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MO HINH TOI UU HOA CO CAU RUNG VA PAP RLC
BANG PHUONG PHAP BE MAT CHi TIEU
OPTIMIZATION MODEL OF THE RLC VIBRO-IMPACT MECHANISM
USING RESPONSE SURFACE METHODOLOGY

Nguyén Vin Du, Trang Thanh Trung La Ngoc Tuin
Truong Dai hoc Ky thudt Cong nghiép Thai Nguyén  Truong Dai hoc Sw pham Ky thudt Vinh

TOM TAT

Co céu rung-va dap dua trén nguyén ly mach céng huéng RLC, khai thac rung dong va va
dép cla éng $6-16-n6-it da cho thdy kha ndng tng dung hira hen cia né trong céc méy rung-va
dap yéu cau kich thuwdc nhé gon. Bai bao nay trinh bay cach xay dwng mé hinh dw doan toan hoc
dé toi wu héa théng sé lam viéc cho co cau rung RLC. Thiét ké thi nghiém toan phan két hop véi
phuwong phap bé mat chi tiéu (RSM) duwoc st dung dé phat tr/en mé hinh quan hé giita téc do dich
chuyen cla co hé voi cac thong s6 d4u vao nhuw dién ép cung cép va khodng cach va dap. M6 hinh
ba chiéu va céac dwong mire cda téc do dich chuyen phu thudc cac théng sb vao da dwoc xay dwng
cho khodng lam viéc binh 6n cta co cdu. M6 hinh duoc phan tich thuc nghiém bang phuong phép
phén tich phuong sai (ANOVA). Két qua kiém chung thuc nghiém da cho thdy két qud dw doan
ctia mé hinh phu hop tét véi thuee té.

ABSTRACT

The RLC vibro-impact mechanism, based on the resonance in an RLC circuit and a solenoid
and effecting vibration and impacts of the solenoid, has shown that it is promisable to be applied in
machines with dimensional restrictions. This paper reports on the development of predicted
mathematical models for the mechanism of working conditions. Factorial design of experiment
coupled with response surface methodology (RSM) were used in developing the displacement
models in relation to the dominant input variables including power voltage supply and the impact
gap. Response surface in three-dimension form and its contours were constructed and used in
determining the optimum working conditions for a stable working range of the mechanism. The
model was analysed using the Analysis Of Variance (ANOVA) technique. Experimental results
showed that the model has very good adequacy.

1. GIOI THIEU bai toan x4c dinh cac théng sb lam viéc sao
cho co hé hoat dong hiéu qua nhat rat khé giai

Mot co cdu rung - va dap cdi tien (RLC- dugc bang cac phuong phap phén tich toan hoc

09) c6 kich thudc nho gon, khai thac chuyén

dong tuan hoan cua éng ddy so-16-nd-it, dwa thong thuong.

trén nguyén ly cong huong dién trong mach Phuong phap bé mat chi tiéu (Response
RLC, da dugc gidi thiéu boi tac gia nam 2009 Surface Methodology - RSM) la mét trong
[1-2]. Co ciu nay duoc phat trién tir RLC-07, céc cong cy hitu dung nhat dé mo hinh héa va
mot co cau rung va dép khai thac chuyén dong phén tich cac bai toan c6 cac ham muc ti€u
cua 161 sit trong cudn cam, da thu hat dugc su phu thudc nhiéu thong s6 dau vao va c6 muc
cha y ciia nhiéu nha nghién ciru trong linh vuc dich 14 tdi uu hoéa cac ham nay [8].

tmg dung co hoc phi tuyén [3-7]. Co ciu cai
tién (RLC-09) c6 hiéu ning cao hon RLC-07
dén 6 14n va 6 ra rat hira hen cho cac may moc
khai thac rung dong va va dap yéu cau kich
thude nho gon. Cac nghién ctru d3 cong bd [1-
7] da chi 13 tinh chit phi tuyén manh cua céac
co hé nay. Quan hé¢ dong luc hoc cua co hé
thuong dugc biéu dién bang hé 4 dén 6
phuong trinh vi phén dang an [3-7]. Vi vay,

