HOI NGHI KH&CN CO’ KHi - DONG LUC 2021

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

NGHIEN CUU VE LO GIAM KHOI LUQNG
TREN KHUNG SO MI RO MOOC SAN XUAT TAI VIET NAM
A STUDY ON LIGHTENING HOLE
FOR SEMI-TRAILER CHASSIS FRAME MANUFACTURED IN VIETNAM
TRUONG PANG VIET THANG*, NGUYEN TRONG HOAN,
TRINH MINH HOANG
Vién Co khi dong luc, Truong Dai hoc Bach khoa Ha Ngi
*Email lién h¢: thang.truongdangviet@hust.edu.vn

Tom tat

Khung xe tdi ngng 1a bg phdn chinh d@é ning dova
giir toan bg hang héa dn dinh trong moi diéu kién
vén hanh. Két cdu khung phai dam bao dé bén va
dé cimng vitng dé cé thé chju dwoc cac dao dong,
va ddp gay ra khi di chuyén trén dwong. Khung xe
tai ngng thuong c6 cé dang khung chiu luc ¢ dac
diém cong kenh va chiém phan Ién ti trong cua
xe. Hién nay, xu hiréng nghién cizu thiét ké khung
xe theo huong giam tu trong cua xe tdai ngay dwot
quan tam gidp cdi thién hiéu suat nhién liéu ciing
nhw giam phat khi thai. Viéc cai tién khung xe theo
khia canh giam khoi lwong bdn than cua khung
van phai dam bdo céng néng, dé bén va tusi tho
cua khung ciing nhu phwong tién. Nghién ciu nay
trinh bay d@é xudt phwong &n giam tw trong cua
khung xe bang cach cat cac |6 giam khéi hrong
trén cac dam cua khung. Viée xdc dinh v tri, kich
thuéc cac 16 dugce dé xuat sau khi khao sat trén
Mgt xe nguyén mau diroC san xuat tai Vit Nam.
cde truong hop cdi tién dwoc danh gid qua khao
sdt do bén khung xe bang phwong phdp phan tich
phan tiz hizu hagn. Thiét ké cai tién bang phirong
phap nay gilp giam trong lwong khung xe khoang
2,65%.

Tir khoa: Xe tdi ngng, khung xe, nhe, 16 giam khgi
lwong.

Abstract

The heavy-duty truck chassis frame is the major
part supporting the entire cargo stable under all
vehicle operating conditions. The vehicle frame
must ensure strength and rigidity to be able to
withstand vibrations and impacts that cause
torsion, bending and oscillation while travelling
on the road. Heavy-duty truck frame often has
body-on-frame structure, which makes up the
primary mass of the vehicle. Currently, the
research and development on chassis frame tend

to focus on reducing the self-weight of trucks in
order to improve vehicle fuel efficiency as well as
to cut down emission. Improving the chassis frame
structure in terms of light-weight aspect while
remaining its performance, durability and
lifetime. This study proposes a method to reduce
the weight of the chassis by creating holes on the
frame member to reduce frame chassis weight.
The location and size of holes are determined after
analysing an existing truck manufactured in
Vietnam. Proposed study cases were simulated
and evaluated through numerical simulation
using the finite element analysis method. The
improved design in this paper help reducing the
weight of the chassis by about 2,65%.

Keywords: Heavy-duty truck, frame, lightweight,
lightening hole.

1. Giéi thigu

Déi voi 6 16 tai nang, khung xe duoc xem 1a bo
phan chiu luc chinh va phan Ién sir dung dang khung
chiu luc. Khung xe tai c¢6 két cdu cdng kénh, chiém
phan I6n khéi lrgng ban than cua xe, thudng ¢6 dang
khung hinh thang bao gém hai dim doc chiu lyc chinh
dugc lién két véi nhau bang dam ngang gia cuong
dam bao kha nang chiu tai. Hai dam doc cua khung
thuong dugc ché tao tir thép dinh hinh chit 1, C hozic
hinh hop theo hét chiéu dai toan bo khung.

