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TOM TAT: Trong hé dao déng mét bdc tu do, dé ngdn dao dong tur nén thi hé nén cé do
citng nhod nhat cé thé. Tuy nhién véi ciing mot khoi luong, dé citng cia hé nao cang nho thi
chuyén vi ban ddu cang I6n va (6i mot mirc ndo ds thi dg bién dang qud 16n khéng thé chdp
nhdn duoc. Trong bai bdo nay, 16 xo ¢6 dp cirng dm duoc gidi thiéu. Khi mét 16 xo dé cirng dm
dugc mdc song song véi 16 xo, thong thirdng thi cé thé lam cho 36 citng cila hé c6 thé bing
khong. Nhitng thi nghiém ciing dwoc gii thidu trong bai bdo nay sé chitng minh kha ning ngan
dao dong cua hé 16 xo dg cirng am.

1.GIOT TIIIEU

Mot hé dao dong mdt bac tu do ¢d thé m6 hinh hoa gdm khéi luong, 16 xo va giam chén
(Hinh 01). Theo [3],[8], khi tan sb ty nhién cang thap thi bandwith cang hep va hé s& suy giam
dao dong cang nhanh & tan s cao. Tan sé ty nhién c6 thé don gian duwoc viét nhu (1). Véi cing
mdt khéi lwong, mubn gidm tan s tu nhién thi dd cimg cua 1o xo phai gidm. Tuy vy, [3] da
cho thiy rang giam dé cimg 16 xo bi han ché do d6 bién dang tinh ctia 16 xo. Néu mubn dat tin
s6 tu nhién thap hon 1 Hz thi chidu dai cia 19 xo t6i thidu dai 0,5 m. Didu nay 1 bat kha thi
trong thyc té. Chinh vi vay khéng thé giam do cimg bing phwong phap thong thudng.
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Noi day, K'la d cimg 16 xo nang, m la khoi lugng vét. @ 14 tan so riéng cta hé.
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Hinh 1.Mé hinh dao d6ng 1 bac tu do Hinh 2. Tén s tu nhién cang thép, bandwith cang
hep va dao dong s& suy giam nhanh & tin s cao

Theo [3], 16 xo khi (air spring) c6 thé dat duge d6 ciing thip nhu c6 thé. P cling ctia 10 xo khi

¢6 thé viét nhu sau:
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Noi ddy, y 1a hé s6 gidin n& doan nhigt, P 1a ép sudt, ¥, 14 thé tich ban dAu, A Ia dién tich
cua 16 xo khi
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Khi gia ting th& tich ban dau thi do cimg giam tuong mg. Tuy nhién khi gia tang thé tich
ban dAu nay thi hé s trd nén cong keng. Ngoai ra hé théng 16 xo khi thudng rat dét tién khi so
sanh v&i hé 10 xo thép.

M5t nghién ciru khac lai chu tam vao 10 xo phi tuyén. Lo xo phi tuyén c6 thé dat do cing
rAt thip. Tuy nhién 1o xo phi tuyén s& dé mét 6n dinh khi tAn $6 tu nhién rat thip. Khong nhitng
véy, hé 16 xo phi tuyén s& khong dat duoc tn sé tu nhién nhu thiét ké néu hé théng khong lam
viée trong khoang vi tri da thiét ke.

Trong bai bdo nay. He thong 16 xo c6 dd cing dm duoc gidi thiéu. Két chu clia hé bao gdom
mot 10 xo thong thuodong mic song song v6i mot 1o xo dd cting am. Hé s& duoc thiét ké sao cho
tong do cimg cia hé gan bing khong. Piéu nay s& lam cho tAn s tu nhién cua hé gan bing
khong. Khi tan s6 tu nhién tién gan vé khong thi kha néng suy gidm dao dong truyén tlr nén lén
khdi luong suy giam rd rét. Nhiing k&t qua thi nghiém s& minh ching diéu nay. Khong chi
dimg & gia tri thuc nghiém, trong bai béo ciing dua ra cac thuét toan gial quyét cac tham s6 cla
hé théng dé co thé dat duogc do cimg thip nhét

2. PO CUNG AM

Trong hé théng dan hdi, do cting c6 thé duoc viét nhu sau:

. AF
K = lim = )

Trong d6 F l1a luc tac dung lén hé dan hoi, x 1a bién dang cta hé dan hdi dudi tac dung cua
luc, K 1a do cimg ctia hé.

Vay néu ngoai luc va bién dang 14 ciing chiéu thi do cimg cia hé dan hoi s& am. Hinh (3)
gidi thidu mot s dang dd cing am tiéu biéu.
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Hinh 3. Mot s6 loai hé thong dan hoi do cimg am Hinh 4. Mo hinh toan loai (I)
tiéu bidu két hop vai 16 xo thong thudng dé clng
duong

Vi céc loai dd cimg 4m duoc tinh toan twong tu nhau nén md hinh loai (I) ( Hinh 3c) s&
duoc chon dé tinh toan do cung. Mo hinh toan ctia hé loai (1) c6 thé dugc minh hoa nhu trong
hinh 4.