Bai bao nay trinh bay cach xdy dung mo
hinh du doan toan hoc cho ham téc do dich
chuyén cua co cdu, st dung céng cu RSM
nhim xac dinh mién téi wu cho cac thong sb
dau vao cuia co cdu rung RLC-09. Céc thi
nghiém duoc thiét ké va phan tich bang phan
mém thiét ké thi nghiém Minitab®.
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Bai bdao dugc ciu trac nhu sau: Trude
hét, phan tiép theo, phin 2, mé tat mé hinh toan
hoc téc do dich chuyén ciia cua co chu rung -
va dap nhu mdt ham cua cac thong s6 dau vao
la dién ap cung cip va khoang cach va dap.
Thiét ké thi nghiém, cac Két qua va thao luan
dugc trinh bay chi tiét trong phan 3. Phin 4 1a
két luan ciia bai bao.

11. MO HINH TOAN HQC QUAN HE VAO
-RA

Luong dich chuyén clia co chu trong mot
khoang thoi gian nhét dinh, L (mm), dugc coi la
mot chi tiéu quan trong danh gia nang luc cua
co cau. Hai thong s6 dau vao, dién 4p ngudn
xoay chidu U (Vén) cap cho co hé va khoang
cach va ddp G (mm) da dugc khao sat va danh
gi4 14 hai thong sé didu khién dwoc, cé anh
hudng nhat dén luong dich chuyén L.

M0 hinh bac nhat cua quan hé vao-ra cta
co hé cd thé dugc viét dudi dang:

L :,Bo+ﬂ1U+ﬂ2G+ﬂ12UG (D

Phuong trinh (1) co thé duoc viét dudi
dang ham hoi quy thuc nghiém:
L=L-g&=b,+bU+b,G+b,UG )

Trong do, L 1a gia tri thyc nghiém cua
L,, ¢ 12 sai sd thi nghiém, by, b; va b, 1a cac hé
s0 dugc xac dinh tir thyc nghiém.

M6 hinh béc hai cia quan hé (2) duoc
phat trién tir m6 hinh bac nhat va cé dang:

L=by+bU +b,G+b,UG+b,U*+b,G*> (3)

Céac nghién ciru cho thiy, mé hinh bac
hai c6 du do chinh xdc can thiét dé mé ta ving
lan cén nho quanh diém cyc tri [8].

Mo hinh béc hai (3) s& duoc kiém ching
bing phép phan tich phuong sai (ANOVA) va
dugc sur dung dé t6i wu hoa didu kién lam viéc
cho co hé.

III. THIET KE VA TRIEN
NGHIEM

~ Cac thi nghiém RSM dugc thiét ké va
trién khai qua hai giai doan chinh nhu sau [8]:

KHAI THI

Giai doan 1: Leo déc tim VUng cuc tri.
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Trong giai doan nay, trude hét, mé hinh
bac nhit duoc st dung dé kiém tra xem ving
thi nghiém da ¢ 1an cén viung chtra cuc tri chua.
Phan tich ANOVA dugc sir dung dé danh gia
chi tiéu turong hop ciia mé hinh. Néu thi nghiém
chua ¢ lan can vung cuc tri, phép kiém tra muc
d6 phtt hop ciia mo hinh hoi quy (Lack-of-fit
test) s& phan anh mé hinh bac nhét 1a phu hop;
khi d6, cac thi nghiém “leo dbc” s& dugc trién
khai d& tién nhanh nhét dén vung chura cyc tri;

Giai doan 2: Thi nghiém RSM s& dugc tién
hanh tai vung chura cyc tri dé xay dung md hinh
(3). Céc théng sb t6i wu dugce xac dinh thong
qua khao sat danh gid mo hinh da xay dung
duge. Trong nghién ctru nay, thiét ké thi
nghiém dang CCD (Central Composite Design)
duoc su dung do tmh chat d& bd sung cic diém
thi nghiém “sao” vao thi nghiém toan phan
(Factorial Design) da thuc hién ¢ giai doan
trudc.

Céc thiét k& va thuc hién thi nghiém chi
tiét dugc trinh bay nhu dudi day.

3.1. Thi nghiém leo ddc tim cure tri

Khao sat so bd cho théy, co chu c6 thé
hoat dong 6n dinh la: dién ap tu 80 dén 115
von; khoang céch va dap (tinh tir vi tri cn bang
cuia 6ng day dén diém tiép nhan va dap) la tir -2
dén +6 milimet. Hai thong sb nay ciing 1a cac
thong s anh huong manh nhét va dé diéu khién
nhét.