Xu huéng thiét ké khung gam céc dong xe tai nang
doi hoi kha nang chiu tai trong cao hon va giam trong
luong ban than hon, dam bao tudi tho lam viéc cua
phuong tién. Nudc ta hién nay cd khoang 45 doanh
nghiép san xuit khung gam, than xe, thung xe trong
nén cong nghiép 6 t6 va c6 ty & noi dia hda I6n nhat
1a dbi voi xe chuyén dung dat ty 1& 45- 55%, nhat 1a
phuong tién van chuyén hang héa chuyén dung. Déi
véi cong nghé san xuat khung xe trong nudc hién nay
van con c6 han ché nhit dinh mic du vin dam bao
dugc do bén, an toan trong van hanh, st dung. Tuy
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nhién, khung xe sat xi nhap khau hién nay vin c6
nhiéu uu diém hon nhu két cdu gon nhe, c6 dang két
céu dac biét lién khdi, tu trong ban than nho, tai trong
cho phép Ién, tudi tho cao.

Theo nghién ctu cua DuPont Automotive
Technology, cac nha san xuat 6 to tap trung vao trong
lwong nhe dé dap tng cac tiéu chuan vé khi thai va
hiéu &ng nha kinh, chang han tiéu chuan Tiét kiém
Nhién liéu Trung binh Doanh nghiép (CAFE) va khi
thai gay hiéu tng nha kinh (GHG) cua hoi Uy ban An
toan giao thong duong bo My (NHTSA).

Khoan cit 15 giam khéi lwong trén khung 6 t6 da
dugc thuc hién tir rit som trén xe dua trong nhiing
nam 1920 va 1930. Cac dam doc va dam chéo khung
gam, céc thanh phan hé thdng treo, v dong co va
tham chi ca cac thanh két ndi déu dugc khoan mot loat
céc 15, co kich thudc gan bang kich thudc cac dam cua
khung ma khong thuc hién lai bat ky tinh toan @ng
Suit nao sau do.

Phuong phap trién khai 16 giam khéi luong cho xe
tai hang nhe dap tng tiéu chuan nghiém ngat cuia CAFE
sir dung hiéu suit moi 1am muc tiéu thiét ké dé t6i wu
hoa khung xe tai hang nhe trong cong bé [1]. Bé dap
ng cac tiéu chuan nghiém ngat cua CAFE, c4c nha san
XUét 6 t6 dang ¢ ging gitt cho trong lugng xe cang nhe
cang tét. Giam trong lwong trén khung 1a mét nhiém vu
day théch thirc vi n6 van can duy tri stc manh, d6 an
toan va do bén khi thuc hién. Nghién cau khéc vé viéc
giam trong luong cua khung xe loai khung vo lién than
trong chu ky thiét ké tao ra céc 16 giam tai trong hoic
céc loai bo phan trong lugng khong anh hudng két ciu
cua khung xe trong khi vin dam bao duoc tudi tho. Mot
nghién ciru xac dinh vi tri cac 16 giam tai trén khung xe
tai nham gidp giam trong luong cua xe trong khi van
bao toan tinh ning d6 bén khung duoc d& xuét trong [2].
Vian dé nay da duoc cac k§ su nha san xuét 6 to Fiat
Chrysler nghién ciru tir rat sém trén xe ban tai trinh bay
khai quat [3]. FCA dang nghién cttu vé céc 13 giam khdi
lwong trén cac thanh phan két ciu cua khung xe dé giam
tw trong cho khung xe tir 3% dén 5% theo két qua
nghién ciru md phong ao. Kich thudce, hinh dang va vi
tri cac 16 nay c6 thé rat da dang va c6 thé ap dung cho
bat ky bo phan nao cua xe ma khdng 1am giam hiéu suit,
tinh nang, d cimg va do bén cia toan bo xe.

