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THIET KE VA PHAN TICH CHI TIET MAY TREN CO 6 PO TIN CAY THEO
PHUONG PHAP MO PHONG MONTE CARLO VA BE MAT PAP UNG

Nguyén Hitu Léoc
Khoa Cd Khi, Pai hoc Bach Khoa TP H Chi Minh, PHQG-HCM
(Bai nhdn ngay 31 thang 10 ndm 2005, hoan chinh sita chita ngay 21 thdang 12 ndm 2005)

TOM 9TA: T: Trong l{u‘é't ké va ché tao két cdu va chi tiét mdy, cdc tinh chdt va kich
thudce thay doi mét cdch ngdu nhién. Nguyén nhdn su khdc nhau nay la do suw thay déi cua téi
trong tdc dung, co tinh vdt liéu va chat lwong gia cong (dung sai kich thuéc). Bai bdo trinh
bay itng dung phirong phdp mé phdng Monte Carlo va bé mat ddp iing dé thiét ké va phdn
tich chi tiét mdy trén co s dg tin cdy. Cdc két qud tinh todn so sdnh dugc thitc hign trén
chuong trinh mdy tinh Mocsim ty thiét lap.

1. TONG QUAN

Trong thyc t€ cdc dai lugng thi€t k€ 1a cdc dai lugng ngiu nhién. Trong thit k& cdc
hé thong phitc tap su thay d6i nhd cdc théng s6 diu vao 1a nguyén nhin din dén that thost
cha't lugng hodc khéng ddm bio db tin cdy, an toan (gdy nén cdc sy kién héng héc nghiém
trong) cho sédn phim. Phuong phdp thi&t k& xdc sudt, bao gdm: thi€t ké& theo db tin cdy [1-6,
8-10, 12-20], thi€t k& bén viing [3, 5] va thi€t k& 6 sigma [7], nghién ctu tinh todn theo sy
phédn phéi xdc suit cdc dai lugng thigt k&, thay vi chi sit dung cdc gid tri don dinh. Phuong
phdp thi€t k& xdc sudt nay ddm bio do tin cdy cho trudc, an toan, chat Iugng va tinh kinh t&
san phdm. St

Phén tich va thi€t k&€ mdy va chi ti€t mdy theo dd tin ciy chi dugc chii § vao nhiing
nim gin ddy. Thong thudng ta sit dung ba loai phucng phdp dé€ tinh todn dd tin cdy theo
ham trang thdi gidi han: phuong phdp mé phdng Monte Carlo [2, 8, 10, 14, 15, 16], phudng
phdp xdp xi dua trén md hinh gidi tich d6 tin cay két cdu [5, 6, 9, 12-14, 18, 19, 20] va
phuong phdp bé mit ddp dng [1, 2, 8, 10, 13, 17-18].

D6i wong nghién citu trong bai bdo nay (ing dung phuong phdp md phdng Monte
Carlo (MCS) va phuong phdp bé mit ddp ting dé thi€t k& va phan tich chi tiét mdy (véi vi
du tryc truyén dong) theo do tin cay. Lép cdc chuong trinh tinh todn theo cdc phuong phép
nay, so sanh k&t qud véi cdc phuong phdp xap xi khdc. Bai todn thi€t k& theo do tin ciy
dugc khdo sdt nhu 1a bai todn t6i uu trén co s do tin cdy v4i mot bién thiét k€,

2. PHUONG PHAP MO PHONG MONTE CARLO

D§ tin cdy la xdc sudt clia ham trang thdi gidi han g(X) > 0, tuong Ung vdi gid tri
- clia cdc bién ngdu nhién X = (X,, X,..., X,) nim trén ving an toan, dudc xdc dinh theo
cdng thic:

R=P(gX)>0)= [f,(x)dx (1)
g(X)>0
Xdc dinh tich phan (1) rdt khé khin, thdng thudng ta st dung phudng phdp md
phéng Monte Carlo d€ udc lugng. Phuong phdp niy cé uu diém 1a d& thyc hién, bén vitng,
chinh xdc khi s6 thir nghiém 18n, phit hop cdc bai todn cé nhiéu dang hdng, tuy nhién né
dodi héi s6 lugng 16n cdc phin tich khi dé tin cdy cao. M5 phdng Monte Carlo thudng sinh
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ra d6 nhidu khi phan tich dd tin cdy, nén rat khé khin khi s dung cho cdc bai todn t3i uu
trén cd sd gradién.

