) o _ BMI3.1-DT-BVCS
BO GIAO DUC & PAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HQC SU PHAM KY THUAT DPoc 1ap — Tw do — Hanh phc
THANH PHO HO CHI MINH

TOM TAT NHUNG PONG GOP MOI CUA LUAN AN

Ho & tén NCS :NGUYEN NHUT PHI LONG  MSNCS: 12252010106
Thuoc chuyén nganh  : Co Ky Thuat Khoéa: 2012-2015
Tén luan an : PHAN TICH TRANG THAI TOI HAN VA PANH GIA

PO TIN CAY CHO MOI HAN LASER
Nguoi huéng dan chinh : PGS. TS. NGUYEN HOAI SON
Ngudi huéng dan phu

Tom tit nhirtng déng gép méi vé ly luan va hoc thuat cia luan an: (Téi da 2 wrang A4)

Sy phét trién vuot bac cua cong nghé laser trong nhimg nam gan day da dan dan
thay thé cac cong nghé truyén théng noi chung, va han laser sir dung trong céc
nganh cong nghiép khac nhau da ting 1én nhanh chong véi cac tinh nang doc dao.
Chat lwong mdi han duoc dic trung boi hinh hoc méi han, anh hudng dén viéc xac
dinh tinh chat co hoc cua méi han. Pidu dé duoc thé hién thong qua méi quan hé
mat thiét giira cac thong sb dau vao: vat liéu, bé day vat han, laser power (cong suat
laser), welding speed (toc d6 han), fiber diameter (dudng Kinh soi quang) va thong
s6 dau ra: hé s6 hap thu, thdng s dic trung hinh hoc méi han: weld zone width (bé
rong ving han), weld penetration depth (d6 ngau mdi han). Trong quéa trinh tién
hanh thi nghiém hay trong thyuc té san xuat, viéc tiét kiém vat liéu, cong stc, thoi
gian 1a hét sirc can thiét, doi hoi giai phap dem lai hiéu qua, ning suat cao.

Trong luan &n nay, nghién ciru sinh da thuc hién tinh toan ngwec hé sé hap thu
va kich thwéc mdi han diém bing laser bing phwong phap tuan tu (sequential
method): tai mdi budc thai gian, vong lip Modified Newton — Raphson két hop véi
khai niém budc thoi gian ké tiép (concept of future time) duoc sir dung dé thiét 1ap
gid tri hé s6 hap thu. Biém thugdn lpi cua phuong phap nay 1a hé s6 hap thu chua biét
va qua trinh thiép 1ap hé sé hap thu duoc thuc hién timg budc thoi gian cho dén thoi
diém két thic khao sat. Két qua thong qua hai @ng dung véi hé s6 hap thu 1a hang s6
va hé s6 hap thu 12 ham s6 mii theo thoi gian gia nhiét cho thay viéc tinh toan nguoc
hé s6 nay cho gié tri sai s6 rat nho, dong thoi, kich thuéc méi han (chiéu rong va
chiéu sdu méi han) ciing rat gan véi gia tri mong mudn.

Tha hai, viéc téi wu héa ngwec thong sé dau vao (Laser Power ‘LP’ (W),
Welding Speed ‘WS’ (m/min), va Fiber Diameter ‘FD’ (um)) cia méi han laser cho
thép khdng gi AISI 416 va AISI 440FSe nham kiém soat kich thugc méi han can
dat (kich thuéc méi han duoc cai dat truéc): Weld Zone Width “WZW e (um) va
Weld Penetration Depth “WPD ¢’ (um) bang cac thuat toan: tién hoa vi sai cai tién
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(MDE — Modified Differential Evolution), di truyén (GA — Genetic Algorithm) va
JAYA. Két qua téi wu cac tham sd dau vao cua thuat todn GA véi hé sé A = 0.1
dugc so sanh véi véi két qua thuc nghiém do dat boi Khan [25] véi sai s6 twong
tng 12 1,89%, 4,80% va 2,92%. PBong thoi, luan an ciing trinh bay so sanh két qua
t6i wu gira ba giai thuat ngu nhién néu trén: Thuat toan MDE c6 chat lugng va
hiéu qua vuot troi so véi cac thuat toan JAYA va GA. Sau do, tthuat toan MDE tiép
tuc duoc so sanh véi vai két qua thuc nghiém do dat bai Khan [25] véi sai s6 dudi
10%.

