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Tom tat

Pau nguoi 1a bé phdn trén co thé nguoi can dwoc
wu tién bao vé khi tai ngn xay ra. Bai bao nay
nhdm dén viéc tao ra mét mé hinh dau dummy iing
dung trong nghién cizu md phong cong nghiép. Hé
dat dwot myc tiéu ndy, tac gid da xdy dung mgt
mé hinh thuc té dau dummy dwoc gia cong tir md
hinh dau dummy 3D. Md hinh thuc té duroc gdn
mét cam bién d@é do gia toc khi thi nghiém va
cham. M6 hinh 3D con dwoc mod hinh hoa thanh
mé hinh phan tir hitu han FE d@é dwa vao phan
mém Hyper Works, sau dé chay md phong va
cham ldy ra gia toc cia dau. Két qua chay md
phong duroc so sanh véi két qua thi nghiém mo
hinh dau thuc té dummy vé chi tiéu gia toc trong
tdm dau. Tir d6 thao lugn d@é rat ra két lugn vé viéc
c6 thé sir dung moé hinh phan tir hitu han dau
dummy d@é 1am md phong cac bai toan sau nay.
Tir khéa: Va chgm, thi nghiém, mé phong, gia tac.
Abstract

The head is the part of the human body that needs
to be protected first in the event of an accident.
This paper aims to create a dummy head model
applied in industrial simulation research. To
achieve this goal, the author has built a realistic
model of the dummy head machined from the 3D
dummy head model. The actual model is fitted
with a sensor to measure the acceleration during
the crash test. The 3D model is also modeled into
a finite element model FE to put into Hyper Works
software, then run a crash simulation to get the
head acceleration. The simulation results are
compared with the experimental results of the
actual dummy head model in terms of the head
center of gravity acceleration. From there, discuss
to draw conclusions about the possibility of using
the first finite element model dummy to simulate
later problems.
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1. Giéi thiéu

Vién dé thir nghiém va cham trong nhiéu linh vuc
khac nhau nhu: tau thiy, may bay, tau hoa, 6 t6, cac
san pham bao ho,... dé c6 thé dua ra duoc cai doi
tugng d6 co an toan hay khong ddi véi ngudi sir dung.
Céc thir nghiém va cham nay thuong rat phuc tap nén
can mot chi phi cao dé thuc hién nhiéu thir nghiém
khac nhau. Nhitng cong ty dd bao ho can phai thuc
hién cac thir nghiém kiém tra chit lvong cua san pham.
Céc hang xe 6 td mai ra doi ma muén dua xe vao thi
truong thi can qua cac bai thir nghiém trong dé c6 thir
nghiém va cham. Ngay nay thiét ké xe an toan la mot
trong nhitng diéu quan trong nhat trong nganh céng
nghiép 6 t6. Va dummy dugc st dung 1a mét dung cu
kiém tra do chinh xac cao dé do luong kha ning
thuong tich ctia con nguoi trong cac vu tai nan xe. Cac
bai thir nghiém dé kiém tra phan ung cia con ngudi
dbi véi cac tac dong, gia toc, bién dang, luc va momen
quan tinh sinh ra trong mot vu tai nan. Mi hinh nom
duoc thiét ké ¢é md hinh héa hinh thirc, trong luong
va khép ndi ciia co thé con nguoi. Hang trim cam bién
va dau do nam trong hinh ném cung cap dir liéu cho
cac k¥ su kiém tra an toan, do céc luc vat ly chinh xéac
gay ra cho ting bo phan co thé trong mét su ¢ su cb.

Mat md hinh dummy thuc té cung céac thiét bi do
dac c6 gia rat cao, mot bai kiém tra su ¢b thuc su su
dung mot chiéc xe cuc ky toén kém va sy lap lai cua
bai kiém tra 1a kha kho khin. Do d6, mo phong may
tinh bang phuong phap phan tir hitu han (FEM) duoc
sir dung rong rai. B3 co cac nghién ciru trudce vé viéc
xay dyng md hinh phan tir hitu han caa dummy c6 do
trung thuc cao cia dummy nguoi lon gidi tinh ni va
x&c nhan mo hinh FE da x4y dung théng qua qué trinh
xac dinh vat liéu [1].

