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Bai bao trinh bay co s 1y thuyét va tinh toan mo phong dé thiét ké
khung xe dién c6 tai trong dén dudi 500kg. Cac nodi dung nghién ctru
dugc thyc hién bang tmg dung phuong phap phan tir hiru han (PTHH)
va sir dung phan mém chuyén dung ANSYS Workbench. Cac két qua
thu dugc di xdy dung ban vé& thiét ké 3D khung xe dién dé lam dir
lidu ctia bai toan va phan mém PTHH. Phén tich ciu tric kiéu phan
tu, dac tinh ph?m ttr va s6 nat khi chia ludi, dang tai trong tac dung su
dung trong két cau. Phan phan tich, danh gi4 va lya chon giai phap k§
thuat vé két cau theo céac chi tiéu do bén cua khung xe dién. Cac Kkét
qua nghién ciru s& giup ngudi sir dung Iya chon két ciu hop 1y trong
thiét ké khung xe dién.

Abstract
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This article presents the theoretical basis and simulation calculations
for the design of electric vehicle frame with a load of less than 500kg.
The research was carried out using the Finite Element Method (FEM)
and using the ANSYS Workbench specialized software. Through the
obtained results, a 3D drawing of the electric vehicle frame was
established to provide data for the problems and the FEM software.
The following analyses were carried out: structure analysis based on
the element types, the element properties and the number of nodes
when meshing; the analyses of types of load applied to the structure;
analysis, evaluation and selection of structural engineering solutions
according to the durability criteria of the electric vehicle frame. The
research results will help users choose the appropriate structure in
frame designing.
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1. GIOI THIEU

Véi wu diém vé sy phat thai khi 6 nhiém ra moi truong khong co nén 6 t6 dién ngiy cang
duoc cha trong trong ché tao. Trong khai thac sir dung di thay rd nhitng loi ich cua 6 t6 dién (EV).
Do chu tric 6 t6 dién khac v6i 6 t6 sir dung dong co ddt trong truyén thong bang cach sir dung dong
co dién va cac binh dién va hé théng diéu khién tu dong hoa nén cong nghé ché tao 6 t6 dién khac
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nhiéu so v6i 6 t6 truyén thong Mot trong nhu:ng diém khac biét do 1a cau trac khung vo xe dién can
bd tri san xe thap do hé thong truyen Iyrc ¢6 thé b tri nho gon hon va can viée lap dit dong co dién,
cac binh dién dugc thuan tién, thao lap dé dang [1].

Xe dién chd hang thudc loai xe 6 t6 dién. Dac diém hoat dong cua xe 1a giao hang & trung tam
thanh phd, noi dan cu dong duc, duong chat hep nén nguoi lai xe thuong Xuyén gidm ga va st dung
phanh cling nhu khoi dong xe. Yéu cau vé thiét ké xe dién chd hang can dong bd hoa cac cum, chi
tiét gitra hé thong khung vo, h¢ thong dong luc dién, h¢ thong binh dién va h¢ théng diéu khién tu
dong hoa. Bé dam bao yéu cau ciu tric xe dién cho hang, ket céu khung vo xe duoc thiét ké dang
khung va vo xe chiu Iuc va ciing dam bao yéu cau gidi han tong trong lwong xe.

2. CO SO THIET KE KHUNG XE
2.1. Cac yéu ciu thiét ké

Cac thiét bi trén xe dién 1a loai dit tién va kho ché tao (hién nay ¢ Viét Nam phai nhap
khiu 100%) va duoc lap chat voi than xe. Vi vay thiét ké khung xe dién can dam bao nhing yéu
cau co ban sau:

— Khéng bi anh hudng cia tai trong tir mat duong hodc tai chuyén ché trén xe dén cac

thiét bj dién. Khong bj anh huéng cua dong co dién khi lam viéc s& gy ra rung xe.
Mubn véy trong thiét ké can tranh tan sb cong hudng giita tin sd lyc kich thich ctia mat
duong, lyc kich thich tir dong co dién va tan s6 dao dong riéng cua khung xe.

— Pam bao do climg vitng khung xe khi tdn s sir dung phanh, 14i, khéi hanh xe nhiéu hon

& trong thanh phd nhung khong dugc ting trong lwong xe bang cach lip thém cac thanh
hodc dam ting clmng.