Viéc nghién ctru tim céc vat liéu mgi nham giam
tu trong cua 0 t6 thi cac ky su nganh cong nghiép 0 to
phai kham pha céc giai phap thay thé hiéu qua vé chi
phi va phét trién 6 t6. Bai béo trinh bay nghién ctru dé
xuit phuong an giam khdi lugng ban than khung xe
tai nang bang cach tao ra céac 15 trén cac dam ngang
cua khung xe tai nang.
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2. Phwong phap nghién ciu

Pé dam bao do bén ciia khung xe tai thong thuong
chung duoc thiét ké thira bén din dén tu trong Ion,
cong kénh,... Giam khdi lugng ban than khung xe
hién dang 1a xu hudng duoc lya chon cho tinh toan ti
uu két cau cua khung xe. Qua trinh thuc hién ti vu
thudng tap trung vao cac yéu té 1am giam tu trong dam
chinh hé théng khung va ting kha ning chiu tai cua
chiing theo cac huéng nghién ctru sau:

- Thay d6i vat liéu ché tao khung;

- Thuc hién khoan cac 156 giam tai cac khéi lugng
khong can thiét trén khung, giam ung suat gay ra Ién
cac vuing nguy hiém ma khéng anh huéng dén d6 bén;

- Thay ddi chiéu day ciia dam chinh ma khéng lam
giam section modulus nhim khéng thay ddi ciu triic
hoan toan hay giam kha nang chiu tai cua khung.

Trong nghién ciru nay tap trung vao viéc thuc hién
nghién ctru va dé xuit tao cac 16 giam khdi luong
(lightening holes) trén cac dam cua hé khung. L3 giam
khéi luong duoc xem 1a mot phan céu tric dugc sir
dung trong thiét ké co khi dé lam cho c4u tric nhe hon.

Céc 15 nay thuong cé dang hinh tron hoic elip
duoc cit tai cac viing an toan, khong sinh ra tng suat
hay bién dang trong qué trinh hoat dong. Vi tri va kich
thudc 16 phu thude vao két cau, vat lisu, cac mdi lap
ghép voi cac bo phan hay chi tiét khac nhu Hinh 1.
Trong thyc té, cac thanh dam ngang thuong duoc
khoét 15 véi s6 lugng va kich thudc vi tri phai tly theo
két qua khao sat so bd tng suat sinh ra & mét sb trang
thai nguy hiém cua toan bo khung xe.

Nguén: Fiat Chrysler Automobiles
Hinh 1. Céc 14 gidm tdi trén khung xe
hang Fiat Chrysler

Trong thuc té, khi di chuyén duéi tai trong nhét
dinh trén duong c6 map md céc luc tong hop co thé
1am cho khung bi udn, xoan hoac va dap thi cac 16 nay
tré thanh diém yéu nhat cia khung gép phan nhanh
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chdng lam khung nhanh bi pha huy hon. Theo khao
sat so bo cua nhom nghién ctu thi mot sé mau khung
xe ban mo6c ché container thoi gian dau san xuat va
Iip rép tai Vit Nam sau mot thoi gian van hanh ngan
thi xuat hién cac vét nat khu vuc méi han gitra cac
dam ngang va dam doc. Céc khung xe sau khi cai tién
theo mau bang cach khoét cac 15 giam tai & mot s vi
tri theo xe mau thi hién twong nit khung hau nhu
khong con nira. Bé xac dinh dugc vi tri giam tai can
phai khao sat, phan tich phan tir hitu han mé hinh &
céc truong hop tinh va dong dé xac dinh ving Gng suat
thip dé dé xuat phuong an khoét 19.