Dau ngudi 1a bo phan trén co thé ngudi can dugc
wu tién bao vé sb mot do day 1a bo phan chia hé than
kinh va diéu khién cac bo phan khac trén co thé nguoi.
Vi thé kiém tra thir nghiém va cham véi du trong thuc
té va mod phong la cong viéc can lam dau tién. Dé tiép
can khia canh nay, tac gia da xay dung mot md hinh
thuc té dau dummy va md hinh phan tir hitu han mo
phong bai toan va cham trén phan mém Hyperworks.
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M hinh thyc té dau dummy dwoc gén cam bién do va
tién hanh thi nghiém Iy két qua do. M6 hinh phan tir
hitu han duoc mé phong giéng hoan toan qua trinh thi
nghiém thuc té va ciing xuat ra céc két qua do. Khao
sat két qua gitra hai mé hinh, qua d6 danh gia mic do
tin cay ciia mé hinh phan tir hiru han. Tir d6 co thé sir
dung dé 1am nhiéu bai md phong sau nay nhu kiém tra
an toan khac nhu kiém tra an toan 6 t6, an toan tui khi,
kiém tra an toan cho mii bao hiém hay kiém tra an toan
cua cac d6 bao ho.

2. Phwong phap nghién ciru

2.1. Phwong phdp phan tir hitu hgn

Phuong phap phan tir hitu han 1a mot phuong phap
rat tbng quat va hiru hiéu cho loi giai sé nhiéu 16p bai
toan k¥ thuat khac nhau. T viéc phén tich trang théi
ng suat, bién dang trong céac két ciu co khi, cac chi
tiét trong 6 t6, may bay, tau thuy, khung nha cao tang,
dam ciu,... dén nhiing bai toan cua ly thuyét truong
nhu: Ly thuyét truyén nhiét, co hoc chat long, thuy
dan hdi, khi dan hdi, dién - tir truong,... Véi su trg
gilp cia nganh Cong nghé thong tin va hé théng CAD,
nhiéu két cau phuc tap ciing da duoc tinh toan va thiét
ké chi tiét mot cach dé dang [2].

Co s cta phuong phap nay la 1am roi rac hoa
mién xac dinh cua bai toan, bang cach chia nd thanh
nhiéu mién con hay phan tir. Cac phan tir nay dwoc
lien két v6i nhau tai cac diém nat chung. Trong pham
vi ciia mdi phan tir nghiém duoc chon l1a mot ham sb
nao d6 dugc xac dinh thdng qua céc gid tri chwa biét
tai cac diém nat cua phan tr goi 13 ham xap xi thoa
man diéu kién can bang cua phan tir. Tap tat ca cac
phan tir c6 chii ¥ dén diéu kién lién tuc cua sy bién
dang va chuyén vj tai cac diém nat lién két gitta cac
phan tir. Két qua dan dén mot hé phuong trinh dai s6
tuyén tinh ma an sé chinh 1a céc gié tri cua ham xap
Xi tai cac diém nat. Giai hé phuong trinh nay s& tim
dugc céc gi4 tri cua ham xap xi tai cac diém nit cua
mbi phan tir, nho d6 ham x4p xi hoan toan duoc Xac
dinh trén mdi mot phan tu.

Mot bai toan phan tir hitu han ngay nay mudn giai
quyét lubn phai trai qua hai cong doan: Pre-processing
va post-processing. Pre-processing 1a qua trinh tién
phan tich gom céc cong viéc chia lugi va thiét lap diéu
kién bién cho mé hinh. Post-processing la qua trinh
giai, phan tich va xur Ii két qua. Qua trinh tir xay dung
md hinh tinh toan cho dén xir Ii két qua s& dugc gioi
thi¢u rd hon nhitng phan sau.
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2.2. Phwong phdp Explicit - bai todn va cham

Phuong phap Expicit la cac phuong phap duoc su
dung trong phan tich sé dé thu dugc céc gia tri s6 gan
dung ddi véi cac nghiém cua cac phuong trinh vi phan
thuong va tirng phan phu thugc thoi gian [3].

Phuong phéap Expicit (tng dung cho cac bai toan
dong dién ra trong thoi gian ngan (nho hon 1 gidy),
bai toan va cham tic thoi, van toc 16n nhu va cham xe
hoi, tha roi, bai todn c6 nhiéu lién két phuc tap, tinh
dén phé huy.

Phuong trinh c4n bang cua dong luc hoc tic thoi
duoc viét dudi dang:

d?u du
(] {F} + LS+ KUY = (R (0}

Trong d6: M - Ma tran khéi luong; C - Ma tran
giam chin; K - Ma tran d6 cung.

Cac dai lugng co ban nhu chuyén vi, van téc va gia
téc duoc xac dinh tir cac didu kién ban dau vé chuyén
Vi Va van toc theo thoi gian. Tt ca cac dai luong khéc
¢6 thé duoc lay tir nhitng dai luong ndy va quan trong
nhét 1a cac ng suat cua phan tir, bién dang déo, hrc
twong tac va cac ning luong nhu dong ning, thé ning.

Céc phan mém giai quyét phuong trinh can bang
d6ng sir dung cho c4c van dé phi tuyén tinh cao la ding
phuong phap Expicit. Mot s6 wu diém caa quy trinh
nhu vay Va quan trong nhat 1a né dan dén mot thuat toan
c6 thé dé dang lap trinh, khong yéu cau bat ky quy trinh
dao nguoc ma tran nao va hon nira la cuc ky phu hop
véi phuong phap tinh toan song song nhanh.

