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Ngé Vin Luc!

Tom tat: Kiém dinh an toan doi véi nguwoi di bg khi xay ra va cham 14 y8u cau bat budc doi véi tit cd cdc xe
0 t0 Con dirgc ban trén th trieong Lién minh Chau Au. Uy ban an toan Chau Au (EEVC) kiém dinh an toan
Cia 6 t6 voi nguwoi di bé bang cdch cho 6 t6 va cham véi cde mé hinh phéng theo cdc bé phdn co thé nguoi
di bg bao gom mé hinh dau, mé hinh hdng va md hinh chan. D6 la ba bg phdn thiwong bi chan thwong ning
khi ngwoi di bo va cham vdi 6 t6. Cac mé hinh nay duwroc thiét ké sao cho khi va cham c6 cac dic tinh dong
liee hoc gidng véi nhitng bo phdn twong g ciia co' thé nguwoi. Va cham véi mé hinh hdng nguoi di bo 13 mot
trong nhitng bai bdt budc phdi thuc hién trong qud trinh kiém dinh. Hién nay, nhiéu dong xe 6 t0 diroc
nghién citu phdt trién phwong dn bao vé an toan cho nguedi di b khi xay ra va cham. Trong qud trinh nghién
Ciku, rdt nhiéu va cham sé phdi thiee hién dé kiém tra danh gia két qua, viéc ndy sé ton rat nhiéu kinh phi va
thoi gian. Trong nghién ciru ndy, md hinh hdng nguoi di bg diwoc EEVC sir dung trong kiém dinh an toan
Ciia 6 t6 doi véi nguoi di bé sé dwoe mé hinh hoa thanh md hinh phan tir hitu han (mé hinh FE). M6 hinh
nay cling véi mé hinh FE ciia cdc mau xe 6 t6, cdc thi nghiém va cham giita héng nguwoi di bg va xe 6 td sé
dwoc thuee hién mé phong bang may tinh. Viéc ndy Sé gitip cho cdc nghién ciru phat trién dam bdo dg an toan

Clia 6 t6 doi voi nguwoi di bj tiét kiém vé thoi gian va chi phi.
Tir khoa: EEVC, M hinh hong nguoi di bo, va cham, ngudi di bg, kiém dinh an toan.

1. PAT VAN PE

Theo sb liéu thong ké dugc cong bd méi nhat
nim 2018, s6 nguoi di bo bi chét trong céc tai nan va
cham véi 6 t6 & My (NHTSA, 2018) va Chau Au
(European Commission, 2018) trong nam 2017 lan
luwot 1a 5.977 va 5.320 nguoi. Theo quy dinh hién
nay (European Parliament, 2003), tat ca cac dong 6
td con bén trén thi truong Lién minh Chau Au déu
phai qua kiém dinh an toan d6i véi nguoi di bo khi
xay ra va cham. Do vay, cac hang xe 6 t6 khi phat
trién nhimg dong xe mai déu co6 nghién ciu phét
trién giai phap d¢am bao an toan cho nguoi di bo khi
Xay ra va cham. Theo quy trinh nghién ctu truyén
thong, trudc khi xe dugc san xuét hang loat can phai
san xudt mau dé thuc hién cac thir nghiém, néu
khong dat thi phai diéu chinh lai thiét ké dén khi dat
MGi cho san xuit hang loat. Thong thuong phai sau
mot s6 1an thir nghiém maoi co thé dat duoc két qua

Y Khoa Co khi-Co dién ti, Truong Pai hoc Phenikaa,
Puong To Hitu, Phuong Yén Nghia, Quin Ha Pong,
Thanh pho Ha Néi.

kiém dinh va do d6 s& ton nhiéu vé kinh phi va thoi
gian. Véi sy hd trg ciia may tinh, ngay nay nhiéu thir
nghiém dugc md phong va phan tich bang méy tinh.
Do d6, quy trinh phét trién san pham sé& 1a thiét ké,
moé phong va phan tich cac thir nghiém bang may
tinh, néu dat s& cho san xuit mau va thir nghiém voi
mé hinh that. Do ¢6 sy md phong va phan tich bang
may tinh nén khi thtr nghiém véi moé hinh thuc
thuong s& co xac suat thanh cong cao, gilp tiét kiém
vé thoi gian va kinh phi nghién ciru.

