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TOM TAT

Tén dé tai: Tinh toan, thiét ké, kiém nghiém bén khung v xe bus.
Sinh vién thuc hién: Tran T4n Linh MSSV: 103200021 Lép: 20C4A
Pham Nhat Long  MSSV: 103200022 Lé6p: 20C4A

Sau moét qua trinh nghién ctru nghiém tuc va lam viéc khong ngirng nghi, cung véi sy
huéng din tin tdm cua ThS. Truwong Lé Hoan Vii, nhém ching em d3 hoan thanh dé

tai “Tinh toan, thiét ké va mé phéng kiém nghiém bén khung vé xe bus”.

Trong khuon kho dé tai, nhom da tap trung xay dung co s& 1y thuyét va ky thuat dé thiét
ké mot bd khung xe bus phu hop vai diéu kién tai Viét Nam. Bang viéc phan tich cac
tiéu chuan hién hanh, két hop véi cAu trac dic thu cia xe bus, nhém di lva chon phuong
an thiét ké hiéu qua nhat. Sau d6, nhém tién hanh tinh toan thiét ké va danh gia kha ning
lam viéc cua két cau khung xe, dac biét chu trong dén cac yéu t6 vé dd bén kéo va do 6n
dinh tong thé.

Mo hinh khung xe dugc nhom thiét ké bang phan mém Autodesk Inventor va duoc kiém
nghiém trén phan mém Ansys. T d6, nhom di danh gia duoc d6 bén, ciing nhu tinh 6n

dinh cua xe.
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LOI NOI PAU

Trong nhimg nim gan ddy, nhu cau st dung phuong tién giao thong cong cong
ngay cang gia ting, dic biét 13 xe bus — mot loai hinh van chuyén hanh khach phé bién,
tién loi va than thién voi moi truong. Trong do, khung vo xe bus dong vai tro dac biét
quan trong, khéng chi dam bao d6 bén va do an toan khi van hanh, ma con anh huéng

truc tiép dén chét luong va tudi tho cta toan bod phuong ti¢n.

Trude yéu ciu ngdy cang cao vé mit k¥ thuat, tinh an toan va tdi vu hoa hiéu qua
chi phi trong thiét ké va san xuét, viéc tng dung cac cong cu md phong hién dai nhu
phan mém Ansys Workbench va Autodesk Inventor tro thanh giai phap thiét yéu. Phan
mém nay hd trg mo hinh hoa, tinh toan, va kiém nghiém do6 bén két cdu khung vo trong
nhiéu diéu kién tai trong thuc té, tir 46 gitip giam thiéu thoi gian va chi phi thir nghiém
vat 1y, dong thoi nang cao do chinh xac trong thiét ké.

Xuat phat tir y nghia thyuc tién d6, nhém em da lua chon dé tai “Tinh toan, thiét
ké va moé phong kiém nghiém bén khung vé xe bus” dé thuc hién d6 an tt nghiép.
Trong qua trinh thuc hién, nhom da nhan duoc sy hudng dan tan tinh va sau sat cua
ThS. Trwong Lé Hoan Vii, nhitng ngudi da truyén dat nhiéu kién thirc chuyén mon quy

bau cling nhu hd tro giai dap kip thdi cac thic mic ctia nhom em.

Mic du nhém d3 nd lyc hoan thanh day du khdi luong cong viée theo yéu cau,
song do dé tai co tinh chuyén sau va pham vi kha rong, nhém em kho tranh khoi nhiing
thiéu sot nhat dinh. R4t mong nhan duoc nhitng gdp ¥ quy bau tir quy thay c6 dé nhém

c6 thé hoan thién dé tai mot cach tot nhat.
Nhém em xin chan thanh cam on!
D4 nang, ngay.....thang....nim 2025

Sinh vién thuc hién

Tran Tan Linh Pham Nhat Long
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

MO DAU

Trong bdi canh d6 thi héa phat trién manh mé&, nhu ciu sir dung cic phuong tién
van tai hanh khach cong cong ngdy cang gia ting. Trong do, xe bus van ludn 1a lya chon
t6i wru nho tinh linh hoat, kha ning chuyén chd 16n va mirc do than thién v6i moi truong.
Pé dam bao hiéu qua van hanh, do an toan va tudi tho cua xe bus, viéc thiét ké va kiém
nghiém két ciu khung vo — bd phan dong vai tro 13 “bd xwong sdng” ciia xe — 1a mot

khau vo cung quan trong.

