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1. Khai quat vé Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam 1a co quan béo chi thuc hién ngdn luan - 1y ludn cta Tdng hoi Co khi Viét Nam, dong thoi la tleng
n6i, kénh thong tin chinh théng cua nganh Co khi Viét Nam. Tap chi cung con 14 dién dan nghién ciru khoa hoc cta cdc nha quan
ly- khoa hoc-chuyén gia- nghlen cgu sinh, hoc vién cao hoc, ... trén ca nudc, do d6 da dugc B¢ Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi voi xudt ban pham nhiéu ky) va Hoi d‘éng Chikc danh Gido sw Nha nieée cong nhdn tinh diém
cong trinh khoa hoc-bai bao khoa hoc.

Tap chi Co khi Viét Nam c6 nhiém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat cua Nha nudc va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong b cong trinh khoa hoc, két qua nghién ctru va chuyén giao cong
nghe chuyén dé khoa hoc va cong nghé c6 ham luong khoa hoc va gia tri thuc tlen cao cta nha quan ly-khoa hoc-chuyén gia, giang
vién, nghién ctru sinh, hoc vién cao hoc, ... trong nganh Co khi va lién quan dén linh vuc Co khi. Ngoai ra, Tap chi ciing con la noi
cong bo nhitng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat dong nghién ctru khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc t6i dong dao ban doc.

2. Viée cong bd cong trinh khoa hoc/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén Iinh viee Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhan cong b cong trinh khoa hoc/ dang bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vuc Co khi cua nha quan ly-khoa hoc- chuyen gia-nghién ctru clru sinh, hoc vién cao hoc.,... trén Tap chi Co khi Viét Nam (ban in g1ay)
gom: 'Co khi Ché tao may, *Co khz Quéc phong, *Co khi Gigo thang, ‘Co khi Nong- lam nghzep ’Co khi Xay dung Co khi Thity san,
"Co khi Pia chat, *Co khi Hoa chat, *Co khi Bdo quan ché bién nong lam thiry san, "’Co khi Béng cor dot trong, "'Co khi O 16 - May kéo,
2Co khi May thiy khi, *Co khi Céng nghé nhiét lanh, '*Co khi mdy nang lwong, *Co khi Céng nghé dét, "°Co khi Cong nghé cat may,
"Co khi Co-dién tir, *Co khi Ky thudt hé thong cong nghiép, *Co khi dao tao nguon nhdn luc va nghién ciru chuyén giao.

3. Thé 18 vé cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vwe Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bdo khoa hoc khi dugc diang trén Tap chi Co khi Viét Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu ﬂcﬁu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai la két qua nghién ctru gbc;
bai bao tong quan hodc bai viet thong tin khoa hoc (short communications).

3.2. Ban thdo: Bai bao dang trén Tap chi Co khi Vi¢t Nam, gdm c6 cac phan:

1. Tén bai bao (bang tleng Viét va bang tleng Anh)

2. Tén tac gia, dong tac gia (kém theo ghl chu vé chire danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, emall)

3. Tom tét bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gom co tur khoa tiéng Viét va tiéng Anh, dbi véi cum
tir khoa c6 khoang 5 - 15 tir khoa).

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

6. Ket qué va thao luan (c6 thé tach thanh 2 phan riéng biét: Két qua, Thao luén).

7. Két luan.

8. Tai liéu tham khao (trich dn theo dung quy dinh bai bao quoc té).

Ban thao dugc soan trén may vi tinh, sir dung Unicode, kiéu chir Time New Roman, ¢& chir 14, trén gidy A4 - mot mat,
ché d6 dan dong: “1.5 lines spacing”, can 18 trai pha1 moi bén: 3 cm, cdn 1& trén dudi: 2,5 cm, ché do 1&: “Justlﬁed” Dung luorng moi
bai bao khoang 1.600-2.500 tur. Cac do thi, hinh va anh can trinh bay rd rang.

C4c thuat ngit khoa hoc néu chua duoc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Cac ky hidu viét tt cdn phai giai
thich khi xudt hién Ian dau.

Thu ty bang va hinh dugc danh s theo trinh tu trong bai, khéng danh theo thir tw d& muc. Khong duge viét tit cac tidu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duoc ghi bén dudi hinh. Cha thlch in nghleng

Chi co nhlrng tai liéu duoc trich dan thyug sy trong ndi dung bai Vlet méi dua vao phan tai liéu tham khao. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (ta1 liéu tiéng nudc ng0a1 dugc sap xep theo ho cuta tac gla tai liéu tleng Viét sap xep theo
tén tac gid) va theo trinh tu: tén tac gid, nam xudt ban trong ngoac don (. ); tén sdch, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bao, tén tap ch1 tap, s6 (461 v6i bai bao), trang dau va trang cudi cua tai heu D4i voi nhimg tai liéu khong c6 tac gia thi
xép theo chit cai cta tir dau tién cta co quan ban hanh tai li¢u. Trong ban thao, & nhimg ndi dung tac gia da tham khao hodc sir dung
ket qua nghién clru tir cdc tai liu khoa hoc khac, can danh dau bang so6 (dat trong dau [...]) - 1a s6 thur ty cua tai liéu xép trong danh
muc cac tai liéu tham khao. Tai li¢u tham khao can ghi theo ngdn ngir goc, khong phién am, khong dich.

3.3. Giri hodic ndp bai: Ban thao gdm 2 ban in va 1 ban dién tur. Khi dang ki ndp bai, cac tac gia co thé dé xuét 2 phan bién. Viéc
chon cac phan bién chuyén mén phu hop thude quyén cua Hoi ddng Bién tap Tap chi Co khi Viét Nam.

3.4. Phin bién: Sau khi nhan bai viét giri dang ding véi Thé thiic quy dinh ctia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gii
bai viet cho cac phan bién.

Nhiing bai viét duoc chép nhan dang, cac tac gia s€ nhan dugc thu phan hdi ciia Hoi ddng Bién tap vai thoi gian stra chita
duoc yéu cau tuy theo chat lugng cua bai viét. Ban stra chita lan cuoi cia tac gia s€ duogc coi 1a ban goc.

Ban thdo c6 thé ndp truc ti€p hodc guri qua E-mail cua Tap chi. | . .

Quy tac gid muon bict thém thong tin, xin vui long lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S 4 Pham Vin ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0985 696 263 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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NGHIEN Cl’U CAC DANG HONG CUA KHUON DAP KHOI,
NGUYEN NHAN VA PHWONG HUONG KHAC PHUC

STUDY OF THE FAILURE MODES OF FORGING DIES, THEIR CAUSES, AND
CORRECTIVE MEASURES

Lé Trung Kién'’, Phiing Tién Duy>
'Pai hoc Bach Khoa Ha Noi
*Truong Pai hoc Hung Vuong
*Email: kien.letrung@hust.edu.vn

TOM TAT

Khuon dap khoi nong la dung cu tao hinh kim logi ¢ trang thdi khéi—no’ng, chiu tac dong
16m vé co hoc va nhiét hoc. Trong qud trinh sik dung, khuén thuong gdp nhiéu dang héng khdc nhau
dnh hwéng truec tiép dén chat heong san pham va tuéi tho khuén. Bai bdo trinh bay cdc dang hong
phé bién ciia khuén ddp khéi, nguyén nhan gay ra, cdch han ché hu hong va kéo dai tuéi tho khuén,
dong thoi dé xudt dp dung mét gidi phdp sir dung khuén ghép véi vat liéu hodc két cau dac biét tai

cdc vimg ¢é tré e bién dang Iom.
Tir khéa: Khuyét tit; Khuon ddp khoi; Tao hinh kim logi; Khéng dién day; Thé kim logi.
ABSTRACT

Hot forging dies are essential tools for shaping solid-state metal under high mechanical
and thermal loads. However, during operation, these dies are prone to various failure modes that
can significantly affect both product quality and tool longevity. This study identifies common types
of failures in hot forging dies, analyzes their causes, and outlines effective strategies for mitigating
damage and prolonging service life. Additionally, it proposes the implementation of composite dies
that incorporate special materials or structural enhancements in high-deformation resistance zones

to improve overall performance and durability.
Keywords: Forging defects, Closed-die forging; Metal forming, Under-filling; Fiber flow.
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NGHIEN CU’U - TRAO BOI

1. PAT VAN PE

Trong cac qua trinh gia cong kim loai
bang ap luc, dap khdi 1a phuong phap phd bién
nho kha nang tao hinh hiéu qua véi do chinh
xac cao cho cac san pham dang khi, chiu tai
trong 16n. Trong qua trinh nay, khuon dap 1a bo
phan chiu tac dong truc tiép tir phoi va 1a yéu to
then chdt anh huong dén chat luong san pham,
nang suat san xuit va chi phi van hanh.

Mot trong nhimg uwu diém chinh cua
dap nong la luc tao hinh thép, do phoi dugc
nung nong s& co tng suat chay thap [1]. Tuy
nhién, do phai 1am viéc trong diéu kién khic
nghiét nhu nhiét d6 cao, ap lyc 16n va ma sat
manh, khuon dap thuong xuyén bi hu hong sau
mot thoi gian sir dung. Cac dang hong pho bién
c6 thé phan loai thanh cic dang chinh bao gdm
bién dang déo, nut v& co hoc, nirt nhiét, mai
mon va doi khi co6 ca hoa hoc [2, 3].

- Pha hay .
co hoc do ma y
0 mai
e mon
Bién dang
déo
Pha hay
Pha huy do do nhiét
mai mon

Hinh 1. Cac dang pha huy chinh trong khuon ddp
khoi [4]

Nhitng hu hong nay khong chi lam
giam tudi tho khudn ma con din dén gian doan
san xudt, ting chi phi thay thé va bao tri, anh
huong dén hiéu qua kinh té. Trudc thyc trang
d6, viéc tim kiém cac giai phap nang cao do
bén khuon 13 yéu cau cap thiét trong thyc tién
san xuat. Ddi voi cac dang hong nhu bién dang
déo, mai mon dugc cac tac gia nghién clru va
cai thién béng thAm nito, st dung vat li¢u hop
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ly, thay doi két cau khuon... [5, 6, 7], nhung
viéc nut vo co hoc hién nay duogc ap dung rat
nhiéu phuong phap. Mot trong nhiig hudng
tiép can hiéu qua duoc nhiéu nha nghién ciru va
doanh nghiép ap dung 1a thiét ké khuon ghép.
Theo do, cac vung chiu tai cao hodc c6 nguy co
hong v& s& duoc ché tao thanh cac manh ghép
tach roi véi triét Iy tao vét v tir trude va kiém
soat cac moi ghép nay.

Bai bdo nay tap trung vao vi¢c: Phan
tich cac dang hong chi yéu cua khudén dap
khéi; Lam rd nguyén nhan phat sinh timg loai
hu hong; Dé xuat giai phap thiét ké khuon ghép
nham ting tudi tho khudn, giam chi phi van
hanh va nang cao hiéu qua san xuit cho khuén
dap khdi.

2. CACKHUYET TAT KHUON DAP KHOI

Dap khdi chu yéu tao hinh nén va da
dugc tng dung rong rai trong cong nghiép
nho vao pham vi ng dung da dang. Mt trong
nhitng wu diém chinh ciia dap néng 1a Iyc tao
hinh thap, do phdi dugc nung néng sé co ung
suit chay thip. Tuy nhién, khuon dap néng phai
chiu tai trong 16n vé& mit co hoc, nhiét, ma sat
va hoa hoc, cac tai trong nay tao nén mot phod
tai phuc tap va cac tai trong nay dan dén nhiéu
nguyén nhan gdy hong khuon. Céic nguyén
nhan pho bién nhit gay hong khudn rén bao
gém: bién dang déo, niit va mai mon. Trong
qua trinh dap khéi nong khudn lam viéc trong
diéu kién khéc nghiét vé nhiét do, ap luc va ma
sat, dan dén nhiéu dang hong khac nhau. Dudi
day 1a cac dang hong khudn dap khdi nong
thuong gap.

2.1. Nirt nhiét

Nut nhiét trén khuén do chu ky nhiét
lién tuc (ndng - ngudi) lam gian nd va co rut bé

&



NGHIEN CUU - TRAO DOI

mat khuon tao nén cac vétnttnhé li ti dang ludi
trén bé mat khuon, sau dan phat trién thanh nut
16m (hinh 2a). Nguyén nhan 1a trong qué trinh
dap nong, do phdi tiép xuc véi khuon lam tich
tu nhiét do trén long khudn, 16p bé mat khudn
bi lam mém do nhiét, lam tdng mai mon do ma
sat. Ngoai ra, d§ cting bi giam khién khu vuc
nay dé xay ra bién dang déo. Viéc sir dung chit
boi tron [am mat gitp giam tai nhiét cho khuon,
diéu nay dan dén tai trong nhiét chu ky thay doi
tac dong lén 16p bé mit cua dung cu. Ung suét
kéo - nén luan phién phat sinh tir day 1a nguyén
nhan chinh gy ra nut nhi¢t, mdt nguyén nhan
nira 1a do chénh 1éch nhi¢t d§ dot ngdt va khong
dong déu gitra cac ving khuon ciing gay ra hién
tuong nut nhiét, vung nay tai bé mat 16n nim
sau trong long khudn dap, két qua cta nit nhiét
ban dau (thermal checking).

Céac vét nut nhiét nay néu khong xir
1y s& mo rong thanh cac vét nit 16n hon, dan
dén niit gy toan phan khuon hoic mé goc, anh
hudng nghiém trong dén san xuat. Dé han ché
nat nhiét, thong thuong su dung vat liéu chiu
nhiét tét, xir Iy nhiét dang quy trinh, kiém soat
lam ngudi khuon.

Nt co hoc

Hinh 2. Dang khuyet tdt nut nhiét (a), cao xuoc do
ma sat va nut co hoc (c) trén khuon dap nong [6]

2.2. Mai mon
Trong qua trinh lam viéc, khuén dap

chu yéu chiu tai trong ma sat tai cac vung co
su chuyén dong chay cua vat liéu trén bé mat

khuén, khi 6 mai mon do ma sat s& xuét hién
va thé hién qua hién twong mat vat liéu va
hinh thanh cac vét xudc ranh (hinh 2b) hoic
tai phan cau vanh bién ctia khudn ho (hinh 3).
Céc khuyét tat mai mon do ma sat giira phoi va
khuon trong diéu kién nhiét 46 cao 1am cho bé
mit bi mat dan bién dang, bé mit khuén bj troc,
xudce. Hién nay, bién phap khéc phuc chu yéu la
thim Nito két hop ché do nhiét luyén phi hop
va nang cao do bong long khuon tai cac vung
chiu ma sat nay.

Hinh 3. Dang khuyét tdt khuén do mai mon

2.3. Bién dang déo

Bién dang déo chu yéu xay ra do hién
twong mém hoa nhiét cua 16p bé mat khudn
rén khi tiép xtac v6i phoi thép duoc nung néng
& nhiét do 1én t61 nhiét dd rén (déi voi thép
cacbon khoang 1150°C). Hodc khudn bi bién
dang tai cac vung chiu lyc 16n, lam sai I¢ch
hinh dang ban dau. Biéu hién théng thudng do
Ia mat khuon Ian xuéng, mét hinh dang chuan
—> san pham bi sai kich thuédc; vung day ranh,
bién dang chi tiét c6 dau hiéu mép méo sau
mot s6 chu ky dap. D& nham véi mai mon néu
khong quan sat k§ — nhung bién dang déo 1a
thay doi hinh hoc 16n, khong chi bao mon bé
mat.

