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B6 hép thu ndng luong (HTNL) st dung céu tric mang vi phéan ti duoc thiét ké sir dung cho gian
chéng thdy lwc nhdm ting khd ndng HTNL va ndng cao dé an toan cho dan chéng. Bai béo si¥ dung
phuong phép phén tich dwa trén co sé ly thuyét strc bén vét lidu, két hop véi phwong phap mé phdéng
s6 dé khdo san &nh hudng cua céc thdng sé céu tric ctia vi phan ti hinh thédp dén tinh ndng hap thu
néng luong cta bé HTNL. Céc phén tich cho thay téng kich thuéc duong kinh chén cida vi phén to hinh
thap co thé lam tdng khé néng chiu luc ciing nhw khd ndng hap thu néng lwong cda bé HTNL, nguoc
lai tdng bé rong day va chiéu cao vi phan ti hinh thép cé thé lam giam kha ndng hép thu nang luong

ctia bé6 HTNL.

Tir khéa: bo hép thu ndng lwong, cau tric mang vi phén ti, vi phan ti hinh thép, gian chéng thiy luc

1. DAT VAN DBE

Hién nay, v&i cac dac tinh nhw: nhe, chiu va
dap va hap thu nang lwong (HTNL) tét, tan nhiét
cach nhiét tét, tiéu am cach am, kha nang tuy bién
theo y&u cau... ciu tric mang da va dang duoc
nghién clru va &ng dung trong rat nhiéu linh vuc.
O c4c nghién ctru da cong bd trwde, nhém nghién
clu da st dung ciu tridc mang dé thiét k& phan
t HTNL st dung cho gian chéng thdy lwc nham
tang cao kha nang HTNL va nang cao d an toan
cho gian chdng [1]. Nghién ctru da chi ra: mang cé
céu trac vi phan t& dang hinh thap 1a phu hop nhét
dung dé thiét ké phan t& HTNL. Bai nghién ctru st
dung phwong phap phan tich mé phéng moé hinh
sb dya trén co s& phwong phap phan t& hivu han,
tién hanh nghién ctu sy &nh hwéng clia cac théng
sb cAu tric vat lieu mang ddi véi tinh nang hap thu
nang lwong cta phan ti HTNL.

2. NOI DUNG NGHIEN clU

2.1. Cau tao cua bo hap thu ning lwong sir
dung mang vi phan tr hinh thap

B& HTNL bao gdm rat nhiéu cau trac vi phan tor
xé&p v&i nhau theo mét trat tw nhat dinh. Cac vi phan
tlr hinh thap nay dwoc sép xép thanh nhiéu 16p,
mdi 1&p cé sb lwong vi phan t& bang nhau (Hinh
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H.1. B6 HTNL s&t dung mang vi két cau
1-Dé; 2-16i HTNL; 3-Chan cdt chdng thily luc

H.1). Cac phan t& gibng nhau nén cac thong sé vé
khoi lweng, do cirng...la nhw nhau. Khi b HTNL bj
nén doc truc, lwc sé dwgc phan bd déu cho tat ca
cac vi phan t&r. MGi vi phan tlr c6 thé chiu cac lwc
khac nhau va qua trinh bién dang ciing khac nhau,
nhwng tdng nang lwong hap thu tdi da ctia méi vi
phan t& [& nhw nhau, va tdng ndng lwong hép thu
clia toan bo cAu truc sé la tdng nang lwong hap thu
clia tAt ca cac vi phan t&r. Do d6, tdng nang lwong
hép thu dwoc clia bd HTNL sé phu thuéc vao nang
lwong dwoc hap thu bdi mdi vi phan t&r va tdng sb
vi phan t& co trong tb hop.

