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Tém tit

Trong thiét ké va ché tao két cau va chi tiét may, cac tinh chit va kich thudc thay d6i mot cach ngau
nhién. Nguyén nhéan sy khac nhau nay 1a do sy thay ddi cua tai trong tac dung, co tinh vat liéu, va
chat luong gia cong (dung sai kich thudc). Bao céo trinh bay phuong phap tim diém xac suat 1on nhat
dé phan tich va momen thich hop dé thiét ké két cau va chi tiét may trén co s¢ d9 tin cay. Trén co sé
d6 thiét 1ap chuong trinh phén tich va thiét ké két ciu va chi tiét may RADME.

Abstract

In the design of machine elements for mass-production every item produced will be different.
Uncertainties or variability in load, materials and manufacturing quality are caused this different.
Introduce theory fundamental of reliability analysis and reliability based - design of machine elements
using most probable point-based and matching moment methods. Establish reliability - based analysis

and design software RADME (Reliability- based Analysis and Design of Mechanical system).

1. GIOI THIEU

Trong phuong phap thiét ké truyén
thdng, con goi 1a thiét ké don dinh, ta thiét ké
cac chi tiét may theo cac chi tiéu vé kha ning
lam viéc, d6 an toan cua chi tiét co khi hodc két
céu 1 hé s an toan. Tuy nhién trong thuc té cac
dai luong thiét ké 1a cac dai lugng ngau nhién,
su thay ddi ngiu nhién 1a do ba nguyén nhan
chinh: sy thay dbi cic théng sb (su gia cong
khong chinh xac, tai trong ngoai thay ddi ngiu
nhién, co tinh vat liéu...), sai s6 mo hinh tinh
toan (vi du cong thirc xac dinh tng suét thu
duogc theo nhiéu gia thuyét khac nhau...), sai sd
do phuong phép tinh (sai sb giita phwong phap
s6 va phuong phap giai tich...). Trong thiét ké
cac hé théng phirc tap sy thay doi nho cac théng
s6 dau vao 1a nguyén nhan dan dén mat mat chat
luong hoac khong dam bao do tin cdy, an toan

(gay nén cac sy kién hong hoc nghiém trong)
cho san pham. Phuong phéap thiét ké xac sut
(thiét ké theo do tin cay [1-4, 6, 13, 19-20], thiét
ké bén viing [7] va thiét ké 6 sigma [10]) nghién
ctru tinh toan theo su phan bd xac suit cac dai
luong thiét ké, thay vi chi sir dung cac gia tri
don dinh. Phuong phap thiét ké xac suit nay
dam bao do tin cdy cho trudc, an toan, chét
lwong va tinh kinh t& san pham.

Trong tinh todn ta phan biét tinh toan
thiét ké va phén tich. Phan tich va thiét ké may
va chi tiét may trén co s& do tin cay chi dugc
cha y vao nhiing nam gan day [12, 13, 17, 18,
19, 20].

Thoéng thuong ta st dung ba loai
phuong phap dé tinh toan d¢ tin ciy theo ham
trang thai toi han.



- Phuong phap thtr nhét dya trén co so lay mau
thor ngau nhién hay goi 1a phuong phap mé
phong Monte Carlo [6, 15].

- Phuong phap xap xi dya trén mé hinh giai tich
do tin cay két cau [1, 5, 6, 8,9, 11, 19, 20].

- Phuong phap tht ba 1a st dung mé hinh thay
thé dé thay thé cac ham trang thai téi han g(X)
bang quy hoach thyc nghiém [6, 15].

Déi tugng nghién ctru trong bai bao cao
nay dua ra trinh ty day du va hiéu qua thiét ké va
phan tich két cdu va chi tiét may, st dung
phuong phap tim kiém diém xac suit 16n nhit va
momen thich hgp. Dya theo cac phuong phap
nay chung t6i xay dung chuong trinh phan tich
va thiét ké két cAu va chi tiét may RADME.