Nguyén nhdn chinh gdy bién dang déo
khuon bao gé)m: Vat liéu khudén khong du do
bén noéng; Luc dap 16n vuot qua kha nang chiu
tai cia khuon, dac biét ¢ cac vung chiu tai tap
trung (goc, day ranh, vai khuon); Khu vuc co
tiét dién mong, goc chuyén tiép sic hodc thiéu
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gan tang ctmg dé bi 1an, mép khi dap nhiéu lan;
Nhiét do khudén qua cao hodc lam ngudi khong
ddng déu din dén khu vuc bi qua nhiét — mat
d6 cting — dé bién dang.

Hinh 4. Bién dang khuon dap nong bi bién dang
déo sau 550 chi tiét (a) va 1850 chi tiét (b)

V6i hai nguyén nhan bién dang déo va
nat nhié¢t thuong Xdy ra song song dong thorl
[9]. Sau khi cac vét nit nhiét xuat hién sé tiép
tuc phat trién va bién thanh céc vét ntt co hoc.
Bién phap phong tranh va khic phuc thong
thuong d6 la: Chon vat li¢éu khudén phu hop nhu
st dung thép khudn nong chat luong cao nhu
H13, 5CrNiMo, SKD61, hoac vat liéu duoc xur
1y ché do nhiét luyén dic biét; Thiét ké khuon
hop 1y; Diéu chinh luc dap, thoi gian tiép xdc,
nhi¢t d¢ phoi va khudén phu hop; Lam ngudi
khuén c6 kiém soat giira cac chu ky.

2.4. Nt co hoc

Nut co hoc 1a hién tugng khudn bi v&
do tng suit vuot qua giéi han bén. C6 thé xay
ra do va dap manh, thiét ké khong hop 1}'1 hodc
do tap trung ung sudt tai cac goc canh sic nhon
do chuyén tiép cac bé mit trong 1ong khuon.
Céc dang hong thong thudng co thé 1a nut, v
khuon, mé long khuon... (hinh 5).

Hinh 5. Cac khuon bi vo do va dap va ung sudt
vieot qud gidi han bén.
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Nguyén nhan nut co hoc do nhiing
diéu kién van hanh khac nghiét gy ra ing suét
lap lai theo chu ky, va theo thoi gian, co thé
vuot qua gidi han moi hoac d¢ dai cua vat li¢u
khudn. Khi cac vét nit vi mé dwoc hinh thanh
— thudng xuét hién tai cac diém tip trung tng
suat nhu goc sic, khuyét tat vat liéu hodc vét
xudc bé mit — chiing c6 thé nhanh chong phat
trién va dan dén hong héc nghiém trong. Cu
thé, cac nguyén nhan phd bién giy ra nut co
hoc bao gom:

Chon sai vat liéu khuon hodc xur Iy nhiét
khong phu hop; Thiét ké hinh hoc khuén chua
t6i uu, gay tap trung u’ng suét cuc bo; Bé mat
khuon c6 khuyét tat, vét gia cong hodc xudc;
Tai trong vuot muc do lyc dap qua 16n hodc sai
1&ch vi tri ép; Moi nhiét khi khuon chiu tai lap
lai & nhiét do cao.

Céc bién phap phong ngira va khic phuc
thuong ap dung trong thuc té hién nay: St dung
thép lam khuon c6 do dai gy cao, xur 1y nhiét
dung quy trinh; Téi vu héa hinh dang khuén
nham giam thiéu ving tip trung Gmg sudt; Xir
1y bé mat (nhu thdm nitrid hodc phi 16p chong
mai mon) dé tang do bén moi; Kiém tra dinh
ky nham phat hién som vét nat; Sir dung mo
phong sb trong giai doan thiét ké dé danh gia
phan bd tng suat.

a) b)
Hinh 6. Vi tri moi ghép trén khuon
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Trong qué trinh thir nghiém thyc té,
nhom nghién ctru dé xuat mot phuong an khac
phuc st dung khuon ghép. Khuén ghép dugc
ché tao tir cac phan khac nhau 13 1ong khudn va
40 khuon ding mbi ghép c6 d6 doi. Kich thude
long khuon thuong 16n hon 4o khuon tir 0,03
dén 0,06 mm tuy ting loai khuon. Long khudn
dugc tach thanh cac phan khac nhau va ghép lai
b1 cac manh tai vi tri c6 nguy co nut, vo. Céac
manh 1ong khudn duge ghép dé tao cac vét nat
tir trude dé khong con v khuon. Ly thuyét nay
duoc ap dung v6i ca khuon dap khéi (hinh 6a) va
khuén dap tim (hinh 6b). Dic biét v6i cac khudn
str dung vat li¢u 1a Carbide dugc ché tao tir hop
kim bot, viéc ghép khudn cang tré 1én can thiét
khi vét liéu nay chi uu diém vé do ctng, chiu
mai mon rat tot nhung gion va dé v khi va dap.
Cong nghé nay cang duoc ung dung phd bién
nham gitip kéo dai tudi tho ctia khuodn dap.

3. KET LUAN

Viéc hiéu 16 co ché, nguyén nhan gy ra
hong khuén dap khdi 1a co s& quan trong dé dé
Xuét cac phuong 4n cai tién thiét ké va quy trinh
cong nghé, tir 46 nang cao hiéu qua san xuit va
giam chi phi bao tri trong nganh gia cong kim
loai bang khuon dap khéi. Bai bao dang dua
ra va phan tich cac truong hop, nguyén nhan
cling nhu bién phap khic phuc d6i v6i cac dang
hong khuén trong thuc té san xuat. Pong thoi
cling d& xuat mot phuong an cai tién s dung
cac 1ong khudn ghép dé co thé ning cao tudi
tho khuon, khic phuc hién tugng v khuon do
nut co hoc. %
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NGHIEN Cl’U XAC BINH MU’C PO HAP THU NANG LUONG
VA CHAM KHUNG XUONG XE KHACH

STUDY ON THE DETERMINATION OF COLLISION ENERGY ABSORPTION
CAPACITY OF A BUS FRAME STRUCTURE

PGS,TS. Nguyén Thanh Céng"*, ThS. P4 Thanh Phwong?, Nguyén Viét Anh',
Ta Pinh Chung Hiéu', L& Viét Anh!, Nguyén Quang Diing!, Nguyén Minh Dién'
"Khoa Co khi, Truong Pai hoc Giao thong van tai
2Vién Co khi Bong luc, Truong Pai hoc Cong nghé Giao thong van tai
*Email: congnt@utc.edu.vn

TOM TAT

Tai nan giao thong lién quan dén xe khach, dic biét va cham truc dién van la van dé nghiém
trong, gdy ra thuwong vong lom do bién dang cdu triic hodc xam pham vao khéng gian song sét ciia
ngueoi lai va hanh khdch. Bai bdo nay nghién civu xdc dinh mike hdp thy ning heong va cham théng
qua tinh todn mirc d bién dang ciia khung xwong xe khdch 29 ché trong tinh huong va cham tric
dién. Nghién ciru danh gid cdc yéu t6 co hoc quan trong nhu liec tac dong tire thoi, ndng heong bién
dang, viing chiu anh hieong bién dang lom nhat va si phdn bé lic trén toan bé két cdu, qua dé lam
16 ting xi ciia khung xe diwedi tdi trong dong, dong thoi cung cdp co sé khoa hoc cho viéc thiét ké an
toan bi dong khung vé xe. M6 hinh tinh todn si dung phwong phéap Phan tir hitu han (PTHH) thong
qua viéc sir dung phan mém Solidworks dé xdy dung mé hinh CAD, HyperMesh dé xir Iy chia ludi
va Abaqus dé tao mé hinh PTHH. Théng qua nghién ciru da khang dinh tinh kha thi ciia mé hinh,
mé ra hudng t6i wu héa thiét ké khung xe va tiém nang mé réng phdn tich cdc yéu té nhw hé thong
an toan hay cdc logi va cham khdc trong twong lai.

Tir khoa: Khung xwong xe khdch; Phan tir hitu han; Tinh todn bén; Mirc @ hdp thu nang heong.

ABSTRACT

Traffic accidents involving passenger buses, especially head-on collisions, remain a serious
issue, causing significant casualties due to structural deformation or intrusion into the survival
space of the driver and passengers. This paper investigates the determination of the energy
absorption level during a collision by calculating the deformation degree of the frame structure of a
29-seat passenger bus in a head-on collision scenario. The study evaluates key mechanical factors
such as the instantaneous impact force, deformation energy, the area with the largest deformation
effect, and the force distribution across the entire structure. This helps clarify the behavior of the
frame under dynamic loads and provides a scientific basis for designing passive safety features of
the vehicle's frame. The computational model uses the finite element method through SolidWorks
software to create the CAD model, HyperMesh for mesh processing, and Abaqus to generate the
finite element model. The study confirms the feasibility of the model, paving the way for optimizing
bus frame design and the potential for expanding the analysis of factors such as safety systems or
other types of collisions in the future.

Keywords: Passenger bus frame, Finite element, Strength calculation; Energy absorption level. &
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1. TONG QUAN

Hién nay, cong nghiép 6 t0 ngay cang
phat trién, do d6 tinh ning an toan di tro thanh
mot trong nhitng wu tién hang dau trong viée
thiét ké va ché tao phuong tién, dic biét 1a xe
khéach. Khung xuwong xe khach, vdi vai tro 1a
cAu trac chiu luc chinh, khong chi dam bao do
bén, do clg vitng ma con phai c¢6 kha ning
héap thu va phén tan ning luong trong céc tinh
huéng va cham bao vé tbi da tinh mang cua
hanh khach va nguoi lai. Tai nan giao thong
lién quan dén xe khach, dic biét va cham truc
dién van 1a vin d& nghiém trong, gy ra thuong
vong 16n do bién dang ciu tric hodc xaAm pham
vao khong gian sng sot ctia ngudi lai va hanh
khach.

Céc nghién ctru trude ddy vé an toan xe
khéach thuong tap trung vao thur nghi¢m thuc
té hodc mo phong don gian trén cc cdu tric
cu thé [1, 2]. Thir nghiém thuc té [3, 4], du
mang lai két qua truc quan, lai doi hoi chi phi
cao, thoi gian dai va kho thuc hién trén quy mo
16n, dic biét voi xe khach san xuat don chiée
theo hinh thic dong thung trén khung chassis.
Trong khi d6, cac md phong sé trude day chi
yéu ap dung cho xe con hodc xe tai nhe, it chii
trong dén dic thu cua xe khach voi tai trong
16n va cdu tric phic tap. Hon nita, viéc phan
tich chi tiét su bién dang, phan bd luc va nang
luong trong khung xe khach khi va cham truc
dién van chua dugc khai thac day du, din dén
khoang trong trong viéc cung cdp co s& khoa
hoc cho thiét ké an toan. Chinh vi vdy, nghién
curu nay duogc thyc hién nham khéc phuc nhiing
han ché trén, déng thoi dap ting nhu cau thuc
tién vé mot phuong phéap thir nghiém kinh té,
chinh xé4c va dé trién khai.

2. XAY DUNG MO HINH PHAN TU HUU
HAN KET CAU KHUNG XE KHACH

2.1. Xay dung mo hinh hinh hoc

Khung xuong xe khach chi yéu dugc ché
tao tur thép cuong do cao (HSS) nho vao do bén
cao, chiu tai 16n, d cimg viing t6t va chi phi hop
1y, phu hop véi xe thuong mai nhu xe buyt, xe
tai nhe. M6 hinh khung duoc thiét ké trén phan
mém Solidworks dé dam béo truc quan, nhanh
chong va tuan tha quy chuan QCVN 09:2015/
BGTVT vé bd tri khoang hanh khach, khoang
hanh 1y, ghé ngdi, cira s6 va cira 1én xudng nhur
Hinh 1. Céc thong sb kich thudc cua khung xe
khach dugc thé hién trong Bang 1.

Hinh 1. M6 hinh hinh hoc khung xe 6 to khach

Bang 1. Kich thuoc khung xe

Chidu Chiéu | Chiéu

£ £ X cao rong

Vit lidu Sﬁ gg;e c‘;‘;‘& khung | khung
g (mm) Xe Xe

(mm) | (mm)

Elseg 29 5050 | 2240 | 2315

2.2. Tién xir Iy md hinh

Mo phéng va cham khung xe khach
gitip danh gia bién dang va t6i wu két cau.
Trong nghién ctru nay, mo hinh khung xe dugc
chia lu6i bang phan mém HyperMesh, sau d6

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 328, thang 5 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

dir liéu duoc xudt sang phian mém Abaqus.
HyperMesh cho phép tao ludi chat lugng cao,
hd trg nhiéu loai phan tir va giam thiéu 18i tinh
toan.

Mo hinh hinh hoc ¢ Hinh 1 dugc nhap
vao phan mém HyperMesh va xir 1y cac tim
mong dé don gian héa qua trinh chia ludi. Qua
trinh chia ludi st dung dang phan tir Mixed
(Quad, Tri) ¢6 kich ¢& 10mm. Luéi dugc kiém
tra theo cac tiéu chi chat luong boi cac ty sb:
Aspect Ratio < 5, Warpage < 5°, Skew < 60,
Jacobian > 70%, Taper < 0.5 va tinh chinh hoac
1am min luéi. Sau khi dam bao chat luong, mo
hinh duoc xuit sang dinh dang .inp dé sir dung
trong Abaqus.

2.3. Thiét 1ap bai toin va cham trong Abaqus

Mo phong dugc thyc hién bang phuong
phép phan tir hitu han trén Abaqus. Sau day 1a
quy trinh mo6 phong va cham khung xuong xe
khach trén phan mém Abagqus.

* Nhiap mé6 hinh

Dung 1énh Import trong ABAQUS dé
c6 thé nhap mo hinh vao phan mém. M6 hinh
nhap vao phan mém dang dudi .inp s& duogc
phan mém ABAQUS hiéu 1a mot Model hoan
chinh va tién hanh cac budc nghién ctru, phan
tich tryc tiép trén Model.

* Nhép thong sb vt liéu

Trong mo phong va cham, sir dung vat
liéu thép cuong do cao (High-Strength Steel
— HSS) ¢6 thong s6 dugc thé hién trong Bang
2. Vit liéu nay co6 kha nang chiu tai 16n, bién
dang déo tot trude khi pha hiy, dam bao tinh
toan ven két cdu khung xe trong va cham. Cac
thong sb vat lidu cua thép cuong do cao (High-
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Strength Steel - HSS) tham khao theo tai li¢u
[6].

Bang 2. Thong 56 vat liéu

Théng sb Gia tri Pon vi
Khoi lwong riéng 7850 kg/m’
Hé sb Poisson 0.3
Mo-dun dan hoi 210 Gpa

Thép HSS cé dic tinh phi tuyén trong
qué trinh chiu tai, vdi ba giai doan chinh: dan
hoi, khi ing suat ting tuyén tinh theo dinh luat
Hooke dén gi¢i han chay 345 MPa (e =0.0017);
bién dang déo, khi ing sut tiép tuc tang cham,
dat d6 bén kéo t6i da 490 MPa (g = 0.1500); va
pha hay, khi ing suat giam xudng 460 MPa (e
= 0.2500) trudc khi dut gay. Cac thong sé nay
thé hién trong Bang 3 va dugc nhap vao phan
mém dé mo phong chinh xac tinh chat vat lidu.

Bdng 3. Gid tri Ung sudt — Bién dang

Stra,in ] Stress,

(Bién | (Ung suat) Ghi chu

dang) (MPa)

0.0000 0 Diém bt dau
0.0050 400 Bién dang déo bit dau
0.0100 430

0.0200 450

0.0500 470

0.1000 485 Gan d6 bén kéo t6i da
0.1500 490 Do bén kéo thi da
0.2000 485 Giam tng suat
0.2500 460 Gan diém dat gay
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Tuong va cham: Pugc mo hinh hoa Ia
Rigid Body (khdi ctng tuyét ddi), khong bi
bién dang, gitp danh gia mirc do hip thy ning
lugng cua khung xe.

