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Abstract. The fatigue test process in general for metallic materials includes the following
steps: fabrication of material samples according to current standards, fatigue test of material
samples on specialized equipment at different load levels according to the corresponding
established procedures and programs, and handling experimental data to determine fatigue
curves and fatigue characteristics. Fatigue curves are essentially the relationships between two
random variables: the fatigue stress amplitude and the number of cycles to fatigue failure. The
relationships are expressed in the forms of linear, nonlinear, Weibull and Stussi functions.
Based on algorithms of the relationships between two random variables, the article presents
the process of developing a computer program for handling experimental data, determining
fatigue curves of the tested metallic materials, thereby select the appropriate fatigue curves to
use for problems of assessing the fatigue strength or the fatigue life of mechanical parts and
structures.
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“ Tac gia lién h¢
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Tom tit. Qué trinh thir nghiém moi ndi chung ddi vai vat lidu kim loai bao gom cac budc:
ché tao mau vat liéu theo tiéu chuan hién hanh, thir nghiém moi mau vat lidu trén thiét bi
chuyén dung ¢ cac muc tai trong khac nhau theo quy trinh va chuong trinh twong tng da duoc
xac duogc thiét 1ap, va xa ly sb liéu thir nghiém nham dinh ho duong cong moi va cac dic
trung moi. Cac duong cong maéi thuc chat 1a mdi quan hé giita hai dai lugng ngau nhién: bién
d6 tng suat moi va s chu trinh pha huy moi. Cac méi quan hé nay duoc thé hién dudi céc
dang ham tuyén tinh, phi tuyén, cac ham cta Weibull va Stussi. Tir cac thuat toan vé moi
quan hé¢ gifta hai dai lwrong ngau nhién, bai béo trinh bay qua trinh xay dung chuong trinh xir
ly sé liéu thir nghiém moi, xac dinh ho duong cong moi cua vat liu kim loai dugc thu
nghi¢m, tir d6 lua chon cac duong cong moi phu hop dé sir dung cho céc bai toan danh gia do
bén moi hozc tudi tho moi cua chi tiét va két cau co khi.

Tu khoa: tha nghiém moi, chuong trinh xu ly s6 liéu, xac dinh dudng cong moi, dudng cong
moi dang phi tuyén, duong cong moi dang Weibull, duong cong moi dang Stussi.

© 2019 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

Nhu da biét, cac nghién ciru vé moi doi véi vat liéu kim loai kha da dang, phong ph va
duogc tién hanh trén nhiéu loai thiét bi chuyén dung [1,2,3,6,7,8,9,10] gom: Thir nghiém moi
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ubn thuan tiy quay tron, chu ky d6i xtmg; Thir nghiém moi ubn thudn tay trong mot mat
phang; Thtr nghiém moi mau cong-son quay tron (uon ngang phang); Thir nghiém moi mau
cong- son voi lyc P quay tron; Thir nghiém moi mau kéo va kéo-nén; Thur nghiém moi mau
chiu xoén, v.v.

Tuy nhién, cho du viéc thir nghiém moi c6 duoc tién hanh bang phwong phap nao va
trén thiét bi nao, thi sau do déu phai xt ly s6 liéu thir nghiém nhim xac dinh ho dudng cong
moi va cac dic trung moi. Tir cac ho dudng cong moi can lya chon cac duong cong moi phu
hop ca v& mit todn hoc va ca vé ban chit vat 1y dé sir dung cho céc bai toan danh gia do bén
moi va tudi tho moi cua chi tiét hozc két cau co khi.

Cac duong cong mai thuc chat 12 mdi quan hé gitta hai dai lugng ngau nhién: bién do
{rng suat moi va sb chu trinh pha huy moi. M&i quan hé nay kha da dang, duoc thé hién duéi
cac dang ham khac nhau nhu tuyén tinh va cac dang phi tuyén hoic dang ham Weibull va
Stussi.

Vi vay, tir cac thuat todn vé mdi quan hé gitra hai dai lwong ngau nhién can xay dyng
mot chuong trinh tinh toan tong hop nham dap wng viéc xu ly s6 liéu thir nghiém moi va xéac
dinh ho duong cong moi cé tinh da dang mét cach nhanh chong va thuan tién. Pay la mot
phan cua noi dung dé tai NCKH ma sé T2019-CK-009.

