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PANH GIA TUOI THQ MOI CUA LIEN KET HAN GIAP MOI
DUOI TAC DUNG CUA TAI TRONG NGAU NHIEN

P6 Vin Si°, Bui Manh Cuong
Dai hoc Ky thuat Lé Quy Pon

Tém tit

Bai bao trinh bay két qua tinh toan tir mo hinh 1y thuyét va két qua thyc nghiém xac dinh
tudi tho moi ctia lién két han giap mdi khi chiu tai trong ngau nhién. Tinh toan tudi tho moi
ctia lién két han trong bai bao nay dugc phat trién tir cac phwong phép tinh tudi tho moi
khéc nhau d3 biét cho chi tiét chung. Nghién ctru thyc nghiém xac dinh tudi tho moi cua
lién két han duoc tién hanh trén hé théng thir rung LDS V830 vdi tai trong tuong duong tai
dit vao trong tinh toan 1y thuyét. Do chinh xac cua cac phuong phap tinh toan khac nhau
dugc danh gia théng qua so sanh két qua gitra tinh toan 1y thuyét va thuc nghiém. Vi sai
léch thdp nhét 14 5,6% so voi thuc nghiém, phuong phap tinh toan cua Dirlik 1a pht hop
nhét dé tinh tudi tho moi cho lién két han giap mdi chiu tai ngau nhién.

Tir khéa: Mdi lién két han; dao dong nngu nhién; tuéi tho moi.

1. Gidi thi¢u

Thuc té di ghi nhan rat nhidu hé thdng may moc, chi tiét bi hong hoc ngay ca khi
chiu tai chu ky nhé hon giéi han bén rat nhiéu, sy hong hoc nay dién ra 4m tham va xuit
hién bt ngd, do vay gay thiét hai nghiém trong vé kinh t& va nguy hiém t6i tinh mang
con ngudi, sy pha hong nay chinh 1a do méi [1]. Pé tranh duoc didu d6 va ning cao do
tin cdy trong khai thic, sir dung, khi thiét ké hé théng lam viéc chiu tai chu ky, mot
trong nhing bai todn quan trong va can thiét 1a tinh toan tudi tho méi cho chi tiét, hé
thong. Dic biét, bai toan danh gia tudi tho moi cho lién két han can phai dugc quan taim
do trong lién két han ton tai img suat du va sy tap trung ing suat. Hon nita, tai tic dung
1én cac chi tiét thyc té thuong 1a tai ngau nhién. Viéc nghién ctru danh gia tudi tho moi
ctia két cdu chiu tai ngéu nhién trong mién tan sd da duoc dé cap nghién ciru, tuy nhién
dbi v6i lién két han con chua duoc quan tAm nghién ctru day du. Pic biét, viée danh gia
tudi tho moi cta lién két han trén co s¢ két qua thuc nghiém con chua dugce tién hanh
[2]. Bai bao trinh bay nghién ciru tinh tudi tho cua lién két han chiu tai ngau nhién trén
co s 1y thuyét mién tan sd, qua d6 tac gia tién hanh tinh toan tudi tho moi cua lién két
han theo cong thirc clia cac cong trinh da cong bd va so sanh véi két qua thuc nghiém
duogc cac tac gia do dac trén thiét bi LDS V830 [3].
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2. Co s& ly thuyét
2.1. M6 hinh danh gid méi trong mién tin so

So d6 tinh tudi tho méi trong mién tan sé dugc thé hién nhy hinh 1 [2].

Lire (N) PSD (N2/HD PSD (MPa?/Hz) {PDF
Thoi gian (s) Tan s6 (Hz) Tén s6 (Hz) Dii ing suat (S)

Hinh 1. So do danh gid tudi tho méi trong mién tan sé

Tin hiéu vé tai ngiu nhién dugc chuyén sang mé ta theo mién tan sd bang thuat
toan bién doi Fourier nhanh (Fast Fourier Transform - FET). Thong tin vé tai dugc biéu
dién duéi dang mat d6 phd niang lugng (Power Spectral Density - PSD). PSD biéu dién
101 rac hoa tai thanh cac thanh phan c6 tan sé xac dinh, va thé hién niang luong ma cac

thanh phan dong gop vao tai tong hop tac dung 1én hé thong.
PSD = i| FFT[* 1

2T,

trong d6: FFT - bién do phép bién ddi nhanh Fourier; Ts - tan sé 1y mau.