Xuét phét tr y nghia thuc tién d6, nhém em lwa chon thyc hién dé tai “Tinh toan,
thiét ké va mé phong kiém nghiém bén khung vé xe bus” nhim xay dung mé hinh
thiét ké hop 1y, ddp ung yéu cau k¥ thuat, dong thoi tién hanh kiém nghiém do bén va
kha ning chiu lyc cia khung vo thong qua phan mém mo phong Ansys Workbench.
Thong qua viéc m6 phdng cac diéu kién tai trong thuc té, nhom c6 thé danh gia muc do
an toan, d 6n dinh va kha nang lam viéc cua két cAu khung trong qua trinh van hanh.

Muc tiéu chinh cta dé tai 13 thiét ké mé hinh khung v6 xe bus phu hop véi céc tiéu
chuan ky thuat hién hanh, déng thoi tng dung phan mém Ansys dé kiém nghiém kha
ning 1am viéc cua két ciu trong nhiéu trang thai khac nhau nhu: chiu tai tinh, tai trong
dong, phanh gap, rung lic, xoan, ... Qua dé danh gia tinh hop 1y va hiéu qua cta phuong
an thiét ké dé xuat.

Céu tric d6 an t6t nghiép bao gdm 5 chuong chinh:

Chuong 1: Tong quan vé khung vo xe bus

Chuong 2: Co so 1y thuyét

Chuong 3: Tinh toan, thiét ké khung vo xe bus

Chuong 4: Phan tich do bén két cdu va dic tinh khi dong hoc vé phan mén ansys

Chuong 5: Két luan
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

CHUONG 1: TONG QUAN VE KHUNG VO XE BUS

1.1. Muc tiéu, pham vi va phwong phap nghién ciru
1.1.1. Muc tiéu

Muc tiéu ctia dé tai 1a thiét ké khung vo xe 6 t6 bus 29 ghé trén co s nén ting xe
THACO Cruizer 81s , ddm bdo cac yéu cu vé an toan, hiéu qua va tham my. Cu thé,

nghién ctru nham dat dugc cac muc tiéu sau:

- Thiét ké khung vo dap tng cac tiéu chuan k¥ thuat va an toan.

- Pam bao d6 bén va do cung virng cua két cdu khung vo6 khi chiu tai trong thuc
té.

- Cai thién tinh khi dong hoc va giam trong lugng xe nham nang cao hi¢u suit van
hanh.

- T6i vu héa thiét ké nham tang kha nang chiu luc va tudi tho cia khung vo xe.

- Pam bao tinh thim my, hai hoa voi thiét ké tong thé cua xe.
1.1.2. Pham vi
Pham vi nghién ctru ctia dé tai tap trung vao cac ndi dung sau:

- Nghién ctru va thiét ké két cau khung v6 xe bus 29 ghé, bao g6m vat li€u, hinh
dang va cach bd tri két cau.

- Ung dung phan mém dé xay duyng mé hinh 3D cua khung vo xe.

- Str dung phan mém ANSYS dé mo phong va phan tich do bén, do cing viing ciia
khung vo dudi tac dong cua tai trong.

- So sanh, danh gia két qua mo phong véi cac tiéu chuan an toan va két cau hién
hanh.

- Khong di sau vao thiét ké dong co, hé thong truyén dong hay hé thong dién cua

X¢€.

1.1.3. Phwong phap
Dé dat duoc muc tiéu dé ra, dé tai ap dung cac phuong phap nghién ciru sau:
Nghién ctru 1y thuyét va thu thap sé liéu.

- Tim hiéu céc tiéu chuan lién quan dén thiét ké khung vo xe bus.
- Thu thép céc tai lidu vé két ciu khung vo xe khach, cic phuong phap tinh toan
va danh gia d6 bén két cau.
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

- Phan tich cac cong ngh¢ ché tao khung vé xe hi¢n dai.
Thiét ké khung v xe trén phan mém Inventor

- Xay dung md hinh 3D khung v6 xe bang phan mém thiét ké Inventor
- X4c dinh vat liéu phu hop dé thiét ké khung vo, dam bao do bén va kha ning gia
cong.

- B4 tri cac chi tiét khung sao cho dam bao kha ning chiu lyc t6t nhat.
Mo phong va phan tich két cAu bang Inventor va Ansys

- M6 phéng va phan tich ng suat, bién dang ctia khung vé xe dudi cac diéu kién
tai trong khac nhau.