2. MOT SO THUAT TOAN VE MOI QUAN HE GIUA BIEN PQ UNG SUAT VA
CHU TRINH PHA HUY MOI

Vi bién d¢ ing suat moi o, va sé chu trinh pha hiy moi N 1a hai dai lugng ngiu
nhién, do do6 co the thiét 1ap mdi quan h¢ cua chiing bai cac ham twong quan tuyén tinh va phi
tuyen véi cac dang khac nhau. Mot cach tong quat, cc ham twong quan md ta phuong trinh
duong cong moi bao gom [1,2,3,6,7,8,9,10]:

Dang phuong trinh tuyén tinh: o, =aN +b (1)
Dang phuong trinh phi tuyén:
o, =aN?+bN +c )
N TS ©
TN Te @
o, =a+ % + % ()
1
* aN+b ©)
o= W)
o, = % +b (8)
N
* aN+b ®)
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o, =ae™ (10)
o, =ae™ (11)
o, =aN"e™ (12)
o, =ab" (13)
o, =aN’ (14)
o, =a+blgN (15)

k
Phuong trinh Weibull dang téng quat N = N, (%]
O,

a

Phutong trinh Weibull dang N = N, (16)

Phuwong trinh Weibull dang IgN =IgN, -klgo, a7

Phitong trinh Weibull dang o, = aN* (18)
o, +CN ko‘_1

Phuong trinh Stussi dang téng quét o, = (19)

1+CN*
trong d6: o, - bién do tng suat; MPa; N - s6 chu trinh ang moi, 10 chu trinh; a,b, ¢ - cac hé
s6; o, N - giéi han moi va sé chu trinh giéi han twong Ging, MPa; o, - gioi han bén cta vat
lidu, MPa; o _,- gioi han méi chu trinh ddi xang cua vat ligu thir nghiém, MPa; N, - hang so.

Pé xay dung cac duong cong moi trén co sé cac s lidu thir nghiém mai, can tién hanh
cac budc sau day: . )

Doi voi phirong trinh hoi quy tuyen tinh

- Xdc dinh cac hé so cia phwong trinh [4]

ni N;o, _i Niiaai
q =it = i=12
nZn: N’ —(Zn: Nij
i-1

i=1

(20)

n n

zaai Niz_zn:NiGaiZn:Ni
] ) 1

b= i=1 i i i (21)

ni; Nf—(zn: Nijz

i=1

trong do:
¢ N.,o,; - chu trinh tng suit pha hay méi va bién do (ing suat twong @ng ciia mau thir
nghiém thai (i=12,...,n).
- Xac dinh h¢ SO twong quan N ’
bé mb ta moi quan hé gitra hai dai lugng ngau nhién N va o nguoi ta st dung hé so
tuong quan r,_ [4]:
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e = - - (22)
\/Z(NI - N)ZZ:(O-al _Ea)2
1 1
PIRSES S
N5 N

- Danh gia murc do twong quan
Hién nay c6 nhiéu quan diém danh gia muc do twong quan khac nhau. Trong trudng
hop nay str dung thang danh gia cta Treddoc [4,9]:
N, >0: Tuong quan dong bién;

r,. <O0:Tuong quan nghich bién;

Oa

r. |=1: Tuong quan ham sb;

No,

r-N(ra

‘ >0,9+0,99: Tuong quan rat cao;

N'v,|>0,7+0,9: Tuong quan cao;

N, |>0,5+0,7 : Tuong quan rd net;

rNtra

>0,3+0,5: Tuong quan vtra phai;
>0,1+0,3: Tuong quan yéu;

rN o,

N, | =0 : Khong c6 tuong quan.

- X&c dinh cac dwong bién tin cqgy [4,9]

Cdc duwong bién trén va duoi: o, =aN +b+A; o,,,, =aN+b—-A

min

trong do: A= (23)
hay:

o, (24)
Voi:

N:% :1 N, : &, =%iz_nl:aai 52 =%§(Ni—ﬁ)2 . s2 :%g(aai—(;a)z.

trong do: t,, - hé s6 Studen, xdc dinh theo bang [4], tuy thuc vao tri sé xac suét tin cdy yéu

cau y va sb bac ty do k = n-2.
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Céac duong bién tin cay nam & phia trén va phia dudi duong hdi quy duéi dang cac
nhanh caa dudng hoi quy va tao thanh mién tin cy.