Trong mién tdn sd, mdi hé thdng tuyén tinh duoc moé ta bang cac ham truyén (Tr),
Khi d6 dap ung ctia hé thong (PSDusp ing) dugce tinh 1

PSDaap img = PSDwi. Tr 2

Khi d6 m6 men thtr n cia PSDagp ing 12 Mmn dugce tinh theo cong thie:
m,=[f'G(f)df => £'G,(f)sf 3)
0

trong do: f - tan sd; N - s6 ty nhién; G(f) - mot dai ctia PSDaap ing (HiNh 2).

TPSD(MPaZ:Hz) Ung suét

f

1 Giay
J
- » =Ting qua khéng
Téan sé (Hz) X = Pinh
Hinh 2. Tinh my ciia PSD aip g Hinh 3. Tan sudt E[0] va E[P]
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Céc thong s6 thong ké mo ta tinh chat tai ngdu nhién: E[0] s6 lan vuot qua 0 (hay
gié tri trung binh) theo chiéu duong trong mot gidy, E [ P] s6 dinh 151 trong mot gidy va

hé s6 bat thudng y ctia tin hidu dugc tac gia [4] dé xuat va tinh nhu sau:

mZ
e L S

Nhu vay ye[0,1]. Néu y— 1 tai dai hep; néu y—0 thi tai dai rong (Hinh 3).

Ham mat do xac suat (Probability Density Function - PDF) duogc x4c dinh tir biéu

dd tng suét dugc chuan hoa hoic dugc suy ra tir PSDagy ime (Hinh 4a).

PDF APDF
p(S)
Dél itng suit (S)  Dai irng suit (S)
a) Ham PDF b) Déi dS dé xdc dinh chu kp tai

Hinh 4. Ham mdt do xdc sudt ciia ung sudt
Nhu vay, xac sudt xudt hién tmg suét Si trong dai dS 1a p(Si)dS. Néu St 1a sé chu
trinh cila tit ca cdc mirc Gmg suét thi sé chu trinh thyc té ciia mirc img sut Si tac dung
1én hé thdng 14 ni = Se.p(Si).dS (Hinh 4b).

Tong sb chu trinh N; tai tmg suat Si 1a: N = k/Si™. Trong d6, k va m 1a cac hé s6
mo ta vat liéu hay hé sé dudng cong méi. Do vay, ton that moi tich liiy tuyén tinh trong
két cau duoc tinh theo cong thirc ciia Palmren-Miner:

0

Z ZSSp(S)dS stj )

Theo 1y thuyét, két cdu bi pha hiy néu E[D] > 1. Trong thuc té gia dinh rang
St= E[P].T, voi T 1a tudi tho méi ctia hé thdng tinh theo gidy, va khi chi tiét 1am viéc t6i
hong thi E[D] = 1. Khi d6, tudi tho moi cua chi tiét dugc tinh:

k
P)[s™.p(s)ds

Nhu vay, dé tinh duoc tudi tho moi T thi phai biét dwoc ham mat d6 xac sut p(S).
.

(6)
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2.2. Céng thirc xdc dinh ham mat d¢ xdc sudt

Céac cong trinh nghién ctu vé 1y thuyét va thuc nghiém dé tinh p(S) da duoc
dé xuat nhu:

- Theo J. S. Bendat [5], voi gia thiét tai dai hep dua ra cong thirc tinh p(S):

p(s)=lie8m°} )

adm

- Theo Wirching [6], hiéu chinh ton that moi boi cc hé sé chi phu thudc vao hé sb
dudng cong méi va do rong dai ngdu nhién. Khi do, ton thit méi thu dugc:
E[D]wirching = E[D].[a+ (1-a)(1-£)°]. (8)
vGia = 0,926-0,033m; ¢ = 1,587m-2,293; e =1—~°, mlahé s$b dudong cong moi.

