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TOM TAT:

Nhiéu mdy moéc trong k¥ thuat dugc thiét ké dua trén cac nén
dan nhét dé 1am giam dao dong cua méng. Véi cdc vat liu
méi, cic mo6 hinh giam chin duoc tinh todn véi phﬁn tr dao
ham cdp phan s6. Thyc té ring ddi voi nhitng bién dang 16n,
dép tng phi tuyén xudt hién. Quy luat dao dong ciia méng may
khong con don thuan 1a quy luat tuyén tinh, thay vao dé6 1a quy
luat phi tuyén.Viéc thiét 1ap va giai cdc phuong trinh vi phén
mo ta dac tinh dao dong phi tuyén cia co hé 1a rat can thlet
trong viéc thiét ké cic két cAu phtrc tap hon lién quan truc tiép
dén nhiéu nganh khoa hoc k¥ thuét.

Bai bdo dya trén 1y thuyét ctia dao ham cép phéan sb va phuong
phdp s6 Newmark dé giai phuong trinh vi phén dao dong phi
tuyen cua mong may trén nén dan nhdt cap phan s6 chiu kich
dong va dap.

Tir khéa: dao dong, méng mdy, cap phan sb, va dap

ABSTRACT:

Many machines are designed based on viscoelastic foundation
to damp vibration of foundation in engineering. For new
materials, damping models are calculated through terms of
fractional derivative. In fact, nonlinear response occurs for
large deformation. Motion of engine foundation is represented
by nonlinear law. Therefore, establishing and solving fractional
differential equations which describe properties of vibrational
systems are very indispensable in designing more complicated
structures in sciences.

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 impact-resistant engine foundation on
viscoelastic foundation of fractional order.
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1.Mé& dau

Trong ky thuat noi chung, nhiéu may moc dugc thiét ké, ciu tao
dua trén cac mé hinh gidm chan dan nhét cdp nguyén Kelvin-Voigt, mé
hinh Maxwell va mé hinh tuyén tinh tiéu chuan...Tuy nhién vdi sy phat
trién ca khoa hoc cdng nghé néi chung va ca hoc néi riéng, cang ngay
cang c6 nhiéu vat liéu mai ra doi (nhu cao su t6ng hop, silicone...),
nhimg mé hinh dan nhét c8 dién véi dao ham cip nguyén khong thé
hién dugc day du tinh chat cha vat liéu. Do dé dé giai quyét van dé nay,
dao ham cap phan s6 dugc 4p dung.

Cac van dé nghién ctru vé dao ham cap phan s6 kha da dang, cling
¢6 nha khoa hoc nghién ctiu vé dao dong phi tuyén ctia mé hinh cap
phan s6. Tuy nhién chua c6 dé tai nao nghién ctu vé dao dong phi
tuyén clla mong may trén nén dan nhét cap phan s chiu kich déng va
dap. Bai bao nay nghién ctiu va tim ra nghiém clia phuong trinh vi phan
dao dong phi tuyén cia mong may trén nén dan nhét cap phan s chiu
kich déng va dap.

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

Véc to trang thai clia hé & thai diém o =t,+h dugc suy ra tu véc

ta trang théi clia hé da biét & thoi diém t,» qua cac khai trién Taylor cla

dich chuyén va van téc.
Ta ¢6 cac cong thic xap xi theo phuang phap Newmark

Xy =X, H(1—0) R ¥, +ah %,

Q)
X, =X, + hxn+(§— thzxn +BRK ). @

2.1. Phuong phap Newmark déi véi dao ddng tuyén tinh

Gia st ta c6 phuong trinh dao doéng tuyén tinh clia hé nhiéu bac tu do
mi+cx+kx=f(t), (3)

Trong d6 m, ¢, k 1a cac hang s6. Ap dung céc cong thiic Newmark (1) va

(2) vao phuong trinh trén tai thdi diém t,,ta tinh dugc gia toc X,

Jon1 c[x+l Ochx]

| @)
—k{xn+hxn+(5—ﬁjhzjén}.