Do Véi cde phwong trinh hoi quy phi tuyén
+ Xdc dinh hé sé ciia cdc phirong trinh

Cac hé s a, b, ¢ cua 14 ham phi tuyén duoc xac dinh theo cac phuong phuong phap
trong [4].
+ Danh gia mirc do twong quan
- Danh gid theo sai s6 co ban ’ ) ’
Sai so co ban (sai S0 binh phurong trung binh) doi vai tat ca cac phuong trinh phi tuyén
dugc xac dinh theo cong thuc [4]:
n
2
ZI:O-ai -0, (NI ):I
o, = i=1 25
: — (25)
trong d6: o, - gid tri thuc nghiém thir i ctia dai lugng ngau nhién o,; o, (N;)- gid tri cuac,

tinh theo phuong trinh hdi quy twong tng véi gid tri N,; [ o, -, (N;) |- higu sé giira gia tri
thuc nghiém va gié tri trén duong cong ly thuyét tai nhirg diém cho truéc.
Doi vai da so cac bai todn thuc té, viéc xap xi ham duoc coi la thoa man (dat yéu cau),

‘ C Lo 1
neéu &, <0,1, , voi gia tri trung binh aa:—Zaai .
L)

trong do:

- Ddnh gia theo ty 1¢é twong quan [4]
2 2 2
’Gga -0 . ’ O
n _ 2 n 2
, ;(Gai_o-a) , ;[O-ai_aa(Ni):I 1
o, =t————, Oy = Vo1 &,=—) o,
% n—1 N n—1 n ,Zﬂ:
N,,o,; - chu trinh ang suat pha hay méi va bién do Ging suat twong &ng ciia mau thir
nghiém thai (i=12,...,n).
- X&c dinh cac dwong bién tin cay
Viéc xac dinh cac duong bién tin cdy cua cac ham phi tuyén, ham Weibull va Stussi
duogc tien hanh tuong ty nhu doi vai ham tuyén tinh da néu trén.
3. XAY DUNG CHUONG TRINH XU LY SO LIEU THU NGHIEM VA XAC PINH
PUONG CONG MOI
3.1. Luu do thudt toan
Tu cac thuat toan da trinh bay trong muyc 2, cling nhu cac phuong phap xac dinh cac
tham so6 cua cac phuong trinh [2,3,4,9,10], tien hanh xay dung Iuu do thuét toan cho chuong
trinh xt ly so liéu thu nghiém moi va xac dinh cac duong cong moi (hinh 1).
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Bit diu

Nhép vao: oa, N
(i=1+n) o 01

Dang tuyén tinh
o, =aN +b Holc

leN =lgN, -klga,

b3
Hoi quy tuyén tinh tim duge:
a, b (hodc Ny, k)

Trong quan
nghich bicn
B
'I'uu‘ng quan
! ham s6 L

doc lap

Xuiit ra hé sb ciia cic ham
hoéi quy va vé cac do thi

c,= aN? +bN +¢

I S > g,-6,(N, _I:
T AN T bN e 5 = JZ[ w0 (M)
N Y

Khéng dat
yéu cau

o,=a exp[h.\f +cN? ]

o, =aexp(bN)
o, =aN"exp(eN)
o, =ab"

o, =aN’

o, =a+blgN

N=N,'
_6,+CN'g,
1+CN* i
R= [1-—
v o,

Hbi quy phi tuyén tim duge:
a, b, c (hodc Ny, C, k)

a l— 7
Hinh 1. Luu do thudt toan xay dung chwong trinh xiur 1y so liéu thie nghiém moi
va xdac dinh cdc dwong cong moi.
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3.2. Sé ligu thaz nghiém

Chuong trinh duoc xay dung hoan toan twong thich véi bat ky loai sé lidu thuc
nghiém moi nao. Diéu khac biét duy nhat d6 1a cac tri s6 dinh lwong cua cac dudng cong moi
ddi vai céc loai vat liéu khac nhau va & cac ché do thtr nghiém moi khac nhau ma théi. Vi
vay, trong bai bao nay giéi thiéu mot bo sé liu thir nghiém moi da tién hanh trude day doi
vé6i vat lidu thép duc SC42 cua khung gia chuyén hudng (KGCH) dau may D9E [5] duoc thé
hién trong bang 1 d&& minh hoa cho chuong trinh da xay dung.