- Theo Tunna [7], sai 1a tir mot ranh t6i mot dinh ké tiép va duoc coi 12 mot nira

chu ky tai, vdi cach tinh nay ham mat dg xéc suét thu duge:
_g2
S
o~ e8;/m0 (9)

p(S): 4ym,
o

- Theo Hancock, Chaudhury and Dover, Steinberg tinh tong ton that moi thong

qua bién d6 tng sut twong duong Seq theo cong thirc:
T m
E[D] = E[P]E(Seq) (10)

+ Pdi v6i Hancock [8], tinh toan cho dai hep thu duoc:

(S = (22 ) 32 @

+ Véi Chaudhury and Dover [9], tinh toan cho dai rong thu duoc:

1

m+1 m+2 . m+2\m
Sy oy = (242M5)| o [ +2r[ > ]+erf 5 %r —]] (12)

erf” v =0,3012y +0,4916+° +0,9181y° —2,345~* —3,3307~° +

+15,6524~° —10,7846~"
+ Con theo Steinberg [10]:
S

St seimerg :[0,683 2Jm,  +0,271 4/m;  +0,043 6,/m, }”‘ (13)

trong do, I' 1a ham gama.
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- Theo Dirlik [11], v&i viéc sir dung md phong qua trinh ngiu nhién bang may
tinh dya trén k¥ thuat Monte-Carlo, ham mat do xac suét duoc tinh theo cong thuc:
4 _ZZ _72
D, o  D,Z == —
ale -1——R22 e?® +D,Ze ?

2Jm,

trong d6: Z=S/(2,/m,); D1, D2, D3, Q va R la cac ham theo m,,m,m,,m, va duoc

psS = (14)

tinh theo cac cong thuc:

2 X —7° —x —D?
m, |m m m X, —D; .
Xm:—l —21 ’y: 2 ;D]_:_ 2 1 R: ’Y - 21 (15)
m, \(m, m,m, 1+~ 1-y-D+D;
—y— 2 125 v—-D,—-D,R
D2:1 ~v—D, + D, . D,—1-D,—D,; Q— R B A
1-R D,

3. Tinh toan va thi nghiém
Mau dung dé tinh toan va thi nghiém nhu hinh 5. Vat li¢u ché tao mau la thép
CT34 c6 thanh phﬁn thé hién trong bang 1, mau duoc han mat voi thong $6 qua trinh
han trong bang 2.
Badng 1. Vat liéu mau han
Mac C Si Mn P(max) | S(max) | oy(MPa) | ou(MPa)
CT34 0,18 0,20 0,5 0,045 0,045 210 340

Bdng 2. Théng sé han TIG

Que han Cuong d6 dong dién (A) | Hiéu dién thé (V) | Van tdc han (cm/phut)
ER70S-6 150 18 25-30
60 |
10 16 1/@

40
24

(&
&
\
(—l—

a) Hinh dgng mdu diroc ché tao b) Ung suat md phong trén ANSYS
Hinh 5. Mdu han dé tinh va dé thi nghiém
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3.1. Tinh todn theo cong thirc

Tai nglu nhién dung dé tinh tudi tho moi cho cac cong thuc (7) dén (14) va dé tién
hanh thi nghiém 14y theo tiéu chuan IEC 61373 [12]. Tem do bién dang duoc dan tai vi
tri chan duong han (Hinh 6) theo két qua mé phong hinh 5b. St dung thiét bj LMS [13]
dé thu tin hiéu tai trén mau qua tem do bién dang, sau do tin hi¢u nay duoc cong thém
luong tng suat du duge xac dinh theo [14] (Hinh 7a). Bién ddi PSDasp ime clia lién két
han chiu tai ngau nhién theo cong thic (2) thu duoc két qua nhu hinh 7b. Céc thong s6
dudng cong moi cia lién két han 14y theo [1].

Hinh 6. Ddn tem do bién dang trén mau

70|

500.00f

I OF — PSOSress

a) Ung sudt tai vi tri khdo sat

N IR R N R nnn‘.\‘l“‘
s

000 m

Hinh 7. Tdi ngdu nhién

j

He

b) PSDL&ng sudt

Tinh toan tudi tho moi theo céac cong thue (7) dén (14) duoc thuc hién thong qua

chuong trinh c4c tac gia viét trén MATLAB, két qua thu duoc tudi tho moi cliia mau

duoc thé hién trén bang 3.

Bdng 3. Két qua tinh todn theo cdc cong thirc

Phuong phap tinh Tubi tho miu (s) Phuong phap tinh Tubi tho miu (s)
Steinberg 44405 Chaudhury and Dover 155930
J.S. Bendat 47382 Tunna 87224
Wirching 57292 Dirlik 123720
Hancock 225690

10




Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

3.2. Thi nghiém xdc dinh tuéi tho ciia mau

Mau duoc thi nghiém trén may rung LDS dé tién hanh thi nghiém moi, dau rung
thuc hién rung dé tao tai theo tiéu chuén IEC 61373 nhu phan 3.1 (Hinh 8).