Trude hét, mot thi nghiém toan phﬁn hai
mirc (2%) c6 diém tai tdm c6 cac gi4 tri bién thi
nghiém dugc trinh bay nhu trong bang 1.

Bdng 1. Cdc xdc Idp bién thi nghiém

Mirc Thép Trung Cao
Bién nhit binh nhat
M3 héa -1 0 +1
bién ap (V) 80 83 86
Khoang
cach 5 5.5 6
va dap
(mm)

bé giam sai s6 thi nghiém, céac thi
nghiém bién duoc lap 2 lan, cac thi nghiém tai
tam dugc 1ap 5 1an. Thiét ké thi nghiém va két
quéa luong dich chuyén cia co hé sau 5 gidy
duoc trinh bay trong bang 2.
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Bdng 2. Thi nghiém khéi dau va két qua

Std | Run (Center Dien [Khoang| Dich
Order/Order] Pt Blocks| ap | Cach [Chuyen
13 1 0 1 83 | 55 128
3 2 1 1 80 6 95
6 3 1 1 86 5 128
9 4 0 1 83 | 55 126
7 5 1 1 80 6 104
1 6 1 1 80 5 118
10 | 7 0 1 83 | 55 121
12 | 8 0 1 83 | 55 123
4 9 1 1 86 6 116
11 10| 0 1 83 | 55 127
5 11 1 1 80 5 119
8 | 12 1 1 86 6 112
2 |13 1 1 86 5 127

Két qua thi nghiém dugc phan tich nhu trén
hinh 1.

Factorial Fit: DChuyen versus Dienap, KCach
Estimated Effects and Coefficients for DChuyen (coded units)
Term Effect Coef 3E Coef T B
Constant 114,875 1l.142 100,57 0.000
Dienap 11.750 5.8758 1.14z2 5.14 0,001
EKCach -16.250 -8.125 1.142 -7.11 0.000
Dienap*KCach 2.750 1.375 1.14z 1.20 0.283
Ct Po 10,125 1l.842 5.50 0,001
5 = 3.23071 PRESS = 31l.898
B-3g = 93.15% R-Sqipred) = 25.15% PR-dgladj) = 89.72%
Analysis of Variance for DChuyen (coded units)
Aource DF Seq 35 Adj 55 Ad3 MS F P
Main Effects 2 804.25 804.250 402.12 38.53 0.000
2-ay Interactions 1 15.12 15.125 15.12 1.45 0.z263
Curvature 1 315.43 315.433 315.43 30.2z 0.001
Residual Error g §3.50  §3.500 10.44
Pure Error g §3.50 83,500 10,44
Total 12 1218.31

Hinh 1. Phén tich hoi quy bdc 1 va ANOVA

Theo két qua phan tich, phuong trinh hoi
quy cua mod hinh bac nhat quan h¢ vao-ra dugc
vi€t (xem phan trén hinh 1):

L =114.875+5,875U —8,125G +1375UG (4)

Tuy nhién, c6 thé thdy, gia tri p (p-value)
ciia hé sd Dienap*Kcach 1a 0,263, 16n hon
nhiéu so véi mirc anpha (a-level) thong thuong
(0,5). Nhu véy, dai lugng U*G khong cin co
mit trong phuong trinh hdi quy (4). N6i cach
khac, anh huong dong thoi cua twong tic U*G
la khong dang ké. Bang ANOVA (phia dudi
hinh 1) véi p-value ciia muc 2-way Interactions
(twong tac 2 nhan td) ciing cho thiy didu do.
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B‘iéu nay ciing dugc khang dinh thém qua biéu
do6 Pareto nhu trén hinh 2.

Pareto Chart of the Standardized Effects
(response is DChuyen, Alpha = .05)

2,308

Term
-

4B+

L} 1 2 3 4 =1 6 7 8
Standardized Effect

Hinh 2. Biéu do Pareto cdc thong so thi nghiém

Trén hinh 2, anh huéng cia cac bién
Dién 4p (bién A) va Khoang cach (bién B) déu
16n hon nhiéu so véi muc thong thudng
(2,306); nhung anh hudng twong tac AB lai rat
nho.