Bdng 1. S6 ligu ther nghiém mai vt liéu thép dic SC42 (KGCH dau may DIE).
o, =307 MPa; o, = 468 MPa; o_,= 180 MPa

Mtc S6 lugng mau thir & cac mirc tng suat

angsust, | 1 | 2 | 3 | 4 | s | 6 | 7 | 8 | o | 10
MPa S6 chu trinh tng suat phé huy cua cac mau ther (N.109)

1 | 282 | 0,0612 | 0,0668 | 0,109 | 0,1217 | 0,1639 | 0,1932 | 0,1992 | 0,200 0,252 -

2 | 252 | 0,2654 | 0,2670 | 0,1777 | 0,1805 | 0,1852 | 0,1888 | 0,3405 | 0,3525 | 0,4319 | 0,4579

3 | 228 | 0,2805 | 0,3846 | 0,3992 | 0,4826 | 0,4952 | 0,5342 | 0,5593 | 0,6130 - -

4 | 204 | 0,5832 | 0,7053 | 0,7122 | 0,8103 | 0,8103 | 0,8103 | 0,8560 | 0,8672 | 0,9277 -

5 | 180 | 2,0460 | 2,1730 | 2,8650 | 2,9087 | 3,3159 | 3,8877 - - - -

3.3. Mgt sé chire ndng va giao dién chinh ciia chwong trinh

Tir luu d6 thuat todn, bang ngon ngir 1ap trinh Matlab da tién hanh xay dung chuong
trinh xt ly so liéu tha nghiém moi nham xac dinh cac duong cong moi va déc trung moi.
Duéi day don ctr gidi thiéu mét so chirc nang va giao dién chinh ctia chuong trinh.
3.3.1. Tgo di ligu mai

Hiénthi  Chon dang duan Dang tuyén tinh va phi tuyén b. Nhdp so liéu
o_a=alN+b _] 4 5o lie EI = @
feedulieumet - cuiel 1
Mé tép di lieu Ctrl+0 o a=aNs2+b.l+c ¥ ameco =
. o_a = a.e®(b.N+c.N*2) 0.53610
Ly dif ligu Ctrl+5 o_a=a.erbN) 052540
Kudt két qud ra tép *xls Ctrl+L z—: i:'LN;;Ib:"EA‘C'N’ 221700
A= 0.58800
In da thi Ctrl+G oa= a.N:b g;:;gg
. . . o_a = a+b*Ig(N) 1.18600
In todn bé két qua Ctrl+P o_a=N/(aN+b) 122500
- 0.64760
. _a=1/(a.NA2+b.N+c) =
Thodt Ctrl+Q o-a enaan
o_a = Ni{a.NA2+b.N+c) et
Tao dif ligu mdi Ctrl+M c_a = arhiil-cili2 03 i
. o_a = 1/{a.N+b) bt
a. Chon dang dwong cong moi o-a=ahi 03
2 3. A = 3703
Chon dang dudng cong mai ] Cdne Dang Weibull va Stussi iz
. B2
Dang tuyEn tinh va phi tuyén Weibull o_a - N - { B2
3512
Dang Weibull va Stussi WeibullN -o_a | =
Weibull o a - N | cancel |
Weibull - loga
Stussi

Sau khi nhap sé liéu, chuong trinh s& xir ly va xay dung duoc 19 dang duong cong

moi kém theo cac thong sb vé mic do twong quan giita ham ly thuyét va sé liéu thuc nghiém,
cu the 1a hé so tuong quan 1, (doi voi ham tuyen tinh), sai s6 co ban ¢, vaty I¢ twong quan
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R ddi véi 14 dang ham phi tuyén va 4 dang ham Weibull va Stussi.
Tiép theo tién hanh luu tap s liéu véi tén goi xac dinh nao do.

3.3.2. Hién thj két qud
Chon dang dugng cong m

Mhigu d& thi
Nhigu db thi tdng hop
Chi mét db thi téng hop
Bat hign thi dudng bién tin cdy
Tat hién thi duéng bién tin cay
Vé6i mot bo sb liéu da nhédp, chuwong trinh cho phép hién thi ting do thi duong cong

moi vai viéc thé hién hodc khong thé hién cac dudng bién tin cay. Vi du minh hoa thé hién
trén cac hinh 2, 3.

