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TOM TAT

Lo xo tru co xe ranh la mot logi lo xo doc dao va khac thuong voi hinh dang 3D dac biét. Co
rat it hodc tham chi khong co tai liéu nao vé hanh vi ung xur cua logi lo xo nay dwdi cdc tdi trong
tinh va dong. Trong nghién cuu nay, nhom tac gia thuc hién nghién cuu ddc tinh cua lo xo dwoi tai
trong tinh va dong bang phirong phdp phan tir hitu han véi sw tro gitip ciia phan mém Abaqus. Céc
trieong hop nghién ciru bao gom 16 xo xé 3 ranh va 16 xo xé 4 rdanh, phdn tich va ddp va tai trong
tinh, tir @6 so sanh két qud. Két qud cho thay 16 xo tru c6 xé ranh phirc tap hon khi chiu nén lién
quan dén do vong do tac dung cua tai trong tinh hodac dong. Loai lo xo dac biét nay co kha nang
hcfp thu tai trong dén mot pham vi ma lo xo thong thuong khong thé thuc hién duoc. Co thé thcfy 70
rang loai [o xo 4 ranh ¢é dg ciing cao hon so véi 16 xo 3 ranh. Trong truong hop chiu tdi trong va
dap, két qua cho thdy qud trinh bién dang ting déu theo dwong cong xdc dinh. Piéu nay thé hién
tinh wu viét khi chiu tai trong dong cua lo xo xé ranh.

Tw khéa: Lo xo tru co ranh; Phwong phap phdn tr hitu han; Tinh hoc; Dong hoc; Tai trong
va dap.

ABSTRACT

Slotted cylindrical springs are a unique and unusual type of spring with a special 3D shape.
There is little or no literature on the behavior of this type of spring under static and dynamic
loads. In this study, the authors studied the characteristics of springs under static and dynamic
loads using the finite element method with the help of Abaqus software. The case studies include
a 3-slot sawn spring and a 4-slot sawn spring, impact and static load analysis, and compare the
results. The results show that slotted cylindrical springs are more complicated when subjected
to compression related to deflection due to static or dynamic loads. This special type of spring is
capable of absorbing loads to a range that conventional springs cannot. It can be clearly seen that
the 4-groove spring has higher stiffness than the 3-groove spring. In the case of impact loading,
the results show that the deformation process increases steadily according to the determined curve.
This demonstrates the superiority of slotted springs when subjected to dynamic loads.

Keywords: Slotted cylindrical springs, Finite element method; Statics; Kinematics; Impact
loads.
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1. GIOI THIEU

Lo xo tru c¢6 x¢é ranh dugc su dung trong
truong hop lap rap nbi tiép cac ong tru theo
phuong doc truc. N6 c6 kha nang tuong duong
v6i cac loai 10 xo thong thudong khac vé kha
nang chiu nén hodc kéo. Pai khi con s dung
trong cac trudng hop ndi cac dng co duong
kinh khac nhau. C6 thé coi loai 16 xo0 nay nhur
mot khép ndi truc dan hdi co kha ning truyén
chuyén dong quay va moment xoan. Ciu tao
ctia 10 X0 ¢ xé rdnh bao gdm mot hinh try réng
c6 xé ranh d6i xtmg theo phuong huéng kinh.
Céc thong s6 cu thé cua 10 xo phu thudc vao
hinh dang hinh hoc, théng sb vat liéu va kha
nang chiu tai.

Lo xo tru c6 x¢é ranh cling dugc quy
dinh chiu luyc doc truc, tuc 1a c6 do ciing nhu
cac 10 xo thong thuong khac. N6 dugc sur dung
nhiéu trong linh vyc cong nghiép nhu khép ndi,
bo chuyén doi dé tao song, sir dung trong xay
dung dé giam chan khi dong dat, str dung trong
may ép c& 16n dé giam tac dong cua chay 1én
khuon.

