HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Xay dung chuwong trinh tinh toan xac dinh thoi han lam viéc cua cac
phan tir co khi huw hong dot ngot khong phuc hoi

Development of a calculation program to determine the lifetime of
irreparable and unexpected failure mechanical elements

Dd Pirc Tudn'", Nguyén Pirc Toan', V6 Trong Cang’
'7 ruwong Pai hoc Giao thong vdn tai

*Truong Pai hoc Bach khoa, PHQG TP. HCM

*Email: ddtuan@utc.edu.vn

Mobile: 0913905814

Tém tit

Tir khéa: Bai bao trinh bay co sd 1y thuyét, tir d6 thiét 1ap cac luu do thuat
toan va xay dung chuong trinh tinh toan xac dinh thoi han lam

Ham cuong 49 hong; Ham tin cdy; Hu viéc ciia céc phin tir co khi hu héng dét ngdt khong phuc héi.

hong dot ngodt; Thoi hap lam viéc; Th(‘;i
han lam viéc gamma phan tram; Xac suat
lam viéc khong hong.

Abstract

Keywords: The article presents theoretical fundamentals, establishing
algorithmic diagrams and developing a calculation program to
determine the lifetime of irreparable and unexpected failure
mechanical elements.

Failure rate function, Gamma-percent
lifetime, lifetime, Non-failure operating
probability, Reliability function,
Unexpected failure.

Ngay nhén bai: 30/06/2018
Ngay nhan bai sira: 03/9/2018
Ngay chap nhan dang: 15/9/2018

1. PAT VAN PE

Nhu d3 biét, cac dang hu hong cua may moc va phuong tién duoc chia thanh hai loai [2, 3].

Hong dan dan (hong tiém tién) 1a hu hong xuét hién cung voi sy suy giam dan dan cac
thong sd chat lwong, 1am cho cac tri s6 cua nd vugt ra ngoai mirc gidi han cho phép. Pay la
nhitng dang hong chu yéu ciia cac san pham k¥ thuat co khi, 1a nhitng yéu t6 khong thé loai trir
dugc, ké ca khi tudn thi mot cach chat ché quy trinh st dung, khai thac.

Hong dot ngot (hong dot xuat) 1a hu hong xuét hién cung voi sy bién d6i dot ngdt cac
thong s6 chat luong cua san pham. Cac hu hong c6 tinh chat dot xuat thuong xay ra it hon va
nguyén nhén cua ching phan 16n 13 do hdu qua cta viéc khong tuan thii day du va triét dé cac
quy trinh, quy tic van hanh. Dbi véi cac phan tir hu hong dot ngdt lai phan ra: hu hong dot ngot
khong phuc hdi va hu hong dot ngopt co phuc hdi.
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Trong bai bao nay trinh bay co so 1y thuyét xac dinh thoi han lam viée ciia cac dbi tuong
(phan tr) co khi c6 hu hong dot ngot khong phuc hoi, tir d6 xay dung chuong trinh tinh toan
tuong Ung.

2.CO SO LY THUYET XAC PINH THOI HAN LAM VIEC CUA PHAN TU TRONG HE
THONG CO KHi CO HU HONG POT NGOT KHONG PHUC HOI

Gia st khao st n phan tir cing kiéu 1 ; {
loai, cing 1am viéc trong nhitng diéu kién nhu 2 , 4 ¢
nhau, khi d6 thoi han 1am viéc 7 cta cic phan oo - N
tir (thoi han 1am viéc dén khi hu hong lan dau) n - t

s€ nhan cac gia tri twong ung la #,1,,...1, Hinh 1. So b thoi han lam vige ciia céc
(hinh 1). phan ttr hu hong dot ngdt khong phuc hoi

Khi d6 tap s6 lidu 7 = {tl,tz, ...,tn} 1a dai lwong ngau nhién (PLNN) lién tuc mo ta thdi han
lam viéc td1 hong cua cac phﬁn ta. Tu tap s6 lidu nay ta xac dinh dugc ham mat d§ phan bd thoi
han 1am viéc toi hong f(¢) clia céc phan tir va ham phan b6 thdi han lam viée F (7).

Nhu da biét [3], ham phan bd thoi han lam viéc F(¢)chinh 1a xdc suat hong Q(t), tuc 1a
F()=0().