[T DuangCongias == | [ DungCongiias ===y |
Teptin  Hiénthi Chon deng duing congmii  Cdngcu  Trg gip Teptin Heénthi Chon dang duimg congmdi  Congcu  Tra gidp
EERIEEEL R EF IR TR
CHUONG TRINH XAY DUNG BUONG CONG MOI DANG TUYEN TINH VA PHI TUYEN CHUONG TRINH XAY DUNG DUONG CONG MOI DANG TUYEN TINH VA PHI TUYEN
sbliju Chon ham tirong quan o_a - a (l*b).ex(cH) ~| Chonxic sulttincdy 085 = séliju Chen ham tirang quan o_a - asblg(i) +| Chon xéc suit tin cdy 0.5
Wi [ sgmasi Chongiawi N = = = <sigma_a - < fin e Chongidti N = = = <sigmaa- <
1| 00612 8 - 1| 00612 8 -+
2 0.0658 282 = . e D0 i val lieu SCAZ (KGCH DAE) matiab 0.0658 2
3| owm oz ot 3| owm oz
o | 027 2w i - o | 04217 @2
5 01639 282 5 01639 282
5| 0w s owm o
7| 01982 282 7| 01982 w2
s | oz 28 s | o 2

9 | omm
w| oms
n| oxm 2
u| o 2
13| 01805 282
| owmsz 22
15| ote 282
16| 0M0s 282
| oms 22

9 | oz 28

W | 04me 2% 40
19 04579 252 120
2 02808 228 o 0. 1 15 2 2 3 5
n| omE N
n | nes2 28~ Téng Céc hé 36 ciia ham tromg quan Saisd Téng Cée he b cila hdm wsong quan Sai s Dénh gid sai s
ang s liéu 56 ligu a= b= c= theo Puzankop A.D 56 ligu a= b= c= thea Puzankop A.D
a2 2025295 | 0SB | 001U (13285703 < 0.10a_th = 23,3285 2 79619 | 73.32% 12.991268 < 0.10a_tb = 23.3205  Dat you cau
Két qui xir Ij 58 lidu Két qui xir I 58 lidu

Hinh 2. Puwong cong mai dgng phi tuyén Hinh 3. Puong cong mai dgng phi tuyén
o, =aN"e™ cua vt ligu thép SC42. o, =a+blg N cua vt ligu thép SC42.
o, = 202,9295N ~014%81g00L9lN o, =207,9649—-73,32961g N
R =0,92425 R=0,92799
3.3.3. Danh gia mirc dp twong quan
Giao di¢n danh gia mirc do twong quan cua cac ham Weibull va Stussi thé hién trén
hinh 4a va cia cac ham phi tuyén thé hién trén hinh 4b.

Céng cu | Tro gidp

Biénh gid mirc d6 tuong quan cda cdc ham hbi quy phi tuyén theo ty 1€ tuong quan

"4 Danh gia muc do tuong quan cua cac ham hoi quy phi tuyen E@
File
dde | R%O9E 0E
Cac ham tuong quan phi tuyen Danh gia theo sai so co ban Ty le tueng quan
1 |N = 286230067420168.7(sigma_a)(-6.264) defta_o = 0.38976 = 0.1N_tb = 0.076766 (Khong dat yeu cau) R = 0.90829
| 2 |sigma_a = (286230067420168 T/N)(0.15964) delta_o = 14.1044 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau) R = 0.91452
Slgma_a = (370 + 354 2352NY0.62944))/(1 + 2.530... delta_o = 12.4646 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau) R = 093391

Hinh 4a. Giao dién danh gia ty 1é twong quan cua cac ham Weibull va Stussi.
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Cong cu | Trg gidp

Bdnh gid mirc d6 tuong quan cda cdc ham hbi quy phi tuyén theo ty 1€ tuong quan

|4 Danh gia muc do tuong quan cua cac ham hoi quy phi tuyen
File

dHde ROV E | 0H

[E=NEOR <)

Cac ham tueng quan phi tuyen
1 |sigma_a = 20.4659(N"2) + (-98.7734)N + (279.7083)
sigma_a = 282.428exp[-0.42379N + (0.085636)(N"2)]
sigma_a = 255.0787exp(-0.13085N)
sigma_a = 202 9295(NA-0.14981)exp(0.011914N)
sigma_a = 255.0787*-0.056829"N
sigma_a = 206.3546(NA-0.14027)
sigma_a = 207.9649 + (-73.3206)"1g(N)
sigma_a = N/[0.0048654*N + (-0.00013889)]
sigma_a = 1/(-0.00036119(N"2) + (0.0018393)N + (...
| 10 |sigma_a = N/(8.749%-05(N'2) + (0.0053887)N + (-0....

