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Abstract. This investigation studies crushing responses and crashworthiness performances of
the aluminum circular tubes with and without vertical corrugations. Crashworthiness
performance and collapsing response of these tubes are analyzed. The more the vertical
corrugations are, the larger the specific energy absorption is. Peak force of the tube with
vertical corrugations is greater than that of tube without vertical corrugation. Technique of
Order Preference by Similarity to Ideal Solution (TOPSIS) method is applied to point out the
better tube for energy absorbing device.
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Tom tat. Bai béo nay nghién ctiu ng xtr va tinh ning tin cay chiu nén caa cac 6ng nhém tron
c6 va khong c6 gan doc. Cac gan doc cang nhiéu thi ning luong riéng hap thu cang 16n. Luc
nén 16n nhat (peak load) cia dng c6 cac gan 16n hon so véi 6ng khdng c6 gan doc. Phuong
phap TOPSIS duoc &p dung dé chi ra cau trlc thich hop danh cho thiét bi hap thu nang lwong
va dap cua xe hoi.

Tur khoa: nang luong hip thy (EA), éng lugn séng, kha ning hap thu va dap; niang lugng
riéng hap thu (SEA).

© 2019 Truong Dai hoc Giao thong vdn tdi

1. PAT VAN PE

Ong thanh mong thuong duoc sir dung trong 6 t6 nhu cac thiét bi hap thu ning luong
va dap. Chang nhe, chi phi thap va cé thé hap thu ning lwong mot cach co kiém soat. Tin cay
va dap (crashworthiness) la kha niang cua cu triic chiu dugc mot luc tic dong cu thé. Tin cay
va dap cua ciu tric phu thudc vao nhiéu yéu td, lién quan dén vat liéu, cau trac, cho di nd
chiu tai ¢ trang thai dong hay tinh.

Nhiéu bai béo vé vat liéu cua céc thiét bi hap thu ning luong va da duoc thyc hién
trong vai thap ky qua. Trong so6 do, hop kim nhoém thuong duoc st dung vi no co tinh tng
dung cao hon va ré hon so vadi cdc vat liéu khac. Nhitng nghién ctru dau tién veé thiét bi hap
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thu ning luong da duoc thuc hién bai [1-3]. Dé so sanh, c4c chi sé tin cdy va dap di dugc dé
xuat boi nhitng cong trinh cua [4-9]. Vi du, mét trong nhitng chi s nay 1a higu suét luc ép.
Chi s6 nay la ty I cua lyc nén trung binh so véi luc nén lon nhat. Chi sé thu hai 1a nang
lwong riéng hap thu (SEA) duoc sur dung dé wac tinh kha nang hap thu niang luong cua cau
tric. Bén canh céc nghién ciru vé cau trac don, Azimi va Asgari [10] da nghién ctiu kha ning
tin cay va dap cua ong hinh nén cut trong trudng hop tai trong doc truc va cho thay rang du
kich thuéc nho, nhitng dng nay cé thé hip thu mot cach hiéu qua niang luong va dap.

Ngoai ra, mot gid tri luc nén I6n nhét yéu cau dé lam bién bang éng thang. B¢ giam
gia tri luc nén 16n nhit yéu cau, md men udn va vj tri bién dang cua ciu tric phai dugc quan
ly va diéu chinh. Sangace and El-Sobky [11] da thuc hién mét nghién cau cac ong co nep gap
bang thuc nghiém. Tiép do, Abdul Latif et. al. [12] da dé xuat mot phuwong phap nham cai
thién tinh nang tin cdy va dap. Phuong phap nay la cit 6ng ¢ nhitng vi tri cu thé va chén céac
dia khong bién dang vao bén trong ong.

Mac du c6 nhiéu nghién ctru da duoc thuc hign nham t6i uu hoa nang lugng hip thy
trong qua trinh bién dang bang cach xem xét nhitng gap nép trong cac thiét bi hap thy ning
luong va dap. Van con rat nhiéu nghién ctru trong linh vuc nay dé tim ra mot mo hinh va vat
liéu cu thé ma n6 dugc s dung mot cach kha thi trong cac tng dung khac nhau nham nang
cao tinh ning tin cay va dap. Trong bai bao nay, mot nghién ctru duoc thyc hién trén cac dng
nhdm tron véi cac gan doc chiu nén doc truc va sau d6 noé dugc so sanh véi cac 6ng thang.
Phuong phap TOPSIS sir dung dé chi ra cau tric hap thy nang luong thich hop.