Giai thuat tu dong phét sinh ludi va ty dong ting bac da thuc xap xi duoc thyc
hién gitp cho cdng viéc tinh toan linh hoat va da dang. Phuong phap phan tir hitu
han véi h- refinement va p-refinement dugc dé xuat trong luan an nay. Két qua gia

trj sai s6 chuan ning luong bién dang 7 . cho bai toan 16 vudng trong tim vo han

extra
chiu kéo bang phuong phap phan tir hitu han véi h- p- refinement dat gia tri 1an can
3%. Pong thoi, theo hiéu biét cua nghién citu sinh, chwa cé nhiéu nghién ciru ddanh
gia dé tin cay phwong phdp nay cho mei han ndi chung va han laser néi riéng. Mot
tinh mai nixa trong luan an 1a thyc hién ddnh gid d tin cdy phuong phap phan tu
hitu han véi h- refinement va p-refinement cho méi han giap moi thép AISI 1080
bang laser di dem lai két qua rat kha quan. Cu thé, vai h- refinement, chi sé hiéu
dung € trong khoang (0.653 — 0.446), 8 = 0.535 va chi sé déu SD = 0.019; va véi
p- refinement, cac gi4 tri nay lan luot 1a @ trong khoang (0.977 — 0.236), 6 = 0.506

va SD = 0.103. Gia tri caa két qua thoa man yéu cau trong [88]: 1 <7 (%) <10, 6

<1.2,8D <0.2.
Tp. Hé Chi Minh, ngay .. thang .. ndm ......
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Summary of theoretical and academic contribution of the dissertation:

The rapid development of laser technology in recent years has gradually replaced
traditional technologies in general, and laser welding used in various industries has
increased rapidly with unique features. The weld quality is characterized by weld
geometry, which affects the determination of the mechanical properties of the weld.
This is shown through the close relationship between the input parameters: material,
welding thickness, laser power (laser power), welding speed (welding speed), fiber
diameter (fiber diameter). ) and output parameters: absorption coefficient, weld
geometry characteristics: weld zone width, weld penetration depth (weld
penetration). In the process of conducting experiments or in production practice,
saving materials, effort and time are essential, requiring solutions to bring about
efficiency and high productivity.

In this thesis, the Ph.D. student performed inverse determination of the
absorption coefficient and weld size in spot laser welding by the sequential method:
at each time step is solved by the modified Newton-Raphson method combined with
the concept of future time used to establish the absorption coefficient value. The
advantages of this method are that the functional form for the unknown absorption
coefficient is not necessary to preselect and nonlinear least-square do not need in
the algorithm. Two examples have been fulfilled to demonstrate the proposed
method. The obtained results can be concluded that the proposed method is an
accurate and stable method to inversely determine the absorption coefficient in the
spot laser welding, and weld size (weld width and depth) are also very close to the
desired value.

Secondly, the inverse optimization of input parameters (Laser Power 'LP' (W),
Welding Speed 'WS' (m / min), and Fiber Diameter 'FD' (um)) of laser weld for the
AISI 416 and AISI 440FSe stainless steel to control the reached weld size (weld
size is pre-set): Weld Zone Width '"WZW,' (um) and Weld Penetration Depth
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'WPD ¢ (um) by the three meta-heuristic optimization algorithms: the Modified
Differential Evolution (MDE) algorithm, the Genetic Algorithm (GA) and the
JAYA algorithm. The result of the GA algorithm with A = 0.1 is compared with
Khan’s affirmation experiment result [25]: the error of the input parameters LP,
WS, and FD, respectively, were 1.89 %, 4.80 %, and 2.92 %. Besides, the thesis
also presents the effect of three different meta-heuristic algorithms: GA, JAYA and
MDE. The MDE algorithm showed better efficiency and the result of this algorithm
is compared with Khan’s affirmation experiment result [25] with errors below 10%.

The representation of a continuous field of the problem domain with several
piecewise fields results in discretization error in the finite element solution. This
error can be reduced by two approaches: by decreasing the sizes of the elements: h-
version, or by using higher-order approximation fields: p- version with the objective
of obtaining solutions with prespecified accuracy and minimum cost of model
preparation and computation. The value of the relative error of the strain energy
7 for an unstressed square hole in an infinite plate subjected to unidirectional

nextra

tension by the h- p- refinement of the FEM reaches a neighboring value of 3%. At
the same time, according to the Ph. D. student's knowledge, there have not been
many studies evaluating the reliability of this method for welding in general and
laser welding in particular. Another novelty of the thesis is that performing the
reliability evaluation of the finite element method with h- refinement and p-
refinement for AISI 1080 steel butt welded joints by the laser has brought very
satisfactory results. Specifically, with h- refinement, the effective index & is in the
range (0.653 - 0.446), 6 = 0.535 and the index SD = 0.019; and with p-refinement, 6
is in the range (0.977 - 0.236), 6 = 0.506 and SD = 0.103. The value of the result
satisfies the requirement in [88]: 1 <7 (%) <10,<1.2,SD<0.2.
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