Phin mém Hyperworks dugc s dung la phan
mém phan tir hitu han va phan mém ciing sir dung
phuong phap Explicit dé tinh toan bai toan va cham.
3. Xay duwng bai toan
3.1. Xay dung bai toan

M6 hinh thyc té dau dummy dugc gia cong tir
ban vé& 3D mé hinh ddu dummy cua tac gia Nguyén
Tién Pha thuoc Lab Simulation & Control, B6 mén
0 t6 va xe chuyén dung, Vién Co khi déng luc,
Truong Pai hoc Bach khoa Ha Noi. Ban vé 3D nay
duoc xdy dung dua trén mo hinh Hybrid Dummy
11, véi ké thira thdng tin tir cac bai bdo quéc té va
ban vé “Hybrid III 50th percentile male” [6].

M6 hinh thuc té ddu dummy gém cé 14 chi tiét
duoc bao gom trong 2 cum chi tiét lap rap I6n 1a phan
dau va phan co.

SO DAC BIET (10-2021)



TAP cHi

ISSN: 1859-316X

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Hinh 1. Bdn vé ldp 2D

Bdng 1. C4c chi tiét trong dau dummy

TT Tén chi tiét S6 lwgng
1 Da so sau 1
2 So sau 1
3 Da so trudc 1
4 So trudc 1
5 Dé lap cam bién 1
6 Khép néi ¢ trén 1
7 U cao su 2
8 Khép néi ¢b dudi 1
9 Pia trén 1
10 Day ndi cb 1
11 Pia cao su 4
12 bia giira 3
13 bia dudi 1
14 Bé d& co 1

Bdng 2. Cach gia cong va vt liéu c4c chi tiét

Céach
TT Tén chi tiét gia Vit liu
cong
1 Da so sau In3D Nhya PLA
2 So sau In3D Nhya PLA
3 Da so trudc In 3D Nhya PLA
4 So trudc In 3D Nhya PLA
5 Pélapcambién  In3D Nhya PLA
6 Khépnbicdtren  In 3D Nhiwa PLA
7 U cao su In3D Nhua TPU
8  Khopnbicbdusi Cokhi  Nhém 6061
9 Dia trén Co khi Nhdém 6061
10 Day néi cb Co khi Thép C45
11 Dia cao su In3D Nhya TPU
12 Pia giita Cokhi  Nhém 6061
13 Dia dudi Cokhi  Nhém 6061
14 Bé d5 cb Cokhi  Nhém 6061

M@ hinh st dung hai cach gia céng la gia cong co
khi str dung do g4, may phay, may tién, may khoan,
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va phuong phap in 3D véi vat liéu nhya TPU dac 20%,
nhua PLA dic 20%.

Hinh 3. M6 hinh ldp rép sau gia cong

Mach do gia téc dugc két ndi gitta cam bién gia
tc Mpu6050 v&i Arduino Nano. Cac chan duoc han
néi mach véi nhau trén PCB duc 15 hai mat.

=
cno
N scL
H son

Hinh 4. So @6 mach do gia téc

Arduino 12 mot cong cu dé diéu khién thiét bi dién
tt. Lya chon Arduino nano dé 1am mach dién trong dau
dummy vi thiét ké Arduino nano nho gon kich thudc
18,5 x 43 (mm), phu hgp véi khdng gian bén trong md
hinh dau dummy. Cam bién gia tbc Mpu6050 1a cam
bién 6 truc do duoc gia toc theo 3 tryc tinh tién, 3 truc
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quay [4]. Kich thudce: 20,2 x 15,5 (mm).
Cam bién ciia dummy dugc lap vao diém tring véi
trong tAm ciia dau, dya theo kich thudc dudi day.

VN 4 T~

Hinh 5. Vi tri ldp dat cam
bién trén béan vé

Hinh 6. Vi tri ldp dat
cam bién thuc té

Cong cu st dung dé lap trinh cho arduino va doc
gi& tri cam bién 1a phan mém Arduino IDE [5]. Gia tri
do duoc duoc gui tir Arduino IDE téi File Excel gdm
thoi gian va gia toc a theo ba phuong X, Y, Z (ay, ay,
a;) bang tién ich PLX-DAQ. Gia téc tong duoc tinh
theo cbng thuc:

_’2 2 2
a= aX+ ay+ az

3.2. M6 hinh phan ti hizu han

M0 hinh phan tir hitu han dwoc xay dyng trén phan
mém HyperWork cua hang Altair. O bai toan nay, do
mo hinh ¢6 d6 day twong quan véi chiéu dai va chiéu
rong nén ta chon loai phan tir chia ludi 1a phan tir 3D
vé6i kich thuéde luéi 1a 6. Kich thuée ludi nay s& dam
bao kich thu6c chia lugi khong qua nho dan dén két
qua chinh xac nhung thoi gian tinh toan 1au hodc kich
thudce lusi qué I6n dan dén thoi gian tinh toan nhanh
nhung két qua khong chinh xac.

