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Tinh toan dao dong phi tuyén cua
mong may trén nén dan nhét cap phan sé
chiu kich déng lech tam

Calculating nonlinear vibration of eccentrically activated engine foundation on viscoelastic
foundation of fractional order

> TS BUI THI THUY
Trudng Dai hoc Mé - Dia chat

TGM TAT:
Bao céo thigt [ap phuong trinh vi phan dao dang phi tuyén ciia mang may trén nén dan nhat cap phan sd chiu kich dang lech tam:
mD?x(t)+p, (1+c1x +c2x2)Dpx(t)+kx(t) =m,eQ’sinQt, (0<p<1).

Dua trén co sir Iy thuy&t coa dao ham cap phan si va phuang phap si Newmark (phwong phap tich phan mat buac) tim ra nghiém s cia
phueng trinh vi phén dao dang phi tuyén. Thang qua nghiém sd cia phuong trinh vi phén dao dang phi tuygn nghién ciu dege dic tinh dao
doing ctia mang may trén nén dan nhat cép phan sd chiu kich dang lach tam.

Tir ket qua ca duoc, ta oo thé thay réng: qua trinh dao dang cia ma hinh hoan toan ph hep vai dic tinh dao déng cia hé chiu can.

Nhir vigc khéo st ng xir phi tuyén ciia mang méy trén nén dan nhat cép phan sd, cac két céu ky thuat phirc tap ca thé duoc thigt ke hop
|y, dam bao céc tiéu chudn ky thuat.

Tir khéa: dao ding, mong méy, cép phén sd, léch tam

ABSTRACT:

The object of the paper is to establish non-linear vibrational differential equation of eccentrically activated engine foundation on
viscoelastic foundation of fractional order. The equation has the following form

szx(t)+u0(1+c1x+c2x2)D"x(t)+kx(t):mOestith, (0<p<1)

Based on the theory of fractional derivative and the numerical method of Newmark, the numerical solution of vibrational differential
equation is obtained. Then, we can research vibrational properties of eccentrically activated engine foundation on viscoelastic foundation
of fractional order.

Through the obtained results, we can realize: vibrational history of model is perfectly conformable to vibrational characteristic of damper.

By investigating the non-linear responses of eccentrically activated engine foundation on viscoelastic foundation of fractional order,
complex structures can be designed logically, technical standard assurance.

Keywards: vibration, engine foundation, fractional order, eccentrically

1.Mé dau

Nhiéu may moc dugc thiét ké, cdu tao dya trén cac mo hinh khoa hoc cong nghé noi chung va co hoc néi riéng, cang ngay
gidm chan dan nhdt cdp nguyén Kelvin-Voigt, mé hinh Maxwell va cang c6 nhiéu vat liéu mai ra doi (nhu cao su téng hap, silicone...),
mo6 hinh tuyén tinh tiéu chudn...Tuy nhién véi su phat trién cda nhimg mé hinh dan nhét cé dién véi dao ham cdp nguyén khong
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thé hién dugc day da tinh chat cta vat liéu. Do d6 dé gidi quyét
van dé nay, dao ham cap phan s6 dugc ap dung.

Cac van dé nghién ctiu vé dao ham cap phan s6 kha da dang,
cac nha khoa hoc da c6 cac nghién ctu vé dao déng phi tuyén clia
mo6 hinh cdp phén s6. Tuy nhién chua c6 dé tai nao nghién ctu vé
dao dong phi tuyén clia mong may trén nén dan nhét cap phan sé
chiu kich dong léch tam. Bai bao nay nghién cttu va tim ra nghiém
cla phuong trinh vi phan dao déng phi tuyén clia méng may trén
nén dan nhét cap phan sé chiu kich dong léch tam.

2. Phuong phap Newmark giai phuong trinh vi phan cap hai

Véc to trang thai clia hé & thoi diém t,, =t +h dugc suy ra tu
véc to trang thai clia hé da biét & thoi diém t,, qua cac khai trién
Taylor ctia dich chuyén va van téc.