Thtr nghiém an toan khi xay ra va cham vdi nguoi
dibg cua 6 t6 duge EEVC (EEVC, 1998) thuc hién véi
ba mo hinh tuong tmg v&i ba phan co thé nguoi 1a md
hinh dau, md hinh héng va mé hinh chan. Trong gisi
han nghién ctru ndy mo hinh hdng nguoi di bd sé dugc
xay dung mo6 hinh FE. M6 hinh nay s& dugc str dung
dé mo phong thir nghiém va cham giita 6 0 va hong
nguoi di bo, gip giam chi phi va thoi gian trong
nghién ciu phat trién xe 6 td. Phan mén Solidworks va
HyperMesh duoc sir dung dé xay dyng md hinh va
phan mén LS-DYNA duoc sir dung dé md phong kiém
nghiém dong luc hoc ciia mé hinh FE.
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2. MO HINH VA QUY TRINH KIEM BINH
O TO CUAEEVC

2.1. Quy trinh va cham trong kiém dinh

Hinh 1(a) mo ta cac bai kiém dinh an toan cia
6 t6 ddi véi nguoi di bo va Hinh 1(b) thé hién qua
trinh kiém dinh an todn vé&i hong ngudi di bo. Mo
hinh héng dugc dung dé kiém dinh sy an toan cia
canh trudc nip ca-bd 6 t6 ddi vdi nguoi di bo. Ty
mdi loai xe s& c6 goc va véan tdc va cham khac
nhau, phu thudc nhiéu vao chiéu cao canh trudc
nap ca-bd cua xe. C6 3 vi tri & canh trude nip ca-
b6 duoc cho 1a nguy hiém nhét s& duoc chon dé
thar nghiém (EEVC, 1998). Néu luc va cham
khong vuot qua gidi han 10kN va md-men udn do
dugc khong vuot qua gidéi han 1000Nm thi 6 t6
dugc coi 1a an toan ddi véi hong nguoi di bo khi
Xay ra va cham.
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Hinh 1. Kiém dinh an todn cia 6 6 Véi nguwoi di bo

2.2. C4u tao ciaa md hinh héng dung trong
kiém dinh

Tat nhién khong thé sir dung hong nguoi thyc dé
kiém dinh an toan cia 6 to trong cac va cham dugc.
Trong kiém dinh an toan ddi voi héng nguoi di bo
EEVC sir dung m6 hinh hdng nhu Hinh 2. Md hinh
€O c&c bd phan chinh va kich thuéc nhu Hinh 2.
Xuong dui duge thay thé bang mot 6ng thép co khdi
luong 14 1,95+0,05Kg, phan cudi dugc lién két véi
cac bo phan khac thong qua hai dong hd do luc.
Déng hd do luc duge dung dé do luc doc truc caa
xuwong trong qué trinh va cham. Phan thit quanh
xuwong dui duge cdu tao bang vat liéu x6p (CF-45)
c6 chiéu day 25 mm. Phan da ngoai cung 1a mot 16p
cao su c6 chiéu day 1,5 mm, tong khdi luong cua
phan thit va da la 0,6+0,1Kg. Khéi luong toan by mo
hinh la 9,5+0,1Kg.

C6 ba ddéng hd do chuyén vi tai cac vi tri khong
va cham trén bé mit déi xtmg doc dé do qua cac

bién dang trong qua trinh va cham. Mot cai dat tai vi
tri trung tdm va hai cai con lai dat ¢ hai bén cd
khoang cach 50+1mm nhu mé ta trén hinh vg&. Khi
va cham véi cac van tdc khac nhau khdi lugng cia
md hinh s& duoc diéu chinh trong tng dé dam bao
dong luc hoc cia m6 hinh ding nhu thyuc té va cham
Vo1 nguoi.
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Hinh 2. Cdu tao mé hinh hong ciia EEVC

2.3. Kiém nghi¢gm mé hinh kiém dinh

Dé c6 thé duogc sir dung 1am mé hinh kiém dinh,
sau khi ché tao xong md hinh hong can phai duoc
kiém nghiém. So dd kiém nghiém dugc mo ta nhu
Hinh 3. M6 hinh c6 khéi luong 13 12+0,1Kg, vén toc
ban dau la 7+0,1m/s duoc cho va cham v&i mot con
lic bang dng thép c6 trong luong 3 Kg treo trén soi
day dai t6i thiéu 2m. Véi va cham nay néu luc doc
truc do dong hd do Iyc gin tai hai dau ciia mo hinh
6ng xwong dui co6 gia nam trong khoang (1,20-
1,55)KN. Pong thoi mo-men udn lén nhat nim
trong khoang (190-250) Nm khi do ¢ trung tdm mo
hinh, khi do ¢ bén canh m6 hinh la (160-220) Nm thi
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md hinh du diéu kién dé kiém dinh an todn cua 6 t
dbi véi nguoi di bo.

