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Nghién ctru su anh huéng ctia phuong phap Iay mau dén chat luong
ctia phuong phap Polynomial Chaos ap dung cho hé thong treo trén 6 t6

Study on the effects of the Sampling method on quality of Polynmial
Chaos method applying to automotive suspension system

Dao Dirc Thy?, Lwvong Quy Hiép? Pham Van Trong?
Email: ducthuhd@gmail.com
Trudng Dai hoc Sao Do
2Truong Dai hoc Céng nghé Giao thong van tai
Ngay nhan bai: 15/11/2020
Ngay nhan bai stra sau phan bién: 25/02/2021
Ngay chap nhan dang: 31/3/2021
Tém tat

Vi su phat trién clia khoa hoc céng nghé, mé phéng s6é gilip rat ngan qua trinh thuc nghiém dé tao ra san pham
md&i. S dung phuong phap mé phong s8 cac md hinh vé déng luc hoc sé duoc chuyén déi vé cac mé hinh toan
hoc. D& mé phdng gan véi thuc té& thi can giai quyét cac bai toan phuc tap véi s6 lugng tham s6 khéng chic chan
I6n. Phuong phap Polynomial Chaos (PC) 13 phuong phap hiru hiéu d€ giai quyét cac bai toan trén [7]. Mét trong
cac yéu té quan trong anh hudng dén chat luong két qua ctia phuong phap PC chinh 1a phuong phap chon mau.
Trong bai bao nay tac gia gidi thiéu mot vai phuong phap chon mau phé bién. Dua trén cac két qua ciia md phong
clia cac phuong phap 1ay mau, bai bdo duwa ra cac wu nhuoc diém ctia phuong phap 1ay mau bing phuong phap PC

duorc so sanh véi phuong phap Monte Carlo.

Ttr khéa: Phuong phdp 1dy mdu; phurong phdp Polynomial Chaos; déng luc hoc; bién ngdu nhién.
Abstract

With the development of science and technology, digital simulation helps shorten the experimental process to
create new products. Using digital simulation, the dynamic models will be converted to mathematical models. To
simulate close to reality, it is necessary to solve complex problems with a large number of uncertain parameters.
Polynomial Chaos (PC) method is an effective method to solve the above problems [7]. One of the important
factors affecting the quality of the results of the PC method is the sampling method. In this paper, the author
introduces some popular sampling methods. Based on the results of the simulation of the sampling methods,
the paper presents the advantages and disadvantages of the PC sampling method compared with the Monte
Carlo method.

Keywords: Sampling methods; Chaos Polynomial method; dynamics; random variable.

1. DAT VAN BE x = (&)
1.1. Phuong phap Polynomial Chaos (PC)

Day phuong phap tinh theo xac suat. V&i phuong phap
(PC) nay ngudi ta sé chon moét s& lwgng mau nho, tinh
toan trén cac mau nay, cac k&t qua con lai sé duogc ndi
suy theo két qua tinh toan & cac miu. V&i phuong phap
(PC) s6 lvgng mau nho nén thoi gian tinh toan dugc rat
ngan, tuy nhién két qua cé sai sé.

Hinh 1. So' d6 khéi phuong phdp Polynomial Chaos

VGi g, la cac mau dugc |3y trong tap hop A, gia tri trung
binh dugc tinh theo cong thirc [1, 2]:

.
X =) "x0,
Ngudi phan bién: 1. PGS.TS. Tran Van Nhu re®) ZFO j(pf(g) (1)
2. PGSTS. Hoang Van Got p; Da thirc ctia PC.

Tap chi Nghién ciru khoa hoc, Trudng Dai hoc Sao D6, ISSN 1859-4190, S 1 (72) 2021| 51
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Theo tai liéu [2] da thirc nay dugc tinh theo céng thirc:

0,&)=9,E.&)=TTL,&) L ,E) @

Vi Lik(j) (k = 1...r): Da thirc Legendre dugc xac dinh bai
cong thirc:

(n+DL_ (x)=Q2n+DxL (x) nL (x) (3)
Vi

Ly(x)=1va L(x)=x
N, duoc tinh theo cong thirc:

N, +1= % (4)
Trong do:

r: S6 lwgng tham sé khéng chic chan;

p: Hé s6 clia da thirc (do nguoi tinh toan chon).

1.2. L6i trong qua trinh tinh toan

Trong qua trinh tinh toan str dung phuwong phap Monte
Carlo dé kiém chirng lai két quad cua phuong phap
Polynomial Chaos. Néu X, : Két qua ctia phuong phap
Polynomial Chaos, X,.: K&t qua ctia phuong phap
Monte Carlo, thi 16i trong qua trinh tinh toan sé duoc
tinh theo cong thirc:

e=Xpe Xye (5)

2. PHUONG PHAP LAY MAU

V6i phuong phap thuc nghiém, viéc 13y s lvgng mau cé
y nghia quan trong trong viéc quyét dinh chat lugng cua
két qua. Viéc 1ay mau yéu cau can dai dién cho tinh chat
cla tat ca cac phan tir con lai.