2. CHI SO TIN CAY VA PAP VA PHUONG PHAP TOPSIS

2.1. Chi so tin cay va dap

Dé so sanh do tin cay va dap cua cau tric, mot vai chi sé can duoc dinh nghia va xem
nhu phuong tién so sanh:

Ning lwong hap thu (EA)
Mot trong nhiing yéu té quan trong c6 thé ching minh ligu cu tric c6 kha ning va
cham tot hay khong 1a EA, dugc xac dinh theo cdng thirc sau:
Smax
EA= jo Fdx, (1)
& day Fy 1alyc nénva &,,,. 1a do 1un ti da cua ciu tric.
Ning lwong riéng hap thu (SEA)

SEA dugc dung dé dénh gia hiéu qua cua nang lugng hip thu cia nhiing cu tric khac
nhau véi céc vat liéu va kich ¢d khac nhau. Chi s6 nay duoc tinh theo cong thuec:
SEA= 2 )
m
& day, m 1a khéi luong cua cau trdc.
Luc nén Ién nhat (Fmax) va luc nén trung binh (Fm)

Luc nén 16n nhat 1 luc téi da, duoc xac dinh tai vi tri cuc dai cta giai doan dau tién
trong qué trinh chiu nén. Va lyc nén trung binh dugc xac dinh theo céng thuc:
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- _EA
1)

max

(3)

Hiéu qua luc nén (CFE)
Dé danh gia hiéu qua qua trinh nén, hiéu qua caa luc nén (CLE) duoc dinh nghia 13

F
CFE =—-. 4
= @

max

Noi chung, tinh ndng t6t nhét dat duoc khi gia trj cia CFE 1a 1, tac 1a gid tri lyc nén
trung binh gan bang gié tri luc nén I6n nhat.

2.2. Phuong phap TOPSIS

Dé quyét dinh mot thiét bi hap thu niang luong thich hop c6 céc tiéu chi xung dot lan
nhau nhu SEA, Fm, Fmax va CFE, phuong phap ra guyét dinh da thudc tinh TOPSIS duoc su
dung [13]. Cac budc cua phuong phap nay duoc tién hanh nhu sau:

Buéc 1: xdy dung ma tran (x;) bao gom m phuong én va n tiéu chi. Phan tir x; la giao

mxn
diém cua timg phuong an va tiéu chi.
Budéc 2: tinh todn ma tran chuan hoéa R=(r, )m . Trong do, phan tii r; duoc tinh toan

X..

h = +2 : (5)
\ 2k X

Bwéc 3: tinh toan ma tran chuan hda co trong sb
Vij =6 xw;, (6)

& day w; 1a hé s trong s6 véi Z';:le =1. Trong s6 W; dugc uéc tinh dya trén phuong phap
entropy nhu sau

1_{—hi( fiy xIn(f, ))}

W. = i=1

| Zn:[l{—h im (f;xIn(f, ))D

j=1 =1

(i=12,..,n) (7)

§day h = ﬁ Vij 1a phan tir cia ma tran chuan hoa.

Bwéc 4: tinh gia tri Iy twong tot nhat va xau nhat
v, :[(min(vij)wf),(max(vij)vx)}
V, = [(max(v“. )¥3_),(min(v, )wﬂ

& day J,={j=12,..,n|j} lién quan dén cac ti€u chi c6 tic dong tich cuc, va

, (8)

J_={j=12,..,n|j} lién quan dén cac tiu chi c6 tac dong tidu cuc. Vs, Vw la gia tri ly
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tuong tot nhat va xau nhat.

Budc 5: tinh khoang cach Euclide tir Iy tuong tot nhat va xau nhat
\/Z V; v+
j= 1 ij
\/ZJ 1 i

©)

Buéc 6: tinh diém hiéu suat

ST
P = [ 10
'SP+ S” (10)

véi P 1a diém hiéu suat.