Hinh 3. Kiém nghiém mé hinh hong
(Remigio Carmando, et al 2004)

3. PHUONG PHAP NGHIEN CUU

3.1. Xay dwng mé hinh FE

Mb hinh FE cua m6 hinh hdng nguoi di bo duoc
thé hién trén Hinh 4, kich thudc mé hinh FE duoc
tudn thi chinh xac yéu cau véi mo hinh sir dung
trong kiém dinh. Phan da duoc thé hién bang cac
phan tir dang vo, tam (shell), cac phan con lai duoc
thé hién bang phan tir khéi (solid). S6 phan tir duoc
chia cang nho thi két qua cang chinh xac nhung thoi
gian tinh toan cang nhiéu. Trén co s& danh gia két
qua s& chia lai s6 phan tir d¢ dam bao khong nhiing
két qua chinh x4c ma thoi gian tinh toan dam bao
nho nhat co thé. Phan da dugc gan vt lidu cao su,
theo thu vién ciia phan mén d6 1a vat liéu c6 ma hi¢u
MAT _VISCOELASTIC. Phan thit duoc gan vat liéu
dang x4p, theo thu vién ciia phan mén d6 1 vat liéu
c6 ma hiéu MAT_LOW DENSITY_FOAM. Céc
vat liéu con lai dugc 1am bang thép, c6 ma hiéu:
MAT_ELASTIC.

Hinh 4. M6 hinh FE

Tong khéi lugng cua ca mod hinh FE la 9,6 Kg,
phU hop véi yéu cau khdi lugng caa toan bo mé hinh
la 9,5+0,1Kg. Xuong dui khéi lugng 1a 1,96Kg, khdi
lugng ciia phan da va thit 14 0,65Kg. Phan xuong dui
dugc lién két voi phan khac bang phéan tir thanh. Lyc
doc tac dung doc xuong s€ dugc xac dinh thong qua
céc luc tac dung 18n phan tir thanh. Céc vi tri twong
mg véi vi tri dit ddng hd do chuyén vi s& duoc dinh
nghia mot Node dé lay dir liéu. Tur dit liéu cua cac
Node va phan tir thanh s& xac dinh duoc dong sb
dong lyc hoc mong muén.

3.2. M6 phéng kiém nghiém thong sé déng luc
hoc ctia mé hinh FE

Hinh 5 md ta so ¢& md phong va cham cua md
hinh FE v&i mo hinh 6ng thép. M6 hinh dng thép c6
khéi lugng 3 Kg. M6 hinh héng duoc cho thém hai
phan khdi luong dam bao khdi luong tong cua md
hinh 14 12 Kg. Van tc va cham 1a 7 m/s. Qua trinh
md phong va cham duoc thyc hién biang pham mén
LS-DYNA. Mbd phong cho két qua luc doc truc, mé-
men udn tai trung tm, md-men uén do dugc & bén
canh nhu thé hién trén cac Hinh 6, 7 va 8. Gia tri lon
nhit cua luc doc truc tac dung lén xwong dui 1a
1,43kN. Md-men I6n nhat khi do ¢ tdm va bén canh
lan luot 12 236 Nm va 196 Nm. Cac gié tri nay déu
nam trong mién giéi han cho phép.
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Hinh 5. Kiém nghiém mé hinh FE
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khi kiém nghiém mé hinh FE
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4. KET QUA VA THAO LUAN

M6 hinh FE duogc xay dung trén co s¢ bam
sat yéu cau ddi voi moé hinh thyc su dung trong
kiém dinh ca vé théng s kich thudc va thong sb
vat liu. Kiém nghiém md hinh FE ciing tuan
thu dung véi yéu cau caa EEVC ddi véi mé hinh
str dung trong kiém dinh. V&i loi thé 1a md hinh
FE nén nhitng yéu cau d6i véi md hinh thu
nghiém déu dugc dap tng chinh xac trong qua
trinh xay dung.