2. PHAN TICH PQ TIN CAY THEO
PHUONG PHAP TiM DIEM XAC SUAT
LON NHAT

Do tin cay dugc dinh nghia la xéc suét
cua ham trang thai gidi han g(X) > 0, tuong ung
vGi gia tri xac sudt cac bién ngiu nhién X = (X,
X2,
dinh theo cong thtrc:

, Xy) ndm trong vung an toan, dugc xac

R = P{g(X)> 0} = (1)

fo (x)dx
2(X)>0
Céc phuong phap phd bién thudng duge
st dung trong viéc phan tich d¢ tin cay la
phuong phap moémen thich hgp, phuong phap
xap xi bac nhét va x4p xi bac hai. Co s cua cac
phuong phap nay la lam don gian qué trinh tinh
toan thong qua viéc don gian hoa cac cong thurc
dudi dau tich phan f(x) va str dung gia tri xap xi
ham trang thai gigi han g(X).

Phuong phap x4p xi bac 1 gém 2 budc:
dau tién chuyén cac bién ngiu nhién ban dau
sang khong gian chuan, tiép theo 1a x4p xi ham
trang thai gidi han [6].

Pé chuyén cac bién ngiu nhién tir khong
gian ngiu nhién ban dau sang khong gian chuan
thi ddu tién ham duéi dau tich phan fi(x) duoc
don gian hoa bang cach bién ddi cac bién ngiu
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nhién. Khong gian cua cic bién ngau nhién ban
dau X = (X;, Xo,..., X,) duoc goi 1a khong gian
X (hinh 1a). Chuyén tit ca cac bién ngau nhién
thiét ké tir khong gian X sang khong gian chuan
U véi gia tri trung binh ciia cac bién nay bang 0
va sai léch chuan bang 1 (hinh 1b).

FXl (x;) = D(uy) voi X; = my; + U;Sy (2)
f(x)
f(x,) fl(xl)
£,(x,)
—
a) 0 o)
¢|(Ul)
0,3989]
(u,)
du)
b) 60 U,
Hinh 1

Sau khi bién d6i ham trang thai gidi han
c6 dang Y = g(U).

Khi d6 d¢ tin cay duoc xac dinh theo cong
thirc:

R = P{g(U) > 0} = I oy du (3)
g(U)>0
Vi céac bién u; 1a doc 1ap, nén ham ¢ y(u)
duoc xac dinh:

i

Tl 4
dy(w) I;[Ee ()

D¢ viéc tinh toan ham tich phan & cong
thirc (3) dugc don gian hon thi ham trang thai
gi6i han g(U) = 0 duoc x4p xi thanh ham tuyén
tinh qua phép khai trién Taylor bac 1:

g(U) ~ L(U) = g(u*) + Vg(u*)(U —u¥)" (5)
véiu* = (u, up, ....u,") 1a diém khai trién, T 1a
ky hiéu ma tran chuyén vi va Vg (u*) la gradien

cua ham g(U) tai u*:



(6)

V¥ = (agw) og(U)

og(U)
ou, " eu, 77 au,

Dé lam giam sai s6, cach don gian nhat 1a
nguoi ta tién hanh khai trién ham g(U) tai diém
xdc suat 16n nhat. Bai toan tim diém x4c suét 16n
nhét, 14 diém thudc mit g(U) = 0 va c6 mét do
phan phéi theo U 16n nhat:

Tim gid tri [6n nhdt:
uf
LI
—e
A2
i=1
véi diéu kién g(U) = 0.

Bai toan trén tuong duong:

n

(7)

Tim gid tri nho nhat || véi:

||u|| wlu1+u2+ +u2 )

la do dai cua vecto .
Khoang cach B =”u* ” duoc goi 1a chi s6 do

tin ¢y, theo hinh 2 13 khoang cach ngén nhat tir
bé mit g(U) = 0 d&én gdc toa d6 trong khong gian