Ta c6 céac cong thic xap xi theo phuong phap Newmark

Xoq =X, +(1—a)h X, +oh X ., (1)

X, =X, +h>‘<n+(%—[§) h%, +Bh%.,. 2)

2.1. Phuong phap Newmark déi véi dao déng tuyén tinh

Gia st ta co6 phuong trinh dao dong tuyén tinh ctia hé nhiéu
bac tu do

mx +cx+kx =f(t), (3)

Trong d6 m,c,k la cdc hang s6. Ap dung cac cong thuc
Newmark (1) va (2) vao phuang trinh trén tai thdi diém t_, tatinh
dugc gia toc X,

[m+ahc+ph’k |%,, =f,, —c[X,+(1-a)h%, |

1 (4)
—k{xn+hkn+(2—[§}h25{n}.

Gidi phuong trinh (4) ta dugc X,,,. SU dung céc cong thiic

n+1

Newmark (1), (2) nhan dugc gia tri clia van téc va do dich chuyén

X X

n+l 7 ntl t

Ta xac dinh diéu kién ban dau ctia X(t,) tir diéu kién ban dau
ctia x(t,) va x(t,) dacho nhu sau

X :m’{f(t)—ck—kx},

%(t)=m[f(t,)—cx(ty)—kx(t,)].

2.2. Phuong phap Newmark d8i véi dao déng phi tuyén

Gid st phuang trinh chuyén déng phi tuyén c6 dang

m(x) X+k(t, x, x)=f(t,x, x), (5)
Tu (2) ta rat ra gia téc X,,,,

. 1 1. 1 "

Xn+1 :th(Xn+1_xn)_Bth_[2B_1jxn' (6)

Thay X,,, vao (1)

o o o
Roy = (X =X, ) +| 1= |%, +h[ 1-— |%,. (7)
Bh( ) [ B] ( 25]

Nhu vay gia téc va van téc déu dugc biéu dién qua x_,, va cac

n+1
gia trj da biét ctia x,, X,, X,.Thé vao phuong trinh (5) ta nhan
dugc phuang trinh phi tuyén xac dinh véi an la x,,. St dung

phuong phéap lap Newton — Raphson ta tim duoc gia tri cha x,,, .
Sau d6 st dung cac cong thuc gia toc va van toc (6), (7) ta xac dinh
dugc X,,, va X,,;.

Diéu kién dau cta x(t,) dugc tim tuong tu nhu trudng hop
dao dong tuyén tinh thong qua diéu kién ban dau cta x(t,) va
x(t,) dacho.

3. Phuaong trinh chuyén déng

3.1. Phuong trinh chuyén déng ciia méng may trén nén
dan nhét cap phan sé chiu kich déng léch tam

Xét mong mdy trén nén dan nhét chiju kich dong léch tam nhu
hinh 1.

F(t)=m,eQ’sinQt

m=m,+m,+m,
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Hinh 2

Ta thiét 1ap phuong trinh chuyén déng clla méng may trén nén
dan nhét chiu kich déng léch tam theo dinh luat 2 Newton

(Mg +m, +m,)X(t)+F,, =F(t), (8

Ta c6 lyc sinh ra bén trong vat liéu dan nhét

F. =Hoc(x(t))D [x(t)b(x(t))] +kx(t),  (0<p<1) (9)

Thay (9) vao phuong trinh (8) ta c6 phuong trinh chuyén déng
clla méng may trén nén dan nhét cap phan sé
(my+m, +m, )% (t)+pee(x(t))D? [x(t)b(x(t))}+ kx(t)=F(t), (10)

