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TOI UU HOA THIET KE BQ MTMD GIAM DAO PONG XOAN CHO TRUC
UNG DUNG THUAT TOAN HOI QUY PHI TUYEN GAUSS-NEWTON
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Tom tat:

Cdc cong bd [3.,4] da dwa ra dwoc vung 16i wu ciia cdc tham sé bo TMD. Tuy nhlen vz méi bién chi
€6 hitu han cdc cap do dwoe chon (3 dén 4 cap do) trong viing khdo sdt, do dé bé théng sé toi wu thu doc
la mét trong cdc gid tri ciia cdc cap d¢ trong ving t6i wu da chon. Taguchl khong tra ra ham mo ta quan
hé giita cac dai lwong dau vao va dai lwong khdo sat ma danh gid t6i wu thong sé 1y sé tin hiéu trén nhiéu
(S/N). Bdi bdo nay phan tich hiéu qua giam dao déng khi sir dung dong thoi nhiéu bo TMD (MTMD-Multi
Tuned Mass Damper) Ddc biét phu’ang phdp 16 wu héa sir dung trong nghién ciru nay la phirong phép hoi
quy phi tuyén Gauss-Newton, két qua sé danh gla dwoc quan hé giita cac thong so MTMD voi dao dong
xodn théng qua mét ham todn hoc dang phi tuyén. Cdc két qua duwoc kiém chirng bang mé phong sé trén

Maple 2016a cho két qua tin cdy.

Tir khéa: Hoi quy phi tuyén, Thudt todn Gauss-Newton, MTMD.

1. Co s6 1y thuyét

Céc thuat toan Gauss-Newton dugc su dung
dé giai quyét cac bai toan binh phuong tbi thiéu
cac ham phi tuyén tinh. Thuat toan nay duoc Carl
Friedrich Gauss cai tién tir phuong phap Newton
cho viéc tim gié tri nho nhéat ciia ham. Khong gidng
nhu cac phuong phdp cua Newton, cac thudt toan
Gauss-Newton chi ¢ thé duoc st dung dé giam
thiéu mot tong cac gia tri ham binh phuong, nhung
no6 c6 thuén loi la cac dao ham bac hai khong dugce
yéu cau tinh cing ¢6 thé dugc tinh. Bai toan binh
phu’ong t6i thiéu ph1 tuyén tinh c6 the nay sinh
trong hdi qui phi tuyén, khi cac tham sé trong mo
hinh héi qui dugc tim thay thi mé hinh phu hop véi
nhitng quan sat c6 san. Noi dung chinh cta phuong
phéap nay nhu sau:

Chomhamr=(r, ..., r ) (thuong dugc goi la
du) ctia n bién p = ([31, . [3 ), v&i m > n, thudt toan
Gauss-Newton tim cic gia trj cua cac bién mot cach
lap di 1ap lai dé lam tdi thiéu tong binh phuong [1]

S(B)= 2 rH(B)

Bit dau véi B dé tdi thidu, phuong phap
tién hanh cac vong lap
(s+1) — As) TYYIYT s)
RSB0~ @) ()
Neéu r va f la vector cdt, cdc muc cua cac ma
tran Jacobian la

(B
-2

va biéu tugng T biéu thi sy chuyén vi ma tran.
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Néu m = n, vong ldp rat gon
BV =B - (1) (BY)

D6 1a mot sy tong quat truc tiép cua phuong
phap Newton trong mot chiéu.

Khi phu hop dit liéu dé tim cac thong sb g thi
ham mau da cho y = f{x, #) s& phil hop nhit mot sb
diém dir liéu (x, y), ham 7, 1a ham du thira

ﬁ) =i _ﬂxi:ﬁ)

Sau do, cac phuong phap Gauss-Newton c6
thé duoc thé hién trong diéu khoan cua Jacobi J
cua ham f1a

BV =p0 - (I TI) N (V)

Vlec gid st m > n trong thuat toan la can
thiét, vi néu khong ma tran J 1] khong thé nghich
dao dugc va cac phuong trinh binh thuong khong
thé duoc giai quyét (it nhat va duy nhat).

Cac thuat toan Gauss-Newton ¢6 thé duge
bét ngudn boi vector xap xi tuyén tinh ctia ham r,.
Su dung dinh 1y cta Taylor, ching ta c6 thé viét ¢

mdi 1an lap
H(B) = r(B)+J.(B)A
Vé6i A = B— B°. Nhiém vy tim A dé tdi thiéu
téng binh phuong cua phia bén tay phai, tic la,
minr(B)+3,(B)AI 5
1a mot bai toan binh phuong téi thiéu tuyén tinh
6 thé duoc giai mot cach dé dang, thu dugc cac
phuong trinh binh thuong trong thuat toan.

f

2. Phwong trinh vi phan dao ddng xoén ciia co hé
Xét mo hinh truc may co6 lap MTMD nhu
Hinh 1. Trén truc mdy c¢ lap dia khoi luong m , ban
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kinh R . MTMD dugc lap dbi xtmg qua tim dia may
trén duong tron ban kinh e (Hinh 2). Truc may quay
déu véi toc do n vong/phut.