- Kiém tra do bén moéi va do an toan cua khung vo théng qua phin mém Ansys.

- Panh gia kha nang hap thu luc tac dong khi c6 va cham.

- M6 phong va danh gia dic tinh khi dong bang phan mém Ansys.

So sanh két qua véi tiéu chuan

- Péi chiéu két qua md phong véi cac tiéu chudn an toan hién hanh nhu TCVN,
ECE hay SAE.

- Panh gia mirc d6 phu hop cua thiét ké va dé xuat cic phuong an tbi uu héa néu
can thiét.

1.2. Lich sir phat trién ciia 6 t6 bus trén thé giéi va Viét Nam

1.2.1. Lich sir phdt trién 6 t6 bus trén thé gici

Hinh thic xe bus dau tién cua nhan loai do nha toan hoc Blaise Pascal nghi ra va

nim 1662 tai Paris, nuéc Phap. Xe bus luc nay van hanh bang strc ngua, khoang hanh
khach chira t6i da dugc 8 ngudi, gia vé cao —mot sb tién khong nho vao lac d6 nén hau
hét ngudi st dung phuong tién nay déu thudc tang 16p thuong luu. Cling chinh vi hoat
dong khong hiéu qua, gia vé cao nén nhiing chiéc xe bus sitc ngya cua Pascal chi duy

tri hoat dong dugc 15 nam.
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Hinh 1.1: Xe bus thoi ky dau do ngua kéo

Phai téi 150 nam sau, vao nam 1812 xe bus sttc ngua mdi dugc “hodi sinh” véi
thiét ke hién dai hon, tién nghi hon, c6 mai che mua nang. Ching dugc goi 1a Omnibus
— Xe cho tat ca moi nguoi, thoi gian sau d6 Omnibus bat dau xuat hién pho bién trén

toan nudc Phap.

Dén cudi nhitng nam 1830, voi su ra doi cua dong co hoi nudce, nhitng chiéc xe
bus dong co hoi nuéc cling ra doi va dan phat trién thanh phuong tién giao thong cong

cOng quan trong & nhi€u quoc gia.
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

STEAM OMNIBUS

CLARKSON, LIMITED, CHELMSFORD, ENGINEERS

Hinh 1.2: Xe bus hoi nudc duoc san xuit nhung chua phai 13 phuong tién phd
bién

Qua trinh d6 thi hoa ngdy cang tip nap. Chi trong vai nim, omnibus ctia New
York di c6 dbi thi 1a xe dién: Tuyén xe dién dau tién chay doc Bowery, Manhattan va
n6 mang lai cho hanh khach mtc tién nghi cao hon rat nhiéu khi chay trén nhitng duong
ra bang thép tron nhan. Sau nay, xe dién da chiém lay vi tri ciia omnbus trong qua trinh
do thi hoa.

Khi phuong tién van chuyén cé dong co di ching minh dugc kha ning ctia minh

ttr sau ndm 1905, mdt omnibus cé dong co thinh thodng dugc goi 1a autobus.

Ngay nay, trong bbi canh phuong tién ca nhan nhu 6 t6, xe may ngay mot nhiéu,
xe bus da khong con duge st dung nhiéu nhu trude. Tuy nhién néu xét vé nhiéu khia
canh thi xe bus van 1a phuong tién cong cong t6i uu gitp giam Un tat giao thong, 6 nhiém
moi truong.

1.2.2. Lich st phdt trién é t6 bus tai Viét Nam

Theo lich s, GM la nhan hiéu xe dugc dung lam xe bus dAu tién tai Viét Nam tur
sau chién tranh thé giGi 1an thir nhat vao khoang nam 1919. Xe bus hay 6t6 bus 1a muon
tir tiéng Phép autobus chi xe chd moi ngudi. Nhiing chiéc xe bus ndy xuat hién dau tién

¢ Ha No6i va noi 4 chiéc xe nay don - trd khach 1a bén c6t Bong HO gan cau Long Bién.
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Xe bus thoi Phap chi c6 mét cira 1én xubng & phia sau. Ban dau c¢6 2 hang ghé gd
sat thanh xe nhu ghé tdu dién va tiu hoa, & giita 1a chd di lai. Nhung sau d6 nhan thiy
dé ghé doc ché it khach nén cac hing xe cai tién thanh ghé ngang chd dugc nhiéu khach

hon, trung binh mdi xe tré khoang 30 khéch.