Buwéc 7: xép hang céc lya chon thay thé theo P

3. THU NGHIEM

3.1. Miu thir va quy trinh thye nghiém

~Hai hgp kim nhom khac nhau da dwoc sir dung dé san xuét cac ong nho va Ion. Tét ca
cac ong dai 80 mm. Buong kinh cua cac ong nho va l6n lan luot la 78,65 va 93,56 mm. Ky
thuat dap duoc sir dung dé tao nép gap. b6 day caa ong la 1,5 mm.

Hinh 1. Mdu ths nghiém: a) Ong bé; b) Ong to.

Dé ché tao mau thi nghiém, bon va sau nép gap doc duoc ché tao theo chiéu doc cua
ong dé khao sat tdc dong cua nep gap doi véi dac tinh chiu nén cua ong tron va kha néng kiém
soat bien dang cua ching. Mau thi nghiém dugc thé hién trong Hinh 1, trong khi Bang 1 trinh
bay théng so chi tiét caa mau thir dudi tai trong nén doc truc.
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Dé c6 mot tham chiéu vé dic tinh tin cay va dap cho céc kiéu dng khac nhau, cac chi sb
SEA, Fmax, CFE cuia 6ng tron can dugc xem xét. Trong Hinh 1, ‘SS’ dé cap dén 6ng tron ¢
duong kinh nho; trong khi ‘SB” biéu thi dng c6 duong kinh I6n hon. Cac dng luon séng Véi
cac nép gap doc truc c6 chiéu dai nhat dinh, dugc goi 1a ‘CAH’. Theo cach nay, ‘CAHB’ va
‘CAHS’ lan luot dé cap dén cac dng co duong kinh 16n va nhoé tuong tng. Chi s6 dung sau
cac chir viét tat dai dién cho s lwong nép gap. Thong s6 nép gap va cac dac tinh cua nd dugc
mé ta trong Hinh 2 va Bang 1, twong ung. Céc tinh chat vat liéu caa hai hop kim nhom duoc
liét ké trong Bang 2.

Bdng 1. Thong sé cua éng.

. Poday,t  Chidu dai, le:(‘yng Chiéu sau nep Bé rér}g nép  Chiéeu gal nep
Ong (mm) L (mm) kinh, gap gap gap
D (mm) (mm) (mm) (mm)

SS - - -
CAHS4 78.65 1.9 11.6 28.9
CAHS6 1.9 11.45 28.3

1.5 80

SB - - -
CAHB4 93.56 1.9 11.4 27.8
CAHB6 1.9 11.4 27.2

Quy trinh thir nghiém duoc minh hoa trong Hinh 3. Thi nghiém dugc thuc hién bing
maéy kéo nén van niang INSTRON 8502. MAu thi nghiém dugc dat & gitra hai tim ép. Tam ép
bén dudi ¢b dinh, trong khi tim ép bén trén dich chuyén tir trén xudng dudi va s& ding lai khi
quéa trinh nén két thuc. Cac db thi luc-chuyén vi dugc trinh bay cho tat ca cac truong hop. Mot
s6 nha nghién ciru da sir dung toe do chat tai tir 5 ¢én 8 mm/phat [14, 15]. Nhu vay, tc do 5
mm/phut dugc chon cho thi nghiém chiu nén.

Hinh. 2. Théng s6 nép gap.

Bdng 2. Tinh chat co ly cua vat liéu.

Mb dun dan hoi Ty trong Hé sb Gioi han Gi6i han bén
(GPa) (kg/m3) Poison chay (MPa) (MPa)
Ong nhé 68.9 2670 0.33 68 124
Ong 16m 68.9 2690 0.32 164 216
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Hudng
di

chuyén Mau

Hinh 3. So do thir nghiém.

3. 2. Két qua thuc nghiém

Déi véi trudng hop chiu tai trong nén doc truc, dd thi luc-chuyén vi, trang thai wng xu
cua tat ca cac dng da duoc xem xét trong truong hop c6 va khong cé sy hién dién caa cac nép
gap doc. Cac chi s6 bao gom CFE, SEA, Fmax Va Fm dugc xac dinh dé so séanh cac éng duoc
thir nghiém. Bang cach xem xét bién dang dén 70% chiéu dai ong, cac dic tinh cua dng da thu
dugc va do d6 d6 thi luc-chuyén vi dugc st dung dé xac dinh Fmax, Fm Va EA.