— Khung xe sau thiét ké va ché tao can duoc thu nghi¢m trén mdt sO lugng mAu nhét dinh

dé danh gia vé chit luong do bén va do 6n dinh cau tric (yéu cau nay khong trinh bay
trong bai bdo nay).

2.2. Xay dung ban vé thiét ké

Viéc tiép can thiét ké c6 thé theo mau sin c6 dam bao cac yéu cau vé quan 1y cho xe co thé
Iwu hanh giao thong dugc, trong bai bao nay sir dung miu xe Exotic ctia cong ty T&T Viét Nam
ché tao. Mot goi ¥ cho nguoi thiét ké khung xe dién cho hang nén tuan theo thong tu
16/2014/TT-BGTVT [2]. Ban v& thiét ké can t&i wu cac phan tir chinh tao nén céu tric tong thé
khung xe. Trudc tién thé hién tdi thiéu 4 ban vé ty 1& 1/5 cac hinh chiéu chinh dién trudc, canh,
sau va hinh chiéu bang. Céc vi tri trén khung cin c¢6 nhitng mit cat thé hién 15 rang va chi tiét.
Trén céc hinh chiéu va mit cat thé hién day du kich thudc va dung sai ctia kich thudc, cau trac
lip ghép cac dam chinh, dam phu va céc chi tiét ciu thanh khung xe.

Dua véao cau tric trén xe mau di chon, trude tién can xac dinh tam lic ngang trudc va sau
cua xe bﬁng cach phan tich cAu truc hé thong treo sau, cac thanh ndi. Xac dinh tam lac nham tinh
toan vi tri lép dat cac cum dong co dién, cac binh dién va nhing thiét bi khac. Co thé dich
chuyén vi tri lap dat cau trude va cau sau dé giam lic ngang than xe nhung van dam bao khoang
cach gilra hai cau xe trudc va sau. Viéc dich chuyén nay cin tinh toan kiém nghiém d¢ bén
khung xe sao cho bién dang udn, xoan va chuyen vi theo phuong doc, phuong ngang 1a nho nhat
Do cling xodn dugc xac dinh giira ciu trudc va ciu sau, khung xe tot nhat thi d cirmg xoan nim
trong gia tri 6100 Nm/do dén 7500 Nm/d9. Chuyen vi cua khung xe nam trong gioi han khong
vuot qua 1,27 mm khi tai trong dén 680 kg (ché d6 tai trong dén 136% tai) [2].
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Viée tiép theo 13 xac dinh vi tri ghé ngdi ciia nguoi 1ai va ghé cho nguoi 1ai phy tir d6 b tri
lip dat hé théng diéu khién lai, diéu khién phanh. Budc tiép theo 1a thiét ké dit cum cabin va
cum thung xe.

Téng thé thiét ké xe dién cho hang lya chon trén mau xe co ban hién c¢6 Exotic dugc trinh
bay trén hinh 1.

a) Téng thé xe b) Cac banvé chinh cia xe
Hinh 1. Ban v& thiét ké xe dién cho hang

3. UNG DUNG PHUONG PHAP PHAN TU HU'U HAN THIET KE KHUNG XE
3.1. Gi6i thiéu phwong phap phan tir hitu han

Chia cau trac khung xe ra thanh hiru han nhitng phan nho, nhitng phan tir nho nay lién két
v6i nhau bang cac diém nat, duong ndi cac diém nit d6 tao nén cac ludi. S6 lwong, kich thudce
cac phan tir va ludi s& tily thudc vao cdu trac chi tiét. Trén nhitng phan cu tric 16n nhu bé mit
khung chinh ¢6 thé chia luéi thd hon nhirng phan céu tric nho. Loai phan tir sir dung chia ludi bé
mat khung dam phé bién 1a loai phﬁn tir tam gidc va tu giac, loai phﬁn tir tam di€n hoac tir dién
s& duoc sir dung khi chia ludi khong gian két cau khung dam. Hé phuong trinh mo ta két céu
dang ma tran dugc xay dung cho két cau gém c6 ma tran khdi luong, ma tran d¢ ciing va ma tran
tai. Giai hé phuong trinh nay xac dinh dugc gia tri mg suét, bién dang va chuyén vi cia khung
xe goi 1a phuong phap phan tir hitu han (PTHH). Phuong phap giai 1a nhd st dung mdy tinh véi
phin mém phan tir hitu han Ansys Workbench.