Trinh tu thyc hién phdng Monte Carlo gém ba budc:

- Lay miu cdc bi€n ngdu nhién: tao mau la cdc bi€n ngau nhién.

- Thi¥ nghiém s&: udc lugng ham trang thdi gidi han g(X).

- Phéin tich théng k& mé hinh diu ra.

Khi s8 lugng cdc gid tri m6 phdng tuong d6i ddy di (hinh 1), xdc sudt khong hdng

hodc d9 tin cdy dudc xdc dinh theo cong thidc:

_ SG1AnY>0 @
" Téng s6 mo6 phdng N

X,

Mién hong g(X)1 <0

Mién anoin ¢1X) >0

0 L " " xl

s

Hinh 1 K&t qud m6 phdng Monte Carlo véi hai dai lugng ngiu nhién

Tuy thudc vao cic ng dung khdc nhau, c6 3 loai chudi s6 ngdu nhién dugc st
dung: chudi s6 ngiu nhién that, chudi ngiu nhién pseudo (tao bing mot qué trinh bat chudc
qud trinh ngdu nhién), chudi ngiu nhién quasi.

P& tao tip hop cdc gid tri bi€n ngiu nhién phan phéi chuin z,, 2,, ... , z, dau tién ta
cin phdi tao tip hogp cdc s& ngdu nhién phan phéi déu uy, uy, ..., U, vi 0 < y; < 1. Sau dé
véi mbi gid tri u; ta ¢6 thé tao gid tri z; st dung biéu thifc:

zi = @' (u) €)
trong dé @' 12 ham ngugc clia ham phan phdi tich lily chudn tiéu chudn.

Gi4 sif ring ta c6 bi€n ngiu nhién phan phdi chuin X v6i gid tri trung binh my va
sai 1&ch chudn Sx. Quan hé giita X va hé s6 bién phin tiéu chudn z:

X= my + ZSX (4)

Trong trudng hdp phin phéi logarit chudn, d€ tao gid tri miu x;, du tién ta tao gid
tri miu u; cla s& ngiu nhién phin phdi déu 0 < y; < 1. Sau d6 gid tri miu z; phin phdi
chudn tiéu chuidn dudc tinh theo cong thitc (3). Theo su quan hé giita bién ngiu nhién phin
phdi chuidn va logarit chudn, ta thu dudc x; theo biéu thifc:

X; = e(ll‘lnx+1islnx) : (5)

trong d6 véi vx <0,2tacd Siy = ln(vfc + l)z vi vd m, =Inmy —%anx ~Inm, (6)

Khi d6 phucng trinh (5) c6 thé dudc viét lai nhu sau:

X = Mgl ' ¥ (7)
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3. PHUONG PHAP BE MAT PAP UNG

Trong nhiéu @ng dung k§ thuit viéc udc lugng ham trang thdi gidi han ton nhiéu
thdi gian va cong sitc. Khi d6 ta c6 thé tao mo hinh thay th€ dé thay th€ him trang thdi ban
ddu. Qud trinh thay thé nay dugc thyc hién bing phuong phip bé mit ddp ng. Xap xi bé
mit ddp Wng khic phuc hai nhugc diém chinh clia mé phdng Monte Carlo 12 thdi gian mé

phdng va do nhicu. Quy hoach thye nghlém
Trong phudng phdp bé mit ddp ung ta voi myc dich t61 vu ‘

can phdi xdc dinh dang phuong trinh thay thé sy -

N i : . Phén tich va x8y dung bé
(da th'j’c b?_lC I'lha[, bac hﬂl, bﬁC ba, mﬁ, lOgaI'l[, lna‘ dép ‘fug phﬁ“ tich
dudng cong spline, da thifc Lagrange...). Him i
thay th€ cin phdi chinh xdc so vdi mo hinh - [[Quy hogch thye nghiém

véi muyc dich 161 vu

ban diu va cin sd thuc nghiém it nhat. Khi da
thu dugc ham thay thé thi ta s& st dung céc

v

Mé phdong Monte Carlo va

phuong phdp da khdo sit nhu mé phdng bé mat ddp ung thiet ke’
Monte Carlo, xdp xi chudi Taylor bic nhat, E
xap xi chudi Taylor bic hai... d€ phan tich Toiuu

hodc thiét k& theo dd tin cdy. Ngoai ra con

tng dung trong viéc gidi bai todn todn t8i uu No
trén cd sd do tin cdy (hinh 2). No

Yes
Két thic

Hinh 2

Phuong phdp bé mit ddp dng gdm 3 dang chinh:

— Xdp xi bé& mit ddp dng ngiu nhién, sit dung dé€ ddnh gid do tin cdy. Khi d6 bé mat
ddp ng 1a ham trang thdi gi6i han 12 ham s& cdc bi€n ngdu nhién g = g(X).