Giai phuong trinh (4) ta dugc ¥ SU dung céac cong thic Newmark

[m+ ahc+ thk]xw

(1), (2) nhan dugc gia tri cGia van téc va do dich chuyén Foar? Xy
Ta xac dinh diéu kién ban dau cua (1) tU diéu kién ban dau cua
x(z,) va (1) da cho nhusau
i=m! [f(t)—cx—kx],
j‘-(to)Zmil[f(to)_Cjc(to)_kx(’o)]
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2.2. Phuong phap Newmark d6i véi dao déng phi tuyén
Gia st phuong trinh chuyén déng phi tuyén cé dang
m(x)X+k(1, x, X) = f (¢, x, %), (5)

T (2) ta rat ra gia toc 5C'n+1

. 1 1. 1 ..
Xn+1 ZW('X}H]_xn)_ﬁxn_(z_ﬁ_ljxn’ (©)

Thay X, vao (1)

. o o . o ..
Xnt1 :ﬁ(xnﬂ _xn)+(l_gjxn +h(1_2_l3]xn' )

Nhu vay gia téc va van téc déu dugc biéu dién qua X, Vacacgia
tri da biét cua X, X, X, Thé vao phuong trinh (5) ta nhan dugc
phuong trinh phi tuyén xac dinh vai an la X,,4;- SUdung phuong phap
Idp Newton - Raphson ta tim dugc gié trj cda x, . Sau d6 st dung cac
céng thic gia tdc va van téc (6), (7) ta xac dinh dugc X vax,, -

Piéu kién dau cua 5#(t,) dugc tim tuong tu nhu trudng hop dao
dong tuyén tinh thong qua diéu kién ban dau cda x(1,) va x(to) da

cho.

3. Phuong trinh chuyén déng

3.1. Phuong trinh chuyén ddéng cia méng may trén nén dan
nhét cap phan sé chiu kich déng va dap

Xét mong may trén nén dan nhdot chiu kich dong va dap bai vat

néng c6 khéi lugng 71, roi ty do tlr d6 cao h xudng (hinh 1a).

) l P=mqog

b |

mM=mj+ mz

KA F,j

Hinh 1a Hinh 1b
Ta thiét 1ap phuong trinh chuyén dong cia méng may trén nén dan
nhdt theo dinh luat 2 Newton
(my +my) %(1)+ F,, =myg, ®
Véi vat liéu mdi, ta c6 luc sinh ra bén trong vat liéu dan nhét
Fve=u0(1+c1x+czx2)Dpx(t)+kx(t), (0<p<1) ©)
Thay (9) vao phuang trinh (8) ta c6 phuong trinh chuyén déng cta
mong may trén nén dan nhét cap phan sé
(my +my) 5 (1) + 1 (14 e+ c,x7 | DPx (1) + kx (1) =myg,  (10)
Hay mi (1) + (1+c1x+c2x2)D"x(t) +hx(t)=myg. (1)
Trongdd  m=(m, +m2)
Van téc ban dau cia méng may sau khi chiu kich déng va dap

y, = —ToN28h V28h (12)

m0+m1+m2
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3.2. Ap dung phuong phap Newmark tinh toan dao déng phi
tuyén cia méng may trén nén dan nhét cap phan sé
Ta c6 phuong trinh vi phan dao déng cap phan s6
mD*x(t)+1, (l+c,x+czx2)D”x(t) +hx(t)=myg, (0<p<1) (13)
Pt
a=p/m,b =clly/m, by =c)ly/m,c=k/m, f=myg[m, taviét
lai phuong trinh chuyén déng trén
%(t)+aD"x(t)+bxD” x(t) +b,x* D" x(t) +cx(t) = f, (14)
Tiép dén ta sé di tSi viéc giai phuong trinh vi phan chuyén déng &
trén bang phuang phap s6 Newmark.
Dinh nghia Riemann - Liouville d6i v6i dao ham cap khong nguyén