Loai bo thanh phian UG trong mé hinh
bac nhit, ta c6 két qua hdi quy va phan tich
ANOVA méi nhu hinh 3.

Factorial Fit: DChuyen versus Dienap, KCach

Estinated Effects and Coefficients for DChuyen [(coded units)

Terw Effect Coef 3E Coef T P
Constant 115,769 1.785 66.55 0.000
Dienap 11.750 5.875 2.275 Z.58 0.027
KCach -16.250 -8.125 2.275 -3.57 0.005
5 = 6.43473 PEESS = 678,161
R-3g = 66.01% R-dgipred) = 44.34% R-3gladi) = 59.Z2%
Analysis of Variance for DChuyen (coded units)
Hdource DF Seq 83 Ad3 35 Adj M3 F P
Main Effects 2 804.25 804.25 402.12 9.71 0.005
Residual Errer 10 414,06 414,06 41.41
Curwvature 1 315.43 315.43 315.43 28.73 0.000
Lack of Fit 1 15.13 15.13 15.13 1.45 0.Z63
Pure Error E 83.50 83.50 10.44
Total 1z 1z18.31

Hinh 3. Hoi quy va ANOVA loai bé twong tdic

Qua hinh 3, thdy rd khi nay bién
“Dienap” (Dién ap) va bién “Kcach” (Khoing
cach) c¢6 c6 p-value lan luot bang 0,027 va
0,005; déu nhé hon muc anpha 0,05. biéu nay
¢6 nghia, cac thanh phan ciia mé hinh hdi quy
la c6 y nghia. Thém nita, phan tich ANOVA
cho thay p-value cua kiém tra mtc d6 pha hop
cua mo hinh (Lack of fit) 1a 0,263 — 16n hon
mirc 0,05. Didu nay cho thdy mo hinh bac nhét
1a phu hop dé mo ta sb liéu thi nghiém quan hé
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vao-ra. Phuong trinh hdi quy dwoc viét lai c6
dang:

L=118769+5875U —8,125G  (5)

Chon dé dai budc leo doc: Tir phuong
trinh (5), thdy ring dé tién nhanh dén vung chira
cyc tri, ta ¢6 thé sit dung phwong phap leo dbc
Box-Wilson [8] v6i cac hé sb gradient dugc xac
dinh theo ty 1&: U/G = 5,875 / (- 8,125). Noi
cach khac, mdi budc leo doc néu tang dién ap
1én 5,875 don vi thi cin giam khoang cach va
dap di -8,125 don vi. Luu y ring trong thi
nghiém trén, mdt don vi gia sb dién ap 1a 3 von
va don vi gia sb khoang cach 1a 0,5 mm. Dé
thuan tién cho tién hanh thi nghiém, ta chon
bude leo dbc c6 gia sé dién ap 1a 3 von. Khi nay
gia s6 khoang cach s& dwoc tinh nhur sau:

AG:0,5_8’125

=0.6915~0,7mm (6)

b
Tién hanh céac thi nghiém leo dbc theo
cac gia sO d6 dai budc nhu trén, thu dugc két
qua nhu trong bang 3.

mm. Dé cho ra md hinh du doan diém ey tri, ta
s& thiét ké thi nghiém CCD c6 tdm la diém nay.

140

<
130 4 /
E
c -
s 120 / *
S 7
S
2 104 /
2
@ 1 -
2 ,7/
¥ 100
1 4
BU T T T T
a 2 4 B 8 10

Buoc thi nghiem (M)
Hinh 4. Khodng dich chuyén tai cdc buéc leo
doc

3.2. Thi nghiém RSM

Thiét ké thi nghiém CCD 2 nhén t6, ¢
cac diém doc truc o = +1,4142, dugc thiét lap
nhu trong bang 4:

Bdng 4. Cdc thong sé thi nghiém CCD

Bang 3. Khoang dich ghuyén sau 5 gidy tai cdc -a, -1 0 +1 +o
buge thi nghiém leo doc Piénap [ 105.8 [ 107 [110 [113 [1142
’ Dien ép th)éng Dic}Al K. Céch | -1.79 | -1.50 | -0.80 | -0.10 | 0.19
Buge V) cach | chuyén Thiét ké thi nghiém CCD véi 5 thi
(mm) (mm) nghiém Iip tai tdim, 2 thi nghiém lip tai céc
0 86 4.8 101 dinh va doc truc, két qua thu dugc cho khoang
1 89 4.1 102 cach dich chuyén sau 5 gidy ciia co hé duoc
2 92 3.4 104 trinh bay trong bang 5.
3 95 2.7 106 . L Ca
2 M > 106 Bang 5. Thi nghiém CCD va két qua
5 101 1.3 113 T | pié bién Kh. Dich
6 104 0.6 117 T m ap Cach chuyén
7 107 -0.1 125 V) (mm) (mm)
8 110 -0.8 135 1 1 107 -1.5 135
9 113 -1.5 119 2 1 113 -1.5 132
10 116 -2.1 95 3 -1 114.2 -0.8 111
4 0 110 -0.8 136
Qua bang 3, thiy rang bat dau tir budc 5 1 113 -0.1 101
thir 8, khoang dich chuyén thu dwoc bat dau 6 0 110 -0.8 135
giam nhanh. Diéu nay co thé dugc quan sat truc 71 110 0.19 113
quan hon nho céch biéu didn nhu trén hinh 4 8 0 110 -0.8 135
dudi day. 91 0 110 -0.8 130
Nhan thy, viing chtra cuc tri nam lan can 10 0 110 0.8 126
quanh diém thi nghiém tht 8, c6 dién ap dugc 1] -1 110 -1.79 133
cép 1a 107 von va khoang cach va dap 1a -0,1 12 1 107 -0.1 106
13 ] -1 105.8 -0.8 129
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Két qua phan tich hoi quy béc 2 quan h¢
vao-ra cua so liéu thu dugc c6 dang:

L =127-2.84U —10.38G - 4.5UG + o
+2.23U% + 6.8G*

D4 thi biéu dién phwong trinh (7), cho ta
quan hé gitra khoang dich chuyén thu duoc sau
5 gidy voi dién ap cung cp va khoang cach va
dap duoc biéu dién trén hinh 5.

D. chuyén (mm)

00

Khoa ach
Bién &p (V) oang cach (mm)

Hinh 5. PO thi khoang dich chuyén phu thugc
dién dp va khoang cdach va dap

Ving céc théng sé dau vao cho ra cuc tri
cta khoang cach dich chuyén cé thé dugc quan
sat tryc quan nho do thi contour nhu trén hinh
6.

Cac duong muc Dich chuyen (L)

Kcach

106 107 108 10% 110 111 112 113 114

Hinh 6. Do thi contour mién cyc tri

Optimal Dienap Kcach
"o e R i,
ur . -l
0.34729 Low 105.7574 -1.7899
Composite
Desirability

0.34729

d = 0.34729

/s
L N
Targ: 145.0 AN
y = 138.4729 \

Hinh 7. Téi wu héa khoang dich chuyén

Théng s6 t6i wu cho cac xac lap dau vao
¢6 thé dugc xac dinh nho chitc ning Response
Optimazer cua cac phin mém thiét ké thi
nghiém. Hinh 7 trinh bay két qua t6i uu hoa
ham muc tiéu Khoang cach dich chuyén.

Qua hinh 7, ¢ thé thdy, xac 1ap téi wu
cho ra khoang dich chuyén 16n nhét 1a cap dién
ap 109,18 V; khoang cach va dap 1a -1,5 mm.
Khi d6, khoang dich chuyén thu duogc sé 1a
138,47 mm.

IV. KET LUAN

Ap dung 1y thuyét t5i wu hoa thuc
nghiém nho k¥ thuat thiét ké thi nghiém bé mat
chi tiéu (RSM), mién lam viéc téi wu cia co ciu
rung-va dap RLC da dugc xac lap. Ving téi uu
ndm & lan can trén cta dai dién ap lam viéc on
dinh cta co cdu. Piéu nay phu hop véi két qua
da khao sat trén co ciu cii [3-7]. Két qua da
dugc kiém nghiém bang thuyc nghiém cho thiy
d6 chinh xac ctia m6 hinh dy doan dugc xay
dung bang thuc nghiém. So sanh véi két qua co
dugc nho phuong phap do thur da st dung trudc
day [1,2], k¥ thuat RSM cho thay kha nang hoi
tu nhanh va d6 chinh x4c cao hon hin.
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