3 T T T
9g(u,,u,)=0

2k -

\/
P{ém xdc suat 16n nhé /
it 16 1 /////

§4
0- a 1

1k -

g(u,u) >0
g(u,u) <0

Mién hdng héc

-2[ Mién an toan

-3 1 1 1 1 1
-3 -2 -1 0 1 2 u, 3

Hinh 2. Tich phdn xdc sudt theo xdp xi bdc nhat

Vi g(U) = 0 tai diém x4c sudt 16n nhét u*,

cho nén:

o 0
Lw)-Y B ;- wh=a0+YaU, 0

i=1 Loly” i=1
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v g 020
5 _28U) 1
e ‘ (10

1 lu

voi ap = —Z 2:4L)

Tir cong thirc (9) ta thiy rang ham L(U) 1a
ham tuyén tinh v6i cac bién tudn theo qui luat
phan phdi chuan, do vay ham L(U) ciing 14 phan
phéi chudn véi gia tri trung binh va sai léch
trung binh:

og0)| =«
mL_aO__Z e u;; (1)

(12)

i

~P{L(U)>0}= 1—@[_‘”):1—@

=1—¢{Zaiu?]:1—®(au”)
i=1
V81 8= (0p.pemty) = EE ) (14)
“Vg(u
1a vécto don vi ciia ham A(u") va
y
o; = it T D1 (15)

IS

g(u)

U,
Hinh(35Tim diém xdc sudt 1én nhat
Theo hinh 2, thi diém xac suét 16n nhat u”
chinh la tiép diém cua ham trang thai gidi han va



duong tron c6 ban kinh 1a B, do vay vécto don vi

u

P

7 * r .7 . M yo
doc theo vécto u cé gia tri bang véi
gia tri cua vécto don vi a:

*

llan hoicu =-Pa

(16)

Khi d6 ham d¢ tin cay s€ dugc xac dinh
qua cong thuc sau:

R ~P{L(U)>0}=1— ®(au’T)

(17)
=1-0O(-Baa’ ) = 1-O(-P)
Chu ¥ rang:
aa’l :ZOL%:I (18)

C6 rat nhidu phuong phap s6 di duoc
phat trién dé thyc hién cong viéc tim diém xac
sudt 16n nhét. Giai thuat tim kiém diém xdc suét
16n nhit nay st dung cong thirc hoi quy va nd
dua vao tuyén tinh hod ham trang thai gii han.
Gia tri diém xac suat 16n nhat & vong lap thir k
1a u* dugce xac dinh theo cong thirc:

g = g") + vgH ' —uHT =0 (19)
Tur cong thuce (16) ta co:
uk = _pKak
Vi a la vécto don vi, tir hinh 3 ta c6:
uk+l _ _Bk+lak (20)
thé u* va u*"' vao cong thic (19) thu dugc:
g(u") +Veg)@“H @k -ph
k k k k+1 (2 1)
= g(u*) +[Ve@")|B* - =0
tur day suy ra:
uk*l = _akpk+l = _gkJgk g(u®) (22)
e |

Dé sir dung cong thirc (22) ta can phai co
mot diém khoi dau u® va thong thuong u’ = 0.
Céac diéu kién hoi tu duoc su dung dé két

thuc vong lip: ”uk” —uk” < g ,”Bk“ - Bk” < &
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va “ Vo) - Ve(u®) “ <&, V6i &, &, £ €O gid
tri rat nho.

Trinh tu thyuc hién:

1. Lap ham trang thai t6i han g(X).

2. Chuyén tir khong gian X sang U.

3. Chon u’ 1a diém khéi dau.

4. Xac dinh g(uo) tir ham trang thai téi han.

5. Xac dinh vg(u®)theo cong thirc (6).

(25)
6. Tinh [Ve(u®)| — V™) .