11 |sigma_a = 181.4386 + (21.9134)/N + (-1.004)/(N"2)

l_Slgma_a = 1/{(0.00080377)N + (0.0039207})
| 13 |sigma_a = (7.5397)/N + (207_1648)

14 |sigma_a = (37 4738)/N

[

m|¢.|w

q|m

ca

-
5 e

M

=

Danh gia theo sai so co ban

delta_o = 14.05 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 12.8806 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 21.2455 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 13.2857 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 188.7504-48 46132i = 0.1sigma_a _tb = 23.3286 (_..
delta_o =13.1651 = 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 12.9913 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 29.8769 > 0.1sigma_a_tb = 23.3286 (Khong dat y...
delta_o = 12.155 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)

delta_o = 514.4085 = 0.1sigma_a_tb = 23.3286 (Khong dat ...

delta_o = 13.1545 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 20.5129 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o = 22.7661 < 0.1sigma_a_tb = 23.3286 (Dat yeu cau)
delta_o= 149913 > 0 1sigma_a_tb = 23 3286 (Khong dat y_

Ty le tuong quan
R =091521
R =092925
R =0.79289
R = 092455
R =NaN

R = 0.92597
R =092799
R=051544
R =093726
R =NaN

R =0.92609
R = 0.80861
R=075738
R =NaN

Hinh 4b. Giao dién ddnh gié ty 1é twong quan ciia cac ham phi tuyén.

3.3.4. Mé t¢p di ligu da co

- M& mot tép dit lidu da co dé xem hodc in do thi mot duong cong mai;

- M& nhiéu tép dir liéu da co va hién thi nhiéu d6 thi duong cong moi ddng thoi.

Ké thira cac bo s6 liéu thar nghiém da tién hanh trude day d6i voi céc loai vat lidu thép
SC42, thép 12Mn, thép 55, thép C22, thép C35 va thép C55 [5], Chuong trinh di xdy dung
duoc 19 dang dudng cong mai. Khi sir dung chirc ning md ddng thoi nhiéu tap sé liéu va hién
thi nhiéu db thi, ta nhan dugc két qua thé hién trén céc hinh 5,6.

= Chon xéc sudt tin ciy 0.95 -

Sai 36
theo Puzankop A.D

68.410230 > 0.1ga_th = 27.7885 Khong dat yeu cau

[+ DuangCanghz == + DuongConghci
Téptin Hiénthi  Chen dang diing congmii  Céngeu Tro gidp Téptin Hiénthi Chendengdumgcongméi  Céngey  Tra git
DEddae SR8 ODEEAN |+ DEde AN ODPEN|#
CHU'ONG TRINH XAY DLFNG DUONG CONG MOI DANG TUYEN TINH VA PHI TUYEN CHUONG TRINH XAY DUYNG DUG/NG CONG MOI DANG TUYEN TINH VA PHI TUYEN
56 ligu Chon him twong quan o_a - a.N*b ~ Chon xic sudttin cdy 0.95 56 ligu Chen ham trong quan o_a - a+brlgiH)
x v Chen gidwj N = = = X Y Chonglati N v = =

1| 00612 - 1| 006z A

2 0 0668 28 2 0 D868 28

3 0w m® 1| owe @

o | 07 om 4 | oz ;

5 01639 28 5 01639 2

6 | vz m 6 | o ;@

T 0w m 7| ot A

s | 02000 28 8 | 0200 28

9 02520 = [ 02520 2

W | 0ms K W | 0254 2%

1 02670 2 n 0.2670 25

12 | 0 u | o

13 01805 3 0.18058

| 0z % W | 01s2 2%

15| 0 % 13 | 0188 25

16 03405 25 16 03408 2

17 0 3525 17 03526

1B 043 1B | 04319

19 04579 19 04579

» | s 2 EY » | oz 2

FRRIE T n | 03E 2

-] ] Téng Céic hé 3 cila hdm twong quan Saish Dinh gid 30l s ' L Téng Cée hé sb cita ham twong g

Chire nang 56 lieu s ligu a- b= 3 theo Puzankop A.D Chire nang 56 ligu sd ligu a= b=

[ xeo | 196 | 2 | osnas 60301801 > 0.1t = 27,1905 Khong dat yau cau = B s | zmotse | zzaser

Két qui xir Ij 58 lidu

Keét qua xir Iy 56 lidu

Binh gid sal 3b

30

Hinh 5. Cdc dwong cong méi dang o, = aN”
cua cac logi vt liéu thép SC42, thép 12Mn, thép

55, thép C22, thép C35 va thép C55.
3.4. Lwa ch¢n dang dwong cong mai

thép C22, thép C35 va

thép C55.