3.2. Cac thong s co ban ciia khung xe

Tir ban v& thiét ké 3-D trong phan mém Siemens NX, cho thiy két ciu khung xe chu yéu
dang hop chit nhat. Kich thudc mit cit ngang khung hop dam duogc tinh toan theo phwong trinh
can bang lyc d6i v6i dim chiu xodn tai mdt cat ngang hinh hdp chir nhat, hinh 2. Céc gia tri tinh
toan cuia dam duogc biéu dién boi phwong trinh (1,) (2) va (3).
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Hinh 2. Géc xoan mit cit ngang hop dam b+h



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Trong d6 ¢y, 7y, Jiy 1a goc X04n, u:ng sudt mat cit _ngang trung binh va hé so do clng
xo04n ciia dam trong mit phing Oxy; T'1a gia tri mé men x04n; G 1a mé dun chéng xoan, b, h, ¢ 1a
cac kich thudc hinh hoc ctia hop dam.

Theo phwong phap PTTH, d6 cimg ctia dam doc duoc xac dinh bai phuong trinh (4).

)
" (EL, /1),+(EL, /1),

4

E 1a m6 dun dan hoi cua vat li¢u; / la kich thude chi€u dai cua dam; chi s6 1 va 2 tuong
ung voi dam bén trai va bén phai; 1. 18 mé men quén tinh mat cat ngang doi véi truc z cua dam
va xac dinh bang cong thure (5).

(b+t)(h+t)’ ~(b-t)(h-t)’
Y74 = 12

6))

3.3. Phén tich tinh thiét ké khung xe

Phén tich tinh xdc dinh phan ng va phuong thire theo kich thich tinh dugc thyc hién trén
mo hinh phan tir hitu han da x4c dinh. Ma tran d¢ cing tong thé /K] khung xe dugc xac dinh boi
cong thire (6), [1,75].

[RI=[K]X{r] 6)

O d6, [R] va [r] 1a cac ma tran e nit va chuyén vi niit trén tat ca cac dam cua khung.

St dung phin mém PTHH Ansys Workbench véi phién ban sin c6, cdu triac khung xe &
trang thai chiu tai trong tinh dugc phan tich theo cac budc sau day. Trudce ti€n thyc hién Model
md hinh bang cach cap nhat mé hinh 3-D khung xe trong md dun Gometry, tiép theo tién hanh
chia ludi trong phén mém, chon kich thudc ludi 5 mm véi hai loai phﬁn tr chinh 1a loai tam dién
va t dién 3 chiéu, thuc hién bude dit cac diéu kién bién 1a céc rang budc tai vi tri treo giam
chin va cac tai trong. Sy khac biét giita cac trudng hop phan tich duoc coi la nam trong gia tri tai
trong 4p dung va dicu kién bién. Cac gi tri tai dat tai cic quang treo nhip trudc, sau va tai trong
ctia xe tir thung hang, dong co dién, khdi binh dién va cabin [3]. Két qua cta budc giai nhan
duogc cac gia tri ing suit, bién dang va chuyén vi trén khung xe, hinh 3.
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a) bat cac diéu kién bién va tai trén mo hinh b) Giai tim ing suét bién dang khung xe

Hinh 3. Két qua cac budc tién hanh phan tich FEM khung xe
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3.4. Phén tich dgng hoc thiét ké khung xe
3.4.1. Luc kich thich tir mat duwong

Luc kich thich tir mat duong dang loai III trong m6 hinh mat duong theo ly thuyét
Pawloski [4], chi€u cao map m6 trung binh 50 mm cho loai duong xe dién chay phd bién trong
thanh phd. Céc thong s6 mat duong gay ra luc kich thich néu trong bang 1.

Bang 1. Céc thong sb lyc kich thich tir mit duong

Vi tri le kich thich Bién d¢ (m) Tén s6 (rad/sec) Phase (rad)
Luc trén banh xe trudce trai 0.05 5 0
Luyec trén banh xe trudc phai 0.05 1 Pi/2
Luc trén banh xe sau trai 0.05 5 Pi/2
Luec trén banh xe sau phai 0.05 1 0

3.4.2. Lwc kich thich tir dong co dién

Khi dong co dién trén xe hoat dong s€ tao ra luc kich thich 1én khung xe véi tan sd xac
dinh theo phuong trinh (7)