* X4c dinh rang bugc va tiép xic

Mo hinh mé phong va cham tryc dién
gilta 6 tO va tuong clng tuyét dbi, duoc vi
tri thiét 1ap trong Assembly. Phuong phap
Dynamic, Explicit dugc Iya chon do kha nang
xtr Iy hiéu qua cac bai toan phi tuyén, bién dang
16n va tiép xuc phuc tap. Tiép xtc giita cac bé
mit dugc md phong biang General Contact
(Explicit), v6i hé sb ma sat trong khoang 0.1-
0.3 cho kim loai [5].

« Pinh nghia tii trong va diéu ki¢n bién

Van tdc va cham duogc dit theo tiéu
chuan ECE R94 quy dinh v&i gia tri 56 km/h.
Theo nghién ciru, khoang thoi gian bién dang
cao nhat trong va cham 6 t6 1a 20 mms (0.02 s).
Pé ting d6 chinh x4c nén gia tri Time Scaling
Factor = 0.5 duoc st dung nham lam cham qua
trinh chuyén dong, giup két qua mo phong dé
quan sat hon.

Bén canh d6, md hinh con bao gém
khéi lugng cua cac thanh phan khac nhau tac
dong 1én khung xe, dam bdo phan anh chinh
xéc tai trong thuc té. Cac gia tri cu thé theo tai
lidu [8].

Bdng 4. Cdc thanh phan khoi heong tdc dung lén khung xe

Thanh phin khdi lwgng Gia tri (kg) Thanh phan khdi lwgng Gia tri (kg)
Ghé ngoi 350 Ton vo 600
Hanh khach va hanh ly 2701 Kinh xe 400
Khoang hanh ly 350 Noi thit bén trong xe 300
Diéu hoa trén tran xe 100 San xe 150

N
X

Hinh 2. M6 hinh tinh toan va cham khung xuwong
xe khach

3.MO PHONG VA TiNH TOAN VA CHAM
KHUNG XUONG XE KHACH

Mo phong duoc thuc hién bang bd ma

Abaqus/Explicit vé1 phuong phédp Dynamic
Explicit, phtt hop voi bai toan phi tuyén va bién

dang 16n. Sau khi tién hanh mé phong, két qua
thu duoc 16m cia du xe 1a 826 mm (0.826m)
so sanh voi cac thuc nghiém ctia Euro NCAP
[3] va nghién ctru [4] thi két qua thyc nghiém
nay nam trong khoang 0,5m - Im & toc do
56km/h - 64km/h. Chiing t6 két qua mé phong
c6 d0 tin cay ¢ mat thuc tién.

fraction = =0, 774397
[hvg: TE%)

+3,5008+02
l +3200ee02
_ ihrests

|ty 402
 #Likle+02
«8.750ae01
.51 7e+01
#0.000e+00

S
L ODl: Crashvithlosds odb  Abequa/Expiiit 2020 Tue Apr 01 2220632 € Asls Stendard Time 2015
x i

Incramrant 196550: Stap Tima =  2.0000E-02
Frimary Var: 5, Mises

Hinh 3. Trang thdi bién dang I6n nhat
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Biéu d6 ning luong ciia mo hinh trong
Hinh 5 dugc xac dinh trén co so tinh todn gia tri
nang lugng thé hién trén Hinh 4 va trén Bang 5
cho thay:

- Tong nang lwong md hinh c6 thay doi
rat nho (dudi 1%) cho thiy mé hinh mo phong
da dam bao duoc dinh luat bao toan nang lugng
khi ma téng nang lugng cua h¢ da duogc bao
toan trong sudt qua trinh mé phong [5]. Tir day
6 thé danh gia mo hinh moé phong da dam bao
dugc tinh chinh xac trong bdo toan nang lugng.

- O thoi diém bét dau va cham, toan bd
ndng lugng cua md hinh 1a dong nang. Trong
qua trinh va cham thi dong ning giam dan va
chuyén doi thanh cac dang ning luong khac
(téng ning luong khong d6i ma cé su suy giam
dong nang) diéu nay thoa man gia thuyét cia
nghién ctru.

- Ning luong nhan tao xap xi 6%
tong nang luong cta mod hinh dam bao diéu
kién chinh xdc cua moé hinh va cham trong
ABAQUS (khong vugt qua 5-10%) [5]. Nang
luong nhan tao 1a nang lugng dugc thém vao hé
thdng trong qua trinh mé phong dé 6n dinh cac
phuong trinh sb, gia tri ndy thuong xuat hién
do cac yéu t6 nhu phuong phap tich phan tuong
minh (explicit dynamics) hodc cac thuat toan
6n dinh hoa.

fazes)

Y

Energy
%3

®E
[

B8

&
r

(T} - o=

LHE Whols Hodsl

Hinh 4. Di¢ liéu nang lwong va cham sau mo
phong theo thoi gian

Bdng 5. Gia tri nang lwong va cham sau mo phong
theo thoi gian

e A < Téng ning Ning
Thoi gian | DOng nang lwgng llf(_)‘ng
nhan tao
0 8.52E+07 | 8.52E+07 0.00
0.0001 8.45E+07 | 8.52E+07 6520.98
0.0002001 | 8.42E+07 | 8.52E+07 18713.30
0.0078 7.64E+07 | 8.52E+07 | 531478.00
0.0079001 | 7.62E+07 | 8.52E+07 | 547822.00
0.008 7.61E+07 | 8.52E+07 | 565557.00
0.0198001 | 4.93E+07 | 8.52E+07 | 3154460.00
0.0199001 | 4.91E+07 | 8.52E+07 | 3169120.00
0.02 4.89E+07 | 8.52E+07 | 3185020.00

Hinh 5. Biéu d6 ning lwong va cham

Tur cac didu kién trén, dua trén mo hinh
c6 thé xac dinh dugc cac vi tri bién dang manh
nhat cia khung xuong xe khach nhu Hinh 6.

Hinh 6. Viing bién dang lém nhat
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Cung véi d6 1a céc vi tri chiu lyc manh
nhat cua khung xe khach. Qua mé phong c6 thé
quan sat va danh gia su phan bo ning lugng, su
truyén lyc toan bo khung xuong trong mét va
cham.

Hinh 7. Khu vuc chiu luc I6n nhat

5, Mises
fraction = -0.774597
{Avg: TE%)

Hinh 8. Phdn b6 luc trén khung xe

Va ciing qua md phong nay cé thé quan
sat va danh gia sy phan bo ning luong, su
truyén luc trong toan bo khung xwong xe trong
mot vu va cham.

4. KET LUAN

Nghién ctru da xac dinh mirc do bién
dang cua khung xuong xe khach 29 chd trong
truong hop va cham tryc dién bang phuong
phép phan tich phan tir hitu han st dung phan
mém ABAQUS. Két qua mo phong cho thiy
bién dang trung binh ciia phan dam dau xe la
826 mm tai van toc 56 km/h. Bén canh do, biéu
d6 ning luong cho thay dong nang chuyén hoa
thanh nang luong bién dang khéng vuot qua

ngudng sai s6 cho phép (ning luong nhan tao
dudi 6% tong nang luong). Qua qué trinh phan
tich da xac dinh duoc cac ving bién dang 16n
nhat, cac dam chiu luc chinh va sy phan b6 luc
trén khung xuong xe. Két qua nghién ctru gop
phan nang cao hiéu biét vé hanh vi cia khung xe
trong va cham tryc dién ma con dé xuét hudng
t6i wu hoa cau tric nham ting cudng tinh an
toan, giam thiéu thiét hai cho hanh khach va
nguoi lai. %
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'NGHIEN CU'U ANH HUONG CUA BIEN DANG MAT BUONG
PEN CHAT LUONG LAM VIEC CUA BO UOC LUONG THONG SO
QUAN TiNH CUA O TO THEO THO!I GIAN THUC

A STUDY ON THE INFLUENCE OF RANDOM ROAD PROFILES ON THE
PERFORMANCE OF REAL-TIME VEHICLE INERTIAL PARAMETER ESTIMATOR

Phiung Manh Hung', Nguyén Tuian Anh?*
'Truong Dai hoc Phong chay Chira chay
*Truong Pai hoc Giao thong van tai
*Email: nguyentuananh@utc.edu.vn

TOM TAT

Trong qud trinh vdn hanh, tdi trong ciia 6 t6 thuong xuyén thay doi nén cdc théng sé qudn
tinh ctia than xe ciing thay déi theo, do dé wéc lwong chinh xdc gid tri cia cdc thong sé qudn tinh
theo thoi gian thwe dong vai tré quan trong trong viéc ndng cao hiéu qua lam viéc ciia cdc hé thong
diéu khién trén xe. Trong bai bdo ndy, khoi heong va cdc mémen qudn tinh khoi lwong ciia than xe
dwoc woc luong lién tuc theo thoi gian dwa trén bo loc Kalman-Bucy Filter (KBF ') thiét ké cho mé
hinh dao dong khong gian rut gon cua o to tai hai truc. Phu“O’ng phap dé xudt sir dung gid tri dich
chuyén va van toc tiwong doi ciia hé thong treo lam tin hiéu dau vao thay cho cdc tin hiéu kich thlch
tir mat dwong. Két qua mé phong bang phan mém Matlab Simulink trén cdc loai mdt dwong ngdu
nhién theo tiéu chudn ISO 8608 cho thay bé wée lwong KBF thiét ké lam viéc hiéu qud va tin cdy
trén cdc loai dwong khdc nhau véi sai s6 gitka gid tri thiee té va gid tri wéc lwong nhé hon 10%.

T khéa: Mo hinh khong gian; Uébe luong thoi gian thuc, Bo loc Kalman-Bucy; ISO 8608.
ABSTRACT

Because the vehicle load changes frequently during operation, the inertial parameters of the
vehicle body also change in a wide range, so the accurate estimation of the value of vehicle inertial
parameters in real-time plays an important role in improving the performance of the control systems.
In this paper, the mass and moment of inertia of the vehicle body are estimated continuously over
time based on the Kalman-Bucy Filter (KBF) designed for the two-axle simplified spatial vehicle
model. The proposed method uses the relative displacements and velocities of the suspension system
as input signals instead of excitation signals from the road surface. Simulation results using Matlab
Simulink software on random road types according to 1SO 8608 standard show that the designed
KBF estimator works efficiently and reliably on different road types with an error between the
actual value and the estimated value of less than 10%.

Keywords: Spatial vehicle model; Real-time estimation, Kalman-Bucy Filter; ISO 8608.
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1. PAT VAN PE

Céc thong s quan tinh nhu khdi lugng
va moémen quéan tinh khéi lwong khong chi anh
hudng dén an toan chuyén dong, tiéu thu nhién
liéu ctia 6 t6 ma con anh huong dang ké dén chat
luong lam viée ctia cac hé théng diéu khién dong
luc hoc [1-3]. Gia tri danh nghia cua cac thong )
nay thuong dugc do dac trén bé thur trong phong
thi nghiém hoac duorc tinh todn béng cac cong cu
toan hoc. Tuy nhién, trong qud trinh van hanh,
tiy thudc vao tai trong chuyén chd, khdi lugng
va mémen quan tinh khéi luong cua than xe co
thé thay ddi trong mot pham vi rong. Sy sai léch
16n giita gia tri thuc té cia cac thong s quan tinh
S0 VGi cac gid tri duoc gia thiét 1a khong thay
doi trong moi diéu kién hoat dong dan dén 1am
giam dang ké do chinh xac va hiéu qua cua cac
hé théng diéu khién trén xe. Do d6, viéc xac dinh
chinh x4c cac thong s quan tinh cta 6 t6 theo
thoi gian thuc c6 y nghia quan trong trong viéc
cai thién chat luong lam vi¢c cua cac hé théng
diéu khién dong luc hoc 6 to.

Nhin chung, cac phuong phap udc lugng
thong s6 quan tinh cua 6 t6 theo thoi gian thuc
dugc xay dung dya trén cdc mé hinh dong luc
hoc khéc nhau. Phd bién nhét 1a cac phuong
phap dua trén mé hinh dong luc hoc chuyén
dong thang cta 6 to. Phuong phap nay chi yéu
duoc ap dung cho cac loai xe hién dai vi c6 thé
str dung thong tin tir cac cam bién c6 sin trén
xe [3-6]. Nhuoc diém cua phuong phap nay la
dd chinh xac cua cac gia tri udc luong chiu anh
hudng 16n bdi hé s6 can lan, mot thong s6 kho
c6 khé nang xac dinh chinh xéac theo thoi gian.
Str dung md hinh dong luc hoc quay vong la
mdt cach tiép can khac dé udc luong cac thong
s6 quan tinh theo thoi gian thuc [2, 7]. Twong
tu phuong phéap dua trén mo hinh dong luc hoc
chuyén dong thang, phuong phap nay ciing yéu
cau nhiéu cam bién c6 sin trén xe dé do céac tin

hidu can thiét. Cac thong tin tir hé thong treo
cling c6 thé duoc str dung dé wéc lugng cac
thong sd quan tinh cia than xe [8-11]. Phuong
phap udc lugng cac thong sé quan tinh dya trén
mo6 hinh dao dong 6 t6 c¢6 thé coi 1a lra chon phu
hop nhat trong trudng hop khong ¢ kha nang sir
dung thong tin tir cac cam bién co sin trén xe.

Nhiéu phuong phap udc luong thong
s6 da duoc gidi thi¢u bdi cac tac gia, vi du nhu
phuong phép str dung bd loc Kalman (KF) [3,
10], bd loc Kalman mé rong (EKF) [7], phuong
phap hdi quy binh phuong nhé nhét (RLS) [6].
Céac ung dung cua bd loc Kalman-Bucy (KBF)
dé udc luong cac thong sb quan tinh cta 6 t6 hay
céc thong s trang thai cia moé hinh dao dong
khong gian da dugc gidi thi¢u trong [8, 9, 11].

Bai b4o nay gidi thi¢u bd ude lugng cac
thong s6 quéan tinh cua than xe st dung bo loc
KBF thiét ké dua trén mo hinh dao dong khong
gian rit gon cua 0 6 tai hai tryc vdi tin higu dau
vao 1a dich chuyén va vén tdc tuong dbi cia hé
thong treo thay cho bién d6 kich thich mat duong
& bdn banh xe. Hiéu qua ctia bd ude lugng KBF
duoc danh gid thong qua md phong dao dong
ctia 6 t6 khi chuyén dong trén cac loai bién dang
mit duong khac nhau theo tiéu chuan ISO 8036
bang phan mém Matlab Simulink. Cac két qua
md phong cho thay sai sb giita gia tri thuc té
va gia tri udc lugng theo thoi gian thuc cia cac
thong s6 quan tinh than xe nho hon 10%.

2. XAY DUNG MO HINH DAO PONG VA
BQ UGC LUQNG THONG SO

2.1. M6 hinh bién dang mit duwong ngiu nhién

Bién dang map mo mit dudng 1a thong
s0 dau vao co ban gy ra dao dong ciia 6 t6 trong
qua trinh chuyén dong. Theo tiéu chuan ISO
8036, bién dang ngau nhién ctia mit duong dugc
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chia thanh 5 cép do dua trén gia tri mat do phé
cong suat PSD (power spectral density), ttr mat
duong loai A (rat tot) dén mat duong loai E (rat
xau).

Sy thay d6i ngiu nhién cua bién dang
map moé mat duong q(t) trong mién thoi
gian dugc mo ta bang phuong trinh sau:

q(6) = =27n W (1)q(t) + 27ny \| Gy (g )W) oo(2) (1)

Trong do, v(t) 1a téc do chuyén dong
clia 6 t0, w(t) 1a nhidu tring Gaussian chuan véi
gia trj trung binh bang 0 va phuong sai bang 1,
n = O,QI/n} 13 can dudi cua tan sérkhéng gian,
n, lé’ tﬁn’ s0 khong gian tham chi€u, G,(n ) 1a
hé s6 map mo6 mat duong twong tng voi n, =
0,1/m. Gia tri ciia G (n ) tuong tng vai cac loai
duong khac nhau khi n, = 0,1/m dugc gioi thi¢u
trong Bang 1 [12].