Hinh 6 . Cdc dwong cong méi dang o, =a+bIgN
cua cac logi vt ligu thép SC42, thép 12Mn, thép 55,

Nhu trén da néi, sau khi nhap s liéu thir nghiém meéi ddi vai mot loai vat liéu cu thé
nao do, chuong trinh s& xur ly va xay dung dugc 19 dang duong cong moi. Budc tieép theo can

lya chon cac dudng cong moi phu hop dé
Tiéu chi lya chon nhu sau:

su dung cho cac tinh toan sau nay.
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1. Xét vé& mit toan hoc thuan tiy, dudng cong maoi ly thuyét phai cé dang phu hop voi
so lieu thuc nghiém. Dicu nay duoc danh gia thong qua hé so tuong quan 1y, (doi véi ham
tuyén tinh), sai s6 co ban &, va ty I¢ tuong quan R ddi véi cac ham phi tuyén, cac ham
Weibull va Stussi. Can Iya chon cac ham c6 h¢ s6 twong quan hodc ty 18 tuong quan cang 16n
cang tot.

2. Xét vé ban chat vat 1y, bién do tmg suat va s chu trinh phéa hiy mei phai c6 twong
quan nghich bién va duong cong moi phai cd dang don diéu khong tang, hay néi khac no phai
l& mot ham tuong quan don tri.

3. Khi s6 chu trinh (ing tmg suat cang tang thi bién do Gng suat phai c6 xu huéng tiém
can vai mot gia tri bién do tng suat td[ han nao do. o ’

V6i mot b so liu cd tinh chat minh hoa da néu, thay rang trong so6 19 duong cong
moi da xay dung, c6 moét s6 dang dudng cong moi phi tuyén, chang han:

DPuong cong moi dang o, =aN?+bN +c 1a o, =20,4659N? —98,7734N +279,7083
V6i ty 1¢ tuong quan R = 0,91521 (hinh 7), va dudng cong méi dang o, = aexp(bN +cN?)la
o, =282,428exp(-0,42379N +0,085636N? ) véi ty I¢ twong quan R = 0,92925 (hinh 8).

Céc dudng cong méi dang nay déu dat yu cau vé sai so co ban &, theo tiéu chuan cta
Puzankov [4,9] va c6 ty I¢ twong quan rat cao ( R > 0,90). Tuy nhién, day chi ¢6 ¥ nghia vé
mat todn hoc, ma khong c6 y nghia vé mat ban chat vat ly, vi rang bién d6 tng suat khong thé
tang 1én khi chu trinh pha hiy moi tang 1én, hay noi khac, cac dudng cong moi nay khong don
tri, khéng thoa mén céc tiéu chi néu trén, do d6 khong thé sur dung cac dudng cong moi nay
duoc.

+ DuangCongMai + DuangCongMai

Téptin Hiénthi Chondang uongcongméi  Céngcy  Tra gisp

ide SROBPEEN |+

sé ligu Chon ham tirong quan|o_a = aNrzebitec

CHUONG TRINH XAY DUNG BUONG CONG MOI DANG TUYEN TINH VA PHI TUYEN
~ Chon xac suat tin cdy 0.85

ChongldtriN = = = <sigma_a= <

Téng Cac hé sd ciia ham twong quan Salsd
- b= c= theo Puzankop A.D
4 20,4659

Két qui xr Iy 58 ligu

BDanh gia sai sd

SO.7734 | 29003 |14.M9395 < 0.10a th= 233285 Datyeu cau

Téptin Hiénthi Chondang uongcongméi  Céngcy  Tra gisp

ide SROBPEEN |+

CHU'ONG TRINH XAY DUNG BUONG CONG MOI DANG TUYEN TiNH VA PHI TUYEN

Chon ham tirong quan o_a = a.c*b.Nec.N"2)