Hinh 8. Mdu dwoc rung thir moi Hinh 9. Mdu bj phd hity do méi

Thi nghiém d6ng thdi v6i 6 mau trén dau rung LDS, dén khi quan sat thay mau bi
pha hiy do méi (mau giy roi) thi thoi gian duoc ghi nhan cho timg mau (Hinh 9).
Két qua dugc thu thap va thé hién qua bang 4.

Bang 4. Két qua thi nghiém méi, tinh theo gidy (s)

Mau 1 Mau 2 Mau 3 Mau 4 Mau 5 Mau 6 Trung binh

118404 125604 147600 126072 140904 128520 131832

Két qua thu dugc theo tinh toan trén bang 3 va két qua thi nghiém trén bang 4 cho
thdy, cac phuwong phép tinh toan tudi tho méi ciia ciing mot lién két han, véi ciing mot

tai trong co su sai khac nhau 16n. Két qua so sanh dugc thé hién trén bang 5.

Bdng 5. So sanh két qud tinh tuéi tho méi mdu theo tinh todn va theo thi nghiém (%)

Bendat | Wirching | Hancock | Chaudhury & Dover Steinberg | Tunna | Dirlik

47,38 56,31 72,05 24,77 66,14 33,49 | 05,67

Két qua tinh toan theo cac cong thirc co sai khac so véi két qua thi nghiém, 16n
nhat 13 72,05% va thap nhat 1a 5,67%. Trong cic phuong phép tinh toan ly thuyét,
phuong phap do tac gia Dirlik dé xuit c6 két qua tinh toan sat voi két qua thuc nghiém
nhét (sai khac 5,67%). Su sai léch 16n nay 1a do cac tac gia J.S. Bendat va Hancock tinh
toan cho dai hep, con tac gia Wirching khong ké toi anh hudng ciia tmg suat trung binh,
cac tac gia Chaudhury & Dover va Tunna tinh todn cho dai rong nhung phuong phéap
tinh sai ung suat va dém chu ky tai chua sat v6i tinh ngau nhién cua tai, tac gia Dirlik
dua trén k¥ thuat tao bién ngu nhién phan anh sat v6i tinh chat ngiu nhién cia tai thuc,
do véy két qua phan anh kha sat v6i thi nghiém.
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4. Két luan

Bai bao di tinh toan dugc tudi tho moi cho lién két han chiu tai ngiu nhién trong
mién tan sb, va tién hanh thuc nghiém kiém tra két qua. Trong cic tinh toan nay tng
suat du do han d3 duogc ké t6i, tai trong dung cho tinh toan va thuc nghiém thu dugc
tryc tiép trén mau, diéu nay 1am cho viéc tinh toan sat v4i thuc té nhat.

Tai ngau nhién theo tiéu chuin duoc tao ra trén hé théng LDS, tin hiéu tai trén
mau duoc thu va xir 1y truc tiép trén may LMS nén qu4 trinh tinh toan ngian ngon va tin
cdy, PSDuip ing duge 14y tir may LMS va dwa vao chuong trinh tinh toan tac gia viét trén
nén MATLAB dé tinh tudi tho theo cac cong thirc nén dam bao vé do chinh xéc.

Tinh todn theo cong thirc (4), thu dugc hé s6 bat thuong cua tai y = 0,2, diéu nay
chtng t6 tai 1a dai rong, va phuong phap tinh toan cua Dirlik co két qua sat v6i thi
nghiém nhat. Két qua nay dinh hudng lya chon phuong phap tinh toan tudi tho moéi nao
cho lién két han chiu tai ngau nhién 1a pht hop véi thyuc té nhat.
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EVALUATING FATIGUE LIFE OF THE BUTT WELDED JOINTS
UNDER THE EFFECT OF RANDOM LOADING

Abstract: This paper presents the calculation results from theoretical models and
experimental results in determining the fatigue life of butt welded joints subjected to random
loads. The theoretical calculating the fatigue life of the butt welded joints was developed on the
basis of different methods for calculating of common details published previously. Experiments
on determining the butt welded joints’ fatigue life were carried out on the LDS V830 vibration
test system with the load equivalent to the load used in theoretical calculation. The accuracy of
different calculation methods was assessed by comparison of the calculation results and
experiment results. With the lowest deviation of 5.6% compared to the experiment results,
Dirlik's calculation method is the most suitable to calculate fatigue life of butt welded joints
subjected to random loads.

Keywords: Welded fatigue; random vibration; fatigue life.
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