Céc nghién ciru su vé phuong phép nay hién nay
chua c6 nhiéu. Tuy nhién qua cac nghién cuu, viéc tao
cac 15 giam khéi luong phai dam bao mot sé nguyén
tac sau:

- X4c dinh viing ng suét thap trén két ciu dé dé
XUit phuong an khoét 16 nhim dam bao khong anh
hudng dén chie nang, 6 cang, do bén cua két cau;

- Hinh dang céc 16 giam khéi lugng c6 thé 1a hinh
tron, hinh tam giéc, hinh elip hoac hinh chir nhat va
phai c6 cac canh duoc bo tron, tuyét dbi khong co cac
g6c nhon;

- Céc 15 phai cach xa khu vire méi han it nhit 20mm
dé tranh anh huong dén hiéu suat moi cua méi han.

Sau khi thuc hién tao ra cac 16 giam khéi luong,
két cAu khung méi s& can phai duoc khao sat, phan
tich cua méi han va kim loai géc trong diéu kién vat
liéu va tai ban dau. Dua vao céc két qua khao sat, can
I3p lai dé khic phuc c4c van dé phat sinh ciing nhu tim
cac vi tri 15 sing méi va dat duoc thiét ké duoc t6i vu
héa cho hiéu suat va trong luong.

Uu diém 16n nhét cua phuong phap 16 giam khéi
lwong khong c6 nhiéu han ché, dac tinh mat cat trén
cac mdi han van giir nguyén va néu céc 156 nay dugc
dat mot cach hop ly tai cac khu vuc khong quan trong,
thi hiéu suat d6 bén cua khung c6 thé van dam bao.

Dé thuc hién quy trinh khao sét va khoét 16 giam
khéi lwong trén khung xe, nghién ciru sir dung cong
cu hd trg may tinh (CAE) dé khao sat d¢ bén khung
xe trude va sau khi thuc hién khoét 16 nhiam gitp viéc
tiét kiém chi phi va thoi gian nghién cau, cu thé 1a sir
dung phuong phap phan tich phan tir hitu han (FEA)
dé khao sat. P6i twong nghién ctiu trong bai bao nay
sir dung khung xe ban modc san xuét trong nudgc.

Céc phuong an khoét 15 cu thé phy thuc vao két
qua khao sat &6 bén mau xe tham khao nguyén ban va
duoc dung trong md phong dugc thuc hién trong cac
phan tiép theo ctia bai bao. C6 hai phuong an khoét 16
giam khéi lugng dugc dé xuét trong nghién ciu nay.
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Phuong 4n dau tién la khoan hai 15 trén bén dam
ngang chinh caa khung xe hién c6. Phuong an th hai
la cit ba 16 & bon dam ngang chinh nhu trong tity chon
dau tién. Chi tiét s6 lugng, hinh dang, kich thudc cac
16 cho cac phuong dé xuat khoét 16 dugc md ta chi tiét
theo Bang 1.

Bing 1. Cic phwong dn tao 16 gigm khéi lweng

Chi tiét
DAm ngang dang
tdm khong cét 16

Phuong an khao sat

Khung xe hién tai

Khoan cét 2 13 trén 4 dam
ngang chinh (PAL)
Khoan cét 3 15 trén 4 dam
ngang chinh (PA2)

8 X $200 mm

12 x $200 mm

Céc sira ddi vé hinh dang dam ngang cua khung xe
nguyén ban dugc thé hign trong md hinh theo cac
Hinh 4 va 5 cho hai phuong an khoét 156 giam khdi
lugng trong nghién ciru nay.

3. M6 hinh

Hinh 2. Xe ban mo6c ché container 40 feet, 2 truc
Bdng 2. Cac thdng sé co ban khung SMRM 40 feeet,

2 truc

. . Pon
Tham so Gia tri .
\

Kich thudc bao
12.500x2.480x1.520 mm

(DxRxC)
Kich thudc dam doc | 500x140x6x16 mm
Kich thudc dam

R 270x170x6 mm
ngang dau U
Kich thudc dam

X 410x160x6 mm
ngang kép
Kich thudc dam

‘. 170x270x6 mm

ngang cuoi
Khoang cach truc 9.000+1310 mm
Trong luwgng ban than 4800 kg
Trong tai 27.200 kg
Trong lwong toan b 32.000 kg

Bai bao sir sung két cdu khung xe ban modc cho
container 40 feet, 2 truc dwoc san xuat tai Viét Nam
nhu Hinh 1 ¢&é md phong va khao sat. Khung xe bao
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gom 02 dam doc chiju luc chinh va duoc lién két véi
nhau bang cac dam ngang. Dic diém khung nay 1 cac
dam ngang |a thép dang tim ghép lai véi nhau théng
qua cac médi han.