Khidé ta co [1], [3], [5]:

S 8 =i 1dt = Ot
2.1. Cac ham dic trung cho tinh lam viéc khong héng 't selroa-ao

2.1.1. Ham xidc suit hong S‘\ ms: ~Jroa=ro
0(t)=F(t)= ! f(t)dt (1) i I : H

2.1.2. Ham xdc sudt lam vigc khong héng (ham tin cdy) S/— |
P(1)=1-0(1)= j f(t)dr ) v y

t

2.1.3. Ham cwong do hong 0
S)_ s 2@ _ /) "
=70 1-0(t)  P(r) oy

D6 thi biéu didn quan hé giita cac ham noéi trén
chung dugc the hién trén hinh 2 [1], [3]

t

/ b

|_a(n)

\ o =S5,
0.5
) P()=S5,

0 t

t

Hinh 2. Quan hé giira cac ham f(t), Q(t),
P(t) va A (t)

2.2. Cac tham sb dic trung cho tinh 1am viéc khéng héng [1, 3]

2.2.1. Ky vong thoi han lam vigc (thoi han lam viéc trung binh) dén khi héng ciia phén ti

E(T)=a=[if (t)dt = P(¢)at 4)
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Nhu vay ky vong thoi gian 1am viéc dén khi hong co gia tri bang dién tich S, dugi duong
cong P(t)— (hinh2).

2.2.2. Phwong sai ciia thoi han lam vige dén hong

[ee]

D(T)=0*(T)=E|(T-a)’ |=[(t-a) f(1)ar 5)

0

2.2.3. Sai léch binh phwong trung binh (d¢ léch chudn) ciia thoi han lam viéc

o(T)=D(T) = Jo*(T) (6)
2.2.4. Hé 56 bién dong ciia thoi han lam viéc
_o(7)
E(T)
Ngoai khai niém thoi han lam viéc trung binh dén khi hong (1in thir nhat), ngudi ta con sir

dung céc khai ni€ém tuong du:g’ng nhu thoi han 1am viéc trung binh téi ky stra chita (nao do) va
thoi han lam viée trung binh dén khi thanh 1y (loai bo) [1], [3].

,voi E(T)#0 (7)

2.2.5. Thoi han lam viéc gamma phan trim

Thoi han lam viéc gamma phﬁn tram la 1)
khoang thoi gian lam viéc ma & d6 phan tir chua S, = 9% = 75%
bi héng voi modt xac suat cho trudc Ia '
gamma(y), tinh biang phdn trim (%), dugc ky ~ (1-1%=25%
hiéu 1a 7, va duoc xdc dinh tir bidu thic [1], AU
[31, [5]:
= t
'[f(t)dt = y(%) (8) P(0) f=5% 8~ Ly=sov
. 1,0
~ Thoi han lam viéc gamma phan tram c6 ’ | :
thé xac dinh tir bi€u do ham mat do phan bo tuoi 0,75 I I
tho f(¢), tir biu d6 ham tin cfy P(¢) hodc 05 ———m R ittt e
Ve <\ <R , \ . A I
tryc tiép tir biéu thirc ham tin cay P(z)[3]. 025 F ===~ I S =
Thoi han lam viée trung binh dén khi hong 0 ) tl t
chinh 1a tu6i tho gamma 50%. So d6 xac dinh YTS% S0
thoi han lam vi€c (tudi thg) gamma phan tram Hinh 3. So do xac dinh thoi han lam vige
thé hién trén hinh 3 [1], [3], [5]. (tudi tho) gamma phan tram

3. XAY DUNG CHUONG TRINH TiNH TOAN XAC PINH THOI HAN LAM VIEC
CUA PHAN TU CO KHi CO HU HONG PQT NGQT KHONG PHUC HOI

3.1. Luu do thuit toin

Tir co s& ly thuyét trinh bay & trén va trong [3], tién hanh xay dung cac luu dd thuat toan
chuong trinh tinh todn xac dinh thoi han lam vigc cta cdc phan tir co khi c6 hu hong dot ngot
khong phuc hoi va dugc thé hién trén cac hinh 4 va 5.
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Nhap vao: x; (i =1 +n)

I

-
==t (i=1+k)
+ I 7 i
1 X tli=1)h<x |
’IL E" EI.‘.'I:H:Z KT
=1
—.* Dix 'I=Z (a=x, ) r,
i=1
k=k+1 . + | 5
i=itl olX)=a=yD(X); Chura di co st vé
Y olx)=nla su phi hop gifra ffy) va f;
X=X -t-ﬁa'r *-
k7 i n 2 D +
Chon mdt quy ludt phin b
5 S ctia BPLNN hén tuc fix) phit hop véi f;
g => f{x), F(x), s (theo [3])

=i+l + +In ra;

Gid tri: ECX), DvX), a(X),

Tiéu chuan kiém nghiém 2

*— . krr_ple \P o), 2 Lp
y=nh Z u . ba thi: f;, fix), Fix)
mp=0(i=1+k) b Elk / l';':r'l
—_— 5 ;
+ == p|theo[3])
i=1 S
+ m o
r=—{i=1+k) M\
j=1