Hinh 2. Phuong phdp Idy méu

Trong qua trinh nghién ctru va hoan thién phuong phap
tinh, c6 nhiéu phuong phap 18y mau nhu:

2.1. Phuong phap Monter Carlo (MC)
V6i phuong phap nay thi mau la cac s& duoc 1dy ngau
nhién trong khéng gian mau [3]. Vi du vé viéc [dy mau I3

9 phan tir véi hé théng gdm cé 2 bién khéng chic chin
v6&i phuong phap 18y mau [a Monte Carlo.

&

&4
Hinh 3. Ldy mdu véi phuong phdp MC

Ta c6 thé thay véi phuong phap nay thi cac mau dugc
|ay mét cach 1a ngdu nhién. Do dé dé 16i cta phuong
phap 13 nhé thi sé lwvong 1ay mau phai 13 16n.

2.2. Phuong phap Hypercube Latin (LHS)

Phuong phap 18y mau Hypercube Latin 1a mot phuong
phap dugc phéat trién tir phwong phap 1ay mau Monte
Carlo [4]. M6t mAu LHS duogc tao ra bing cach chia
khéng gian cua cac bién dau vao thanh cac khéng gian
con khac nhau va 18y mau tirng khéng gian con nay. Véi
phuong phap LHS ngiu nhién (LHSa), ta thu dugc mot
s6 mau Q cho r bién ngau nhién theo ba budéc:

Budc 1: M6 phdng khoéng gian 1y mau trong cac6 Q x .
Budc 2: Ta chon ngiu nhién r cac hoan vi cta {1, ..., Qk:
T, ..., T, Xac dinh Q 6 hoat dong.

Budc 3: Tao ra Q bién doc 1ap théng nhat trén cac 6
hoat déng.

Khi chon & mau duoc chon 1a trung tAm ctia cac 6 thi ta
sé duoc phuong phap LHS xac dinh (LHSd).

Vi du, v6i s8 luong 1ay mau 13 9, véi hé théng cé 2 tham
s6 khéng chic chan thi tuong (ng vé&i cac Hinh 4a 13
phuong phap 18y mau LHSa va Hinh 4b tuong (ng véi
phuong phap 1ay mau LHSd.

1 +
+
+
+
+
-+
-1 . #
-1 1
E1
a. LHSa
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b. LHSd
Hinh 4. Ldy mdu véi phuong phdp LHS

2.3. Lay mau bing cach st dung nghiém cla cac da
thire (RR)

Viéc 18y mau c6 thé dugc thuc hién bing cach 18y ngau
nhién nghiém clia cac da thirc. Y twéng ctia phurong phap
nay 1a tim nghiém cutia bac da thirc thd (p+1). Cac miu sé
duwoc chon tir cac nghiém nay.

1

+ + +
<& + + +
+ + +
-1
-1 1
&

Hinh 5. Ldy mdu véi phuong phdp RR
3. MO HINH DAO DONG 1/4TREN 6 TO

NNt

BAT)

AL

Hinh 6. M6 hinh dao déng 1/4 trén 6 to

Theo tai liéu [5, 6, 7] md hinh dao dong 1/4 trén 6 t6
duwoc mé ta nhu sau:

m );1 = k(x )62)3 c()c‘1 Xz) (6)
mu );2 = ks(xl x2 )3 + c(“xil xz) + ku (Z(t) xz) (7)

Véi
m_: Khéi luong clia phan dugc treo;

LIEN NGANH CO KHI - BONG

m,: Khéi lwgng ctia phan khéng dugc treo;

k: Do cling cla hé thong treo;

c: Hé s6 can gidm chan;

k : D6 cirng cta banh xe;

2, D6 nhap nhé clia mat dudng;

X, Hé toa d6 gan véi than xe;

X, Hé toa d6 gan véi banh xe.

Trong qua trinh dao déng clia 6 t6 mdt s thong sé cla
hé théng treo trén 6 t6 la phi tuyén nhu: Do cling cua
I6p xe, u cao su,... Do dd, ching toi dé xuat gia tri cua
doé cirng hé théng treo va doé cliing clia banh xe thay déi
trong khoang 10%.

Bang 1. Théng s6 cua xe 6 té duoc khdo sdt [5]

Thong s6 Gia tri
k, 2000 N/m = 10%
m, 40 kg
m, 20 kg
c 600 Ns/m
z 0,2m

4. KET QUA NGHIEN cU'U

V6i hé phuong trinh duoc trén, sir dung chuong trinh
phan mém Matlab phong ta duoc két qud mod phong
ing vai trudng hop dau vao 1a mat dudng dugc mo
phong nhu Hinh 7.