Nhiém vu cua 10 xo néi chung dugc sur
dung dé luu trit nang lugng va sir dung ning
luong d6 cho mot muc dich cu thé hodc giai
phong ning lugng do6 khi can thiét. Tuy nhién,
trong mot sd truong hop yéu cau chiéu dai cua
10 xo0 1a ¢6 dinh, kha ning dap tmg yéu cau lam
viéc trong mot khong gian nhd va c6 kha nang
chiu lyc cuc b 16n thi day 1a mot uu diém Ion
cua loai 10 xo x¢ ranh so vdi cac loai 10 xo thong
thuong. Viée sir dung loai 10 xo x¢ ranh trong
linh vyc khuén mau gitp ich nhiéu cho nhimng
ngudi nghién ciru tinh toan thiét ké khudn véi
cac dang dic thu ma khong thé Iya chon céac
loai 16 xo truyén thdng san co.

bay la linh vuc khong méi do da dugc
cac nha nghién clru tir rat lau nam nghién ctru

t&1 nhu bai bao ciia Wilhem A.Schneider, 1963
[1] 12 ngudi nghién ctru dau tién va duy nhat vé
10 xo0 tru c6 xé ranh. Trong nghién ctru cua 6ng
chi ra tinh doc ddo vé kha nang chiu tai cao,
chuyén vi nhé cua loai 10 xo tru c6 xé ranh.
Ngoai ra ¢c6 mdt sd nghién ctru lién quan nhu
B.Vijaya Lakshmi va I. Satyanarayana (2012)
[2] da nghién ctru va phan tich tinh va dong
hoc trén 10 xo 14 composite trong xe hang nang.
Ngoai ra con nhiéu cong trinh nghién ctru cta
cac nha nghién ctru trén thé gidi vé& qué trinh
chuyén vi, cic ham tai — chuyén vi tuyén tinh,
phi tuyén nhu bao cao khoa hoc ctua nhom
tac gia Christine Vehar Jutte va Sridhar Kota
(2008) [3] hay nhém tac gia KA Saianuraag
&BitraguntaVenkataSivaram (2012) [4].

Hau hét cac nghién ctru déu chi ra cac
dic tinh, co tinh cua 10 xo xodn truyén théng
hodc 10 xo dudi dang 14 nhip. Chua c6 nghién
ctru thiu dao nao vé dang 10 xo try x¢ ranh vé
cac ddc tinh tai tinh va dong. Bai bao nay trinh
bay qué trinh nghién ctru 1y thuyét va mo phong
phan tich dé du doan dic tinh co hoc cua 16 xo
try x¢é ranh.

2. PHUONG PHAP NGHIEN CUU
2.1. Phwong phap tinh toan phan tich

Theo nghién ciru di cong bd cua
Wilhem A.Schneider, 1963 [1], mic do léch
té)ng thé cua 1o xo tru xé ranh duge tinh toan
theo cong thirc dudi day:

_ n.LiP

§ = 5" 5
®f n_.16.b.h*.E

Trong do:

- P 1a tong luc tac dung 1én 16 xo;

- E 1a modul dan héi cta 16 xo;

-L la cl}iéu dai cua ranh xyé;

-n_ la sO lugng clia mat cat chira ranh;
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-n la sO luorng ctia rinh trén mot mat cit;

_b 14 chidu day ctia khdi try 16 xo;

- h 14 chiéu day cta phan vat liéu gitra
hai ranh;

- 8, 1a murc d léch tong thé.

2.2. Phwong phap mé phéng sb

Abaqus 12 mot phan mém phan tich mo
phong s st dung phuong phap phan tir hitu
han. Pay 1a phuong phép moi han ché cho viéc
che thir va thi nghiém dat tién, doi kh1 la khong
can thiét hoic khong co tmh kha thi vé mat tién
hanh hay kinh té. Phan mém dua ra cic 1énh
dé xay dung mot mo hinh, xac dinh dang phéin
tir chia ludi, ap diéu kién bién va tién hanh mé
phong sd. Bang 1 va 2 dudi ddy thé hién tinh
chét vat liéu caa 10 xo xé rinh va thong s6 hinh
dang hinh hoc cua 10 xo.

Bang 1. Ddc tinh co hoc cia vt liéu sir dung.

) Gidi . Khoi Modul
Vit han Heé so lwgng . X
in , . o dan hoi
licu chiay | Poisson’s | riéng (Gpa)
(Mpa) (Kg/m?) | P
Thép
65Mn 1030 0.33 7850 210

Bang 2. Théng sé6 hinh ding hinh hoc ciia 16 xo xé ranh

Pwon | . A S
u: g DPuwong | Khoing | Chiéu So
kinh . . . .

neodi kinh cach cac | cao cac | luwgng
%) trong D, | ranh ranh | ranh
0
50.8mm | 44.45mm | 2.38mm | 0.78mm 60

Hinh 1. M6 hinh héa 16 xo ¢é xé rdnh bang phan

mém Abaqus.
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Sau d6 chia luéi mé hinh dé tao. Phan
tir ludi duoc chon 1a dang tir dién do chi tiét co
hinh dang phuc tap, dac bi¢t c6 bién dang tron
xoay. Viéc chia lugi phi hop 1a rat can thiét,
lién quan tryc tiép dén két qua va thoi gian mo
phong. Chi tiét dugc chia thanh 24189 phan tir
tor dién dang C3D10.