Nam 1930 ca mién Béc c¢6 gan 5.000 xe cac loai trong d6 c6 405 xe bus nhung tip

trung chu yéu & Ha Noi, sb xe & Hai Phong bang mot phan ba Ha Nbi.

Vai nam trudc, cac dong xe bus dén tir Trung Qudc gan nhu chi€ém uu thé nho gia
thanh ré, song trong thoi diém hién tai, cac san pham xe bus san xuat boi cac doanh

A 190

nghiép “ndi” trong nudce hoan toan du strc canh tranh trén thi truong.

Hiép hoi cac nha san xuét 6 t6 Viét Nam (VAMA), trong Quy /2019, thi phan cta
Thaco-bus ding dau véi 456 chiéc (dong xe bus 28 - 45 chd), mic du vay, so vdi cling
ky nim 2018, doanh sb cua Thaco-bus giam 10%. Trong nim 2018, tong doanh sb cua
Thaco-Bus dat 2.019 chiéc; trong nam 2017 1a hon 3.000 chiéc.

Tiép dén 1a thuong hiéu Vinamotor véi dong xe bus Hyundai 29 - 80 chd dat 46
chiéc trong Quy 1. Mot s6 nha san xuat, ldp rap "ndi" khac nhu Vida Bus, Samco,... vin
tiép tuc cung cp ra thi truong cac dong xe bus hién dai.

Ti 1& noi dia hoa trong viée san xut xe tai cac doanh nghiép ngdy cang ting lén.

Ngay 2/5/2019 tap doan Vingroup di cong bd thanh 1ap Cong ty TNHH Dich vu
Van tai VinBus, rét 1.000 ty, cung cép dich vu xe bus dién dau tién tai Viét Nam.
Vingroup cho biét VinBus s& str dung 100% xe bus dién. Trudc mat, cong ty s& dua vao

van hanh 3.000 xe bus di¢én do hang xe VinFast san XUuét.

Hién nha may san xuat xe bus dién VinFast dang trong qua trinh xay dung va lip
dit hé thong nha xudng. Pdi tic cung cap cong nghé va linh kién dé san xuét xe bus
dién cho VinFast la Siemens (Puc).

1.2.3. Phan loai xe 6 to bus

1.2.3.1. Theo kich thudc

Tuy theo s6 luong chd ngdi trén mdi xe ma co kich thude chiéu dai khac nhau.

Cu thé dya theo céc thong sb kich thudc co thé chia xe bus thanh céc loai:

- Xe bus ¢6 nho (Mini Bus)
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Hinh 1.3: Toyota Hiace 14 Seats Mini Bus
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- Xe bus ¢ trung (Midibus)

T8I RERAR] &

L

L]

Hinh 1.4: xe bus Hino Rainbow midibus

- Xe bus ¢6 16n (Standard Bus)

T

Hinh 1.5: xe bus Reep M3 Standard

- Xe bus khép nbi (Articulated Bus)
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Hinh 1.6: Xe bus khép ndi
- Xe bus 2 tang (Double-Decker Bus)

.

Hinh 1.7: Xe bus 2 ting ngam canh
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- Xe bus siéu c& (Bi-articulated Bus)

Hinh 1.8: Xe bus siéu c¢& cua Van Hool ExquiCity

1.2.3.2. Theo cong nang

- Xe bus cong cong: Van chuyén hanh khach trong d6 thi theo tuyén c¢d dinh.

- Xe bus nhanh (BRT- Bus Rapid Transit): Danh riéng cho hé thong xe bus nhanh
v6i 1an duong uu tién. Kich thude 10n, thudng 1a xe bus khdp ndi hay loai siéu cd.

- Xe bus du lich (Tourist Bus): Phuc vu khach du lich theo tuyén tham quan.

- Xe bus trudong hoc (School Bus): Chuyén dua dén hoc sinh dén trudng.

- Xe bus san bay (Airport Shuttle Bus): Van hanh tai sdn bay dé dua don khach

trong san bay hoic tir sin bay dén trung tim thanh phé.
1.2.3.5. Theo loai nhién liéu.

- Xe bus chay bang nhién liéu héa thach: Dau diesel hoidc xing.

- Xe bus chay bang dién ( EV Bus): Ning lugng tir pin hodc siéu tu dién. Vi du:
Xe bus VinFast EV, BYD KO...

- Xe bus hybrid: Loai nhién nhiéu két hop giira dong co diesel hoic xang véi hé
théng pin dién. Vi du cho dong xe nay 1a Toyota Coaster Hybrid, Volvo 7900 Hybrid. ..