Trong cac mo hinh nghién ctru dao dong
0 t0 duoi tac dung kich thich tir mat duong, 6 to
thudong dugc gia thiét chi chuyén dong thang.
Do d6, bién dang map mdé mit dudng & cic
banh xe phia sau q, (t) va bién dang map mod
mat duong ¢ cac banh xe phia trude q, ,(t) quan
hé v6i nhau theo cong thic:
{Q3(1+L/v)=%(f) 2)
g (t+L/v)=q,(),

Véi: L= (1, + 1) la chiéu dai co s& cta
0 t0. Gia tri L/v ddc trung cho thoi gian tré cta
map mo bién dang mit dudng khi tac dung 1én
cac banh xe phia trudc va phia sau. Sy khac
nhau giita bién dang map moé mat dudng & cac
banh xe bén trai q, () va bién dang map mo
mat duong ¢ cac })énh xe bén phai q, (t) dugc
tao ra nho thay doéi gia tri o(t) trong cong thirc

().
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Badng 1. Phan logi cci,p do mat dwong theo tiéu
chudn 1SO 8036.

Hé s6 map mo mit duong
G, (n ) (10° m’/cycles)
A 16
64
512
1024
4096

Loai dudng

mg O w

2.2. M hinh dao dong diy di ciia 6 td

ksa U] = csa

ks |1 ::f; ¢s3 =
t LT ‘ Ptary Jur I jzm‘
Zud O <

Zyr, Pur = ~ Cud

= as = o g
O B 2ty : g

3
e I I

Hinh 1. Mé hinh dao déng day dii ciia 6 t6 trong
khong gian.

Mo hinh dao dong dy du cia 6 t6 tai
hai truc trong khong gian dugc mo ta trong
Hinh 1 bao gom than xe (dic trung boi khoi
luong m, moémen quan tinh theo tryc doc J va
mdmen quan tinh theo truc ngang J) két ndi
v6i cum tryc trude va cum tryuc sau (tuong g
ddc trung boi cac khoi lugngm , m _va mémen
quan tinh J , J ) thong qua cac phan tir dan hoi
(c6 do cung c_) va phan tir giam chan (c¢6 h¢ s6
can k) cua hé théng treo. Bon banh xe duoc
dic trung bang do cung cua 16p c,(i=1=+4).
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Pbi v6i mo hinh, c6 thé sir dung cac
gia thiét sau: a) cac banh xe ludn tiép xuc voi
mdt duong c6 bién dang q,(t) tuong ung, b) dac
tinh ctua hé thong treo va cua 16p 14 tuyén tinh,
¢) cac chuyén vi gbc cua thin xe va cua tryc
trude, sau nhd, va d) toa do trong tdm xe trong
mit phang (x, y) khong thay d6i trong qué trinh
khao sat.

Mo hinh dao dong day du cta 6 to trong
khong gian c¢6 7 bac tu do, gdm 3 bac tu do cla
than xe (khdi luong dugc treo) 1a dich chuyén
thang ding Z, goc lic ngang ® va goc lac doc
0; 4 bac tu do cua tryc trude va truc sau (khoi
lugng khong dugc treo) twong tng 1a dich
chuyén thaflng dimg Z , Z va goc lic ngang
® ., ® . Dauvao cuamod hi’nh 1a kich thich bién
dang mat duong q(t) tai bon banh xe.

Hé phuong trinh chuyén dong mo ta 7
bac tu do cua mo hinh dao dong day du cia 6 to
trong khong gian dugc viet nhu sau:

myZ =—(Fy + Fyy + Fy3+ Fyy)

N

N

Jb=- (f - th2+szS3 t,F4)

muquf ( ) ( ) 3)
My Zyy = (F, 3+F4) (F3 )

J (‘D ( s17 s2)tf ( )tf
Jur@r (Fis = Fa)t, =(Fui3 = F )t

Trong phuong trinh (3), luc tic dung
cua h¢ thong treo F, va cua cac banh xe F
duoc xac dinh boi:

Vé6i z,va z 1a dich chuyén cua khoi

luong dugc treo va khéi lugng khong duoc treo
tai vi tri banh xe thtr i. V6i gia thiét cac chuyén
dong goc cua khoi lu:0’ng dugc treo @, O va
chuyén dong goc cta khdi luong khong ducc
® ., ® nho, co thé sir dung mdi quan hé gan
dang sau:

Zg Z, + ;@ — 1,0
7. = ZSZ ~ ZS - tfés - Zf@S :Gy (5)
Y lzg | | Z, + @, + 1O, s
Zs4 Zs - tr(ps + lr@s
Za | | Lyt LBy
. = Zua | | Zur — Py =G,y,, (6)
Zu3 Z + trdjur
Zu4 Z trdjur

Trong do, cac ma tran G, G, va véc-to
Yy, ¥, duge xéc dinh boi:

1ot 10 7, 0

G|! 7 | g |10ty 0

S 1 R P A (IS B R )
1 -t [ 01 0 -t

T
[ZS’@S"@] ’yuz[zufﬁzur’@u ’@WJ :

Ky hiéu cac ma tran khoéi luong, ma
tran h¢ s6 can va ma tran do cung:

M, = diag([my, J,.J, )

M, =diag([my, mys Jup, T, )
Ks=diag([ksf, of > Ksrs sr]) ®)
Cs=diag([ Cyf> Csf> Cors € )

C, = diag(':cuf’ Cuf > Cur» cur])

H¢ phuong trinh dao dong ctia 6 t6 co
thé viét lai & dang ma tran nhu sau:

Ml'z'l = Klz'l +C1z1 +H1q, (9)
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Vi véc-to cac toa do suy rong z,, ma
tran khdi lugng M|, ma trdn h¢ s6 can K ma
tran do cing C, va ma tran kich thich H, cua h¢
duoc xac dinh boi:

a=[r o] =[2.0.6.2,.2,.0.2,]

M 0 0
M, = s , H, = T
0 Mu Gu Cu

« {—GE K.G, G'K,G, } (10)
G'K.G, -G'K.G,
-G, CG, G, C,G,
A —GuT(cswu)Gj‘

Dét Xo1 =21, z]]T 1a véc-to trang
thai, u,, =q=1[q,, q,, q;, q,]" 1a véc-to tin hi¢u

vao va Yoi = [Az", AZ"]" 13 véc-to céc thong
sd ra, voi Az = (z, — z ) la véc-to dich chuyén
tuong dbi cua hé thong treo. Khi do, phuong
trinh ma tran (10) c6 thé duoc biéu dién ¢ dang
khong gian trang thai:

{ Xo1 = Aoy Xo1 + By gy (11)

Yo1 =Co1Xo1 + Dy uyy,

Trong do, cdc ma trdn hé théng duoc
xac dinh béi:

S IR o R

G, -G, 0 0
C01:|:0 0 G _Gu:|’ DOlz[O]'

N
2.3. M0 hinh dao dong rut gon
Viéc thiét ké bd udc luong cac thong s6

quan tinh dya trén mé hinh dao dong diy du cua
6 to gap nhiéu kho khin do khé c6 thé do luong
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chinh x4c tin hiéu dau vao 1a bién dang map mo
ngau nhién cia mat duong tai cac banh xe q,(t).
Hon nita, trong qua trinh hoat dong, su thay d6i
clia tai trong chi lam thay doi cac thong s6 quan
tinh cua khéi lugng duge treo (bao gom khbi
luong than xe m_ va cic moémen quéan tmh I,
J ) ma khong lam thay d6i cac thong sd quan
tlnh ctia khdi lugng duge treo. Do d6, c6 thé
st dung md hinh dao dong cua than xe vai tin
hiéu dau vao c6 thé do duoc 1a dich chuyén va
van toc twong dbi cta hé thong treo (Vec -toy,,)
dé thiét ké bo woc luong cac thong s6 quan tinh
cta 6 to (Hinh 2). Piéu nay ciing lam giam do
phirc tap tinh toan va loai bo sy can thiét phai
xéc dinh céc thong sd lién quan dén khéi luong
khong dugrc treo.

Hinh 2. M6 hinh dao dong rut gon.

Phuong trinh dao dong cua than xe véi
tin hi¢u dau vao la véc-to y  co thé dugc bi€u
dién nhu sau:

Msj}s :_G:vr (KSAZ._FCSAZ):HS.VOD (13)
voi H,=|-G/C, -G/K,]|.

Trong m6 hinh dao dong cua than xe,
ba thong s6 quan tinh cua khoi lugng dugc treo

can xéac dinh theo thoi gian thuc duoc bidu thi ©
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bang véc-to cac tham sb p = [m, ], Jy]T.

Pé udc lugng véc-to p bang phuong
phap loc Kalman-Bucy Filter (KBF), phuong
trinh khong gian trang thai cia mé hinh dao
dong than xe dugc xac dinh nhu sau:

{ Xop = Agy X + Bty (14)
Yoo = Coa Xop + Doyt

Trong do:

) T S T
X02 :I:y;[s pT] :[Zs’ @, Ey, ms"]x"]y:l >

T
Yoo =Xp2, Uy = Vo1 :[Az;r’ Az';r] ) (15)
MIH

Ay, =[0], Boz—{ } Cop =[1], Dy, =[0].

Do su thay ddi tai trong la cac su kién
gian doan chi xay ra khi 6 t6 dimg chuyén dong
nén co thé coi p bat bién theo thoi gian, nghia
lap=0.

2.4. Bd wéc lwong cac thong sé quan tinh
Kalman-Bucy Filter (KBF)

B loc Kaman-Bucy (KBF) c6 thé dugc
coi la bd loc lién tuc theo thoi gian ctia bg loc
Kalman (KF) truyén théng. So do bo loc KBF
thiét ké cho mo hinh dao dong rat gon cia
than xe st dung phan mém Matlab Simulink
dugc thé hién trong Hinh 3, trong d6 X, (t) va
Yo2(t) bidu dién gia tri udc luong cia vée-to
trang thai va véc-to thong sb ra, w(t) va v(t)
1a véc-to bién ngiu nhién dai dién cho nhidu
qua trinh va nhidu do. Hai bién ngiu nhién nay
doc 1ap voi nhau va duge gia dinh tuan theo
phan phéi chuan Gaussian v6i trung binh bang
khong va cac ma tran hiép phuong sai lan lugt
la Q va R: w(t) ~N(0, Q), v(t) ~ N(0, R).

Nhiém vu ctua bd loc KBF 1a wdc tinh

cac trang thai chua biét vdi tin hi¢u dau vao
va tin hiéu dau ra c6 thé do dugc. Khac voi

bd loc KF st dung thuat toan du doan va hi¢u
chinh dé cap nhat cac udc lugng trang thai, bod
loc KBF doi hoi phai tich phan phuong trinh vi
phan Riccati theo thoi gian dé cdp nhat cac gia
tri woc luong [8, 9, 11]:
K= PCLR
xoz Ay Xop + B ugy +..

+ K[ 5oy —(Coy %oy + Doy ugy) | (16)
Yoo = Cop X + Dy gy
P= Ap,P+PAj, —PChL,R'Cp,P+ Q

Trong phuong trinh trén, K duoc goi la
ma tran quan sat KBF, P biéu thi ma tran udc
luong hiép phuong sai cua sai s6 do thoa man
phuong trinh Riccati, R 1a ma tran trong s6 cua
nhiu do va Q 13 ma trén trong sé ctia nhidu qué
trinh, hai ma trdn nay la thong sb thiét ké co
ban cua bd loc KBF.

| oK ﬂl{ L
il (e "
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X
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Hinh 3. So d6 bé loc Kalman-Bucy Filter (KBF)
cho mo hinh dao dong cua than xe.

3. MO PHONG VA PANH GIA
3.1. Thong sé dau vao
Hinh 4 gi6i thiéu so do khdi mo hinh

mo phong bd ude lugng cac thong sé quan tinh
KBF bang phan mém Matlab Simulink. Cac

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 328, thang 5 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

thong s6 ciia 6 to khao sat duge cho trong Bang
2. O t6 chuyén dong thing véi van toc khong
d6i v = 50km/h trén cac loai dudng co chi sd
map mo mit duong G d(no) thay d6i twong tng
voi loai duong tir A dén E (Bang 1). Gia tri do
16n ctia véc-to nhiu qua trinh twong tmg véi
y,, v véc-to nhiéu do twong Gng véi y,, dugc
chon la:

w(t)=[1, 1,1, 1,1, 1, 1, 1] 1072

T (17)
v(t)=[10‘2,10‘2,10—2,102,103,103] .

Céac ma tran trong sO cuia nhicu qua
trinh Q va nhic¢u do R dugc xac dinh nhu sau:

Q:diag([lo_z, 1072, 102, 1, 1, 1})

(18)
deiag([l, L1l 1].10‘2).

Gia tri thuc té cua cac thong sd quan
tinh cua 6 t6 dugc mod phong thay doi theo thoi
gian: trong 7 gidy dau tién, gia tri nay bang gia
tri dinh mirc cho trong Bang 1, & 7 gidy tiép
theo, cac gia tri nay tang 1én 1,5 1an va sau do
giam 2 1an so véi gia tri dinh muc trong thoi
gian con lai. Gia tri ban dau cua b ude luong
duoc dat @ muc gép 2 lan gia tri dinh muec.

Bdng 2. Théng s6 6 16 tdi hai truc sir dung trong mé phong.

Tén goi Ky hiéu Gia tri Pon vi
Khéi lugng than xe m 5394 kg
Moémen quan tinh khéi lugng than xe theo truc doc J, 4600 kgm?
Momen quén tinh khéi lugng than xe theo truc ngang J 19632 kgm?
Khdi luwgng cum truc trude m 266 kg
Khdi lwong cum truc sau m 427 kg
Hé sb can ctia giam chin hé théng treo trude k. 7733 Ns/m
Heé sb can ciia giam chan hé thong treo sau k. 9804 Ns/m
Do cimg cua hé thdng treo trudc C, 177000 N/m
Do cung ciia hé thong treo sau c, 193844 N/m
Do cung banh xe trudc C, 493211 N/m
P9 cling banh xe sau C, 986422 N/m
Khoang cach tir tryc trudc dén trong tam xe 1, 2,400 m
Khoang cach tur truc sau dén trong tdm xe 1 1,685 m
Khoang cach vét banh xe trudc " 1,705 m
Khodng cach vét banh xe sau N 1,495 m
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3.2. Két qua mé phong

Sy thay doi cta cac loai bién dang mat
duong ¢ cac banh xe bén trai theo quang duong
di chuyén dugc moé ta trén Hinh 5. D6i véi mat
duong loai A, chidu cao map moé mat duong
thay doi trong pham vi £0,015m, trong khi ¢
mat duong loai E gia tri nay 1a +£0,3m.

Bien dang mat duong

0.3

0 50 100 150 200 250 300
x [m]

Hinh 5. Su thay d6i bién do map mé mdt dwong

theo cac logi dwong khdc nhau.

Van toc dao dong Khol luong than xe

10
5 1
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10
Thoi gian [5]

10
Thoi gian [5]

Hinh 6. Bién doi theo thoi gian ciia cdc thong sé
trang thai trén mat duong logi E.