Hinh 2. M6 hinh MTMD

Pong nang cua co hé¢
1 S 1 , .
T= jJSQZ + EJquQ + 7me2¢$ i=1.4 (1
Tinh thé ning cta co hé
4 4
1= mge % cosp, + ke’ 2 9+ k. (9.0~ Q)
@)

Ham hao tan:
1 &
D= jcezi; @; (3)
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Vay phuong trinh vi phan chuyén dong cua
co hé:

me* ((p + (pl) = mgesinQ, — kez(pi - ceQ(pi
(i=1.4) (5)

3. Xdc dinh tham s6 t6i wu cia MTMD bing
thuit toan Gauss-Newton

Ta dit cac hé sb hz?mg :

m k c

H=3p0=1:B=%

Str dung ving khao sat toi wu cua cac bién
khao sat nhu di dugc cong bd trong [3,4]. Cac cap
dd dugc chon trong ving tdi wu duge mo ta trén
Bang 1. Bang thuc nghiém L9 dugc chon nhu trén
Bang 2. Bang 3 moé ta két qua thu dugc khi mo
phong s dao dong xoén cua truc 1ip MTMD trén
phian mém Maple 2016a.

Bang 1. Mién khdo sat va cap dg cia cdc thong so

khdo sat

Cép do U a i
0.01 0.05 0.001
2 0.02 0.10 0.005
0.03 0.15 0.010

Béang 2. Bang thuc nghiém L9

Cép do U o B

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

Bang 3. Bang thuc nghiém khi chay mo phong trén Maple 2016

Bo U=<4% o< 10% B<1% Dao dong xodn tai ¢ = s
1 0.01 0.05 0.001 0.00749396853866408
2 0.01 0.10 0.005 0.02697986205450190
3 0.01 0.15 0.010 0.04412186472455790
4 0.02 0.05 0.005 0.00957495705958608
5 0.02 0.10 0.010 0.02673585648017400
6 0.02 0.15 0.001 0.00521742659631808
7 0.03 0.05 0.010 0.00635671647822808
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T(I)rsional vibration, rad
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Hinh 3. Dao déng xodn ciia truc khi lap MTMD véi

b6 thong sé 1

o
W

n, rad
[=]
[\

e
-~

<

Torlsional vibratio
[=]
—

S
N

0 0.1 0.2 0.3 0.4 0.5
Time (s)
|=—=WITHMTMD|

16  Khoa hoc & Cong nghé - S6 10/Thang 6 - 2016

8 0.03 0.10 0.001 0.00521739126929808
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Hinh 4. Dao déng xodn ciia truc khi lip MTMD véi
b thong so 1

Thiét ldp ham hoz quy phi tuyén mo tda quan
hé giita dao dong xodn va cdc théng sé cia bo
MTMD

Phuong trinh hdi quy phi tuyén mong mudn
thiét 1ap c6 dang:

0=au"+a,a"+a,p" (6)

Trong (6) a, a, a, b, b, va b, la cac he
s6 can tim. St dung thuat toan h01 quy phi tuyén
Gauss-Newton chay trén nén phin mém Minitab
v6i cac khai bao nhu hinh sau (Hinh 5).

Jllonlinear Regression
c1 muy Resporse: [TR
C2 alpha
C3 beta
C4 TR —Expectation Function

Cl  muy tion function:

C2 alpha = = =

o N a1* muy~b1+a2* alpha”b2+a3* beta”b3
C4 TWR

Hinh 5. Thiét ldp dang ham hoi quy phi tuyén
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Ta thu dugc cac két qua tinh toan
Nonlinear Regression: TVR = al * muy A bl + a2 * alpha A b2 + a3 * beta A b3

Method

Algorithm Gauss-Newton

Max iterations 200

Tolerance 0.00001

Equation

TVR = 1.86522e+023 * muy ~ 5.75995e+020 + 0.00279629 * alpha ~ -0.0288234 + 0.216406 * beta ~
0.52258

Parameter Estimates

Parameter Estimates

SE
Parameter Estimate Estimate
al 1.86522E+23 *
bl 5.7599SE+20 -
a2 2.79629E-03 *
b2 -2.88234E-02 -
a3 2.16406E-01 *
b3 5.22580E-01 -

IVR = al * muy ~ bl + a2 * alpha ~ b2 + a3 * beta ~ b3

Summary

Iterations 8

Final SSE 0.0009495

DFE 3

MSE 0.0003165

1 0.0177901

A PO A , ) R

4. Két qua va nhin xét theta:=1.86522 - 107, /7795 10"

Nhu vy, phuong trinh phi tuyén mé ta dao

’ , .y 0.0288234 . 0.52258
d6ng xo#n ciia truc (Hinh 1) khi lip MTMD véi cac 000279629 - o +0.216406 8