— X4p xi bé mit ddp @ng phan tich. St dung cho thi€t k&€ va ddnh gid do tin ciy.
Ung dung trong trudng hgp s6 bi€n 16n. Khi d6 bé mat ddp ng 1a ham trang th4i gidi han
12 hAm s cdc bi€n ngdu nhién va thi€t k& g = g(d, X).

— X4p xi bé mit ddp @ng thi€t k& dugc sif dung trong cdc bii todn t8i uu hod trén cd
s do tin cdy. Khi d6 bé mat ddp Ung
12 ham trang thdi gidi han 12 ham s8

cdc bién thiet ké g = g(d). Khbag g . _..--""4

Trong bai todn st dung bé HHERRe 7 o
mit ddp @ng dé thi€t k& hoic thiét k& Dufitng bién todn bj
pr % ¥ R s A , 2 ,-' khéng glan thiét k¢’
t01 uu trén co sO dd tin cdy ngudi ta AT cho 0 hinh bé mt
chia ra: phuong phdp bé mit ddp ting 1 ¥ MprsgtalEeo
todn cuc cho toan bd khong gian thiét
k& va bé mit ddp tng cuc bd (hinh 3). o K i i i

bé mit ddp ¥ng cyc b

Hinh 3 Khéng gian thi&t k&€ m6 hinh bé mit ddp itng
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Phuong trinh hdi quy bc hai

y= b0+be +Zbu :

c6 dang:

k
Zbiuxixu

i<u
u,i=1

Céc hé s6 phuong trinh h i(t

N

b, = NZ

hdi qu

K N

ZZ
j=1 i=l j=1
N

biu = N?L3 = xm quj )

heo qui hoach dang B):

l N
Yis b Y Z"ijyj

2 =1

i=

1 C 2 d < 2
bu_ﬁjzllxinj_ﬁzxinj"

(8)

b N
N2

Cic hé s6 ?Lz, l3, A4, 2, b, ¢, d dugc xdc dinh theo cdc cOng thiic sau:

qu,
_||
‘i
= — X s
Nl
?LZ .
Mg =g b RN~ RAS
Ay 22

b=

zxm ju

kA%
Ay — Ay + KAy — KA

e

T (hg = A3)(hg —Ag + KAy
Trinh tu t8ng qudt ctia phudn

-kA2) -
g phdp bé mit ddp ing:

. Xdc dinh bi€n thi€t k& (bi€n diu vao) va bi€n ddp ing (ddu ra).

1
2. Xic dinh diéu kién gi6i han clia cdc bi€n thi€t k.
3.
hop cdc bi€n thi€t k& va dang bé mit ddp ing.
4
5

tich khdc, vi du phan tich dd
nhay.

6. S dung mo6 hinh bé mit ddp
irng d€ phan tich do tin ciy.
Khi tng dung mé hinh bé mit

ddp dng toan cuc cho bai todn thi€t k&

ta phdi sit dung phucng trinh hdi quy
bic cao, ddi héi mit nhi€u thdi gian
md phdng tinh todn va gidi bai todn tGi
wu. P6i v6i mo hinh bé mat ddp tng
cuc bd (hinh 4) thi s6 m6 phdng it hon
va ¢6 thé sl dung phuung trinh héi quy
tuyén tinh dé dat d6 chinh xdc theo
yéu ciu.

Quy hoach thuc nghiém, bao gém: s6 thuc nghi€m, cdc mic bién thiét k&, su két

. Ti&n hanh thuc nghiém d€ thu cdc bi&n d4p tng tai diém thi€t k€ xdc dinh & budc 3.
. Xdc dinh cdc hé s6 chua bi&t clia md hinh bé mit ddp ng va thyc hién cdc phin

Gid tri thi€t ke ban ddu
r T 4]
Y

A6 phong Monte Carlo

v

X4y dyng mé hinh bé mat
dsdp ung cyc bo

Y

T6T vu thiet ké' vdi mé hinh
bé mat ddp ung cyc bo

Cdp nhdt gid trj thiét ké’l
3

/f“\\
" Théa mén No
Qlﬂmmuctléu/"—‘_
.