Hay
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mx(t)+ poc(x(t))Dp [x(t)b(x(t))] +kx(t) =m,eQ’sinQt. (11)
Vi m=(m,+m, +m,). (12)
3.2. Ap dung phuong phap Newmark tinh toan dao dong

phi tuyén ctia méng may trén nén dan nhét cap phan sé
Ta c6 phuong trinh vi phan dao dong cap phan s6

szx(t)+u0(1+c1x+c2x2)D"x(t)+kx(t):moe(fsith,(0<p<1) (13)
Dita=p,/m b, =cu,/m,b, =c,u,/m,c=k/m, f =meQ’sinQt/m,

ta viét lai phuang trinh chuyén déng trén
%(t)+aDPx(t)+bxDPx(t)+b,x’DPx(t)+cx(t)=f(t), (14)
Tiép dén ta sé di tGi viéc giadi phuong trinh vi phan chuyén

doéng & trén bang phuong phap sé Newmark.
Binh nghia Riemann - Liouville déi véi dao ham cdp khéng
nguyén
B 1 dt x(q)
D°x(t)=D|D™"x(t) |=——— dt,
(£)=D[D"x()] '(u) dt‘([(t—t)H (15)
u=1-p, O<u<l.

Ap dung quy téc hop thanh déi véi Dx(t) ta dugc
_ x(0) oy
D°x(t)=D|D™x(t) |=——=t""+D™"x(t), 16
K(0)=B[Dx(y) J=p e +0 () 16)
Tinh dao ham cap khéng nguyén DPx(t) tai thoi diém t=t &
phuong trinh (16)

DPx(t,)= x(0) t.P+DPx(t,)

r(1-p)

p

1 x(0), f x(x) dw}" x(x) dt}'

r(-p) € T-p) 3 (-1 o (t-7)

Ky hiéu
x(0)
l, = o (17
Ty
- X(T)pdt (18)
0 (tn 71)
t, .
Va Al = | X g (19)
tha (tn - T)
Khi d6 phuong trinh DPx(t,) sé tré thanh phuong trinh c6 dang
Dpx(tn)=ﬁ(|0 1, +AL) (20)

Gia thiét tai thoi diém t, phuong trinh chuyén déng cta hé
nhu sau
X(t,)+aDPx(t,)+bx(t,)DPx(t,)+bx* (t,)D°x(t, ) +ex(t, ) =f(t,) (21)

véix(t,) vax(t,)lan luot la d6 dich chuyén va gia toc tai thoi
diém t, .

Véi t,,<t<t, , st dung khai trién Taylor va ta c6 thé bd qua
s6 hang bac cao do t—t, , gia thiét rang rat nho

X(t) =X, +(T—t,,) X, (22)

X(t) thay d6i trong khoang [t ,t,] vaky hiéu x, =x(t,).

; X, =X,
Ngoairatacod X, ,= % At=t -t .,
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Thay vao phuong trinh (22) ta dugc cong thic tinh x(t) theo

n-1

x(t)=%, , +(T_Att"4)(>'<n—5<n4). 23)

Sau d6 thé phuang trinh (23) vao phuang trinh (29), ta dugc
t . t . .
FX f X —X Tt
Al = nl_dr+ n_—nl. nldr, (24)
(r-\‘; (tn - T)p tr‘[] At (tn - T)p
Céc tich phan trong phuong trinh (24) bay gid la nhiing tich
phan xac dinh théng thudng va c6 thé dé dang giai duoc.
Ta ¢6 cac cong thirc xap xi theo phuong phap Newmark

. 1 1. 1
=—(x — —X = ——1 25
Xn BAtz (Xn Xn—1) BAt Xn—1 [ZB j n— ( )
va X, =X, +(1-a) At X, +oAtX,. (26)
Bay gid thay (26) vao (24) ta c6
At AP AP
Al x——x,+(1-a X+ X, (27)
o ) e e o)

Tiép theo ta chu y dén tich phan |, cta phuong trinh (18). N6
Ia kiéu tich phan chap. Tich phan xac dinh nay c6 thé dugc xap xi

bang cong thic hinh thang nhu sau

At| x, x 2 |At
|, =— p ) Z n=2. (28)
2 t At i=1 t - IAt

Ap dung céng thiic clia X, & (25) vao cong thuc tinh Al & (28)
dugc

Alnzos)t;m{[;;(x )+ (z p- BJX +(1 ZBJAtx }(29)