Vi chiéu cao va dwdng kinh ctia bé HTNL 14
cb dinh nén khi cac théng sé cau tric vi phan t&
hinh thap khac nhau, sb lwong vi phan tir dwoc lap
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dat trong khéng gian cb dinh ctia bd hap thu nang
lwong sé khac nhau. Céc théng sb khién vi phan tir
dat kha nang hap thu tét nhat chwa chac da khién
bd HTNL bd tri dwoc sb lweng vi phan t& nhiéu
nhét. Vi thé can xem xét anh hwéng clia cac thong
sb cAu tao dén tdng thé bd HTNL.

Gia sir bd HTNL c6 tdng chiéu dai la L, dwong
kinh la D, do céc vi phan tir c6 chiéu cao h, bé rong
day |=2a, dworng kinh chan d cAu tao thanh. Céc vi
phan tlr nay dwoc sap xép thanh nhiéu I1&p, méi I6p
gdm nhiéu vi phan tt. S6 1&p Ién nhat cé thé xép 1a”

L

Méi tang c6 sb vi phan tir la:
mfDye
v<i()
Gia slr rang cac vi phan t&r cé ciu tao dong nhét,
lwc phan b 1&n than mdi phan t& 1& nhw nhau va
do bién dang ctia than té bao la nhw nhau, thi tbng

phan lwc ctia bd HTNL béng tdng phan lwc ctia toan
bd vi phan t&r dwoc sap xép trong mot 16p:

(2)

F ©)

total

=v.F

Tbng nang lwong cé thé hap thu bang tdng nang
lwong hap thu cla toan bd cac vi phan to:

O =uv.Q )

2.2. Qua trinh bién dang cua vi phan tw
hinh thap

B& HTNL thwdng duoc lap dat & chan cta cot
chéng thay lwc. O didu kién lam viéc binh thuong,
bd HTNL can phai chiu duwoc lwc chéng lam viéc
cta cot chéng. Khi xay ra nd da, ap lwc lén cot
chdng tang dét ngdt vuot qua gia tri lwc chéng tdi
han ctia bé HTNL, luc nay bé HTNL bat dau phat
huy tac dung, bién dang va hap thu bt mét phan
nang lwong tlr vu nd, gidm bét ap lwc 1én cot chdng,
giup bao vé an toan cho cac két ciu khac cla cot
va gian chéng.

V&i dac diém lam viéc nhw trén, bd HTNL cén
duwong dac tinh chju lwc twong ty nhw Hinh H.2.

-
x

H.2. Két cau vi phan ti hinh thap va luc tac dong khi bi nén

Trong bai nghién ctvu d& coéng bd [1], mé phdng
nén 1 vi phan t& hinh thap ciing cho thay duéng
dac tinh chiu lwc cta vi phan t& hinh thap la phu
hop dé lam bd HTNL. Pé ly giai cho van dé nay,
tién hanh khao sat mot vi phan tt hinh thap chiju
e nhw Hinh H.3.

H.3. Két cau vi phan ti hinh thap va luc tac dong khi bi nén
Gia thiét mé hinh lyc tac dung Ién mbt chan
nhw H.4.

Fi4

H.4. Phan bé luc trén chan cta vi phan ti hinh thap
Thanh phan luc F, dwgc tinh theo cong thirc:

F
4.cosa’

k= N (5)

CONG NGHIEP MO, SO 6 - 2022 &



{3} CO KHi VA CO PIEN MO

NGHIEN CU’UVATRAODOI

Nhw vay xét riéng mdi chan, lwc tac dung chi
con lai thanh phan lwc doc truc. Bién dang ban dau
cta thanh la bién dang nén doc truc. Khi thanh van
trong gi¢i han dan hoi, lwc F.co thé dwoc tinh dwa
vao dinh luat Hook nhw sau:

F :g.EA, N (6)
L
Trong do:
E - M6 dun dan héi vat lieu, MPa
A - Tiét dién cla thanh, mm?
AL - d6 bién dang cta thanh, mm
L - Chiéu dai ban dau cla thanh.