~ 1 d¢ x(7)
D?x(t)=D| D™"x(¢t) |= Sl P SO ) (15)
( ) |: ( )] F(M) dt‘([([_ft)l_u
u=1-p, O<ucx<l.
Ap dung quy tic hgp thanh déi véi D’x(r) ta duoc
Dpx(l‘):D[D*Mx(t)J:%tu—l+D—ux(t), (16)

Tinh dao ham cap khoéng nguyén D”x(t) tai thoi diém t=t, 6
phuang trinh (16)

0
DPx(t,)= r?l#t;” +D"'x(t,)

! x(0)+ ! 'f *(1) ~dT+ I *(x) —~dT |,
C(1-p) 2 TO-p)| 4 (1,-1)" (A
Ky hiéu
0™ »p
tn
= rj _HE) (1)
0 (tn_T)p
vaN": SEICIP (19)
tyy (tn _T)p

Khi d6 phuong trinh pr(; ) s& tré thanh phuong trinh c6 dang
_1

r(1-p)
Gié thiét tai thoi diém ¢, phuong trinh chuyén dong clia hé nhu sau

¥(t,)+aDPx(t,)+bx(t,) D" x(t,)+byx* (t,) D"x(1,) +cx(t,) = f.

Dpx(tn)z (1()+1n—l+A1n) (20)

VGix(1,) vai(s,)lan lugtla do dich chuyén va gia toc tai thoi diém 7, .
V6i 1, , <t<t, , st dung khai tri€én Taylor va ta c6 thé bd qua s6
hang bac caodo t—¢, , gid thiét rang rat nho

x(t)=%,_, +(t—1,) X% (22)

n—1*

%(t) thay déi trong khoang [t,,.1,] vakyhiéu 5 = jc(;n).

Ngoairatacé i = (%, — %)
! At
Thay vao phuong trinh (22) ta dugc cong thuc tinh x('c) theo

, At=t,—t,,

Xns Xn—1



(23)

o), s,),

x(t)=x ~

n—

1+

- tn—l dt. (24)

Sau dé thé phucng trinh (23) vao phuang trinh (29), ta dugc
I ] K=k T
(t,-1)" oA (g, -t)
Céc tich phan trong phuong trinh (24) bay gid la nhing tich phéan
xac dinh théng thudng va cé thé dé dang giai dugc.
Ta ¢6 cac cong thic xap xi theo phuang phap Newmark

1 1 1
X, =—(x,-X,)——xX,_;—| —=—1 (25)
n BAIZ( n nl) BAI n—1 [ZB j
VA X, [ H(1-0)ArX, | + oA %, (26)
Bay gid thay (26) vao (24) ta cé
I-p 2-p 2-p
AIn = A xnfl +(1—(X) A xnfl +o Al Xn’
1-p (1-p)(2-p) (1-p)(2-p)

Tiép theo ta cha y dén tich phan I,_, cba phuong trinh (18). N6 la

-1
kiéu tich phan chap. Tich phan xac dinh nay c6 thé dugc xap xi bang
cong thuc hinh thang nhu sau

. . n,z . .A
n—]zg &+£+ZZM n>2.
20, AP T (e, —iAr)”

Ap dung céng thic cta X, 6 (25) vao cong thuc tinh A7 & (28)

e el

trong phuong

dugc
AP o
Nn z|:(‘xn
(1-p)(2-p) | Ar
St dung céng thic Newmark déi véi van téc )'C'n
trinh (25) cling véi phuong trinh (20) ta thay vao phuaong trinh (21)

a 1 1
¥ +—— Al +bx, ——(I,+1,,)+bx, ———Al
Xn F(l—p) n 1% F(l—p)( 0 ,1,1) 1%n F(l—p) n
1
+byxt ———(Iy+1, ) +b,x’ Al +
2Xn F(l—p)( 0 n—l) 2Xn F(l—p n T CXy,
a
=f—-———I(I,+1_).
f F(l—p)( 0 ,,,1)