S dung cong thic Newmark déi véi van toc X, trong phuong

trinh (25) cung véi phuaong trinh (20) ta thay vao phuong trinh (21)

a 1 1
X +———Al +bx, ———(1, +I bx, ——Al
Xn+r(1_p) n+ 1Xn1—‘(.|_p)(0+n—‘l)+ 1xnr(1_p) n

(I +I,H)+b2x2¥Aln +ex, (30)

"T(1-p)

n-1

—m(l0 +1)-

Thay Al & phuong trinh (29) va X, & phuong trinh (25) vao
phuong trinh trén ta cé phuong trinh tinh x, nhu sau

aAt?

1 AtH? o o).

b, [31“(3—p)x"+{b21"(1—p)(|°+|"1)+b2F(S—p){_ﬁmxﬁ{z_p_ﬁ}x"1
o, . aAt® |, | 1 aAt? 1
+[1—2[3]Atxm} BF(S p)}xn+{BAt2 +u[31"(37p)+b1F(lfp)(IOHM)
+b, At {_“xn_ﬁ[z p— Oijn_14{1 ]Atxn_i }xn
r(3-p)| pat B 2B
a 1 1 . 1 .

_f(t”)_il"(l—p)(lﬁlﬁ) L}AZX'FH_B tX'H (23—1}”1}

+a AP {(xx +[p—2+a]>'< +(a—1jAtX } 31
r(3-p)| At ™ p) (28 i) o

Nhu vay ta dugc phuong trinh bac ba dé tinh x,

A X2 +Bx2+Cx,=F. (32)



Véi
= aAt™
n 2 Br(?)_p)l

1 At o al.
Bn —{bz m(lo +In—1)+b2 F(3_p)|:_[mx”1 +(2—p—ﬁjxn1
+(1—a]AtXn1}rb1 W},
2B Br(3-p)

— 1 aAt™® 1
C = b o +1
n { 2+a + 11—-(1_p)(0+n—1)

BAt BF(?)—p)

1Atw{_0‘xn1+[2—p_°‘]>‘<n1+[1—a]AtX“}Lc},
r(3-p)| PAt B 2B

a 1 1 .
ST M o)

At o o .
YEE )Lw“ [p 2+BJ [zs”J“x“}‘

Giai phuong trinh trén ta tim dugc nghiém s6 x, clia phuong

trinh vi phan dao dong
mx (t )+u0(1+cx+c X ) x(t)+kx(t)=m,eQ’sinQt.
hay X(t)+aD"x(t)+b xDPx(t)+b,x’DPx(t)+cx(t)=f(t) theo

cacgidtricla x, ,, X vdi X, , vaX, , dugc tinh nhu sau

n-17/ n1

X, = 12xn— %xmﬁLLXMJr L—1 X, 4
BAt BAt BAt 2B (33)

%, = 0UALK +] % +(1-a) At

Giad thiét rang diéu kién ban dau cla cac cong thuc trén
x(0),%(0) da cho.

3.3. Tinhtodnsé

Vi cac s liéu

m=1, p=05 k=1, p,=2, m estith—OSSIth,

=15 ¢,=2, At=001, a=1, B=1,, x(0)=0, %(0)=0.

v6i Q=2 va Q=3 taco6 do thi dao dong (hinh 2).

4, Kétluan

Sau khi tim dugc nghiém s6 clia phuang trinh vi phan cé chira
dao ham cap phan s6 va qua dé thi dao dong c6 dugc, ching ta cé
thé rut ra két luan:

Qua trinh dao dong ctia mo6 hinh hoan toan phu hop véi dac
tinh dao dong cda hé chiu can.

Nh¢ viéc khao sat tiing x0 phi tuyén cla méng may trén nén
dan nhét cap phan s6, cac két cau ky thuat phic tap c6 thé duagc
thiét ké hgp ly, ddm béo cac tiéu chuén ky thuat.
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