- Xe bus chay biang Hydro: Dung nhién liéu Hydro két hop voi pin nhién liéu dé
tao di¢n ndng. Mot s6 xe thudc loai nay la Toyota Sora, Van Hool A330 FC, Hyundai
Elec City FCEV....
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- Xe bus chay bang khi nén tu nhién (CNG Bus - Compressed Natural Gas): Nhién
liéu la khi nén thién nhién CNG.

1.2.4. Xu hwdng phit trién ciia xe 6 t6 bus: Xe dién, xe tw ldi, vt liéu mdi.

Chuyén sang xe bus xanh 13 xu hudng tit yéu. Loi ich ctia phuong tién xanh, sach
d3 rd va 1a xu hudng phat trién trong twong lai. Tuy nhién, van dé dit ra 13 chi phi dau
tu phuong tién ning luong dién, ning lurong xanh cao gap hai dén bdn 1an so voi xe bus
diesel, dang l1a nhitng kho khan, thach thirc 16n v61 doanh nghiép. Cung véi doé 1a cac
van dé vé ha tr:ing, tram sac... Dé thuc hién muc tiéu trén, doi hoi su vao cudc dff)ng bo,

quyét liét ciia co quan quan 1y ciing nhu doanh nghiép.

Chinh phi1 Viét Nam d4 trién khai nhiéu chinh sach khac nhau dé thuc day phat
trién xe dién (EV) va co so ha tang can thiét. Ké hoach néu rd rang dén nim 2025, 100%
xe bus mdi hodc thay thé sé sir dung nang lugng dién hoic ning lugng xanh. Pén nim
2030, yéu cau twong tu s& ap dung d6i voi taxi. Pén nam 2050, 100% xe bus va taxi du

kién s& chay bang niang luong dién hoic ning lugng xanh.

Chinh phui ciing d dua ra nhiéu chinh sach tro gia cho xe bus, chuyén sang dan
loai xe sir dung nang luong sach, dat chuan khi thai Euro IV. Viéc nay dang duogc déy
mang & 2 noi 1a Ha N6i va thanh phd H6 Chi Minh.

Bén canh do, hién nay hang xe hoi Mercedes-Benz da cho gidi thiéu loai xe tu
14i tén Future Bus. Mecedes tuyén bd Future Bus s& tiét kiém hon xe bus thong thudng
nhd kha ning tu 14i. Cac cam bién trén xe bus twong lai c6 thé sém phat hién nhiing
diém dirng xe, dén giao thong dé tdi wu cho vén tde. Viée tidu giam nhién liéu ciing dong
nghia vdi viée giam lugng khi thai va than thién hon vé1 moi truong. Trong tuong lai,
xe tu 14i c¢6 18 ciing 1a 1 phuwong an tdi wu ¢ thé dugc Iya chon dé phat trién hé thong
giao thong cong cong & nudc ta.

1.3. Tong quan vé khung vé xe 6 té bus
1.3.1. Gi6i thiéu vé khung vé é té:

Than vo xe 1a mot trong 3 cum té)ng thanh quan trong cua xe, dugc lép dat (hoac
tich hop) trén chassis (dan gam) hodc khung xe, dung dé chira hang hoa, hanh khach,
hanh ly, lép dat céc trang thiét bi ndi ngoa i that ciia xe. D6i voi xe du lich, than xe chiém
dén 20% trong luong xe va 44% ty 1 thép tAm clia xe. Tuy theo ching loai xe ma duoc
chia ra than xe du lich, than xe khach, than xe tai,... mdi loai nay lai tury theo két cau cua

than xe ma dugc phan chia thanh nhiéu loai khac nhau.
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Than xe c6 vai tro:

- La két cu chiu lyc, chiu tai trong bén ngoai (mit dudng va méi truedng) va tai

trong cua xe. La két cAu dam bao an toan cho hanh khach va hang hoa khi bi tai nan.

- La khong gian dam bao diéu kién tién nghi va an toan cho 1ai xe va hanh khach

theo diéu kién nhén tric hoc khi di chuyén.
- La khong gian dé xép dat va thao d& hang hoa, hanh 1y.