7. Tinh ti sb a° =

8. Xac dinh gia tri p° = “uo“
9. Vong lap ké tiép bét dau voi

g(u’)
e

10. Thuc hién cac budc 1-9, néu thoa mén cac
diéu kién hoi tu thi dimg. Néu khong, lp lai
trinh tu tinh vo1 k = k+1.

3. THIET KE THEO PHUONG PHAP
MOMEN THiCH HQP

Trong tinh toan thiét ké cac chi tiét may
trén co s& d9 tin cdy, theo cac chi tiéu cu thé 1a
trén co s& do bén doi hoi cac hiéu biét vé ban
chit ngu nhién ciia d6 bén va tmg suit. Néu
nhu ham phan bd xac xuit cia chung dugc biét
la fi(z) va fr(y) thi d6 tin cdy cua chung duogc
udc luong bang cac biéu thuc tich phan. Trong
cac truong hop ma Z va Y phan bd theo qui luat
chun, logarit chuin, ham s6 mii, Weibull... cac
cong thirc tich phan co thé rat gon thanh cac
dang don gian. Ham g(Z, Y) = Z — Y goi la ham
trang thai toi han, chi tiét an toan khi g(Z, Y) >
0, bi hong khi g(Z, Y) <0).

Khi tinh toan thiét ké do tin cay két cau
trén co s& do bén thi g = Z — Y, trong d6 Z =
fU(Z1, Zo,... Z) = £1(X1, Xo,... Xin) 14 d0 bén va
Y =6(Yy, Yao,... Yi) = 6Kt Xineas- - Xinek) 18



g suét. Trong bai toan thiét ké, dé bai toan co
thé giai dugc thong thuong ta st dung phuong
phap moémen thich hop, khi d6 khai trién ham
trang thai téi han tai diém co gia tri trung binh
céc bién ngiu nhién. Chi s6 do tin cdy B xéc
dinh theo cong thuc:

Mg my—my

[3:—:
Sg  ySZ+S%

_ fl(mZI,mzz,...,mZm)—fz(mYl,mYz,...,mYk) (23)
D
i=1 azl m

2 m o 2
SZ‘ + 2 SZ.
:| Zi IZI:|:aYl}m Yi

Trong tinh toan thiét ké mot s6 chi tiét

may dai luong Z va Y phu thudc vao nhiing dai

lwong ngiu nhién Z; va Y; dudi dang ham s mii
m k ,

z=]]z" va y=]]¥ véi o, Bila chi s6 ma.
i=1 i=1

Khi d6 gid tri trung binh my, my va hé s6 bién

phan tuong ung vy, VY s& bang:

mZ—I |le, my = I |m

(24)
‘/ZGZV%, iVYi;
v6i v; - hé s6 bién phéan ctia nhan t6 x;.
n-1
p= (25)

m

=2 E §

n OL VZI Bl VY1
1

;= m
trong d6 n=—%
My

1a gia trj trung binh hé sé an

toan , vz va vy 1a hé sd bién phan nhiing dai

luong Z va Y.

Giai phuong trinh trén ta suy ra n, t
day xac dinh kich thudc can tim.

Sau déy trinh bay trinh ty tinh toén thiét
ké chi tiét may theo do tin cdy véi vi du la truc
truyén dong:

1. Xéc dinh coéng thtc tinh ta trong tuong
duong, ddi voi truc truyén dong 1a mémen
tai nhitng tiét dién nguy hiém.

2. Gia tri trung binh va sai Iéch binh phuong
trung binh mémen tuong duong:

My = M2 + M +0,75T (26)
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M7s?  +M;S?  +0,75T St
S = MX MY (27)
Mtd M
td
VMtd = Smd Mtd (28)
3. Gi4 tri trung binh ciia (mg suat udn:
_  32M
=" (29)
nd

4. Tur cong thue (24) suy ra cong thitc xac dinh

hé s6 bién phan v,

Vg = Vlz\/ltd +9v(21 (30)
Sai 1éch binh phuong tmg suét udn:
S, =V40 (31)

5. Gi61 han méi Gy, xac dinh theo cong thirc:

-2y, (32)

(o2

Olim
Gia tri trung binh gidi han moi:

GEE
K

Slim = (33)

6. Tur cong thic (24) suy ra hé sé bién phan gidi
han moi:

ou :\/Vi +v2 +Vi6 +V§ +V2KHL (34)
Sai Iénh binh phuong trung binh:
N =V C_T“m (35)

Clim Glim

7. Xac suat 1am viéc khong hong ciia chi tiét phu

thudc vao chi so do tin cay f:

Gjim — O n -1
B: 2lm 2 - 2.2 2 (36)
\/So-lim +SG \/ﬁ Vc7]im +VG
trong do 7 - hé sb an toan 1 =22
G
8. Thay thé nhiing biéu thirc 1 va v2 vao (36)

va giai phuong trinh theo n
pr@*ve +vi)=@-1’
9. Giai phuong trinh trén ta tim dugc 1, suy ra
, tlr phuong trinh (29) ta tim dwgc d :

i 3/3254_@
TOlim

(37



10. Bé danh gia do tin cay truc ta st dung cong
thirc (36) hodc tim diém xac sudt 16n nhat
trinh bay muc 2.

4. KET QUA TiNH TOAN PQ TIN CAY

Theo co s& 1y thuyét da trinh bay muc 2 va 3
ching t61 da xay dung dugc chuong trinh tinh toan
thiét ké va phén tich trén co s do tin cdy RADME.
Nhimg d6i trong tinh toan gdm 03 nhém: cac két chu
co khi véi nhiing trang thai img suit khac nhau, cic
chi tiét cha yéu hé théng truyén dong: banh ring,
truc, 6 1an va cac nhom chi tiét may khéc (hinh 4).

= RADME ( Phan tich va thiet ke co khi theo do tin cay }
RADME ( PHAN TICH VA THIET KE CO' KHI THEO B TIN CAY)

[Tinh toan ket cau eo khi 1 W, vaoln | Dol caycas chebel may khac
1~ Cac Dang Tirh Toan
. o = - (e
C C o
1 C 1 O

1 Tink tosn thark chiu 18 erg phan b

Tigp Tuc | Thut |

Hinh 4. Chon chi tiét tinh todn
Trén mdi chi tiét ta co thé tién hanh tinh toan
thiét ké hodc phén tich do tin cdy (hinh 5).

TINH TOAN DAM CHO | CH|U UON
i boae thet e T
Do i v Hirh wwrk hoa
o) [0 SN[
fimm) [ S jme) [0 w If
) [ ) [0 ]
by [ "SNP [T RT -‘T"' J L_“T =
O el — R = ] :
. = L2
e Lol

dimm) (62 TR T g
A [ ET S

Ni(Nma) oA s () RS

G e L
Kitoes | tepto | el | |0 :1'

Hinh 5. Thiét ké va phan tich do tin cdy két cau

Trong ndi dung béo céo niy ching t6i mudn
trinh bay cu thé phan tinh tryc truyén dong. Phan tinh
toan thiét ké trinh bay theo trinh ty nhu myc 3. Truc
truyén dong gé)m 3 doan truc va dugc phan loai thanh
04 truong hop nhu hinh 6.
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THIET KE VA PHAN TiCH TRYC
THEO BO TIN CAY
Trusareg hap 1 Truneg hop 2
= faung [ T
~ Tawnl KF " Tavnl
4
T hop 3 T hog &

Tannt  Tuwmt

o TanmD  Tanul

e
A Foalylr, CEY
C o
- ! -

Tidp Tue Thott
Hinh 6. Nhiing truong hop chiu tdi truc truyén dong

Vi du céc thong sb nhép vao cho truong hop 1
[13]: vét li€u chon co6 gidi han mdi m, | = 255MPa,
hé s6 bién phan v, ;= 0,1. Cac dai luong ngau nhién
la tai trong tac dung: my = 181380 mm, St = 18138
Nmm, mg;= 1180 N, Sg;; = 118 N, mpp =792 N, Sgp
=79,2 N, mg; = 3280 N, Sgy =328 N. Cac dai luong
ng?lu nhién 1a kich thude ¢ m; = 150 mm, S; =2 mm,
m, =75 mm, S, = lmm, m, = 90 mm, Sy, = 1,2 mm.
Cac dai lugng lién quan giéi han moéi : m, = 0,8, S, =
0,02; mg= 1, Sg= 0,02; mg, = 2,5; Sks = 0,03; mg, =
1,1, Sk.=0,033. Thiét ké voi do tin cay R = 0,999.