/

Yes

Két thic

Hinh 4 Giai thuit thi€t k& theo md hinh bé mit
ddp tng cuc bd
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4.KET QUA THIET KE VA PHAN TiCH PO TIN CAY CHI TIET MAY
4.1 Phén tich d9 tin cay
Ung dung cdc phuong phip mé phdng s5 dé _

phén tich dd tin cdy chi ti€t mdy. Khdo sét truc truyén A

dong tai di€ém C hinh 5 [11]. Gi4 tri cdc dai lugng ngiu F
nhién phan phdi theo qui luat chuin véi my = 181380
mm, St = 18138 Nmm, mpz=792 N, Spp =79,2 N, mp,; =
1180 N,Sg1 = 118 N, mp; = 3240 N, Sgy; =324 N, mgji, =
111,078 MPa, Sqjir, = 14,871132 MPa. Céc dai lugng don I b
dinh: a=75 mm, 1= 150 mm, b=90 mm, d =32 mm. =

I »

Y

Hinh 5
Ham trang thdi gidi han truc tai vi tri C:
2 2
S i 2 (F”JS + F,2.90J +[F“.75] BT
.32 2 2

Mé phéng Monte Carlo (phan phdi chuin)

Str dung mé phdéng Monte Carlo dé tim gid tri cia gidi han modi oy, tai trong Fy, Fy,
Fr» va mémen xodn T. Cdc s6 liéu thu dudc véi cdc s6 thi nghiém N khédc nhau cho trong
bang 1. K&t qud mé phdng vdi N = 100000 minh hoa bing hinh 6.

Bang 1
-S8 thif nghiém N=10 N=100 N=1000 | N=24900 | N=100000
Xdc sudt khong hdng 1 1 0,997 0,9975904 | 0,99778
Tan suit xuit hién TAn suit xudt hién
Ung sudt o Gidéi han méi ojm
a) b)
Tan sudt xudt hién Tan sudt xud't hién

Ham trang thai gidi han g(X) G, Olim
c) d)
Hinh 6 D4 thi mat do phan phdi thu dugc theo dit liéu mé phdng Monte Carlo
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Mé phéng Monte Carlo (phdn phéi logarit chudn)

Giai bai todn vdi tai trong Fyy, Fiy, F2 v mémen xodn T 12 cdc dai lugng ngiu nhién
ddc 1ap phan phdi theo qui luat logarit chudn. Céc s& liéu thu dugc cho trong bdng 2. Két
qud mo phéng v6i N = 100000 minh hoa bing hinh 7.

Bang 2. K&t qua tinh theo phin phdi logarit chuin F,, Fyj, Fz va mémen xodn T

S6 thit nghiém N 10 100 1000 24900 100000
Xac suat khong héng 1 1 0,995 |0,9973494 | 0,99764
Tén suit xuit hién Tan sudt xuat hién

Ung suit o Gi6i han méi Gim
a) b)

Tan suit xuit hién Tén suit xuit hién

Ham trang thdi gidi han g(X) O, Olim
¢) d)
Hinh 7 P4 thi mat dd phan phéi thu dudc theo dit liéu mé phdng Monte Carlo
Phuong phdp bé miit ddp ng
Sau qua trinh quy hoach thuc nghi€ém ta thu dudc ham trang thai gidi han:
- M5 hinh tuyén tinh: '
2(X) = oym — (1,91842461 + 0,00437940F,, + 0,00524863F, + 0,00668394F,; + 0,00019419T)

- M6 hinh tuyén tinh ddy du:

g(X) = oym — (~15,708214 + 0,00660440F; 1+ 0,00742521F,+ 0,01113628F,; +0,00028405T
+0,00000208 168F;,F,—0,00000046895F;,F,;—0,00000001288F,, T — 0,00000056081FF,; —
0,00000001540F,,T — 0,00000001905F,,T)

- M6 hinh bic hai:
g(X) = Gy — (~1,034085 + 0,005167F, 1+ 0,006368F o+ 0,006853F,; + 0,000195T
+0,0000006075 F2 + 0,0000006654 F2 + 0,0000006522 F2 + 0,0000000002T2

+ 0,0000020817F;Fr, — 0,0000004689F;,F,, — 0,0000000129F,,T - 0,0000005608F;F;
- 0,0000000154F,T - 0,0000000190F,,T)
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Sau khi thu dugc bé mit ddp dng, ta st dung m6 phdng Monte Carlo véi
100000 miu dé phan tich do tin cy ta v8i két qud thu dugc nhu bang 3.