Bién dbi theo thoi gian cua cc thong sb
trang thai mo6 hinh dao dong than xe trén mat
duong loai E dugc minh hoa trén Hinh 6, trong
d6 duong nét ddm mau nhat biéu thi cac gia tri
thuc té, duong nét manh mau dam la cac gia tri
dugc wéc lugng bang b loc KBF thiét ké. Co
thé thay cac gid tri wdc lugng ciia van tdc dao
dong than xe md ta gan nhu chinh xéc bién doi
thuce té cua cac thong s6 nay. Két qua tuong ty
cling nhan dugc dbi vai gia tri udc lugng cua
cac thong s6 quan tinh bao gdm khéi luong va
cac mé men quan tinh cua than xe, sy sai I¢ch
chi xdy ra trong khoang thoi gian 0,5 giady tai
thoi diém gia tri thuc té thay doi dot ngot.

3.3. Panh gia sai s6

D¢ chinh xac cua b) udc lugng cac
thong s6 quan tinh KBF dugc danh gia thong
qua gid tri sai léch binh phuong trung binh
(RMSE) va sai s6 tuyét ddi trung binh (MAPE)
theo cong thuec:

1 ~ N2

RMSE = NZ()’;“)’;’) s
= (19)
1 N
MAPE =—>"
i=1

Yi— ):'i
Yi

100%,

Trong d6, y,(t) 1a gia tri thuc té cua dai
luong can danh gia sai s6, 7;(t) 1a gia tri udc
luong nhan dugc tr thuat toan KBF, va N la
té)ng ) gia tri udc lugng duogc thuc hién.

Badng 3. Sai s6 giita gid tri thuc té va woe lwong trén cdc logi dwong RMSE (MAPE).

Loai duong | 7, (m/s) @, (radfs) | O (rads) |m, (kg) J (kgm?) J, (kgm?)
A 0,051(4,8%) | 0,002(1,2%) | 0,015(4,6%) | 50,9(4,2%) | 56,6(4,6%) | 189,8(5,0%)
B 0,113(5,2%) | 0,015(3,5%) | 0,022(5,2%) | 55,5(4,5%) |62,5(52%) |192,3(5,2%)
C 0,181(6,1%) | 0,022(4,2%) | 0,028(5,6%) | 60,2(5,3%) | 71,6(6,8%) | 208,2(6,3%)
D 0,213(6,5%) | 0,025(4,6%) | 0,034(6,3%) | 72,6(6,4%) | 83.2(7,5%) |239.4(8,1%)
E 0,342(7,4%) | 0,031(5,8%) | 0,042(7,6%) | 81,4(7,7%) | 96,5(8,3%) | 269,7(9,2%)
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Két qua danh gia sai s6 giira gia tri thuc
té va udc luong cua cac thong sb trang thai theo
cong thic (19) tuong ung véi cac loai duong
khac nhau dugc cho trong Bang 3. Gia tri sai
léch binh phuong trung binh (RMSE) va sai s6
tuyét d6i trung binh (MAPE) ¢6 xu hudng ting
theo bién do mép md mat duong tor A dén E,
tuy nhién sai s6 MAPE cua céc thong sb trang
thai déu nho hon 10%, diéu d6 cho thiy bo udc
lwong céc thong s6 quan tinh KBF 1am viéc 6n
dinh va hi€u qua trén céc loai duong khac nhau.

4. KET LUAN

Duya trén mo hinh dao dong day du 7
bac tu do cua 0 t6 trong khong gian, bai bao da
dé xuat mot mo hinh dao dong 3 bac tu do cua
than xe véi tin hiéu dau vao 1a dich chuyén va
vén téc dich chuyén cua hé théng treo tai bon
banh xe dé thiét ké bo loc KBF udc luong céac
thong s6 quan tinh cua than xe. Phuong phéap
nay cho phép don gidn hoa viéc xac dinh céc tin
hiéu dau vao can thiét cho bd wdc lugng KBF
va cho phép loai bo tac dong cua cac yéu td
ngau nhién tir mit duong.

Céc két qua mo phong bang phan mém
Matlab Simulink cho thdy bo wdc luong KBF
véi1 cdc ma tran trong $6 Q va R duoc thiét ké
dam bao khtr dugc nhiéu qua trinh va nhiéu do,
nhanh chong dwa cac gié tri wéc luong cta khoéi
luong va mé men quan tinh cua than xe héi tu
vé gia tri thuc té chi sau thoi gian 0,5 gidy véi
sai sO dudi 10%. Diéu nay cho phép xac nhan
vé mat 1y thuyét hiéu qua va do tin cdy caa bd
wdc lugng KBF thiét ké. <

Ngay nhan bai: 21/4/2025
Ngay phan bi¢n: 08/5/2025
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DANH GIA PHAM VI HOAT DONG CUA O TO DIEN VOI HE THONG
TRUYEN LUC NHIEU CAP

EVALUATION OF THE DRIVING RANGE OF ELECTRIC VEHICLES EQUIPPED
WITH MULTI-SPEED TRANSMISSION SYSTEMS

PGS,TS. Tran Vin Nhu
B mon Co khi 6 t6, Khoa Co khi, Truong DPai hoc Giao thong van tai
Email: thanhhuyen@utc.edu.vn

TOM TAT

O 16 dién dang dan thay thé phirong tién sir dung dong co dot trong nho wu diém vé hiéu
sudt va phat thai thdp. Pham vi hoat dong sau mai lan sac van la mét trong nhitng han ché 1ém, anh
huong truc tié}) dén tinh thuc tién cia xe dién trong diéu kién sir dung thuc té. Bai bdo nay trinh
bay nghién ciru danh gid anh hwéng ciia hé thong truyén lwc nhiéu cdp dén pham vi hoat dong ciia
6 16 dién, théng qua viéc xdy ding mé hinh mé phong sir dung phan mém Matlab. Ba phwong dn
hé truyén luc dwoc khdo sat bao gom: hop s6 1 cap, hdp sé 2 cdp va hop sé vé cdap CVT. Két qua
mé phong trén chu trinh lai chudan WLTP cho thdy, hé thong truyén lec nhiéu cap givip dong co lam
viéc trong viing hiéu sudt t6i cao, qua dé giam mirc tiéu thu nang lwong va tang pham vi hoat déng
ciia phwong tién, thé hién khd nang thich vmg linh hoat va hiéu quad sir dung ning hrong vueot tréi
S0 V6i cdc hé théng truyén lyc 1 cdp.

Tir khéa: O 16 dién; M6 phong pham vi hoat dong; M6 hinh dong nang heong.
ABSTRACT

Electric vehicles (EVs) are increasingly emerging as viable alternatives to internal
combustion engine vehicles due to their superior energy efficiency and low emissions. Nevertheless,
limited driving range per charge remains a major constraint, directly impacting the practical
deployment of EVs under real-world operating conditions. This paper presents a study evaluating
the influence of multi-speed transmission systems on the driving range of electric vehicles, based on
the development of a simulation model using Matlab software. Three transmission configurations
are considered, including single-speed transmission, two-speed transmission, and continuously
variable transmission (CVT). Simulation results under the standard WLTP driving cycle reveal
that multi-speed transmission systems enable the electric motor to operate closer to its optimal
efficiency region, thereby reducing energy consumption and extending vehicle driving range. Among
the evaluated systems, CVT demonstrates outstanding adaptability and superior energy efficiency
compared to single-speed configurations.

Keywords: Electric vehicles,; Driving range simulation; Power flow modeling; Multi-speed
transmission,
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1. TONG QUAN

O t6 dién (EV - Electric Vehicle) 1a loai
phuong ti¢n st dung nang luong dién tir bg pin
dé cung cap cho dong co dién, thay thé hoan
toan dong co ddt trong truyén théng. Khac voi 6
t6 st dung dong co d6t trong, hé truyén luc cia
xe dién co thé duoc thiét ké don gian hon nho
dac tinh m6é men cua dong co di¢n. Tuy theo
cach b tri va muc tiéu thiét ké, hé thong truyén
luc trén 6 t6 dién co6 thé str dung hop sb 1 cip
(single-speed), hop s6 2 cap hodc hop sb vo cap
(CVT — Continuously Variable Transmission).
Mdi hé théng truyén lyc c¢6 nhing vu diém va
gidi han riéng vé mat hiéu suat, kha ning ting
tdc va tiéu thu nang lugng.

Hé thong truyén luc 1 cip c6 két ciu
don gian, trong lugng nhe, chi phi san xuat thap
va dé& diéu khién. Tuy nhién, nhugc diém cia
hé théng nay 1a khong thé tdi uu hiéu suat dong
co trong toan bd dai tdc do lam viée, dac biét 1a
trong cac dicu kién van hanh thay d6i lién tuc
nhu 141 xe d6 thi hodc duong hon hop[1]. Hé
théng truyén luc 2 cip c6 kha ning cai thién
pham vi hoat dong va hi¢u suét van hanh nho
cho phép chuyén doi giira hai dai ty s6 truyén
khac nhau. Céac nghién ctru nhu cia Zhang et
al. (2020) cho thay hop sé 2 cép giup tang hiéu
suat trung binh cia hé truyén dong dién lén
khoang 4-6% so véi hop sd 1 cap trong cing
diéu kién van hanh [2]. Hop sb v6 cdp CVT ¢
vu diém vuot troi vé kha nang thay doi lién tuc
ty sb truyén, gitp dong co duy tri hoat dong
trong viing hi¢u suat toi wu. Theo nghién ctru
cua Kazemi et al. (2014), viéc st dung CVT
trén hé truyén luc xe dién co thé giam tur 8-12%
mirc tiéu thy ning luong so véi hé thong 1 cap
truyén théng, dac biét hi¢u qua trong diéu kién
van hanh co nhiéu thay ddi tai trong va tde do

[3].
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T6i wu hoa hiéu suit sir dung ning
luong 1a mot trong nhiing muc ti€u quan trong
nhét trong thiét k& hé truyén lyc cho 6 t6 dién.
Viéc sir dung cac hé thong truyén lyc nhiéu cip
nhu hop sé 2 cip hoic CVT duoc chimg minh
1a mot giai phap hiéu qua dé dat duge muc tiéu
nay. Cac nghién ctru moé phdng va thyc nghiém
cua Liu et al. (2019) va Chen et al. (2022) chi
ra rang, viéc bd sung thém cip s6 hodc co ché
diéu chinh lién tuc ty sé truyén khong chi cai
thién kha ning ting tdc ma con nang cao pham
vi hoat dong sau mdi lan sac tir 10-20%, tiy
theo diéu kién van hanh [4], [5]. Tai Vi¢t Nam,
céc nghién ctru chuyén sau vé anh hudng cua
cAu tric hé truyén lyc dén pham vi hoat dong
cta 6 to dién con chua nhiéu. Do d6, viéc xay
dung mé hinh mé phong cic cum ciia hé thong
truyén luc trén 6 t6 di¢n co trang bi hdp s6 CVT
va cac cum khac cua bo diéu khién 1am co s&
khao sat dong luc hoc chuyén dong thing cua
6 t6 dién, va toi wu hoa qua trinh sir dung ning
luong dién trén 6 to.

2. XAY DUNG MO HINH MO PHONG
PHAM VI HOAT PONG CUA O TO PIEN

Mo hinh mé phong pham vi hoat dong
cua 0 to dién dong vai tro nhu mot cong cu
thiét yéu dé du doan, phan tich va t6i vu hoa
hé théng truyén dong, hé théng diéu khién,
cling nhu thiét ké tong thé 6 to dién. Viéc xay
dung mo hinh chinh xé4c c6 thé danh gia va so
sanh cac Iya chon thiét ké khac nhau ma khong
can tién hanh thir nghiém tén kém va mét thoi
gian. C6 nhiéu phuong phap mé hinh héa duoc
su dung dé du doan pham vi hoat dong cua 6
td dién, nhu: mo hinh hoi quy, mo hinh vat 1y
tuong minh (white-box), mo hinh dong cong
suat (Energetic Macroscopic Representation
— EMR). M6 hinh hdi quy st dung dir liéu
do dac thyc té tir cac thir nghiém trén dudng
hodc trong phong thi nghiém dé ndi suy hoic

&
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xdy dung cdc md hinh hdi quy. M6 hinh nay
c6 do chinh xac cao trong cac diéu kién thir
nghiém cu thé, nhung kha ning khai quat hoa
cho céc diéu kién van hanh khéc nhau c6 thé b
han ché. M hinh vat Iy tuong minh duoc xay
dung tir phuong trinh dong hoc, co hoc va dién
hoc dé mo ta chi tiét hoat dong ciia timg thanh
phan trong hé thong dong lyc. M0 hinh nay co
thé danh gia sdu sic vé hanh vi cua hé thong,
nhung doi hoi thong tin chi tiét cac phan tir clia
hé¢ thong va phic tap trong viéc xdy dung va
mo phong. M6 hinh EMR la phuong phép mo
hinh ban vat ly (semi- physwal) mo ta moi quan
hé trao d6i cong suat glua cac phan tir trong
hé thong thong qua cac khdi chic ning tuong
duong. Phuong phap nay can bang giita do
chinh xac va d¢ phtc tap, cho phép mé ta dong
cong suat mot cach hiéu qua va dé dang tich
hop cac thanh phan khac nhau cta hé thong.

Trong s cac phuong phap trén, mé hinh
dong nang lugng dugc danh gid cao nho kha
ning mé ta chinh xac dong coéng suit trong hé
thong truyén dong, tinh linh hoat trong viéc mo
rong va tich hop cac yéu tb diéu khién. Phuong
phép nay cho phep xac dinh mtrc ti€u thu nang
luong cua tLrng cau truc truyen luc dya trén cac
dic tinh dau vao (vi du: van tdc, luc can, hiéu
sut), tir d6 tinh toan pham vi hoat dong cua
0 to dién. Bai bao su dung mo hinh EMR va
mo phong bang phan mém Matlab/Simulink
dé danh gia pham vi hoat dong cua 0 to6 dién
v6i hop s6 nhiéu cap. Hinh 1 thé hién mé hinh
EMR cua 6 t6 dién.

n
Mén.um M5 man, il thifng
i -.:-r_cr-wﬁn tinepdn ke

Wik - i cdp
VBN 160 i

Wiy,
. .‘Bﬁ win ﬁ “ Déing calmdy
phibit

Hinh 1. M6 hinh dong nang lwong mé phong pham

vi hoat dong cua 6 to dién

Mo hinh nang lugng trén 6 t6 dién mo
ta chudi chuyén di va tiéu hao ning luong, bat
dau tir diéu kién chuyén dong theo chu trinh
thir (nhu WLTP hoac FTP-75), qua cac khau
truyén dong dén tiéu hao ning lugng dién trong
pin. Pau vao ctia mo hinh 1a thong tin v& van
toc theo thoi gian tir chu trinh thir. Tur ddy, hé
thong xac dinh cong suit can chuyén dong (bao
gom cong suét can lin, can khong khi va cong
suat can quan tinh khi ting toc). Dwa vao yéu
cau cong suat tai banh xe, tinh toan m6 men
x0dn va toc do yéu clu cua dong co di¢n. Su
dung ndi suy dé xac dinh hiéu suat ctia dong
co dién va tinh todn cong suit dién tiéu thu.
Cong suit tiéu thu s& dugc dung dé xac dinh
cong sudt ldy tir pin, c6 xét dén hiéu suat bd
bién tan. Cudi cing, mirc tiéu hao ning luong
duoc tich lity theo thoi gian, ddn dén tinh toan
dung luong pin con lai va quang duong di duoc
cua xe. M6 hinh nay gitp danh gia hi¢u qua str
dung ning lugng trong cac diéu kién van hanh
thuc té. Trong md hinh trén, hi¢u suét ciia dong
co dién thay d6i kha nhiéu tuy thudc vao diéu
kién lam viéc cta dong co (téc @6 va mo men).
Hiéu suit truyén luc co khi, hiéu suit cua bd
bién tan, nap va xa ctia pin coi nhu khong doi.

