
hong ting dang ké, ngay ca khi gia tri trung binh van khong doi. Piéu nay nhin manh vai
trd chi phdi cua su bién thién vat liéu trong viéc xac dinh do tin cay cta hé thong.

Xac xuat hong P

Do léch chuan

Hinh 10. Anh hwéng @6 1éch chudn Suim ciia gisi han bén cdt dén xéc suat hong P

Tom lai, giéi han bén cit ctia vat liéu mdi ghép han (tiim) thé hién anh huong chi
phéi nhét dén xac suat hong, tiép theo 1a lyc tac dung (Fi) va chidu cao mdi han (k). Két
qua nay hoan toan hgp ly vé mat co hoc, boi mdi ghép phai chiu bén cat lap lai, khién
dic tinh bén cat tré thanh yéu td quyét dinh d¢ tin cay tong thé.

Do d6, phan tich d¢ nhay khong chi xac dinh cac bién ngau nhién quan trong nhat
ma vé mat thuc tién, két qua nay nhan manh vai tro then chét cua viéc kiém soat chat
lwong va 6n dinh co tinh vat liéu, dong thoi goi v rang cac chién lugc cai thién do tin cay
nén tap trung vao vi¢c lya chon vat liéu phu hop, t6i wu quy trinh ché tao va giam thiéu
sai 1éch trong dac tinh moi.
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5. Két luan

Nghién ctru di xay dyung thanh cong mé hinh phan tich d6 tin cay cho méi ghép
han chiu tai trong phirc tap. Ham trang thai gii han duoc thiét 1ap dua trén diéu kién bén
cét, 6 kha ning phan anh chinh xac co ché pha hong.

Két qua phan tich bang phuong phap FORM cho thiy chi sé do tin cay B=3,38,
trong ng voi do tin cay Rrorm = 0,99963. Sai sb tuong d6i cua phuong phap FORM so
vGi MCS 1a 7.5%, khing dinh rang phuong phap FORM c6 thé thay thé dang tin cay cho
MCS trong qua trinh phan tich d¢ tin cdy. Trong khi MCS doi hoi s luong mau Ion va
chi phi tinh toan cao, FORM cho phép udc lugng nhanh hon véi d§ chinh xac tuong
duong. Piéu nay dic biét co ¥ nghia trong nghién cru mdi ghép han, noi viéc danh gia
nhiéu kich ban thiét ké va tai trong la can thiét dé t6i uu hoa két ciu trén co so do tin cay.

Két qua phan tich Sobol khang dinh gidi han bén cat caa méi han 1a tham sé chi
phdi 16n nhat dén do tin cay, trong khi cac yéu to hinh hoc (nhu chiéu cao méi han) c6
anh huong thi yéu. Diéu ndy nhan manh tim quan trong cua viéc kiém soat chat luong
vt liéu va quy trinh han trong thuc tién ché tao.

Hwéng phat trién: Trong tuong lai, nghién ctu c6 thé mé rong theo hudng xét dén
anh huong cua tai trong moi, méi truong lam viéc khac nghiét (nhiét do, an mon) va cac
mo hinh da vat Iy phuc tap hon. Bong thoi, viéc tich hop FORM véi cac thuat toan tdi uu
s& gilp xay dung quy trinh thiét ké RBDO toan dién cho két ciu han.
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RELIABILITY-BASED ANALYSIS OF WELDED JOINTS USING THE FIRST-
ORDER RELIABILITY METHOD

Tran Van Thuy!
ABSTRACT

Welded joints are widely used in mechanical and structural engineering due to
their simplicity and high strength. However, their performance is strongly affected by
uncertainties in loads, material properties, and fabrication errors. Conventional
deterministic design methods often neglect these variations, which may result in either
overly conservative or unsafe designs. This study applies the First Order Reliability
Method (FORM) to evaluate the reliability of welded joints, providing an efficient
approach to quantify uncertainties and estimate failure probabilities. Based on the CNC
machine frame model, the limit state function was formulated according to the equivalent
shear stress criterion. Random variables include applied loads, bending and torsional
moments, shear strength, and weld size. The FORM analysis yielded a reliability index g
= 3.38, corresponding to a reliability level of Rrorm = 0.99963. Monte Carlo Simulation
(MCS) with 5x10 ¢ samples provided nearly identical results (Rwcs = 0.99960). The
relative error of FORM method compared to MCS is 7.5% confirming the accuracy and
computational efficiency of FORM. Sensitivity analysis further indicated that weld shear
strength is the most critical factor, while geometric variations have a relatively minor
influence. The study demonstrates that FORM is a robust and efficient tool for reliability-
based analysis and design of welded joints.

Keywords: Reliability; welded joint; FORM; Monte Carlo simulation; sensitivity
analysis.
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