M6 hinh khung xe ban dau duoc dyng thanh mo
hinh CAD chinh xac thong qua tai liéu ky thuat va do
dac duoc tryc tiép trén khung xe that. Théng sb ky
thuat co ban caa khung duoc trinh bay chi tiét trong
Bang 2.

Sau do, thyc hién chia Iudi va thyc hién phan tich
phan tir hitu han trong méi trudng Hyperworks. nham
phuc vu cho qua trinh mé phong, moé hinh da dwoc
don gian héa md hinh tinh toan cac cau trdc hinh hoc
khong anh hudng t6i gia tri tng suat nhu cac 15, loai
bo cac dinh tan. Coi nhu cac thanh dam doc va dam
ngang lién két tuyét ddi cang qua cac méi han. Cac
méi han dugc mé ta théng qua cac phan tir chuyén
dung trong phan mém dé md phong méi han. Cac gia
tri tai trong 1a gia tri tai trong dinh muc theo théng sé
ky thuat. M6 hinh duoc xay dyng nham nghién ctru
khao sat vé& d6 bén khung, mot sé chi tiét phu gan Ién
khung nhung khong dong gop vao do cung cua khung
khi chiu tai dugc gian lugc. Phuong thirc Xay dung md
hinh va trinh ty thuc hién phan tich phan tir hitu han
khung xe dugc mo ta chi tiét trong nghién ciu [4]
nhom cung tac gia.

M5 hinh chia ludi toan bo khung xe nguyén ban
duogc thé hién qua Hinh 3.

Hinh 3. Xe ban modc ché container 40 feet, 2 truc
= |
/ Law

M N

Hinh 4. Ddm ngang khung SMRM dwoc cit 2 16

% i N

Hinh 5. Ddm ngang khung SMRM duwoc cit 3 16
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T md hinh khung xe nguyén mau, 2 phuong 4n
khoét 15 giam khéi luong dwoc dé xudt va thé hién qua
Hinh 4 va 5.

4. Két qua

Céc ché do khao sat danh gia do bén thong qua ung
suét, do viing cua két cau khung duoc thuc hién & mot
s trang thai dic trung nhu sau: 1) xe day tai dung yén
trén mat duong phang; 2) xe day tai va khung xe bi
x0in khi banh xe mot bén cau sau xe trén map mo cao
20cm; 3) xe day tai va khung xe chju uén khi toan bo
banh xe cu sau xe trén map mo cao 20cm.

Ty,

; — 4
;[ —y ”;./ Ay ‘:;./
A

A
A / /
r é f \J 1 \J
&y o K 4 ' ¢ Y 4 ' «
-~ .ul‘ ~\4 ﬁ'/ ?4 ﬁ'/
Hinh 6. Ung sudt phan bé trén cac ddm ngang trén
khung xe nguyén bdn

Hinh 7. Ung sudt phan bé trén cac ddm ngang véi 2
16 giam khéi lirgng

Hinh 8. Ung sudt phan bé trén cac dém ngang

Trong pham vi nghién ctu, bai bao trinh bay mét
s6 két qua mo phong phan bé ng sudt twong duong
(von Mises) va do vong khung xe theo phuong thing
dung. Két qua khao sét két ciu khung xe nguyén mau
cho thay wng suat va chuyén vi lon nhat tap trung &
phan giira hai dam chinh ciia khung, trong khi cac dam
ngang nam trong ving ng suat rat thap.