Xét truong hop 6 t6 chuyén dong trén
duong bang, bo qua gié, quan tinh cua khdi
luong chuyén dong quay 12 kha nho nén c6 thé
bo qua. Cong sudt can chuyén dong cua 0 to
gdm cong suit can lin (N)), cong suit can quan
tinh (N) va cong sudt can gio (N,):

N, =mgfv+0,5pCAV’ +mjv (D)

Trong d6: m - Khéi lugng cua 6 t6; f -
Heé sb can lan; v - Van toc 6 t0; j - Gia toc ctia 6
t6; p - Khoi luong riéng ciia khong khi; C - Hé
s6 hinh dang khi dong hoc; A - Dién tich can
chinh dién cua 6 t0.

Khi 6 t6 giam toc, voi gia toc du lon
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cong suét can N, am, khi d6 may dlen lam viéc
& ché 46 may phat va nap dién vao ic quy.

N, =—¢ (2)
nck
Mo men va téc d6 twong g ctia dong
co dién duogc xac dinh nhu sau:

Vi, N

a)mi = . ’Tml = - (3)
rw mi

Trong do i,-Ty sd truyén cua hé thong

truyén lyc & s6 i, sau r_ — Ban kinh banh xe.
Hiéu suét ctia dong co dlen phu thudc vao diém
lam Vlec (o o L ). V61 moi truong hop lua
chon sb truyén Khac nhau, dong co dién lam
viéc tai cac diém khac nhau vé&i hiéu suit khac
nhau. Légic chuyén sO lya chon sb truyén c6
hiéu sudt cao nhét (Hmh 2). Voi trurong hop
truyén luc CVT, ta c6 thé roi rac hoa mién gidi
han ty s6 truyén thanh nhiéu cép sb.

Hinh 2. Minh hoa lwa chon s6 truyén dé hiéu sudt
dong co cao nhat khi 6 t6 chuyén dong o vdn toc v,

Cong suat cua pin cung cap cho su hoat
dong cua dong co duoc:

N, = e (4)

(1, (@,, T, )m, )™
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Trong do6: n, - Hi¢u suét nap, xa cua
pin; sgn(N_) thé hién trang thai nap, xa cta pin.
Trong truong hop nap (phanh tai sinh), N <
0, khi d6 cong suit pin thu hoi duoc N, nho
hon céng suat co hoc N_ quay may phat dién.
Nguogc lai, truong hop x4 (dong co dién kéo),
N_>0, cong sudt x4 cta pin 16n hon cong suét
co hoc N cua dong co. Dung lugng pin thay
d6i theo thoi gian xac dinh theo biéu thire (5):

C,(1=C,(0)~ [ N, ()d(z) (5)

Trong do: C,(0) - Dung lugng ban dau
cua pin. Trong truong hop phanh tai sinh cong
suit can am, N_<0,dodo N, <0, pin dugc nap
thém.

3. KET QUA MO PHONG

St dung phin mém MATLAB mo
phong pham vi hoat dong ciia 6 to dién. So d6
khéi mé phong thé hién trén Hinh 3. Thong sd
ctia 6 t0: khoi luong toan bo m = 2328kg; ty sb
truyén hé théng truyén luc 1 cép i,=9,118;ty )
=9,118,
1,=3,716; ty sO truyén cua hé thong truyén luc
CVTi, € [9,118 3,716]; ban kinh banh xe r,
= 0,33m; dung lugng pin C (0) = 87700 kWh;
dién tich can chinh dién F = 1,8m?; hé s can
lan £, = 0,012; h¢ s6 hinh dang khi dong hoc C
= 0,25; khéi lugng riéng khong khi p = 1,2 kg/
m3; hiéu suit truyén lyc co khin, = 0,95. Hi¢u

truyén ctia hé thong truyén luc 2 cap i,

suat lam vi¢c cua dong co dién thé hién trén
Hinh 4.
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Hinh 4. Ban do hiéu suat cua dong co

St dung chu trinh chuyén dong WLTP
(Worldwide Harmonised Light Vehicle Test
Procedure) thé hién trén Hinh 5.

40

0 500 1000 1500
ts]

Hinh 5. Chu trinh chuyén déng WLTP

Két qua md phong pham vi hoat dong
clia 6 to dién véi 3 truong hop céu hé thong
truyén luc 1 cdp, 2 cap va CVT lan luot la:
324km, 340km, va 342km. Nhu vay, véi hé
thdng truyén luc 2 cap, pham vi hoat dong ting
5% so voi hé théng truyén luc 1 cap. Hé thong
truyén lyc CVT tiang hon khong dang ké véi
v6i hé thoéng truyén luc 2 cdp. Piém lam viéc
ctia dong co dién Gmg véi 3 ciu hinh hé thong
truyén luc thé hién trén Hinh 6. V&i hé thong
truyén luc 1 cép, diém 1am viéc chu yéu tap
trung gan tryc hoanh, noi c6 hiéu suit khong
cao. Voi hé théng truyén luc 2 cép va CVT,
diém 1am viéc phan b chu yéu ¢ ving ¢ hiéu
suét khé cao, tir 0,7 dén 0,8.

b) c)
Hinh 6. Piém lam viéc ciia dong co dién trén ban
do hiéu sudt:

a — Hé thong truyén lyc 1 cap; b — Hé thong
truyén lyee 2 cdp; ¢ — Hé thong truyén luc CVT

Véihé théng truyén luc CVT, diém lam
viéc tap trung chi yéu trén duong hiéu suét tdi
uu (OOL — Optimal Operation Line). D sut
giam % SOC thé hién trén Hinh 7. Sau 1 chu
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trinh chuyén dong, % pin con lai lan luot 1a
92,82%; 93,17%; 93,20%; tuong trng hé théng
truyén luc 1 cp, 2 cap va CVT. Dung luong
pin tiéu hao cho mdi chu trinh chuyén dong la:
6297wh; 5990wh; 5964wh.

1

098}
&
Q096 |——HTTL1cap
2 —eemeHTTL 2 cdp
0.04 } |--=--HTTLCVT _
D 92 1 L 1
0 500 1000 1500

t[s]
Hinh 7. Ty ¢ % SOC giam theo thoi gian mo phong

Ty s6 truyén thay ddi theo thoi gian thé
hién trén Hinh 8.

Hinh 8. Ty s6 truyén thay doi theo thoi gian
mo phong:
a — Hé thong truyén lic 1 cap;
b — Hé thong truyén luc CVT.

4. KET LUAN

Bai bdo da trinh bay mo6 hinh va moé
phong pham vi hoat dong cua 6 t6 dién vai cac
céu hinh hé thong truyén luc 1 cap, 2 cip, va hé
thdng truyén lyc CVT. Cac thong sb khac cua 6
t6 va diéu kién mo phong giéng nhau. Két qua
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mé phong cho thiy 6 to dién st dung ciu hinh
hé thong truyén Iye 2 cap cho hiéu ning tot hon
so v6i hé théng truyén luc 1 cdp. Tuy nhién,
hiéu nang cling khong qué vuot troi.

So sanh giita h¢ thong truyén lyc CVT
va hé thong truyén luc 2 cip cho thiy hiéu ning
cua 0 t0 di¢n su dung hé théng truyén Iuc CVT
16n hon khong nhiéu so v&i hé théng truyén luc
2 cap, nhung két cu phirc tap hon. Thyc té hién
nay, mot sd 6 t6 sir dung hé thong truyén luc
2 cép két hop vé6i nhiéu dong co cd cong suit
khac nhau giup ting hiéu suat ctia 6 to dién. <

Ngay nhan bai: 09/4/2025
Ngay phan bién: 26/4/2025
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TOI U HOA KET CAU KHUNG VO O TO CON THEO RUNG ON

OPTIMIZATION OF CAR FRAME STRUCTURE TO REDUCE NOISE AND
VIBRATION

TS. Nguyén Thiét Lap*, ThS. Nguyén Quang Cuong
Bd modn Co khi 6 t6, Khoa Co khi, Truong Pai hoc Giao thong van tai
*Email: thietlap.nguyen@utc.edu.vn

TOM TAT

Bai bdo trinh bay Iy thuyét va phwong phdp t6i wu két cau khung vé 6 t6 con theo rung on.
Tiéng on trong 6 16 do khung vé gdy ra khi cé kich thich rung dong, trong dé hai nguon gay ra rung
déng I6n nhdt cho khung vo la kich thich ciia déng co khong cdn bang va mdt dwong khong bang
phang. Trén co sé phan tich rung dong va tiéng on trong khoang xe, tim ra rung déng ciia mang néc
va tiéng on do né gdy ra la I6n nhat, tie @6 di vdo t6i wu héa két cau mang noc dé giam rung on cho
khoang xe. Tién hanh t6i wu mang néc theo hai théng sé la dé day cia tam néc va sé heong thanh
ngang lién két ciia mang néc. Sau khi t6i wu tién hanh danh gid va so sanh véi két qua triede i wu

ve rung dong va tieng on trong khoang xe.

Tir khoa: Két cau khung vé 6 t6,; Phan tich rung déng khung vo 6 t6; Tiéng on trong khoang

xe; Kich thich rung dong,; Tt 6i wu héa két cau.
ABSTRACT

This paper presents the theory and methodology for optimizing passenger car body structure
based on vibration and noise performance. In-cabin noise is generated by the body structure when
subjected to vibration, with the two primary sources of vibration being engine imbalance and road
surface irregularities. Based on an analysis of vibration and in-cabin noise, it was found that roof
panel vibration and its associated noise contribution are the most significant. Therefore, the paper
focuses on optimizing the roof panel structure to reduce in-cabin vibration and noise. The roof
panel is optimized by varying two parameters: the thickness of the panel and the number of cross-
braces. Finally, the optimized design is evaluated and compared to the pre-optimized design in
terms of in-cabin vibration and noise levels.

Keywords: Automotive body structure; Vibration Analysis of Vehicle Frame, Interior Cabin
Noise,; Vibration Excitation Forces, Structural Optimization.
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1. PAT VAN PE

Tiéng On trong xe 6 t6 & dai tan s6 thap
(20-200 Hz) dic biét dang chu y vi dai tan sd
du6i 200 Hz chira dung phan 1én tiéng on do
rung dong két cdu than xe gy ra. Trong dai tan
s6 ndy, cac bién phap hut 4m va cach 4m thong
thuong it hiéu qua [1], [2]. Déi v6i khoang
hanh khach c¢6 vach mong dan hoi, rung dong
clia tim mong thanh xe va truong am ndi bd
tao nén mot quan hé tuong tac phuc tap [3]-
[7]. Do d6, dé t6i wu hoa két ciu khung vo 6 to
tién hanh t6i uvu hoa két ciu khung vo dé giam
tiéng 6n & dai tan s6 thap 1a can thiét. Theo két
qua tinh todn mo6 phong [8] thi rung dong cua
mang noc xe rat 1on va ciing gay ra tiéng on 16n
nhét tai vi trf tai cua hanh khach ngdi trong xe.
Viée tdi uu hoa két cu cua toan bod khung vo
6 t6 s& giam rung on cho khoang xe nhung doi
hoi khdi lwong cong viée rat 16n. Trong pham
vi nay, bai bao tap trung vao viéc tdi uu hoa
mang noc ctia khung vo 6 to con dé giam rung
on cho khoang xe. Mang noc duogc t6i vu hoa
tryc tiép trén toan bo khung vo, nén két qua toi
wu ctia n6 anh huodng truc tiép dén toan bo két
cu khung vo xe. Tir md hinh phan tich rung
dong riéng, bai bao phat trién bai toan tdi uu
cho mang ndc voi muc tiéu 1a giam rung on cho
Xe.

2.CO SO LY THUYET TOI UU HOA KET
CAU KHUNG VO MANG NOC XE CON

2.1. Xac dinh bién thiét ke, ham muc tiéu, va
diéu kién rang bugc

Pbi tugng nghién ctru ctia bai bao 1a két
c4u khung vo xe con. Sau khi tinh toan, phan
tich rung dong va tiéng on thi nhan thay mang
noc con chua hgp ly. Do do, nghién clru nay
Iira chon két cau mang noc dé tién hanh t6i uu
hoa. Két cau mang néc c6 hai thanh phan la
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cac thanh ngang va tim ndc. Muc tiéu téi vu 1a
giam tiéng On trong khoang xe, trong khi tan sb
rung dong riéng thtr nhat khong dugc nho hon,
va khdi lugng mang noc phai gitt nguyén hodc
giam xubng. O ddy, cac bién thiét ké s& 1a do
day ctia tim néc, s6 lugng thanh ngang.

1) Bién thiét ké:

x = [x,.x,] (1)

Trong do: x, - Do day tam noc voi 0.5 <
X, <0.8; x, - S6 lwong thanh (vi trf) cac thanh
ngang 2 <x, <6.

2) Ham muc tiéu:

Min f(x) = min (f.U) )

Trong do: f - Tan s6 rung dong riéng
thri(i=1,2); U - Bién d6 van téc rung dong.

3) Bién rang budc:

fi < fip va G, < Gy 3)

Trong do: £, - Tan sb rung dong riéng
thiri xe co s¢ (i=1,2,3); G, - Trong luong mang
noc sau khi’ t6i uu; G,, - Trong lugng mang noc
trudce khi to1 vu.

2.2. Miéu ta so hoc dac tinh rung dong két
cau mang noc

Pé thuan tién cho nghién ctru, phuong
thire ¢6 dinh mang ndc coi nhu tam duoc cb
dinh bon duong bién. Tan s6 goc rung dong
riéng ctia tim mong:

,m?* n? D,
Omn =TT 5D (o

4)
&
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Trong do: a, b, t 1an luot 1a chiéu dai,
chiéu rong, chiéu day cua tam mong; m, n =
1,2..., chung dugc xac dinh ¢ thu tu tan s rung
dong riéng bit ky ciia tim mong.

3
D, - Eh
12(1- 11,)
Trong d6: E - M6 dun dan hdi cia vat
lidu; p - Hé sd Poisson; p - Khéi luong riéng
cua vat liéu.

)

Gia thiét khoang tan s6 quan tam la (f,
f,), khi tién hanh phan tich tan so tuong tac am,
ta co:

s
DU

ﬁ(ﬁaﬂ)z% (6)

u(f,, f,)- Ham sb phan tng 4p suit 4m
voi rung dong tam mong.

Duéi day dung gia tri cta ham sé U(f)

va u(f;, f,) détién hanh so sanh hiéu qua giam
rung dong ddi voi cac phuong an gia cuong
méng noc. Bao gdm cac phuong an: So sanh vi
tri ctia cac thanh gia cudng; so sanh do day tim
néc. Thong ké pham vi mang noc nhu hinh 1.

— h Yol

Hinh 1. Pham vi thong ké gid tri U(f)

3. PANH GIA BAI TOAN TOI UU MANG
NOC VA LUA CHON THUAT TOAN

Bai toan toi vu mang noc khung vo xe
Camry vd6i hai thong s6 két cau 1a chiéu day

mang noc va vi tri cum thanh tang cirng mang
néc (s6 luong thanh xét trong khoang tir 2 dén
6 thanh) dan dén sé luong bién ti wu 16n va
khoéng ¢ dinh, tir 3 dén 7 bién.

Bai toan lua chonqtéri wu tai tan s f yé
f, cong hudng toan xe. D€ t6i wu chinh xac can
thuc hién véi mo hinh toan bd khung xe, cum
mang ndc twong tac v6i 2 suon xe dan dén két
cAu md phong phtc tap, khong gian bién rong.

Do sb lugng bién 16n nén ta sir dung
thuat toan GA, phii hop vai bai toan téi uu da
bién, kha ning tim kiém toan cuc va kha nang xir
Iy duoc khong gian tim kiém 16n. Két hop voi
thuat toan Gradient xtr Iy gia trji dot bién giup t6i
wu budce nhay thé hé trong khong gian bién 16n,
t6i wru thoi gian tinh toan. Str dung Monte Carlo
gitp thu gon khong gian bién, giam kich thudc
quan thé yéu ciu ¢ thuat todn GA.