S

Hinh 4. Luu d6 thuat toan xu 1y s6 liéu théng ké DLNN lién tyc X

3.2. Xy dung chuong trinh tinh toan

Trén co s& cac luu do thuat toan da thiét lap, tién hanh xay dung chuong trinh tinh toan
bang ngdén ngir 1p trinh Matlab. Chuong trinh c6 thé duoc cai dat va chay trén hé diéu hanh
Windows tir phién ban XP tré [én. Cac dir li¢u va két qua tinh toan ctia chuong trinh c6 thé duoc
sao chép hodc xuat sang dinh dang excel cho cac muc dich tinh toan khac.
3.2.1. Cac tinh nang chinh ciua chwong trinh

- Nhap s liu thong ké vé thoi gian lam viée téi hong ciia cac phén tir t, (luuy rang, day
14 cac gia tri cia dai luong ngau nhién lién tuc mo ta thoi gian lam viéc téi hong cta phan tir),
xac C,ﬁnh,ky vong toan a, phuong sai o, do léch chuér} (sai l1éch binh phuong trung binh) o va
h¢ s bien dong v cua thoi han lam viéc tdi hdng; thi€t 1ap ham mat d phan bod thoi han 1am
viéc t6i hong f'(¢), kiém nghiém su phu hop ctia phan b 1y thuyét véi phan bé thuc nghiém

theo tiéu chudn y? va hién thi cac két qua tinh toan can thiét theo Iuu do thuat toan hinh 4.



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

- Thiét 1ap va hién thi do thi mat do
phan bd thuc nghiém, ham mat do phan bd ly

thuyét cta thoi han lam viéc toi hong f(t),

Nhip vao:

tinh toan cac chi ti€u do tin cay cua chi tict (i =1 +n), y%
hu hong dot ngdt khong phuc hoi; thiét 1ap va v
hién thi ham xac suat hong Q(t), ham tin cdy Xir 1§ s6 lidu théng ké céc sb lidu 4
hay ham x4c suit lam viéc khong hong P(t)va “h?ﬁ{ ;hl:itt:?é;: *;'I;:l . FITT}_ )dlro‘f?
ham cuong d hong A1) ddi v6i 10 luat phan ) = BT, o) i 3 )
b6: phan bd chuan, logarit chuin, mi; S, Fy, x2. L. p
gamma;  Weibull;  Weibull-Gnedenko; !
Rayleigh; Maxwell, beta va phan bd déu. ‘ olt)=F(1) ‘
- Xac dinh thoi han lam viéc gamma ¥
phin trim ty, cua cac phan tir hu hong dot ‘ P(t)=1-0(¢) ‘
ngdt khong phuc hdi twong g voi timg luat ¥
phan bd. , a(r)=L)
Sau khi nhap céac so li€u thuyc nghiém - Ple)
vé thoi han lam viéc t6i hong cta cic phan ¥
tu, chuong trinh s& tu dong tinh todn cac ‘ YW=Pl1)=>1,, ‘
tham s6 va hién thi cac két qua can thiét theo ¥

In ra:
luu dd thuét toan hinh 5. G tri: E(T), D(T). o(D.
w(T), )’—1 L, 2. f:,y,?,
Bé thi: £, f1), Pet). Oft), ifx,

Hinh 5. Luu d6 thuat toan chl}’orng trinh tinh toan xac dinh
thot han lam viée cua cac phén tir co khi ¢6 hu hong dot
ngot khong phuc hoi

3.2.2. 86 liéu tinh todn

S6 liéu thong ké vé thoi gian lam viée toi hong ctia mot loai chi tiét may tinh bang 10° h ¢6
cac gia tri nhu sau (7= 42 sb liéu) [3]:

0,10; 0,19; 0,23; 0,32; 0,44; 0,51; 0,55; 0,68; 0,82; 0,87; 0,88; 1,06; 1,09; 1,16; 1,22;
1,2500; 1,29; 1,33; 1,35; 1,39; 1,42; 1,44; 1,51; 1,62; 1,65; 1,68; 1,84; 1,87; 1,92; 1,93; 2,01;
2,04;2,25;2,31; 2,43; 2,48; 2,49; 2,56, 2,65; 2,74; 2,81; 2,92.

Can xac dinh thoi han 1am viéc cta loai chi tiét nay.