thong sb khao sat 1a: with(Optimization): . 3 s s
0 =1.86522.10% 1> 710" + 0002796290 "% + NLPSOfve(thelta, “=100-100° % =7100-100"
+0.2164068" 7% (7 B=T1000100):
Vé mit toan hoc khi ham da xac dinh hoan Két qué thu duge nhu sau:
toan cho ch}'lng ta du doan vé dao dong xoan voi Lo =0.03=3%
cac thong so dau vao da cho. Nghia la véi moi bo o, =0.15=15%
thong so6 thict k& cho ta mot dy doan xap xi vé dao B, = 0.0009999 = 0.099 %
dong xoan. Va cling tir ham phi tuyén nay cho phép
chung ta tim dugc cuc tri ciia ham dé xéc dinh cac 0.3
tham s6 ti wu.
Dé danh gid do tin cdy ctia ham hdi quy phi & 0.2-
tuyén thu duoc tir dai lqug SSE muc Summary. 51‘
Dai luong nay c6 nghia la tong binh phwong cacloi 5 0.1
con sot lai (the sum of squares of the residual error). &
SSE = 0.0009495 = 0.09495%. Két qua nay mo ta ; 0
phuong trinh hoi quy phi tuyén thu dugc & trén la g
rat tin Cefly’. o 'g 0.1
Tiep theo tac gia xac dinh tham so t6i vu &
ciia ham phi tuyén. Chuong trinh dugc lap trén 0.2
Maple 2016a béng viéc st dung thu vién tdi wu hoa
Optimization va 1énh NLPSolve dé tim cyc tiéu cua 0 R (g,)o'3 04 05
ham phi tuyén.
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Torsional vibration, rad
o
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|[=-=WITHOUT MTMD =———=WITH MTMD)]

Hinh 6. M6 phéng dao dong xodn ciia truc véi bé
tham so toi wu tim duoc

Xac dinh duoc @, va f3,, cho phép ta chon
16 xo va dau giam chan vdi lya chon toi uu nhat.

Tai gia trj toi wu cia K,, =0.03 ham phi
tuyén trén tro thanh

0= 0.00279629

0.0283234
(o4

+0.2164063" 7"

DO thi md ta anh huong cua o, § dén dao
dong xoan duogc the hién trén Hinh 7.
~ Tai gia tri tdi wu cua a,, = 0.15 ham phi
tuyén trén tré thanh
0 =1.86522.10% g ™!

+0.002953452977

opt
)20

+0.2164063°228 +

D6 thi mo ta anh huong cua 4, f dén dao
dong xo4n dugc thé hién trén Hinh 8.

SooLoooo0o0
[=T=T=T ey )l b 1 )
o BRANONIRNOIN

0.002
0.004

B

0.010 0.15

Hinh 7. Anh hwong dong thoi ciia o,
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Ontatatututututut et
SO O ai—hIb
o ©BORONANRSN

Hinh 8. Anh hwong dong thoi ciia [,

Tai gié tri ti vu cia 3, = 0.00099999 ham
phi tuyén trén tro thanh

6 =1.86522. 10 77 10"+ 0-00279629

_|_
0.0283234
o

+0.005855032332

Do thi mo ta anh huong cua 4, o dén dao
dong xoan duogc thé hién trén Hinh 9.

Hinh 9. Anh hwong dong thoi ciia i, &

Do thi Hinh 7 mé ta anh huong ddng thoi
cua hai dai luong o, f dén dao dong x0&n cua truc
méy. Tir db thi ta nhan thiy dao dong xoén s& giam
néu ting o va giam /3 trong ving khao sat cia mdi
bién. Tang do 16n ciia o nghia la tang d6 cimg & cua
10 x0 bd TMD trong pham vi khao sat. Dé hép thu
dao dong x0&n cua truc may (hé chinh) thi h¢ phu
phai duy tri dao dong. Ban chat cua viéc hap thu
dao dong la nang lugng co6 hai cua h¢ chinh duoc
gui sang hé phu (MTMD). Khi d§ cting cua 10 xo
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du 16n s& d& dang duy tri dao dong ctiia hé phu @& nghia 1a sy thay ddi sy cac bién dau vao o, f lam
hap thy nang Iugng c6 hai cia hé chinh. Tuy nhién, dao ddng xoan cia hé tang hoac giam nhanh. Két
mat cong bi€u dién moi quan h¢ nay 1a mat cong 16i,  qua thu dugc twong tu trén cac do thi Hinh 8 va 9.
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OPTIMAL DESIGN OF THE MTMD FOR REDUCING TORSIONAL VIBRATION
BY USING GAUSS-NEWTON NONLINEAR REGRESSION ALGORITHM

Abtract:

The published in [3,4] have determined the optimal parameters range for the TMD. However, as
each factors were only limited to the selected level (level 3 to 4) in the survey, so the optimal parameters
obtained is one of the values of the optimal regional level. The Taguchi method does not return the results in
the form of mathematical functionsthat the optimal parameters were determined by the S/N ratio. This paper
presents effectively reduce torsional vibration when using MTMD. Specially, the optimization methods used
in this study is the method of Gauss-Newton nonlinear regression algorithm. Results will be shown the
relationship between these parameters to MTMD by a nonlinear mathematical function form. The results
are verified by numerical simulation on Maple 2016a.

Keywords: Nonlinear Regression, Gauss-Newton algorithm, Multi Tuned Mass Dampers.
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