Theo Hinh 6, két qua khao sat khung xe theo 3 ché
d6 khao sat lan lugt dwgc trinh bay tir tréi sang phai,
cho thiy @ng suat phan bo trén cac dam ngang cia
khung xe trong cac trudng hop khao sat déu nam trong
viing ing sut gan nhu bang khong. Pay 1a co so dé
d& xuit phuong an khoét 16 nhim dam bao khdng anh
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huong dén chire nang, do cung, do bén cua két cau.

Két qua phan bo tng suat va chuyén vi theo
phuong thang dirng trén cac thanh dam ngang theo cac
phuong an dé& xuat cat 16 giam khéi lugng dugc thé
hién qua Hinh 7 va Hinh 8.

Qua cac két qua, cac dam ngang khi bi khoét 15
hau nhu ciing khong chiu ng suat hoac rat thap khi
khung chiu xo4n va chiu uén. Ngoai ung suat, két qua
chuyén vi cho thiy ¢ trang thai day tai trén duong
bang thi chuyén vi khi cac dam ngang bi khoét 16 nho
hon d6i véi khung xe nguyén ban cho thay d¢ cung
ctia hé khung xe ting hon sau khi khoét 15. Tai viing
tiép giap, xung quanh mdi han, gitra dam chinh va
dam ngang cho thay phan b wng suat cé gia tri wng
suét trong céac trudng hop khao séat 1, 2 va 3 lan luot
nam trong khoang 19,4+96,7 MPa, 67,2+336,3 MPa
va 36+180 MPa véi dao dong rét it. Nhu vay, Viéc tao
cac 16 giam khéi lugng trén cac dam ngang khung xe
tai khong anh huong dén tinh ning va do bén cua két
c4u khung nguyén ban.

Két qua nghién ctu viéc tao cac 16 giam khdi
lwong gilp giam ty trong cua xe duoc thé hién chi tiét
trong Bang 3. Viéc thuc hién tao céc 15 giam tai ¢ cac
dam ngang trén khung xe tai nang thi co ban khdng
anh huong dén kha ning lam viéc va d6 bén ciing nhu
d6 cing viing cua khung xe va gilp giam duoc tu
trong cuia xe nhiam huéng dén muc tiéu giam tu trong
khung xe va gilp giam khi thai gay hiéu (tng nha kinh.

Bdng 3. Két quda giam khéi lirpng khung xe véi céc
phiong dn cdi tién

Khbi
lwong toan  Khéi lweng
Khung xe -
bo khung giam (%)
(kg)
Xe nguyén ban 3.280 -
Phuong 4n cai tién 1 3.245 1,75
Phuong 4n cai tién 2 3.227 2,65

5. Két luan

Noi dung nghién cou dé xuit c6 hiéu qua
phuong an cai tién gitp giam tu trong cua khung xe
mang tinh kha thi c6 thé tng dung vao quy trinh thiét
ké, san xuat khung cho xe tai nang néi chung san xuét
tai Viét Nam ma khong thay d6i qua nhiéu vé mat két
cdu hién tai cua khung xe. Bai béo tap trung
phuong phap cai tién theo hudng giam khdi lugng ban
than cau tric khung xe tai nhd vao viéc tao ra cac 15
giam tai trén cac dim ngang.

Vi cac ky thuat CAE thich hop duoc trinh bay
trong bai bao nay, cach tiép can nay c6 thé dé dang
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dugc tich hop vao céc quy trinh thiét ké va phan tich
trong nghién ctu va phét trién két cau khung xe. Tuy
nhién, dé danh gia mot cach chinh x4c hon nita thi can
phai thuc nghiém dé kiém chung tinh ding din cua
md hinh. Huéng nghién ciu tiép theo ddi voi bai toan
t6i wu hoa két cau khung xe c6 thé thuc hién theo
hudng da muc tiéu hoac s dung phuong phap té6 pd
(topology).
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