Két qua tinh toan thiét ké tai vi tri C nhu hinh

7.
TRUGNG HY'P 1 Fry v Fz NGUQ'C CHIEU - TAI V] TRIC
T baam heet ki 1
Db o e
N GES - HE] D 5 0
o -5 EH B 5 o E
E [0 5 [0 Wi s
L ET 8 [ L = 5
B 0w = v, [ g B %
£ | 5 [im B 5
. ,
8, [remn
3 b=
5 (irEsun
% s

Hinh 7. Tinh toan thiét ké truc

Sau do6 véi cac s liéu trén va ldy dudng kinh
d c6 gia tri trung binh va sai 1éch binh phuong trung
binh ta tién hanh phan tich do tin cay tai vi tri C (hinh
8).



= Trucog hep 1 Tai vl 16 C

TRUGNG HG'P 1 Fry v Fz NGUQ'C CHIEU - TAI V] TRIC
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Bang 1

P

i |
Hinh 8. Tinh toan phan tich do tin cdy

Ung dung chuong trinh trén ta khao sat anh
huéng cac dai luong ngéu nhién dén do tin vay va
kich thudc thiét ké. Gi6i han méi o, anh huéng 16n
nhat, vi du cac gi4 tri hé sb bién phan v, 14 0,01, 0,1
va 02 thi kich thudc duong kinh d ting déng ké
tuong tmg 30,7218, 32,6711 va 39,5186 mm va do
tin cdy giam dan 0.999971, 0,997744 va 0,96327. Do
chinh x4c kich thude it anh huéng dén do tin ciy. Do
do6 trong mot s6 bai toan ta co thé bo qua sy anh
hudng nay.

Sau d6 tién hanh so sanh giita hai phuong
phap phan tich do tin cdy phuong phap moémen
thich hop va xap xi chudi Taylor bac nhat, két
hop tim kiém diém xac suat 1on nhat. Ta khao
sat tai diém B trudong hop 1 (hinh 6), khi d6 ta
xem cac dai lugng oy, F; va T 1a cac dai lugng
ngau nhién. Theo phwong phidp momen thich
hop ta tim dugc B = 2,66085, tuong tmg R =
0,99608.

Khi phén tich theo phuong phap tim diém
x4c xuat 1én nhat. Ham trang thai téi han co
dang:

32

- 252 2
2(X) = G — e b°F> +0,75T

Khi chuyén sang khong gian U thi ham
trang thai c6 dang:
g(X) = (111,078 +16,3874U ;1) —

—N/7,23116(10 +Upp)? +35.11662(10 + Up)?

Qua 3 vong lap, cac Kkét qua hoi tu tai
chi s6 do tin ciy p = 2,66192, twong tmg R =
0,99609. Két qua trén bang 1.

T Buéclap | B (Us, Uk, Up)
0 0 (0, 0, 0)
1 2,66084 (-2,52212, 0,17102, 0,83053)
2 2,66192 | (-2,52114,0,16219, 0,838699)
3 2,66192 | (-2,52114,0,16219, 0,838699)

Két qua hai phuong phép cé sai léch,
tuy nhién khong dang ké.

5. KET LUAN
Tir két qua tinh toan ta c6 mot sd két
luan sau:

- Phuong phap tim diém xac suat 16n nhét chinh
xac hon phuong phap moémen thich hop. tuy
nhién phuong phdp tht hai don gidn hon.
Trong mot s truong hop khi phéan tich do tin
cdy c6 su sai léch khong dang ké gitta hai
phwong phap. Dé giai cac bai toan thiét ké trén
co sO0 do tin cdy nén st dung phuong phap
momen thich hop.

- Chuong trinh tyr thiét 1ap RADME c6 thé tng
dung dé phan tich va tinh toan thiét ké chi tiét
may va két cau co khi.

- Trong céc dai lugng ngu nhién thi co tinh vat
lidu anh huong nhét dén kich thudc thiét ké va
do tin cay thiét k& may. Sau d6 1a thay ddi tai
trong.

- Su thay do6i cac dai luong kich thudc it anh
hudng dén d6 tin ciy va trong mot sb trudng
hop c6 thé bo qua.
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