Nhu véy, bai toan tdi wu mang noc 1a da
bién va lién tuc nén ta c6 thé sir dung 3 thuat
toan chinh Monte Carlo, thuat toan di truyén
GA, Thuat toan Gradient Descent.

4. KET QUA TOI UU MANG NOC

4.1. Két qua tong hop tdi wu mang néc

Tong hop két qua tdi wu, ta dugc biéu
do parallel coordinate nhu trén hinh 2.

Hinh 2. Céc bé mdt ing xik ciia théng s6 ddu vao
voi diéu kién rang budc dwoc thu thap boi thudt
giai Gradient
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Biéu d6 cho thdy phan hoi dau ra cta
su thay doi gia tri ddu vao trong khong gian
thiét ké. Pa phan céac truong hop giai déu ra
nghiém trong khoang 2000 trang thai dau. Dé
dam bao t6i wu hét cho khong gian t6i uu, thuat
toan Monte Carlo dugc sir dung dé thay ddi cac
vung tinh toan va cac do thi da thé hién thanh
cong. Do do, thuat toan tdi wu bao quat duogc
cac truong hop, khong dé quén gia tri tinh.

4.2. Két qua sau toi wu mang noc

Ta c6 bang két qua t6i vu mang noc nhu
trén hinh 3.

[

regre

N & F & ¥ ¥ @ 3
I el

Hinh 3. Két qua toi wu mang néc

Tu két qua tdi wu, ta duoc vi tri cac
thanh trén mo hinh phan tir hitu han nhu trén
hinh 4.

Hinh 4. Vi tri dat cac thanh ngang cho mdng noc
sau khi t6i wu

Khi @6 day mang n6c nho hon 0.55,
dd cung theo phuong Z giam, xe c6 xu hudng
rung dong 16n tai mang ndc do ban than mang
noéc gay nén (1). Khi d day mang noc 16n hon
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0.55, do cung theo phuong Z ting, khdi lugng
tang trong khi mang noc két ndi giita 2 mang
thanh lam 2 mang thanh chiu udn theo phuong
X. Phan dau cta thanh bén c6 do cung viing
thap hon nén c6 xu hudng udn & phan dau (2).
Khi sip xép hé thong thanh ngang mang néc,
hé thdng thanh c6 xu hudng sap xép ¢ phia trén
dau xe do hé thong thanh cé tic dung chong
ubn & phia dau xe. Khi ting bé day tam noc thi
tu than rung dong ctia mang noc giam, tiéng 6n
sinh ra giam (3). Két hop (1), (2), (3), ta nhan
dugc bé day mang noc toi wu 13 0.7; Bo 4 thanh
t6i wu nhan dugc 1a 34, 52, 60, 74.

5.S0 SANH KET QUA TOI UU
5.1. Rung djng riéng

Sau khi tdi vu duoc do day mang noc,
vi tri va s6 luong thanh ngang ctia mang noc,
ta dua vao mo hinh tinh toan rung dong riéng
cho bai toan ti vu roi so sanh voi két qua tinh
toan khi chua toi wu. Tan s6 thir nhit va thir hai
trude tdi wu va sau toi wu 1an luot 13: 26,3Hz,
29,44 Hz va 26,6 Hz, 29,8Hz. Hinh dang rung
dong nhu trong bang 1.

Bdng 1. Hinh dang rung dong trudc va sau toi uu

Hinh dang rung déng xe nguyén ban Hinh dang rung déng sau toi uu

=

W ﬁ

Sau khi t6i wu thi khdi lugng mang néc
giam di nhung tan sé rung dong riéng tht nhat
va thtr hai ting 1én, phan bo rung dong riéng
trén mang noc cling hop 1y hon.

5.2. Tiéng 6n trong khoang xe

Xét két qua ti wu tiéng on tai 4 node

(878483, 895085, 895862, 1008722) dai dién &
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cho vi tri trung diém glu:a hai tai ctia nguoi ngdi
tren xe, mit cat 4p sudt &m theo phuong doc
nam ngang tai vi tri tai nguoi cach mit san xe
theo phuong thang dimg 1a 800 (mm). Két qua
trude va sau khi toi wu nhu trén hinh 5 va 6.

Hinh 6. Két qua phdn bé dp sudt am sau toi weu

Gia tri 4p sudt am trong khoang tan sé
trén 80Hz sau khi t6i vu giam nhiéu va rd rét.
Tong gia tri 4p sut am trong ving tan s tir
(23 ZOO)HZ giam déng ké. Tai vi tri 62Hz, ap
suat sau t6i wu giam khong nhleu do tai tan s
nay ngoai anh hudng ciia tim noc thi né con
anh huong nhiéu cua tim chén gitta khoang
dong co va khoang xe.

6. KET CAU MANG NOC TRUGC VA
SAUTOIUU

Két cau cua mang noc trude va sau toi
uu nhu trong bang 2.

Bang 2. Keét cau mang noc trudc va sau toi wu

Mang noc trudc toi uu

Mang noc sau khi toi
uu

- P9 day tAm néc:
0.8mm

- Po day tAm noc:
0.7mm

- S6 lwong thanh
ngang: 02 thanh

- S luong thanh
ngang: 04 thanh

- Khéi lugng mang
noc: 11.03 kg

- Khéi lugng mang
néc: 10.65 kg

7. KET LUAN

Tir két qua tinh toan, ta nhan thay khi
do day mang néc ma day qua hodc mdéng qua
déu gay ra rung 16n, do day tdm noc toi vu la
0.7mm (nguyén ban d6 day tim noc 1 0.8mm).
Déng thoi s lugng va vi tri cta cac thanh lién
két ngang ctia mang noc co vai tro quan trong
trong phan bd rung dong va tiéng On trong
khoang xe, sau khi toi uu sé lugng thanh ngang
1a 04 thanh, ting 02 thanh so v&i nguyén ban.

Khdi luong mang noc sau khi téi uu
giam di nhu’ng tan s rung dong riéng tang lén
va phan bo rung dong riéng toan bo mang ndc
hop 1y hon va chuyén vi giam xubng.

Ap suét 4am sau khi tdi wu tai cac vi tri
tai nguoi giam xudng rd rét, phan bd 4m trén
mit cat doc theo phuong ngang di qua vi tri tai
ngudi cling nho hon va déu hon.

Sau khi t6i wu cang thay rd mang noc la
ngudn on chinh cta két cau khung vo 6 t6 con
gdy ra ¢ vi tri tai nguoi va mang noc da duoc
t6i wu dé giam duoc tiéng on rd rét. <
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IMPROVING SURFACE PROPERTIES AND QUALITY OF 3D METAL
PRINTED PARTS USING ULTRASONIC SURFACE NANO-CRYSTAL
MODIFICATION PROCESSING

NANG CAO CO TiNH VA CHAT LUONG BE MAT CUA CHI TIET IN 3D KIM LOAI
BANG GIA CONG SIEU AM TAO CAU TRUC NANO BE MAT
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ABSTRACT

Metal 3D printing holds significant promise for industrial applications, yet it faces challenges
such as poor surface properties and quality. This study aims to enhance the surface mechanical
property and roughness of AISi, Mg alloy and 316L stainless steel parts produced through 3D
printing, using ultrasonic surface nano-crystal modification (UNSM) processing. Experiments were
performed on a CNC machine, where a hard ball, subjected to ultrasonic vibrations, was pressed
against the surface of the samples during processing. Real-time force measurements were conducted
using a Kistler dynamometer sensor, and the collected data were analyzed using NI-DAQ™mx
and LabVIEW software. The results demonstrated that ultrasonic vibration effectively reduced and
stabilized the pressing force on the surface during processing. After processing, surface hardness
exhibited a remarkable increase of over twofold, while surface roughness decreased by 38% to
62%. These findings indicate the promising potential of UNSM for enhancing the surface property
and surface roughness of 3D printed parts.

Keywords: Metal 3D printing; Ultrasonic surface nano-crystal modification (UNSM),;
Ultrasonic vibratio, Surface hardness, Surface roughness.

TOM TAT

Linh vyc in 3D kim logi ¢o rdt nhiéu trlen vong trong cac ung dung cong nghzep, tuy nhién
hién tai n6 con gdp nhiéu vin de I6n nhie chat lwong va co tinh bé mdt thap. Nghién citu nay nham
muc dich ndng cao co tinh bé mdt va glam dé nham bé madt cua cdc chi tiét in 3D bang hop kim
nhom AISi, Mg va thép khong gi 316L, s dung phwong phap gia cong siéu am tao bé mat cdu triic
nano (nano ultrasonic surface nano-crystal modzﬁcatzon UNS]W) Cac thi nghiém da dugc thyc
hién trén may CNC, trong dé mét dau bi dege lan ép vao bé mat ctia cac mau in 3D voi tan so siéu
am trong khi gia cong. Luc ép theo thoi gian duoc do bang cam bzen liee ké Kistler va dir lieu thu
thap duoc phan tich bang phan mem NI-DA QTme va LabVIEW. Két qua ciia nghlen ciu két lugn
rung dong siéu am lam giam va on dinh lyc ép len bé mdt mau in 3D trong qua trinh xur ly. Sau gia
cong UNSM, d¢ cwng bé mat tang hon hai lan, trong khi do nham bé mat giam tir 38% dén 62%.
Nhiing phat hién nay cho thdy tiem nang d‘ay hira hen cua gia cong UNSM trong viéc ndng cao tinh
chdt bé mat va giam dé nham bé mdt cua cdc chi tiét in 3D kim logi.

Tir khoéa: In 3D kim logi; Gia céng siéu dm tao cdu triic nano bé mdt; Pé ciing bé mdt; P

nhéam bé mat.
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1. INTRODUCTION

Additive manufacturing, (or 3D printing)
has been growing significantly rapidly in recent
years. Fortune Business Insights predicts that
the global 3D printing market will grow more
than 4.5 times from 18.33 billion USD in 2022
to 83.90 billion USD in 2029 [1]. Despite
being a potential industry, metal 3D printing
currently has some shortcomings that need to be
addressed through research and development.
These are problems with the quality and low
mechanical properties of the surface of metal 3D
printed products such as high surface roughness,
heterogeneous structure, many pits and micro-
cracks, and large residual thermal stress [2].
High surface roughness and surface defects
reduce surface mechanical properties and reduce
part life because mechanical parts often start to
fail from micro-defects on the surface layer and
spread to the inner layer. Therefore, mechanical
parts after 3D metal printing need to be further
processed (post-processing) to reduce surface
roughness and increase surface mechanical
properties to meet technical requirements [3-
8]. There have been several method proposed
to address this issue, such as machining [9, 10],
laser micromachining [11], chemical treatment
[12], and laser shock peening [13]. Each method
has its own advantages and disadvantages and
will be suitable under certain conditions. For
example, machining and chemical treatment are
effective for parts with complex geometries, but
can reduce parts’ sizes if the post-processing
is well controlled. In addition, machining can
cause tensile stress on the machined surface,
reducing the mechanical properties of the
surface [2]. To solve these problems, the
following methods have been proposed: sand
blasting [14], shot-peening [15] or laser shock
peening [13]. These methods produce plastic
deformation on the surface of the machined part
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to increase hardness and reduce the roughness
of the surface layer. However, sand blasting
and shot-peening make it difficult to control the
thickness of the surface deformed layer, while
laser shock peening causes thermal stresses.
To address these problems, recently, a new
process called ultrasonic surface nano-crystal
modification (UNSM) has been developed. It
produces plastic deformation on parts’ surfaces
with the help of ultrasonic vibration to create
compressive stress on the surface layer, which
increases hardness and reduce surface roughness
without significantly changing the size of the part
[2]. UNSM does not produce tensile stress like
machining and thermal stress like laser shock
peening, and it is more effective in controlling
the deformed layer thickness than sand blasting
and shot-peening. Therefore, UNSM has been
considered as an effective and potential solution
in improving surface quality and surface
mechanical properties [2, 16].

The present work focuses on improving
the surface quality and mechanical properties of
3D printed parts using UNSM. The chosen 3D
printed materials are AlSi, Mg aluminum alloy
and 316L stainless steel. The 3D printing method
chosen for these two materials is Selective Laser
Sintering (SLM) because of its many advantages
including its versatility, efficiency, and ability to
produce complex parts with high mechanical
properties. These alloys are widely used in many
different industries. AlSi Mg is commonly
used in 3D printing of parts in the automotive,
motorcycle, and aviation industries because it
is a lightweight alloy, has good strength, and
excellent thermal conductivity and corrosion
resistance. Stainless steel 316L is widely used in
the automotive, civil, and shipbuilding industries
due to its high durability and ductility, easy
processing, and excellent corrosion resistance

and heat resistance.
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2. EXPERIMENTAL PROCEDURES

2.1. UNSM working principles

W Ball and holder mm—
Surfzce befere procenmg Surface alter procevisng

2800 Wy

| Part

Figure 1. Schematic of UNSM s working
principles.

The working principle of UNSM is
shown in Figure 1. The configuration includes
an ultrasonic generator and a transducer to
produce ultrasonic vibration, a booster and a
horn that amplifies and transmits mechanical
vibrations to the ball gripped by a holder. The
ultrasonic oscillation amplitude is generated by
and amplified before reaching the ball. The ball
is made of tungsten carbide (WC) vibrates and
impacts the part surface at very high frequency
(= 20 kHz, ultrasonic frequency) while moving
along the pre-programmed path. The very high
contact stress between the ball and part surface
at ultrasonic frequency produces severe plastic
deformation at the surface layer of the part.

2.2. Experimental setup

Kistler

dynamometer

(d)

Figure 2. Experimental setup of the UNSM
processing: (a) Overall setup on the XCMCU CNC
milling machine,; (b) Ultrasonic generator, (c) WC

ball and 3D printed sample,; and (d) Collecting
and analyzing force signals.

The experiment was conducted on the
XCMCU CNC milling machine (Figure 2a).
The ultrasonic generator used in this experiment
is capable of generating ultrasonic frequencies
of 20 kHz to 40 kHz and amplitudes ranging
from 1 to 20 pm (Figure 2b). The vibration
device assembly, including transducer, booster,
horn, and WC ball and its holder, is mounted on
the z-axis of the CNC milling machine (Figures
2a). The 3D printed sample was fixed on a force
measuring table mounted on the CNC machine
table (Figures 2a and 2c¢). Force measurement
was carried out using the Kistler dynamometer
sensor assembly which sends voltage signals
to the Kistler processor and this processor was
connected to the computer (Figure 2d). The
data transferred to the computer were analyzed
using NI-DAQ™mx and LabVIEW software
(Figure 2d). UNSM processing parameters
were selected based on previous studies [6, 17]
and are presented in Table 1.
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Table 1. UNSM processing parameters

3D printed materials Pressing force WC Ball diameter Processing speed (v) Ultrasonic frequency and amplitude
60N 50 20Khz; Opm
316L stainless steel 80N 1.5 mm mm/min 20Khz; Spm
100N 20Khz; 7.5um
20Khz; Opm
AlSi Mg 20N >0 .
10 40N 1.5 mm mm/min 20Khz; Spm
aluminum alloy
60N 20Khz; 10um
In terms of hardness test, Vickers , . _ -
hardness was measured before and after UNSM i %
processing, using 100 g load and a loading time =l i i
of 10 s. Surface roughness before and after ] | o]

UNSM processing was also measured using the
Total Meter SRT6200S roughness tester.