, 0] 1% . N,
f,=i —N =i,—N, =i =i Yoemm Ny

7
%60 " Y2x 2zR, " Y 2zR, 36 2

Trong do, i, 1a ty s6 truyén hop sb, n, la tdc do dong co dién (RPM), R, 1a ban kinh banh
Xe, Vinm) 18 van téc xe. Trén xe dién nay, tdc d6 quay dinh muc cia dong co dién 1a 30-2000
RPM. Tan sb kich thich do dong co dlen gay ra theo van toc Xe chay va thuong Xy ra trong
pham vi 30-80km/h, tily thudc vao ty sd truyén khic nhau, tan sé kich thich c6 thé nim trong
pham vi 30-80Hz, d& dang gy cong hudng c6 hai dén d6 ém diu cua xe [5].

3.4.3. Két qud phdén tich
Khi xe di chuyén trén duong, cac luc kich dong tir mat duong 1én 16p xe, truyén qua hé
thong treo va tac dung vao khung xe cong vai luc kich thich tir dong co dién s€ gdy ra rung xe.

St dung phan mém Ansys Workbench v&i module Hanomic Respone phan tich phan tmg trén
chassis xac dinh cac gia tri ung suat va bién dang.

a) f =60 Hz, Df = 0,052404 m

b)f =70Hz, Df=0,02845 m
Hinh 4. Két qua phén tich anh hudng cta luc kich thich dén bién dang khung xe

Tai trong ctia xe gdm trong luong ciia xe, trong lugng cua hai nguoi ndi trong cabin, trong
lugng ctia dong co va trong lugng cua hang hoa (500 kg). Pi¢u kién rang budc dat theo hudng
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dich chuyén va theo chiéu thing dimng tai quang treo sau ciia nhip trudc va sau. Hinh 4.a 1a d6
vdng va Ung suit & tan s 60Hz, chuyén vi 16n nhat tai diém mat goc trén phai ciia khung l1a
0,052404 mét. Khi tan sb tang 1én 70Hz, vi tri chuyén vi thay ddi dén vi tri dat dong co dién va
c6 gia tri cte dai 13 0,02845 mét. Bang phuong phap nay khao sat dugc chuyén vi ¢ tat ca cac tan
s6 cua Iyc kich dong 1én khung.

3.5. Kiém tra tin s6 cong huwéng khung xe

Xac dinh tan sb cong huong khi tan sé dao dong riéng gan hodc tring véi tan s luc kich
dong. St dung module Modal trong phén mém Ansys Workbench khao sat véi 20 dang riéng ta
nhan dugc day tan sb tuong g dugc biéu thi trén hinh 5 cho hai trudng hop tai dang riéng thir
10 ¢6 tan s6 54,513 Hz, chuyén vi nhé nhét co gia tri la 1,3806e-5 (m) va chuyén vi 16n nhat c6
gia tri 1a 0,0085253 (m); tai dang ri€éng thr 12 c6 tan s6 76,11 Hz, chuyen vi nhé nhét co gia tri
la 2,25957¢-5 (m) va chuyén vi 16n nhat ¢6 gid tri 1a 0,0090577 (m). Béng cach tuong tu ta trinh
bay day du 18 truong hop khac.

10 = 54,513 Hz; Df min 1,3806¢-5; Df max f12 = 76,11 Hz; Df min 2,2957¢-5; Df max
8 0, 00{;5253(;") / 0,0090577(m)

Hinh 5. Ung suat va bién dang trén khung xe

4. KET LUAN

St dung phuong phap phan tir hitu han dé phan tich tinh va phan tich dong thiét ké khung xe dién
cho hang. Trong phan tich tinh da xac dinh duoc két cdu nao phu hop theo chuyén vi, phan bd tng suat,
phén | b6 tng suat Von-Mises. Phan tich dong xac dinh duge tan s6 dao dong riéng ctia khung xe, xac dinh
tan s lyc kich thich mat duong, tan sb luc kich thich tir dong co dién 1én khung xe; két qua yéu cau thay
d6i hodc co thé 1 vat liéu tranh cong hudng lam rung than xe.

Céc két qua cua nghién cltu lam can ctr thiét ké khung xe dién c6 két cdu hop 1y, b tri tdi thiéu cac
thanh dam, dam bao duoc yéu ciu gidi han trong lwgng xe khong bi ting thém va xe chuyén dong ém diu
khi dong co dién lam viéc.
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