Khi tiép tuc tang gia tri cta luc F, theo nghién
clru clia Leonhard Euler nam 1774 [2], khi Iwc doc
truc tang dén mot gia tri nhat dinh, thanh bi nén doc
truc sé tién vao trang thai mét 6n dinh va bi uén
cong nhw Hinh H.5.

Fid

Hinh 5. Bién dang ctia thanh chiu nén doc truc
Dé tim gia tri lwc t&i han nay, gia thiét véi mot
bién dang y vé cling bé, ta xay dung dwoc phuong
trinh dac trwng nhuw sau:

" __ _ ~ tmax
y Bl Y
Gidi phwong trinh vi phan trén thu dwoc cong

thtre tinh gia tri lwc t&i han:

(7)

(8)

Trong do: | - mé men quan tinh tiét dién thanh, m*.
Luc nay tng suét cla thanh la:
F .. TEI

— _ tmax

T4 Al e

9)
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Nguwdi ta dat goi la d& manh cla thanh. - Hé sb
phu thudc vao lién két dau thanh.

Véi r. la ban kinh quan tinh tiét dién thanh.

1 ) d

Pnin = \/Z Vé&i thanh co tiét dién tron, 7, =—

4
L °E e ea e
Gia tri /10 = dwoc goila d6 manh gidi han
o,

cla thanh v&i o la gi¢i han chay cua vat liéu.

Doi voi vat ligu thép, gia tri 4 nam vao khoang
90-100. Néu A < A, thi khi thanh bat dau tién vao
trang thai mat &n dinh, rng suét trong thanh da vuot
qua gid¢i han chay, thanh sé ngay lap tirc xuét hién
bién dang chay. Trong pham vi bai nghién ciru, kich
thwédc phan t&r hinh thap cé d6 cao (30+80)mm, do
réng chan (20+40)mm, dwong kinh chan (4+7)mm.
Trong pham vi théng sb kich thuwéc nay, dd manh
cta thanh chan A < 4, . Do do c6 thé két luan, ngay
khi mat én dinh va bj udn, thanh sé bj bién dang
déo ngay lap tirc. Khi tién vao trang thai bi bién
dang déo, phan lwc sé& gidm nhanh, tuy nhién bién
dang déo khong xay ra trén toan bo chiéu dai thanh
ma chi xay ra tai moét phai diém cé (ng suét tap
trung I&n nhét.

Nhuw vay toan bod qua trinh bién dang ctia vi phan
t& hinh thap c6 thé mo ta tom tat qua 2 giai doan
nhw sau:

Giai doan 1: Twong wng v&i khi b6 HTNL lam
viéc & diéu kién binh thueng. Ap lwc 1én bd HTNL
nhd hon ap luwc téi han, bd HTNL bi bién dang nhé.
Bién dang Iic nay chu yéu la bién dang nén doc
truc clia cac chan vi phan t hinh thap;

Giai doan 2: Twong (rng v&i khi xay ra nd da. Ap
Iwc 1én bé HTNL tang ddt ngét va vuwot qua gia tri
gi¢i han. Céac chan vi phan t& bi mat én dinh va bi
bién dang udn cong, ndi lwc trong vi phan ti giam.

2
Foo= n°El

tmax 2
L

N (10)

Giai doan 2 1a giai doan hé&p thu nang luvong
chinh ctia bd HTNL. Trong giai doan nay, ham sb
biéu thi phan lwc cta vi phan tl twong (rng véi do
bién dang la:

F=mx"+bx'tcx,N 1)
Trong do:



NGHIEN ClPUVA TRAODOI

CO KHi VA CO PIEN MO '(:,}

m - ma tran khéi lwgng cla vi phan t&, Mpa
b - ma tran do can cuta vi phan t&
c- ma tran dd cing cda vi phan tir
X - ma tran chuyén vj cta vi phan t& (do
bién dang)
Nang lwong vi phan ti hap thu dwoc chinh béng
céng cla ngoai lwc gay ra bién dang. Pwoc tinh
theo céng thirc:

0=

Xxmax

J F.dx

0

Trén thuwc t&, dé& xac dinh cac ham sé nay la
rat khé khan. Ngay nay nhd vao cac phan mém
mé phdng va may tinh, ngudi ta c6 thé tién hanh
mé phdng qué trinh bién dang cta vat thé cho ra
nhitng két qua twong dbéi chinh xac. Bai bao st
dung modun mé phéng va cham Explicit Dynamic
ctia phan mém ANSYS Workbench dé tién hanh
mo phdng va khao sat anh huéng ctia cac tham sb
t&i tinh nang chiu lwc va hap thu nang lwong cla
bd HTNL.

(13)

2.3. M6 phéng s6 biang phan mém Ansys

Nhom nghién ctru st dung modun Eplixit trong
phan mém ANSYS Workbech dé& mé phéng bai toan
nén bd HTNL. Theo dd, mé hinh 3D cua vat thé sé
dwoc chia lwgi nhd, cai dat cac diéu kién dau vao
va tw dong tinh toan dy trén phwong phap phan
t& hiru han. Thoi gian d& mé phdng tinh toan phu
thudc rat nhiéu vao tbc do may tinh, két cau cla vat
thé, do chinh xac yéu cau (d6 chia nhd cla lui).
Déi v&i cac bai toan phire tap can phai st dung cac
siéu may tinh, chay trong thoi gian dai méi c6 thé
giai xong. Do diéu kién trang bi may tinh chi la may
tinh phd théng, dé gidam bét dd phirc tap va thoi
gian tinh toan, nhém nghién cu chi mé phéng tinh
toan cho 1/4 tAng ctia bd HTNL (Hinh H.6). CAu tao
mot tang bd HTNL bao gdm cac vi phan tir [am 18i,
tdm dé day 5mm, 6ng day 5mm boc xung quanh
lam dan hwéng, tAm trén day 5mm cé thé truot trén
thanh éng.

Mat A va mat B dwoc rang budc chuyén bi theo
phwong phap tuyén bang 0. Vat liéu bd HTNL
dwoc chon trong thw vién co san cla Ansys la thép
STEEL 4340, mé&t dwéi dwoc khai bao gbi cb dinh,
tAm trén dwoc ép xudng voi tbe dd 10m/s.

H.6. M hinh 3D clia 1/4 tang ctia b hap thu nang lugng
1. Loi; 2. Tam dé; 3. V6 truot; 4. Tam trén
Lwu dd qua trinh phan tich mé phéng duwoc thé
hién & Hinh H.7.

- A - B
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H.7. Luu d6 qua trinh mo phéng phan tich

Theo d6, gia tri cac théng sb dau vao dwoc khai
bao & muc Parameter Set: a=1/2=20mm; b=40mm;
d=(5+7)mm; h=(30+70)mm. Mé hinh théng sb sé&
duwoc ty déng cap nhat theo gia tri cac thong sb &
muc Geometry. Sau khi dwgc cap nhat gia tri thong
sd& mai, md hinh dwoc dwa vao muc md phéng
Explicit Dynamic dé tién hanh mé phéng phan tich.
Céc gia tri dau ra dwoc cai dat & muc nay bao godm
tbng nang lwong hap thu va gia tri phan lwc 16n
nhat. Sau khi phan tich xong, gia tri théng s mdi
lai dwoc cap nhat va mét chu trinh méi bat dau cho
dén khi mé phdng hét cac gia tri théng sb. Gia tri
clia théng s dau ra va dau vao dwoc tdng hop va
xay dwng thanh d6 thi quan hé & muc Response
Surface.
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Sau khi chay mé phdng, thu dwgc anh huwéng
clia cac théong sé dén kha nang hép thu nang lvong
cta két cAu nhw Hinh H.8.