Hinh 4. Qua trinh nén: (a) SS (b) CAHS4 (c) CAHS6.

Ong nhé (SS, CHAS4, CAHS6):

Tai trong nén dugc ap dung d6i v&i nhitng dng nho. Bién dang va d6 thi luc-chuyén vi
clia chung duoc thé hién trong Hinh 4 va Hinh 5. Biing 3 cho thy céc chi s6 tin cay va dap
cho cac 6ng nay. Theo Bang 3, 6ng c6 bn nép gap doc khong mang lai kha nang vuot troi
cho tinh nang tin cdy va dap. Mac du lye dinh cao hon mét chut d6i voi nhiing ong c6 sau nép
gap doc va do d6, né khong thé duoc coi 1a hitu ich. Luc trung binh duoc tim thay cao hon,
dan dén CFE c6 lgi hon mot chdt (véi muc ting gan 34%) so Vi ong khéng co nep gap
Ngoai ra, kha nang héap thu nang lugng cao hon dat duoc bang 1,5 lan ong khong co nep gap
doc. Hon nira, ong khong co nep gap véi dd thi lyc-chuyén vi khong ddng déu 1a bat loi.
Nhiing 6ng véi nép gap doc ¢ thé duoc st dung dé nhan duogc d thi luc-chuyén vi dong déu
hon.
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Hinh 4 giai thich 1y do cho tinh nang tin cay va dap yéu hon cua ong CAHS4 so voi
ong CAHS6. Tinh nang tin cdy va dap cua ca hai loai dng véi gan doc doc déu vuot troi hon
bng khong c6 gap nép. Ong CAHS4 bi bién dang kiéu “bién dang luc giac”. Kiéu bién dang
nay khong thuan loi trong tredng hop chiu nén. Ong CAHS6 bién dang & kiéu vong (ring
mode), cho thay su hap thu ning lugng c6 hiéu suat tét hon [16, 17].

Ong lén (SS, CHAB4, CAHB6):

Diéu kién tai gibng nhau va cing mot cach so sanh nhu nhém cac 6ng nho duoc ap
dung cho céc 6ng Ion. Hinh 6 cho thay qua trinh nén cua cac 6ng 16n. Ong CAHBA4 c6 ché do
bién dang gidng nhu 6ng CAHS4. M6 hinh bién dang ndy cua CAHB4 khong duoc ky vong
vuot troi vé mit tin cay va dap. Tuy nhién, kiéu bién dang cua CAHBG6 la bién dang vong
(ring mode), mang lai két qua day hua hen.

Displacement(mm)

Hinh 5. Do thj luc-chuyén v; cia éng nhe.

Hinh 6. Qué trinh nén: (a) SB (b) CAHB4 (c) CAHBS.
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Bdng 3. Dgc tinh tin cdy va ddp cua ong.

Ong SEA (kJ/kg) Fm (kN) Fmax (KN)
SS 14.88 18.99 35.07
CAHS4 10.67 17.29 40.55
CAHS6 23.66 31.74 42.97
SB 19.44 28.99 58.27
CAHB4 14.49 26.53 78.91
CAHB6 23.55 40.62 70.89

Do thi lyc-chuyén vi va nhiing chi s tinh ning tin cdy va dap dwoc thé hién trong
Hinh 7 va Bang 3 tuong tng cho cac dng lsn. Ong CAHB4, giéng nhu CAHS4, khong cho
thy tinh ning tin cdy va dap tdt vi kiéu bién dang luc giac bat loi. Tuy nhién, két qua cho 6ng
CAHB6 day hua hen. Vi dy, trong ong CAHB6, SEA di ting 21,2% so v6i 6ng SB. Ngoai ra,
trong dng CAHBS, lyc trung binh da tang dang ké mac du luc nén 16n nhat nho, dan dén ting
15,2% trong CFE. Tuong ty nhu dng nho, cac d6 thi luc-chuyén Vi cua Ccac dng 16N 6 cac gan
doc cho thay su ddng déu I6n hon, thé hién mot két qua mong mudn.