Thay A]né phuong trinh (29) va jc'n G phuong trinh (25) vao

At“”{_ax {z_l,_a}c
T(3-p)| pa™ B

phuong trinh trén ta c6 phuong trinh tinh X, nhu sau

oA 1
BF(S._p)m{bz i)

oA P 1 oAP 1
- X — P H——+a
(l ZB]N "“}“ BF(3—p)} ”*{w* Br3—7) " T(1-7)
AP

) {_B(Zt X +(2— p—gjxﬂ +(1 ZBJM _1:|+c}x

| 1. 1 .
_f_ (1 p)( 0+In—l)+|:BAt2xn—l+BAtxn—l +(zﬁ_1jxn—lj|
+a A {axﬂ+(p—2+ajxﬂ+£a IJAzjén_l}
I(3-p)| par § 3

by

(ly+1,1)

+h

Nhu vay ta dugc phuong trinh béac 3 dé tinh X,

Ax+Bx+C.x,=F, (32)

Vi

— aAr?

A =by———,
*Br(3-p)

1 AP o o
B, ={by———(I,+1, ) +by——| ———x _ +| 2= p——=|i
n { ZF(l_p)( 0 n—l) 2F(3—p)|: BAt‘xn—l ( p Bj‘xn—l
-p
+(1—OLJA1XH_I}+IJIOW ,
2p Br(3-p)

C, = ! +a aAr? +
" pa? Br(3-p) I(1-p)
AP { a

(2
o . o ..
blm —Mxn_l+(2—p—Bjxn_l+(l—2BJAtxn_l}+c},
F—f__ 94 Lx Lx —
Fn_f F(l_p)(10+1n—l)+{BAt2 n—l+BAt n—1 [ZB lj I:|
AT | 8 o[ &)k
+ F(3_p)[BA X, (p 2+B}§n_l+[2ﬁ 1]& ,}

Gidi phuong trinh trén ta tim dugc nghiém s6 x, cta phuong trinh vi

(ly+1,)

phéndao dong mi(r)+p, (1+c1x+czx2)D”x(t)+kx(t) =myg.

hay ¥(r)+aD"x(t)+bxD"x(t)+b,x’ D x(t)+cx(t)= f theo

cac gia tri cla X, qs X dugc tinh nhu sau

n—1° xn—l Vol X1 va Xp1

1 ..
+BA[ nl+(2B 1jxnlj| (33)

. 1 1
X = X —|—=X _
"oBAs " {BA[Z i

X, = QAtX, +|:x +(1-a @ﬂinl]

Gia thiét rang diéu kién ban dau clia cac cong thuc trén x(0), (0)
da cho.

3.3. Tinhtodnsé

Véi cac sé liéu

2(0)(14+9.81m)°
m=1,p:0.5,k:1,p0=2,mog=1,hzzi,c‘lh:2.44,c2h=3.81
8

x(0)=0, A&=001, o=}, B=.

vGi cac diéu kién dau ©(0)=0.64,3 va4dtaco d6 thi dao dong (hinh 2).

2

181

1.6F1

1.4/[\ 1

124

x(t)

Jv o

0.4r

0.2 4

0
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4.K&t luan

Sau khi tim dugc nghiém sé cla phuong trinh vi phan cé chiia dao
ham c&p phan s6 va qua d6 thi dao déng c6 dugc, ching ta c6 thé rat ra
két luan:

Qua trinh dao déng cdia mo6 hinh hoan toan phu hgp véi dac tinh
dao dong clia hé chiju can.

Nh¢& viéc khdo sat ing x phi tuyén cila moéng may trén nén dan
nhét cap phan s6, cac két cau ky thuat phuc tap cé thé dugc thiét ké
hgp ly, d&m bao cac tiéu chudn ky thuat.
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