wiinuisPH SRS ML - Ed

(e) h=70mm
Hinh 8. Két qua md phong phan tich bang Ansys
T cac biéu dd trén Hinh H.8 ta c6 thé thay
quan hé cla hai théng sb a, d v&i kha nang HTNL
la mot bé mat cong lién tuc. Gia tri nang lwong hap
thu thAp nhat nam & diém thiét ké a = 40mm, d =
4mm; gia tri nang lwong hap thu dat cao nhat khi
a =20mm, d = 7mm. Nhu vay c6 thé thay khi ting

TAI LIEU THAM KHAO

a sé lam giam kha nang HTNK cula két ciu, nguoc
lai tdng d s& lam tang kha nang HTNL cla két c4u.

So sanh céac gia tri cac diém twong (ng gitra
cac mire chiéu cao h khac nhau, ta thay h cang lén
thi tdng ndng lwong hap thu cang Ién. Cé thé diéu
nay xay ra |a do khi h tdng sé lam cho chiéu dai
bién dang hiéu dung cta két cu ting nén, t d6
lam t&ng kh& n&ng HTNL. Tuy nhién néu bé HTNL
c6 nhiéu tang va tdng chiéu cao cta bd HTNL Ia
cb dinh, viéc tang chiéu cao vi phan t& cé thé lam
giam sb 1&p vi phan tir bd tri trong bd HTNL. Chiéu
dai hanh trinh hiéu dung méi Iép cé thé tdng nhung
tbng chiéu dai toan bd cac I6p hdu nhuw khéng thay
ddi, do d6 khi tang h c6 thé lam gidm téng ning
lwong hap thu ctia mot bé HTNL.

3. KET LUAN

>Két qua phan tich mé phdng cho thdy, cac
thdng s cAu tric cha vi phan tt c6 anh hwéng truc
tiép dén kha nang hép thu nang lwong clia bd hap
thu nang Iwveng. Khi tang kich thuwdc dwdng kich
chan (d) hodc giam bé réng day vi phan t& (a) cé
thé khién kha nang hap thu nang lvong ctia bd hap
thu nang lwgng tang. Ngwoc lai, gidm dwong kinh
chan hodc tdng bé rong day cé thé lam gidm kha
nang hép thu ndng lwong cla két ciu;

>Débi v&i théng sb chiéu cao h clia mdi vi phan
tlr, khi h tang 1am tang m&c hap thu nang lvong
ctia mdi vi phan t&, tuy nhién lai khién mirc hap thu
cta téng thé bd hap thu nang lwong gidm xudng;

»Cac phan tich, m6 phdng trong bai bao dwoc
thwe hién dwdi diéu kién ly thuyét ly twéng. Song
trén thwc té ban than cac vat lidu ludn ton tai 16i
khién cho bién dang va chiu lwc khéng ddng déu
nhau. Do d6 can c6 nhirng nghién ciru thir nghiém
thuwc té dé cé nhwng két luan chinh xac hona
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RESEARCH ON THE INFLUENCE OF STRUCTURAL PARAMETERS ON THE ENERGY
ABSORPTION OF PYRAMIDAL MICRO-ELEMENT LATTICE STRUCTURE
Pham Trung Hai, Xu Ping, Yu Yinghua, Shen Jiaxing

ABSTRACT

The energy absorber uses a micro-element lattice structure designed to be used for hydraulic supports
to increase the energy absorption and improve the safety of the supports. The article uses the analytical
method based on the theory of material strength, combined with a numerical simulation method to
investigate the influence of structure parameters of pyramidal micro-element on the energy absorption
performance of energy absorber. The analysis shows that increasing the diameter of struts of pyramidal
micro-element can increase force resistance capacity as well as the energy absorption capacity of energy
absorber, vice versa increase the bottom width and height of micro-element can reduce the energy
absorption capacity of energy absorber.

Keywords: energy absorber, micro-element lattice structure, pyramidal micro-element, hydraulic
supports
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