Bdng 3. Thong sé vdt ligu thép C45

Thong s6 Gia tri
Modul dan hdi E (Mpa) 210000
Khéi lwong riéng (g/mm?) 7,85.10°
Hé sb poisson 0,3

Bdng 4. Thong sé vt liéu nhera PLA 20%

Théng s6 Gia tri
Modul dan hdi E (Mpa) 4400
Khéi lwong riéng (g/mm?) 425101
Hé s poisson 0,3

Bdng 5. Thong sé vt ligu nhya TPU dic 20%

Théng s6 Gia tri
Modul dan hbi E (Mpa) 2410
Khéi lwong riéng (g/mm?3) 9,6.10°%0
Hé sé poisson 0,3897
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Vit lidu dwa vao md phong giéng vai vat lidu lam
mo hinh thuc té.
3.3. Thi nghigm va mo6 phéng va chgm

Bai kiém nghiém thuc té 1a bai mot con lic don va
cham vao dau dummy. Day bai toan don gian, phii hop
véi diéu kién thuc hién, d& dang tinh toan dugc cac
thong so.

Hinh 7. Con ldc don

Con lic duoc ché tao bang phuong phap in 3D
bang nhya in PLA, véi do dic 100% duoc kéo va tha
va cham vao Vi tri gitta tran dau dummy.

Théng sé dau vao cua bai kiém tra:

« Khéi luong con lic: 15gam;

« Buong kinh con lic: 30mm;

e Chiéu dai day treo: 370mm;

e Goc tha ban dau: 90

¢ Diém va cham véi dau trung vai vi tri can
bing cua con lic don, vi tri va cham céch
dinh ddu dummy 50mm.

Hinh 8. Thi nghi¢m thyec té
Van téc con l4c tai diém bat du va cham vao dau
dummy dugc tinh theo cong thic bao toan nang luong:

1
Emv2 = mgl

Tir cc théng s6 dau vao trén, thay sb tinh duoc
van toc v = 2,748m/s. Van toc nay la ddu vao cho bai
toan mé phong, 1a van toc con lic va cham vao dau
dummy. Con lic dwoc xay dung mé hinh phan tir hiru
han véi vat liéu thuc té va cac thdng s dau vao trén.

Vi tri lay gia téc trong méd phong va cham ciing
tring véi diém dat cam bién liy gia toc ¢ bai kiém
nghiém thyc té.
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Bdng 6. Thong s vat ligu con lic - nhua PLA dic 100%

Thong sb Gia tri
Modul dan héi E (Mpa) 4400
Khéi lwong riéng (g/mm?3) 1,05.10°
Hé sb poisson 0,3

Hinh 9. Vj tri ldy gia téc Hinh 10. M6 hinh mé

phéng va chgm
4. Két qua

Db thi gia tc thuc té va md phong tai trong tam
md hinh dummy duoc thé hién dudi day.
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Hinh 11. Pé thj gia téc thuc té
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Hinh 12. Pé thi gia téc md phéng
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Hinh 13. Dé thi két hop
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Két qua gia tri gia téc cuc dai tai thi nghiém thyuc
té 12 22,36m/s?, md phong la 24,10m/s?, véi sai khac
bang 6,9%. Pay la sai khac chap nhan dugc (<20%),
do md hinh thuc té c6 sai s6 khi gia cong va lip ghép.

Hinh dang cua hai db thi gia toc thuc té va mo
phong c6 su twong dong. Xung cua do thi gia toc mod
phong c6 do déc 16n hon db thi gia toc thuc té. Tir d6
c6 thé n6i két qua md phong va thuc té 1a giéng nhau.
5. Két luan

Téc gia da xay dung mo hinh diu dummy thyc té,
mo hinh ddu dummy phan tir hitu han va cé bai kiém
tra danh gia thyc té cho hai md hinh bang théng sé dau
ra la gia toc.

M6 hinh phan tir hitu han da duoc kiém nghiém
gua md hinh thyc té do d6 hoan toan c6 thé sir dung
moé hinh dé thyuc hién cac nghién ciru vé an toan xe &
t6, mil bao hiém, dd bao ho va cac san pham lién quan
dén dau nguoi.

Tuy nhién can &p dung cac vat liéu chuin cua dau
dummy hybrid IIT ¢ mé hinh thyc hién céc bai kiém
nghiém chinh cé két qua chinh xé4c nht.
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