3.2.3. Cac giao dién cua chwong trinh

Céc giao di¢n chinh ctua chuong trinh dugc thé hién trén cac hinh 6a, 6b, 7a, 7b, 8a, 8b.
Céc giao dién chirc ning khac ciia chuong trinh dugc thé hién trén cac hinh 6¢ - 6f, 7c - 7f, 8c -
8fva hinh 9.

a. Xac dinh cdac ham f(t) , Q(t), P(t)vd /l(t)

Viéc xac dinh cac ham £ (), Q(¢), P(r) va A(t) da duogc tién hanh cho 10 quy luat phin

b6 néu trén. Dudi day don cir gi6i thiéu mot s6 két qua tinh toan v6i 3 quy luat phan bd 14 phan
bo chuan, Weibull va Rayleigh.
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DO TIN CAY CUA PHAN TU HU HONG DOT NGOT KHONG PHUC HOI
iew, - -

Chon ham phan bo |Rolsi ~|  chonloai do thi [T

- Phan tu hong dot nzo: KPH AZ)matlab: A(r) — 0.3807¢ ‘

]

7
|

nnnnnnn

Hinh 8. Giao dién chinh (a); cac giao dién thiét 1ap ham mét do phan bd (b), ham xéc suat hong (c), ham tin cay (d),
ham cuong do hong (e) va giao dién xac dinh thoi han lam viéc gamma phan tram (f) d6i voi phan bo Rayleigh

b. Xac dinh thoi han lam viéc cua chg’ tiét hur hong dot ngot khong phuc hoi theo mirc tin
cdy cho truoc (thoi han lam viéc gamma phan tram)

Sau khi xac dinh ham xé&c suat hong va ham tin cdy, chuong trinh cho phép xac dinh thoi
han lam viéc gamma phan tram cta phan tir hu hong dot ngot khong phuc hoi. Viée xac dinh thoi
han lam viéc gamma phan tram c6 thé tién hanh theo hai cach.

bl. Cach thir nhat - Xac dinh thoi han lam viéc gamma phan tram bang do thj

Di chuyén con tro chudt theo ham tin cdy P(¢): truy cdp biéu tuong % trén thanh cong
cu, sau d6 bam vao vi tri trén d6 thi P(¢) twong Gmg véi do tin ciy can tinh toan (hinh 6f, 7f, 8f).

b2. Céch thit hai — Xdc dinh thoi han lam viéc gamma phan tram bang trinh don céng cu

Truy cap trinh don Cong cu -> Xac dinh tuoi tho gamma phan tram. Sau do, nhap vao gia
tri mirc tin cdy can thiét, bam nat “OK” phan mém s¢€ tinh todn ra gia tri tuodi tho twong tng (hinh
6f, 7f, 8f va hinh 9).

) DoTinCay 2 Tinh twoi t... [= ][] _I
Teptin  Hien thi NeElFEF8 Tro giup Prony =
il = =Y ®ac dinh tuoi tho gamma phan tram a0 l

[ ox ] [coneet |

. DANH GIA DO TIN CAY

a)
) Tinh tuei t... [=][01|X] ) Tinh tuoi t... [=|[C1|3K] W > Tinh tuoi t... [=][5|X]
Tuoi tho gamma 90% 15:0.51375 Tuoi tho gamma 30% |a:0.BE4E3 Tuoi tho gamma 30% 15:0.55638
¢) Phan bd chuin d) Phan b6 Weibull ¢) Phan bb Rayleigh

Hinh 9. Giao dién tinh toan thoi han 1am viéc gamma phﬁn tram bﬁng trinh don céng cu

3.3. Tong hop két qua tinh toan han 1am viéc gamma phan trim

Két qua tinh toan thoi han lam viéc gamma 90% cua cc phan tir 3 néu lan luot 1a: dbi voi
phan bd chuan ¢,_y, = 0,51375.10° h; ddi v6i phan bd Weibull ¢,_y, = 0,66469.10° h va dbi v6i

phan bo Rayleigh ¢,_y, = 0,55638.10° h.
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4. KET LUAN

Tir co s6 1y thuyét, da thiét lap cac luu do thuat toan va xdy dung dugc chuong trinh tinh
toan xac dinh thoi han 1am viée ciia cac phan tir co khi hu hong dot ngdt khong phuc hoi.
Chuong trinh ddm bao duogc chirc nang tinh todn, v€ cac loai dd thi va xac dinh duoc thoi
han 1am viéc ctia cac phan tir co khi hu hong dot ngdt khong phuc hdi véi mire tin cdy cho trude
(gamma phan trim) bat ky.
Chuong trinh c6 giao dién than thién, dé sir dung, phu hgp véi muc dich va ndi dung
nghién ciru, cho phép da dang hoa duoc cac phuong an tinh toan va ting nhanh tdc do tinh toan
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