Hinh 2. Chia luoi lo xo tru xé ranh.

3. KET QUA VA THAO LUAN

Biéu d6 ¢ Hinh 3 thé hién mdi quan hé
gitra lyc tac dung va muc do bién dang cua 10
xo tru ¢6 ranh. Két qua cho thay 16 xo tru xé 4
ranh c6 do ciing cao hon so védi 10 xo try xé 3
ranh, thé hién qua gia tri bién dang nho hon tai
cung mot muc lyc tac dung. Sy khac bi¢t nay
chung t6 s6 luong rinh anh huong truc tiép dén
kha nang chiu tai cua 10 xo, trong d6 10 xo ¢6
nhiéu ridnh hon s& c6 cau triic cimg vimg va kha
nang khang bién dang tot hon. Mdi quan hé gﬁn
tuyén tinh gitra lyc va bién dang ciing cho thay
dic tinh dan hdi cua vat liéu duoc duy tri on
dinh trong pham vi khao sat.

Biéu b mirc 39 bién dang ciia 16 xo tru Khi
chju tac dyng lye

O Lo xo truxé 4 rinh Lo xo tryxé 3 rinh
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Hinh 3. Mirc dé bién dang cua lo xo tru khi chiu
tac dung luc.
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Biéu d6 ¢ Hinh 4 mé ta phan tng cta
10 xo tru x¢ ranh khi chiu tai trong va dap theo
thoi gian. Co thé thay 16 xo tru xé 3 ranh co
bién do bién dang cuc dai 16n hon dang ké
so voi 10 xo tru xé 4 ranh, chung t6 kha nang
hap thu ning lugng va dap t6t hon. Do bién
dang cua 10 xo 3 ranh tang nhanh dén cuc dai
va giam dan theo thoi gian, phan anh qué trinh
phén tan nang lugng xung lyc hi¢u qua. Trong
khi do, 10 xo0 4 ranh c6 bién d6 bién dang nho
va thoi gian phuc hoi nhanh hon, phu hop véi
dac tinh ciia mot hé dan hoi co do climg cao. Két
qua nay cho thay 16 xo xé 3 rénh c6 wu thé trong
cac g dung yéu cu kha ning giam chin, con
10 x0 4 rinh phu hop véi cac co cdu can phan
h6i nhanh va 6n dinh hinh dang.

Biéu 6 phén img ciia 10 xo try xé ranh khi

0 1 2 3 4 5 6
Thoi gian tic dung (1072S)

3 chiu tdi trong va dp theo thoi gian
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*—Loxo0 try xé 4 rinh ®— Lo xo tryxé 3 rinh

Hinh 4. Mirc d@é bién dang cua lo xo tru khi chiu
tdac dung tdi trong va dap.

4. KET LUAN

Dua vao két qua bai bao, c6 thé két luan
rang sb luong ranh anh huong ro rét dén dic
tinh co hoc cua 10 xo tru. Lo xo xé 4 ranh ¢6 do
clig cao, bién dang nho, thich hop cho céc tai
trong tinh 16n; trong khi 16 xo xé 3 rdnh mém
hon, c6 kha nang hap thu xung luc tét hon khi
chiu tai va dap. Co thé dua ra mot sb két luan
nhu sau:

- Qua trinh san xuat 16 xo tru c6 xé ranh
phtrc tap hon so véi céc loai 10 xo truyén thong,

nhung 10 xo tru cé x¢€ ranh c6 cac dac tinh dac
biét ma céc 10 xo thong thuong khdng co.

- Tir qua trinh phén tich tinh c6 thé thay
duoc rﬁng do cung cua 10 xo tru c6 x¢é ranh
trong truong hop 4 ranh 16n hon 3 ranh do muc
do bién dang nhé hon khi chiu cung mot lyc tac
dung.

- Khi chiu tai trong va dap, co6 thé théy
mirc 36 bién dang ting déu va mém mai, chimg
t6 kha niang hap thu xung luc cta 10 xo xé ranh
1a rat tdt, ngoai ra 10 xo try x¢ 4 ranh c6 muc do
bién dang nhé hon khi chiu tac dung tai trong
va dap so vdi 10 xo tru x¢é ba ranh. %
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