Két qua kiém nghiém mé hinh FE biang md
phong trén may tinh thé hién trén cac biéu do cho
thay, gié tri lyc 16n nhat tac dung doc xuong dui 1a
1,43kN, gié tri ndy nam trong mién giéi han theo
quy dinh 1a (1,20-1,55) KN. Gia tri mé-men lén
nhit do dwgc tai vi tri trung tim mo hinh 4
236Nm, gia tri ndy nam trong mién gidi han yéu
cau 1a (190-250)Nm. Gia tri mo-men do duogc &

phia ria 1a 196Nm, gia tri nay nam trong mién giGi
han yéu cau 1a (160-220)Nm. Nhu vay, c6 thé thay
rang gia tri kiém nghiém mo6 hinh FE hoan toan
phl hop véi yéu cau. Do d6, mo hinh hoan toan c6
thé stir dung dugc trong mé phong va cham giita
hong nguoi di bo va 6 t bang mdy tinh khi nghién
clru Vé an todn cua 6 t6 véi ngudi di bo.

Moi thong s6 ciia md hinh hdng ngudi di bo da
dugc EEVC quy dinh rdt rd rang, cac loai vat lidu
ciing 1a nhimg loai phé bién, thong dung va c6 sin
trong thu vién vét li€u cua phﬁn mém LS-DYNA.
Do d6, két qua mo phong kiém nghiém mé hinh
FE phu thudc chi yéu vao mot yéu t do 1a viéc
chia ludi. Két qua kiém dinh phl hop chimg to
viéc chia lu6i cho mé hinh 1a hop 1y. Tuy nhién dé
moé hinh nay c6 thé cho két qua mé phong chinh
xac khi st dung dé mo phong va cham véi 6 to
trong viéc nghién ctu phét trién thi can thiét phai
x@y dyng mo6 hinh 6 t6 dam bam trong qua trinh
va cham ciing cho cac thong s vé dong lyc hoc
gidng v&i va cham thyc. S6 phan tir cia mo hinh 6
td cling can dugc chia hop ly d¢é khong nhimg dam
bao két qua qua trinh md phong chinh xac ma con
dam bao thoi gian tinh todn 1a ngan nhét, giam
thiéu thoi gian chay chuong trinh.

5. KET LUAN

M0 hinh FE d4 d4p ung dugc tat ca cac yéu cau
vé dong lyc hoc theo tiéu chuan cia EEVC, nhu
vay mo hinh hoan toan c6 thé duoc str dung trong
c4c nghién ctru vé an toan 6 t dbi véi nguoi di bo
khi xay ra va cham. St dung mé hinh FE nay
trong nghién ctru an toan s& giup tiét kiém vé thoi
gian va kinh phi. Bé co thé sir dung hiéu qua,
budc nghién ciu ¢6 thé khong can thyuc hién céc
thyc hién thir nghiém véi mo hinh thyc ma bing
moé phong. Sau khi co két qua nghién ciu s& 1am
mot mo hinh thye va thir nghiém véi mé hinh thue
dé kiém nghiém lai két qua. Nhimg nghién ctu
tiép theo can thiét xdy dyng mot mo hinh FE 6 t6
dam bao nhimg yéu t6 vé két cau va dong hoc nhu
Xay ra trong cac va cham that. Két hop gitta mo
hinh 6 t6 va md hinh dau ngudi sé& co thé thuc hién
nhiéu nghién ctru vé khac nhau vé an toan.
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Abstract:
FINITE ELEMENT MODELLING OF PEDESTRIAL UPPER LEGFORM
IMPACTOR USED IN AUTOMOTIVE SAFETY TESTING

Pedestrian safety testing when a collision occurs is a mandatory requirement for all cars sold in the
European Union. European Enhanced Vehicle-Safety Committee (EEVC) tests the safety of cars by impact to
models that simulate pedestrian body parts including headform impactor, upper legform impactor and
legform impactor. These three parts are often injured when pedestrians impact to cars. These models are
designed so that dynamic properties of impactors similar to impact to the corresponding parts of the human
body in car collisions. Collision with the upper legform impactor is one of the mandatory requirement
testing. Currently, many cars are developed to protect pedestrians in collisions. Developing process need to
perform many tests of upper legform impactor to car collisions, these tests cost a lot of time and money. In
this study, the upper legform impactor which is used by EEVC in pedestrian safety testing will be finite
element modelling. This model and finite element modelling of cars will be used to perform the the collision
by computer. This will help to save much time and money in process of development cars.

Keywords: EEVC, Pedestrian Impactor model, pedestrian, pedestrian safety testing.
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