Hinh 7. D6 nhdp nhé cua mdt dudong

Qua hinh vé trén ta thay trong gidy dau tién xe chuyén
dong trén mit dudng bang phing sau dé gdp map md
v6i do cao 1a 0,2 m sau do xe tiép tuc di trén mat duong
bang phang.

Véi dau vao duoc mé phéng nhu Hinh 7, khi tinh toan
véi phuong phap PC véi hé sé p = 1, p = 4 véi cac
phuong phap 18y mau da dugc trinh bay nhu trén, 16i
trong qua trinh tinh todn dao déng ctia phan dugrc treo
trén 6 té duoc thé hién trén Hinh 8 va Hinh 9:
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Hinh 8. L6i cua dich chuyén khéi luong duoc treo trong
qud trinh tinh todn vdi p=1

Trong Hinh 8 thé hién k&t qua 16i trong qua trinh tinh
toan theo thoi gian. Trong hinh viing mau den thé hién
cac gia tri 16i khi tinh theo phuong phap MC (eMC),
dudng mau den nét dirt thé hién gia tri trung binh cda
16i theo phuong phap 18y mau MC (mean (eMC)). Vung
mau doé thé hién cac gia tri 16i khi tinh theo phuong
phap LHSa (eLHSa), dudng mau dd nét lién thé hién gia
tri trung binh cua I6i theo phuong phap 1ay mau LHSa
(mean (eLHSa)). Vuing mau xanh nudc bién thé hién cac
gia tri 16i khi tinh theo phuong phap LHSd (eLHSd),
dudng mau xanh nudc bién nét dat thé hién gia tri
trung binh cuta 16i theo phuong phap 18y miu LHSd
(mean (eLHSd)). Ving mau xanh 14 cay thé hién cac gia
tri 16i khi tinh theo phuong phap RR (eRR), dudng mau
xanh 14 cay nét dirt thé hién gia tri trung binh cla 16i
theo phuong phap 1ay miu RR (mean (eRR)).

o 1 2z 3 4 s & 1 8 8 1
thixi glan

Hinh 9. L6i cua dich chuyén khéi luong duoc treo trong

qud trinh tinh todn véip = 4

Dua vao Hinh 8 va Hinh 9 ta thay ring viing gia tri va gia
tri trung binh cua 16i tinh theo phuong phap MC 1a 16n
nhat. Viing gia tri va gia tri trung binh cua 16i tinh theo
phuong phdp RR 13 nhé rat nhiéu so véi cac phuong
phap con lai. Nhu vay, khi sir dung phuong phap PC dé
tinh toan néu nhu ta st dung phuong phap 1ay mau la
RR thi I6i trong qua trinh tinh toan la nhé nhat.

So sanh cac két qua tinh toan cta phuwong phap MC vaéi
phuong phap PC khi tinh toan st dung phuang phap lay
mau laRRva hé sé p = 4.

0.zs
032+

015

L} 7 L] a 0

o 1 2 a 4

Ihiéri gian

Hinh 10. Két qud mé phdng giira 2 phuong phdp MC va
PC c6 phuong phdp Idy mdau ld RR va hé s6 p = 4

Hinh 10 thé hién két qua cua phuong phap PC khi st
dung phuong phap 18y mau 13 RR va hé s6 p = 4. Trong
Hinh 10 viing mau den thé hién cac gia tri dao dong clia
phan dugc treo trén 6 té khi tinh theo phuong phap
MC, dudng mau den nét lién thé hién gia tri trung binh
ctia 16i theo phuong phap 1ay mau MC. Ving mau den
thé hién cac gia tri dao dong clia phan dugc treo trén 6
té khi tinh theo phuong phap PC véi phuong phap lay
mau 13 RR, dudng mau den nét dirt thé hién gia tri trung
binh cta 16i theo phuong phap 13y miu PC véi phuong
phap 1ay miu 13 RR.

Dua vao Hinh 10 ta thay rang cac gia tri ciia dao dong
clia phan dugc treo trén 6 to khi tinh theo phuong phap
PC trung véi phuong phap tham khao.

5. KET LUAN

Phuong phap 1ay mau rat quan trong trong qué trinh
tinh toan bang phuong phap PC. Viéc st dung phuong
phap 18y mau hop ly sé giam duoc 16i trong qua trinh
tinh todn mé phoéng, gitp rut ngin thai gian tao ra san
pham mdi. Théng qua cac két qua mod phong ta thay
rang khi tinh toan bing phuong phap PC nén sir dung
phuong phap 1ay mau RR.
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