Viéc so sanh cac dic tinh tin cay va dap cua éng 16n va nhé dugc thé hién trong Hinh 8.
Ca hai loai 6ng déu thé hién cac dic diém giéng nhau bao gdm CFE, Fm va SEA. CFE, Fn va
SEA cua ong khong c6 gan doc cao hon so vai dng c6 4 gan doc doc va ching thap hon so
Vv6i 6ng ¢ 6 gan doc doc. Tuy nhién, Fmax thi khac. Vé dng khéng c6 gan doc, luc nén Ién
nhét thap hon ong cd cac gan doc doc.

Force(kN)

0 10 20 30 40 50 60
Displacement(mm)

Hinh 7. Do th; luc-chuyén vi cia ong lon.

SEA (kl/kg) Peak force (kN)

25
20
15
5
o

(a) B "AHS4 "AHS6 AHB4 "AHBG "AHS4 "AHS6 CAHB4 CAHB6

e (KN) CFE (%)

28
21
o

© ss CAHS4 CAHS6 SB CAHB4 CAHBG6 ss CAHS4  CAHS6 sB CAHB4 CAHB6

Hinh 8. Dac tinh tin cdy va ddp: (a) SEA (b) Luc dinh ‘Fmax’ (c) Luc trung binh ‘Fm’ (d) CFE.
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3.3. Két qua ciaa phwong phap TOPSIS

Diém hiéu suat va xép hang cudi cling cua tat ca cac ong khi &p dung phwong phap
TOPSIS duoc liét ké trong Bang 4. Bang nay cho thay rang bang cach kiém tra tat ca cac chi
s tin cay va dap, bng nho c6 sau nép gap doc CAHS6 la cau tric hip thu ning lwong tét hon
Vi n6 cung cap SEA, Fm, va CEF cao Vi Fmax twong di thap.

Bdng 4. Piém hiéu sudt va xép hang cua cac ong.

Tube Pi Rank
SS 0.47585146 4
CAHS4 0.35177756 S
CAHS6 0.79892451 1
SB 0.50357349 3
CAHB4 0.22702163 6
CAHB6 0.62970337 2

4. KET LUAN

Bai bao gigi thiéu sau 6ng nhom dugc chia thanh hai nhém gém cac dng nhé va lén co
va khéng c6 cac gan doc. Céc thir nghiém nén va phan tich trang thai ing xir dugc thuc hién
hai nhdm ong nay. Két qua thu dugc tir nghién ciru nay nhu sau

e Ché d6 bién dang hinh luc gi4c 12 khéng mong mudn ddi véi ca hai nhom, dic tinh tin
cay va dap khong duoc cai thién cho 6ng c6 bon gan doc.

e Ddi vai ca hai loai 6ng, gan nhu tt ca cac dac tinh hap thu ning lugng c6 thé duoc cai
thién tot bai ong co séu’ gan doc. Mot su cai thién déng ke da dat dugce doi voi CFE va

Fm mac du Fmax tang thap hon so vdi ong thang.

e Kha ning hap thu ning lugng cua ng duoc cai thién néu thém cac gan doc. Ong tron
c6 gén doc c6 thé dung nhu mot “Crash box” trong khung xe 6 t0.

e Phuong phap TOPSIS duoc sir dung dé phan loai cau trdc tir tét nhat dén xau nhat
theo thiet ke phu hop. Pac tinh tin cdy va dap cua ong nho CAHS6 tot hon so vai cac
ong con lai.

LOI CAM ON

Nghién ctu nay duoc tai tro boi Quy Phat trien khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma s6 107.99-2019.02.

TAI LIEU THAM KHAO

[1]. W. Johnson, S.R. Reid, Metallic energy dissipating systems, Applied Mechanics Reviews 31
(1978) 277-88.

[2]. N.Jones, T. Wierzbicki, Structural Crashworthiness and Faillure, Elsevier Applied Science, 1992.