3. RESULTS AND DISCUSSION

The changes in the pressing forces that
the WC ball applied on the sample’s surfaces are
shown in Figures 3-4. UNSM with ultrasonic
vibration in both materials AlSi, Mg and 316L
produced smaller and more stable pressing
forces than UNSM without ultrasonic vibration.
This indicates the advantage of ultrasonic
vibation in making UNSM processing more
stable and in requring less processing force.
The study [18] also reported that under the
ultrasonic vibration effect in UNSM, chip
evacuation can be improved, which helps
stablizing pressing force.

Tima [8) Tiee ()

L
(a) (b) ic)

Figure 3. Results of compressive force versus time in
experiments for AISi, Mg: (@) UNSM without vibration;
(b) UNSM with ultrasonic vibration 20Khz, 5um, (c)
UNSM with ultrasonic vibration 20Khz, 10um.

““““ Tina (3) Tena (3)

Figure 4. Results of the compressive force versus time in
the experiments for 316L stainless steel: (a) UNSM without
vibration; (b) UNSM with ultrasonic vibration 20Khz,
Sumy; (c) UNSM with ultrasonic vibration 20Khz, 7.5um

The hardness and roughness values of
the 3D printed samples before and after UNSM
processing are shown in Table 2.

Table 2. Hardness and roughness of 3D printed samples in various conditions

?;‘::E:gls Conditions H?er\I;; 5 Roughness (Ra, pm)
Before UNSM 120 30
AlSi, Mg alloy After UNSM without ultrasonic vibration 240 20
After UNSM with ultrasonic vibration 220+ 300 8§+ 12
_ Before UNSM 210 25
Stalrglfzisteel After UNSM without ultrasonic vibration 480 16
After UNSM with ultrasonic vibration 430+ 530 6+10
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In the case of processing AlSi, Mg alloy,
after the UNSM experiment without ultrasonic
vibration, the surface hardness was about 2.3
times higher compared to the initial value, and
the surface roughness decreased by 33%. After
UNSM experiment with ultrasonic vibration,
the hardness was 2 + 2.5 times larger, and the
surface roughness decreased by 40% ~+ 60%
compared to the initial surface hardness and
roughness values, respectively. This means that
UNSM with and without ultrasonic vibration
both increased surface hardness to about 2 + 2.5
times. However, UNSM with ultrasonic vibration
produced a much finer surface with surface
roughness reduced by 40% ~+ 60% compared to
the initial value, while UNSM without ultrasonic
vibation only decreased the surface roughness
by 33%. Similarly, in the case of processing
stainless steel 316L, after UNSM with ultrasonic
vibration, the hardness increased to be more than
factor of two compared the initial value and the
surface roughness decreased by 38% + 0.62%
compared to the initial value. This reveals the
advantage of UNSM with ultrasonic vibration in
both improving surface mechanical property and
roughness. This improvment of surface quality
after UNSM can be explained as follow. UNSM
produces severe plastic deformation (SPD) at
top layer of sample’s surface thanks to the WC
ball pressing and impacting the top surface at the
ultrasonic frequency, which in turn, produces a
fine grain structure (nano or ultrafine grains) on
the surface [18]. Therefore, the rough and weak
surface of 3D printed samples are transformed
into harden and fine layer after UNSM processing
with ultrasonic vibration (Figure 5).

T
| Amplitude

- Uliras onbe
wibratiom

Lt =7

't\

Hardened, fine layer

Sample surface

Figure 5. UNSM mechanism in improving surface
hardness and roughness.

The correlation between the grain size
and material strength is defined by the Hall-
Petch equation [19]:

(1)

Ocp =0p+ ﬁ

Where o, is the initial stress, describing
the resistance of the crystal lattice to dislocation
movement, ¢, is the yield stress of the material,
and k is a constant representing the structure of
the grain boundary.

The relationship between hardness and
strength in materials can be described by the
relationship between hardness (HV) and strength
o, as follows [20, 21]:

HV =30, 2)

From Eqgs 1-2, once can see that a fine
grain structure with a small grain size (d),
caused by severe plastic deformation due to
UNSM effect at the surface, results in high
hardeness (HV). In addtion, the compressive
strain produced by severe plastic deformation
at the surface layer can flatten the asperities and
close micro-cracks on the top surface layer of
the 3D printed samples, reducing roughness and
improving quality of the surface.

4. CONCLUSIONS

The present work focuses on improving
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surface mechanical property and roughness of
316L stainless steel and AlSi Mg aluminum
alloy 3D printed parts, using UNSM processing.
Main conclusions can be drawn as follows.

- Ultrasonic vibration helped reduce and
stabilize the pressing force on the part surface
during UNSM processing.

- UNSM with ultrasonic vibration
increased surface hardness of 316L and AlSi, Mg
3D printed parts by a factor of more than two,
and reduced the surface roughness of the parts
by 38% + 62%.

- The significant improvement of
surface hardness roughness of the 3D printed
samples after UNSM can be attributed to the
ultrasonic vibration pressing of the ball on the
sample’s surface, which induced severe plastic
deformation layer that in turn produced fine
grain structure on the surface layer, leading
to the improvement of surface hardness and
roughness.
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DOANH NGHIEP

Pon bay nang cao vi thé canh tranh ciia LILAMA 10
trén thi troeong quoc té

Nha may Co khi Ché tao thiét bi Hai
Duong tryc thuoc Cong ty C6 phan LILAMA 10
(LILAMA 10) dat Chimg nhan H¢ thong quan Iy
chat lugng han va thi cong két cau theo tiéu chuan
ISO 3834 va EN 1090 (EXC3) 1a “Biéu tuong cho
chat lugng san pham”, 1a minh ching cho viéc phat
trién va cai thién khong nging chit luong san pham
ctia Cong ty C6 phan LILAMA 10.

Trong nhitng ndm qua, LILAMA10 khong
ngimg nang cao nang lyc canh tranh dé dép ing nhu
cau ngay cang cao cua thi truong, tién sau hon vao
chudi gia tri toan cAu, dic biét 1a mo rong thi truong
xuét khau sang chau Au. Cong ty di trién khai thyc
hién mot loat cac bién phap nang cao chét luong
san pham nhu: Xay dyng hé thong kiém tra, danh
gia chat lugng san pham, tang cuong doi ngii can bo
QA/QC, quan triét dén nguoi lao dong vé tim quan
trong ctia viéc dam bao va nang cao chit lugng san
pham, timg budc nang cao niang lyc canh tranh cia
san pham, dich vu caa Cong ty. O bt ky cong trinh
nao, LILAMA 10 déu ¢am bao ba tiéu chi “An toan
— Chat luong — Tién d6” tao dung niém tin véi cac
chu déu tu.

Theo danh gia cua té chic Lloyd's Register
Quality Assurance (LRQA), Nha may Co khi Ché
tao thiét bi Hai Duong truc thuéc LILAMA 10 da
dat chimg nhan Hé thdng quan 1y chét luong han va
thi cong két ciu theo tiéu chuan ISO 3834 va EN
1090 (EXC3). Pay la ddu mdc quan trong khang
dinh tay nghé va ning lyc cua LILAMA 10, dua
Cong ty tro thanh mot trong cac doanh nghiép ché
tao thiét bi hang dau Viét Nam dat duogc ching
nhan nay va dam bao du diéu kién dan nhin CE dbi
v6i cac san pham gia cong két cAu thép xuit khau
sang thi trudong chau Au va cac nudc c6 yéu cau CE
Marking.

Tiéu chuin ISO 3834

Bo tiéu chuan ISO 3834 — Yéu cau chat

lugng d6i voi han nong chay kim loai, ban hanh
nam 2005, gébm c6 cac Tiéu chuan sau:

¢ ISO 3834-1: Lua chon muc chat luong
thich hop;

« ISO 3834-2: Yéu cau chat luong toan
dién;

« ISO 3834-3: Yéu cau chét luong tiéu
chuén;

« ISO 3834-4: Yéu cau chit luong co ban;

« ISO 3834-5: Céc tai lidu can thiét phai
tuan theo dé phu hop véi cac yéu ciu chét lugng
trén.

Chung nhan ISO 3834- 2 la chu’ng nhan &
cap d6 cao nhat khi danh gia vé hé thong quan ly
chat hr(yng han cua mdt cong ty san xuét ché tao.
Pay 1a cip do comprehensive — cap do toan dién,
va & cip do nay, hé théng quan 1y chét lwong han
cia LILAMA 10 duoc cong nhan 1a pht hop dé ché
tao cac két cau, san phim thép bang lién két han tur
don gian nhét dén phtrc tap nhit theo céc tiéu chuan
ISO.

Viée dat duogc chung chi ISO 3834-2 chung
minh rang LILAMA 10 tuan tha cic quy trinh,
phwong phéap va yéu ciu k¥ thuat dé dam bao chit
luong cua cac két cau han, cho ra cac san pham dép
g céc tiéu chuén chit luong cao. Piéu nay dam
bao rang LILAMA 10 c6 kha ning cung cap san
pham han chét luong cao, dang tin cdy va an toan
cho khach hang. Chang chi ISO 3834-2 ciing xac
nhan nang luc k¥ thuat cua LILAMA 10 trong viéc
thuc hién cac quy trinh han. N6 chiing t6 nhan vién
Cong ty c6 du kién thirc va ky ning dé thuc hién cac
cong viéc han chét lugng cao. Chon LILAMA 10 ¢6
thé mang lai su yén tAm va tin tuong trong viéc hop
tac voi mot nha cung cip co ning luc va do tin cay
cao trong linh vyc han.

Viéc ¢6 thém ISO 3834-2 trong hé thong
quan ly chat luong ctia LILAMA 10 ciing 1a minh
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chimg 13 nét nhit cho viéc phat trién va cai thién
khong ngimng nang cao chét lvong, nhim mang dén
nhirng san pham t6t nhit cho khach hang va 1a don
bay ning cao vi the canh tranh ctia LILAMA 10
trén thi truong quéc té.

Chitng nhan I1SO 3834 2 la chu’ng nhén & cdp dé
cao nhat khi danh gia vé hé thong quan ly cht
liong han ciia mdt céng ty san xudt ché tao.

cuatwue

150 3834

CERTIFICATE OF APPROVAL
LRQA Verification Limited
hereby certifies that the company:
LILAMA10 Joint Stock Company
HAI DUONG MECHANIC EQUIPMENT MANUFACTURING FACTORY
Km64, National Highway No.5, Kim Thanh, Hai Duong Province,
Viet Nam

has furnished proof to fulfil the
quality requirements for welding according to:

LRQA

1SO 3834 - 2 : 2021
Quality requirements for fusion welding of metallic materials

- Part 2 Comprehensive quality requirements
in the extent mentioned on the schedule of this certificate.

This certificate is valid only in association with the certificate schedule bearing the same number.

Approval Certificate No.: PRILINOCA26636/01
Original Approval: 22 Nowember 2024
Current Certificate: 21 November 2024
Certificate Expiry: 21 November 2029
dudf
Prafulla vy bihallof LRQA' Limited
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Tiéu chuin EN 1090 (EXC3)

Tiéu chuén EN 1090 1a mét tiéu chun chau
Au lién quan dén cong nghé xiy dung va tng dung
trong nganh cong nghiép két cdu thép. Tiéu chuin
nay dat ra cac yéu cu k¥ thuat cho viéc san XUAt,
lap rép va kiém tra két cau thép trong cac cong trinh
xay dung.

Tuén thu tiéu chuan EN 1090 gitip dam bao
rang cac két cdu thép dugc san xuat va lap rap dat
chat lugng, an toan va tuan thi cac quy dinh k¥ thuat
hién hanh. Piéu nay quan trong trong viéc dam bao
tinh bén virng, an toan cho cac cong trinh xay dung
va dam bdo tuan thu phap luat trong nganh cong
nghiép xay dung.

Tiéu chuén EN 1090 (EXC3) 1 cap do cao
thir 3 trén 4 cap do trong he thong tiéu chuan EN
1090. Pay 1a cap do yéu cau kiém tra va giam sat
chat luong cuc ky nghiém ngit, do d6 qua trinh
danh gia chung nhan EN 1090 (EXC3) da trai qua
céc dot kiém tra, danh gia rat chit ché tur nang luc
nhan sy, trang thiét bi may moc, thiét ké, nguyén
vat liéu du vao, quy trinh san xuat va dic biét la
cong tac quan 1y, kiém soat chit lugng san pham
trong suot qua trinh thuc hién thong qua khau thiét
ké, mua sdm, gia cong ché tao san pham.

-
i

i

q
A

Thi cong két cau thép theo tiéu chuan EN 1090
(EXC3) la yéu to khcfng dinh cho cong tac san

xudt, lap rdp san pham dat chdt lwong cao, an

toan, bén viing, ddp img cdc chudn muc quoc té

cua LILAMA 10.
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Certificate of Conformity of Factory Production Control
This certificate is issued to:

LILAMALO JOINT STOCK COMPANY
HAI DUONG Q T TORY
KmG4, National Highway Ne.S, Kim Thanh,
Hai Duong Province, Viet Nam
n with Reg 052011y a0 of the Council of 8
March 2011 (the Construction Products Regulation o CPR), this certificate applies 10 the
construction product

Steel and I

This certificate attests that all g the and
of performance and the performances described in Annex ZA of the standard(s)

of eonstancy

EN1090-1:2009+A1:2011 1 steel and Part
" Fu— "

1: Regy

under vystern 1+ are applied and that the lactory production controls fulfil all the prescribed
requinements set out above.

The attached Schedule, of the same date, details the manufacturing location(s), harmonised
product standard and product parameters and shall form a part of this certificate.

This Certificate will remain valid as long as the test methods and/or factory production control

included in standard, ued 10 3ssess the performance of the declared
characteristics, do not change, and the product, and the manulacturing conditions in the plant are
not modified significantly

Certificate No 0343/CPR/MUM/PRI11100426542/01
Original Approvat 29 Hovember 2024
Current Certificate: 19 November 2024
Expury Date: 28 November 2027

LRQA Notified Body Number: 0343

Prashant Jadhav, Decision Makier oh behalf of LRQA Nederland BV,

D6i v6i cac san pham s dung trén thi
truong chau Au ciing nhu Hiép hoi Mau dich ty
do Chau Au (EFTA) thi chimg nhan EN 1090 (CE
Marking) phai dugc gin 1én hang hoa va duge xem

nhu ho chiéu thwong mai luu hanh tu do trong thi
truong nay dong thoi 13 co sé cho nha san xudt
tuyén bd san phidm cua ho dap tng tat ca cic yéu
cau phép 1y cua Hoi ddng Chau Au ciing nhu dam
bao chat lwong san phim, sy an toan cho ngudi tiéu
dung va than thién voi moi truong.

Trong bdi canh thi truong canh tranh ngay
cang khdc liét nhur hién nay thi nang cao chit lugng
dich vu va cung cip cac san pham dép ung day du
nhu ciu cua khach hang 1a yéu t then chdt dé tao
nén vi thé canh tranh. Viéc ap dung H¢ théng kiém
s0dt cht lugng han theo tiéu chuan ISO 3834 va thi
cong ket c4u thép theo tiéu chuan EN 1090 (EXC3)
1a yéu t6 khing dinh cho cong tic san xudt, 1ap rap
san phdm dat chat luong cao, an toan, bén ving,
dap ung cac chuan muc qudc té cua LILAMA 10.
Day con 1a “Biéu twong cho chat lwong san phim”,
1a dau 4n day ty hao ctia Cong ty C6 phan LILAMA
10 trong viéc khéng dinh dd an toan va chat luong
san pham dén nguoi tiéu dung, ning thuong hiéu
LILAMA 10 1én mot tim cao méi, dam bao vi thé
canh tranh trén thi trudng qudc té va mé rong co hoi
xuit khdu hang héa sang thi truong cac nude chau
Au ciing nhu cac nudc khac trén thé gioi. <
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