Thé ning chia hé c6 thé viét nhu sau:

U=iklg -2 ©®
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Luc phuc hoi ctia hé ¢6 thé viét nhur sau:

F:?g:-—K2(50——[+\/lz—~x2)—xH— (6)

ax [2 _x?.
D3 ciing sé 1a:

2
k=2 __g _KG-10 )
x (lz_xz)/z

Néu nhu chuyén vi ciia hé trong khoang [—— \/ 218, - 6} ,\/ 216, - 8; J thi d6 cirng luén am.

3. HE DAO DONG PO CUNG GAN BANG KHONG

Néu mot hé dao déng gbdm 2 16 xo méc song song nhu hinh 5a thi d6 cimg tuong dwong cia
hé sé 1a :

K,=K +K, (8)
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% IR
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Hinh 5. a/ h¢ hai 16 so théng thudng mic song song. b/ Hé 16 xo do cing 4m va 16 xo do clmg
duong mic song song

Néu hai d¢ ctmg 12 duong thi db cimg tuong dwong s& 16n hon d6 ciing timg phén. Tuy
nhién, néu mét trong hai 16 xo ¢6 do cing &m va bang nhau vé gid tri thi dé cung tuong duong
s€ bang khong.

Theo hinh 5b, thé nang cua hé 1a:

U=41K,x’ +-;—K2(5,, 1+ —xff
(10)
D6 ciing cua hé 1a:

_ K2(50 __[)12
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Do cing cua he 12 mot ham theo gia tri bién dang. Db cling thAp nhét c6 thé dat dugc la tai
x =0. Tai diém nay biéu thire lién hé s& la:

K =K, (12)

S
)
4. MO HiNH VA KET QUA THI NGHIEM

Mb hinh thi nghiém c6 két cAu nhu hinh Sb. Céc tham sb cau tao cia md hinh duge cho
trong bang 1.

. Bang 1. C4c théng sb cua hé théng d6 cing am

‘ T Tén goi Gié tri |

T

1| Pocingloxo K, 500N/m

2 | Pocungloxo K, 600N/m

3 | Do dai cta thanh d& 60mm

l
4 | DO gian dai bandau | Tir30
cualo xo K, la &, téi

60mm

Thi nghiém duoc thyc hign dé do tAn sb tu nhién cta hé béng cach tha khéi lugng tai vi tri
cach vi tri can bing mot khoang x, . Sau d6 thay dbi dd gian dai J, @& nhén thay sy thay dbi tan

sb tu nhién cta hé théng. Gia tri do dac dugc cho trong bang 2.

i _ =

Hinh 6. 2/ M6 hinh that dé do tin s6 ty nhién. b/ Tién hanh do dac cac thong )
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Hinh 7. Céc s6 lidu do dac

Bang 2. Céc gia tri do duoc.

S Tén s riéng tir thi nghiém Hz -
(mm)

0 1,99( Tén sb hé chinh)

30 1,85

40 1,66

50 1,25

60 0,98

f)é ching minh kha nang ngin dao dong tir mit.nén 1én khéi lugng, thi nghiém do kha ning

truyén dao dong dugc thuc hién nhu hinh 6b. Két qua duoc cho trong hinh 8.
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Hinh 8. Kha ning suy giam dao dong tir san 18n khéi lugng cua hé thong 10 xo d6 clirng &m

5. (/NG DUNG CUA HE THONG PO CUNG AM

Hé théng dé climg dm c6 nhiéu tmg dung trong thuc té theo nhu [17]. Hé t‘héng d6 cling 4m
duoc dung trong thiét ké ghe xe buyt, hé thong chong dao dong cla thit bi cam tay v.v. Trong
nghién clru cua bai béo, doi tugng huéng t6i 1a ban chong dao dong phuc vu cho thi nghiém.

3 r
A A

Hé ban chéng dao dong c6 thé dat duoc tan so riéng 1 Hz theo phuong thang dung va 1.5 Hz

theo phuong ngang. Trudc déy cac ban chéng dao dong duoc lap dat hé théng 16 xo khi. Tuy
nhién nhu phén tich & phan gioi thiéu, 16 xo khi kha la dat tién va ¢6 thé tich ban dau lon. St
dung 16 xo dd cimg am don gian va re tién hon rat nhidu. Khong nhitng vay, 16 xo d§ cung am

c6 tudi tho cao, dd ving chéc cao, thich hop cho truong hop va cham manh.

6. KET LUAN

Tir nghién ctru ctia hé 16 xo d9 cing 4m s& mo ra mdt tuong lai cho nganh dao dong trong

Jainh vue ngin dao dong tir nén 1én vit. Theo cac gia tri ly thuyét, céc tham sb cta hé thong dd
cung 4m c6 thé duge chon sao cho tin sb tu nhién thip nhu c6 thé. Tham chi la bang khong.
Theo cac gia tri thi nghiém, hé thong do cing am thich hop dung cho ving tan s6 cao va bién

do lom.

NEGATIVE STIFFNESS AND APPLICATION IN REALITY

Nguyen Hong Ngan, Luu Thanh Tung
University of technology, VNU-HCM

ABSTRACT: With the one degree of freedom, to prevent the vibration from the base, the
spring stiffness should be as low as possible. However, with same mass, the smaller the system
is, the longer the initial deformation is. In reality, this deformation is restricted when it reaches
a certain threshold. In this paper, the negative stiffness is introduced When the negative
stiffuess is connected in parallel with a normal spring, the equivalent stiffness can become zero.
The experiment is made to prove the capability of anti-vibration
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