[3]. P.W. Sharman, Structural Crashworthiness, N. Jones, T. Wierzbicki (Editors), Butterworth &amp;
Company (Publishers) Ltd, London, 1983, 443pp, Illustrated. £40.00, The Aeronautical Journal 88
(1984) 450-450. https://doi.org/10.1017/S0001924000020066

[4]. A.P. Coppa, On the mechanism of buckling of circular cylindrical shells under longitudinal

416


https://doi.org/10.1017/S0001924000020066

Transport and Communications Science Journal, Vol 70, Issue 5 (12/2019), 407-417

impact, TIS Report R60SD494 General Electric Co, PA, USA, 1966.

[5]. B. Budiansky, Dynamic buckling of elastic structures: criteria and estimates, in Dynamic Stability
of Structures, Proc Int Conf, North-western University, Evanston Illinois, USA Pergamon Press,
Oxford, 1966.

[6]. T. Tran, A. Baroutaji, Crashworthiness optimal design of multi-cell triangular tubes under axial
and obliqgue impact loading, Engineering Failure Analysis, 93 (2018) 241-256.
https://doi.org/10.1016/j.engfailanal.2018.07.003

[7]. S.Pirmohammad, S. Esmaeili-Marzdashti, Multi-objective crashworthiness optimization of square
and octagonal bitubal structures including different hole shapes, Thin-Walled Structures, 139 (2019)
126-38. https://doi.org/10.1016/j.tws.2019.03.004

[8]. S.Pirmohammad, H. Nikkhah, Crashworthiness investigation of bitubal columns reinforced with
several inside ribs under axial and oblique impact loads, Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile Engineering 232 (2018), 367-383.
https://doi.org/10.1177/0954407017702986

[9]. A. Sadighi, A. Eyvazian, M.Asgari, A.M. Hamouda, A novel axially half corrugated thin-walled
tube for energy absorption under Axial loading, Thin-Walled Structures 145 (2019), 106-418.
https://doi.org/10.1016/j.tws.2019.106418

[10]. M.B.Azimi, M.Asgari, Energy absorption characteristics and a meta-model of miniature frusta
under axial impact, International Journal of Crashworthiness, 21 (2016), 222-230.
https://doi.org/10.1080/13588265.2016.1164445

[11]. A.A.Singace, H.EI-Sobky, Behaviour of axially crushed corrugated tubes, International Journal
of Mechanical Sciences, 39 (1997) 249-268. https://doi.org/10.1016/S0020-7403(96)00022-7.

[12]. A. Abdul-Latif, R. Baleh, Z. Aboura, Some improvements on the energy absorbed in axial plastic
collapse of hollow cylinders, International Journal of Solids and Structures, 43 (2006) 1543-1560.
https://doi.org/10.1016/j.ijsolstr.2005.04.029

[13]. Mathew M. Multi-criteria decision-making method https://mathewmanoj.wordpress.com/multi-
criteria-decision-making/,truy cap ngay 2 thang 3 nam 2019.

[14]. A.G. Mamalis, D.E. Manolakos, G.L. Viegelahn, N.M. Vaxevanidis, W. Johnson, The
inextensional collapse of grooved thin-walled cylinders of PVC under axial loading, International
Journal of Impact Engineering, 4 (1986) 41-56. https://doi.org/10.1016/0734-743X(86)90026-6

[15]. A.Niknejad, M.M. Abedi, G.H. Liaghat, M. Z. Nejad, Prediction of the mean folding force
during the axial compression in foam-filled grooved tubes by theoretical analysis, Materials & Design,
37 (2012) 144-151. https://doi.org/10.1016/j.matdes.2011.12.032

[16]. M. Guden, H. Kavi, Quasi-static axial compression behavior of constraint hexagonal and square-
packed empty and aluminum foam-filled aluminum multi-tubes, Thin-Walled Structures, 44 (2006)
739-750. https://doi.org/10.1016/j.tws.2006.07.003

[17]. A.Eyvazian, T.N.Tran, Hamouda AM, Experimental and theoretical studies on axially crushed
corrugated metal tubes, International Journal of Non-Linear Mechanics, 101 (2018) 86-94.
https://doi.org/10.1016/j.ijnonlinmec.2018.02.009

417


https://doi.org/10.1016/j.engfailanal.2018.07.003
https://doi.org/10.1177/0954407017702986