ChongldtriN = = =

~ Chon xac suat tin cdy 0.85

<sigma_a= <

Téng Céc hg 56 ciia ham tuong quan
- b- -
202426 | 04279 | 0.08563

Két qui xr Iy 58 ligu

Sai sé.
theo Puzankop A.D
1288051 < 0.10a_th = 23,3285 Datyou cau

BDanh gia sai sd

Hinh 7. Puong cong maéi dang

Hinh 8. Duong cong mdi dang

o, =aN’ +bN +c cua vdt li¢u thép SC42.
o, =20,4659N? —98,7734N +279,7083
R =0,91521

o, =aexp(bN +cN?) cua vat ligu thép SC42.
o, =282,428exp(-0,42379N +0,085636N* )
R =0,92925

Tir cAc phén tich trén day, voi bo s6 liéu da cho ddi vai vat ligu thép SC42, trong s6 19
dang duong cong moi da xay dung, co the lya chon dugc 8 dang phuong trinh, trong d6 c6 4
dang duong cong moi phi tuyen (bang 2a) va c6 4 dang duong cong moi Weibull va Stussi
(bang 2b). Cac dang dudng cong moi nay s€ dugc su dung trong cac tinh toan ve mai tuy theo
muc dich va yéu cau cua bai toan dat ra.
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Bdng 2a. Cdc phwong trinh dwong cong méi dang phi tuyén duoc la chon.

Dang phuong trinh duong cong moi

b ¢
O'a :a+ﬁ+m
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Eje |
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Kt qua xir j s lidu

o, =aN"e™

TT

3

181 43864 229134 1004 g =0 92609

. = 202,9295N —0,14981e0,011914N , R - 0’92425

"+ DuamgConghis ==
Teptn beénthi Chon dang dutng congmés Cengeu Tragion

DG (LLODREN =
CHUONG TRINH XAY DUNG BUONG CONG MOI DANG TUYEN TINH VA PHI TUYEN

séligu Chon ham trong quan o s - a.fsblericl]  ~| Chonxicsulttiney 095 -
W g Chongiaw N = = = < sigma_a- <
i oz =
2 oo 22 = v o o S (GG ) ot
3| owm 2 ron
i 0w 2w a0 i 1
s | 0w
6| owm 2| 2 1
7] 0w 2w
s | oz 7 2a- 1

o | omm
W omm 2@
n| ozm
u| owm
1| ows 22

20l 1
| 0w 2
15| omm 2 10l
16| ouos 2
u| ows 2 |
1| oaw  m
1| osm 2 o
a| oz o 3 T 18 2 25 s g .
a| oms  om N
sl nwer o~ Tong  Che b cla ham tromg quan Soi s o4 gl o188
Ghire nang s6 ligu sblidu a- b €= theo Puzankap A
2| w2sms | ot | aoren [1020503< 0000 - 223205  Datysu cau

Kt qua xir 1y 56 ligu

Dang phuong trinh duong cong moi
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Eje |
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Két qua xir I s ligu

Bdng 2b. Cac dang phuong trinh dwong cong moi dang
Weibull va Stussi dwoC lya chon.

Dang phuong trinh duong cong mai

Phuwong trinh Weibull dgng N = N,

N =10"**" &% R =0,90829

TT
3

< DuongConghial
Téplin Hidnth  Chon dang dubmg cong méi Céngcy  Trogidp
DEda (S 0DEEN |~
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Két qua uir K 54 lidu
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Dang phuong trinh duong cong mai
Phurong trinh Weibull dang o, = aN*
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Két qua xir If 8 lidu

4. KET LUAN

Chuong trinh di xay dung la mot chuong trinh tong hop cho viéc xtu ly sb liéu thi
nghiém mai néi chung cho céc loai vat liéu kim loai khac nhau bang bat ky phuong phap nao
va trén bat ky thiét bj thir ngiém nao, nham xéac dinh duoc mot ho duong cong mai, tir d6 lua
chon dugc cac duong cong moi phll hop ca vé mat toan hoc va ca vé ban chat vat ly dé su
dung cho cic bai toan danh gia d6 bén moi va tudi tho moi cua chi tiét va két ciu co khi.
Chuong trinh thuan Viét, c6 day du cac chire ning can thiét, giao dién than thién, d& su dung,
phU hop véi ndi dung nghién ciru da dé ra.
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