Béng 3 Bing két qua ddnh gid do tin cdy giita cdc phuong phap

Phuong MCS MCS Hdiquy | Héiquy | Héiquy | Timdiém | Mdémen
phip tht | phinphdi | phinph6i | béchai | tuyéntinh | tuy€ntinh | xdcsudt | thich hgp
chuidn logarit diy da 16n nhét
chudn
b§ tincdy R | 0,99778 0,99764 0,99809 0,99658 0,99708 - | 0,998074 | 0,997673

4.2 Thi€t k& biing md phong Monte Carlo va bé mit ddp @ng

Trén cd.sd 1y thuy&t trinh bay ta s dung bé mit ddp tng phan tich dé tinh todn
thi€t k& duding kinh truc vdi rang budc dd tin cdy R = 0,999. Piy dudc xem nhu 1 bai todn
t6i vu mdt bién 12 dudng kinh d. Gid tri d dy dodn trong khodng 27...37 mm. St dung céc
phuong phdp thiét k& t6i wu cho haim mot bién: phuong phdp budc nhdy va phuong phap
chia déi, st dung bé mit ddp dng toan cuc va cuc bd. Bé mit ddp dng todn cuc ¢ dang
phuong trinh hdi quy bic 2, bé mit ddp dng cuc bd c6 dang phuong trinh hdi quy tuyén
tinh. Tinh todn tién hanh vdi s& bé mit ddp ng cuc bd 1a n = 10, 30 va 100, sit dung MCS
dé ddnh gid do tin ciy trong qud trinh xdc dinh bi€n thi€t k€ theo sg d6 hinh 4. K€t qud tinh
todn trinh bay trong bdng 4.

Bang 4. Gi4 tri dudng kinh d thu dudc theo cdc phudng phdp khdc nhau

Moémen | Phucdng Phuong | St dung bé mat | S& dung bé mat ddp iing cuc bd
thich phédp budc | phdpchia | ddp ing toan bac nhi't va MCS
hgp nhay doi cuc bic hai va n=10 n=30 |n=100
MCS
32,52 | 32,6 32,585938 | 32,620117 32,796875 | 32,791667 | 32,775

Céc k&t qua thu dugc khdng c6 su sai 1éch dang k€. Theo tiéu chudn ta chon doan
truc nay c6 dudng kinh d = 32 mm hodc 34 mm [11]. Néu d = 32 mm thi két qud phan tich
db tin cdy trinh bay muc 4.1, n€u d = 34 mm thi ta ti€n hanh phan tich tuong ty. Do d6 véi
sU trg gitip mdy tinh ta hoan toin ¢6 thé sit dung phuong phédp mé phdng Monte Carlo va
bé mit ddp ng dé thi€t k€ chi ti€t may.

5. KET LUAN

Ta ¢6 thé sit dung cdc phudng phdp md phdng s& dé ddnh gid do tin cdy két cdu
mdy va chi ti€t mdy, tuy nhién d€ dat d6 chinh xdc mong mudn thi cdc phuong phdp trén
ddi hdi khéi lugng tinh todn 16n. Do dé chi thich hgp dng dung khi 14p cdc phin mém tinh
todn trén mdy tinh. P& v6i cdc mé hinh tinh phifc tap ta ¢é thé sit dung phuong phdp bé
mit ddp ng dé thay th€ ching biing cdc phudng trinh héi quy bac nhat hodc bac hai, tir d6
stt dung cdc phudng phép xap xi hoic md phdng Monte Carlo d& dé dang phin tich hodc
thi€t k& theo d6 tin cdy. Trén cd s3 niy ching t6i xdy dung phuong phdp gidi bai todn t&i
uu nhiéu bi€n trén cd s3 dd tin cdy sit dung phuong phdp mé phdng Monte Carlo va bé mit
ddp ung.
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RELIABILITY-BASED ANALYSIS AND DESIGN OF MACHINE ELEMENTS
USING MONTE CARLO SIMULATION AND RESPONSE SURFACE METHODS

Nguyen Huu Loc
Faculty of Mechanical Engineering , University of Technology, VNU-HCM

ABSTRACT: In the desing of machine elements for mass production, every produced

item is different from each other. The uncertainties or changes in load, materials and
manufacturing quality cause these differences. Thi paper introduces the application of
Monte Carlo simulation and response surface methods in reliability based design and
analysis of machine elements. The result of calculation and comparison have been carried
out in the establishhed comptuter program called Mocsim.
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