- La két cAu dé 1ap dat tat ca cac trang thiét bi than xe, ké ca trang thiét bi phu cta

- La két cdu tao nén hinh dang tham my va hinh déng khi dong cho xe.
1.3.2. Phén tich cdc dic diém két cdu ciia 6 t6 bus:
Céac dic diém co ban:

Nhiing luu ¥ chung vé két cau than xe khach: Viéc thiét ké két cau chiu luc cua
xe khach phai dugc tinh dén muc dich s dung, van chuyén cang nhiéu cang tét cia

hanh khéch trong diéu kién tiét kiém, an toan, thoai mai, than thién nhat cho moi truong.

Tiéu chi kinh té (chi phi hoat dong) 1a mot yéu td rat quan trong quan trong trong
viéc xac dinh loai cdu trac. Vi du: xe bus noi thanh co thé co tai trong khac nhau trong
tly thudc vao cac tuyén duoc phuc vu va lich trinh hoat dong. Cliing mét tuyén duong
c6 thé dugc phuc vu boi céac xe bus voi tai trong khac nhau: vao gid cao diém xe bus c6

suc chira 16n dugc sur dung, va luc cac gio khac, xe bus ¢6 stc chira nho.

Dbi véi xe bus c6 strc chira 16n doi hoi phai d& dang tiép can xe bus cho tat ca
hanh khach va nhiing nguoi khuyét tat. So véi xe bus c6 nhiéu bac 1én xuéng, than xe
v6i san thap, khong c6 bac cira, cho kha ning tiép can tot cho nguoi khuyét tat, giam
thoi gian dau xe trong cac nha ga. Cac yéu cau than xe bus phai dap Gng 1a rat da dang
va d6i khi mau thuan nhu:

- Khong gian bén trong du 16n dé chd s6 luong hanh khach mong muén, hanh
khéach dé ra vao tir bén trong.

- Cach nhiét va cach am.

- C6 tinh khi dong va tham my.

- D& dang tiép can cho ngudi khuyét tat ca & khu vuc ctra 1én xudng va bén trong
xe bus, bdo v¢ hanh khach trong trudng hop tai nan.

-Dé dang bao tri cho cac cum, h¢ théng khac nhau cua than xe.

- Ty trong nhé va ddm bdo do bén va dg cung virng, chong an mon.
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- Str dung vat liéu co thé tai ché. Co kha ning stra chita tét, trong trudng hop tai
nan.

- Cong nghé san Xuét gia ré va linh hoat c6 thé duoc su dung cho nhiéu loai xe
bus, cong nghé khong giy 6 nhiém, v.v.

Xe khéch céac loai thudng do nhitng cong ty san xuat 16n thiét ké va ché tao than
xe, con dong co va dan gm thudng duoc mua tir cac nha cung cip ciing nhu céc trang
thiét bj phu khac cua than xe. Khi thiét ké than xe khach, cc yéu ciu cua ngudi str dung
phai dugc tinh dén, cling nhu cac quy chuan va quy dinh qubc té dé tiéu chuan hoa céc
linh kién than xe. C4c nha san xudt xe bus c6 thé lya chon, tuy thudc vao trinh do cong
nghé va niang lyc san xuat, nhitng két cdu than xe cé tinh kinh té nhét.

Than xe khach c6 vai tro nng dd tat ca cac bo phan khac cac cum trén xe, chang
han nhu cym dong co, hop sb, cau trude, sau, hé théng lai, hé théng phanh, thiét bi
dién.... va cung cép mot ciu truc trong do 1ai xe lam vi¢c trong diéu kién tién loi va hanh
khach duoc thoai mai va an toan.

Trén quan diém két cau, than vo 6 t6 khach thong thudng chia lam 2 phan: phan
san xe chiu lyc bén dudi dé lép dat dong co va cac h¢ théng, cum cua dan gém (con goi
la chassis) va thung xe (than vd) phia trén dugc lam khoang hanh khach, nguoi 141 va

hanh 1y nhu trén hinh.

Thung xe

Khung san xe
Hinh 1.9: Két cau chung than vo 6 to khach

Thong thuong 2 phan nay duoc gin véi nhau thong qua mébi han hodc 1ap ghép.
Phu thudc vao phuong phap cong nghé ma 2 phan nay c6 thé dugc ché tao roi hodc ché

tao nguyén khoi.

1.3.3. San chiu luc cua o0 to bus:

San chiu lyc ctia két cau xe khach c6 thé dugc lam theo mot sb cac giai phap két

céu nhur sau:
- Loai san chiu lyc kiéu khung-khung: day 1a giai phap lam than xe khach tir xe
tai, than xe khong chiu tai ¢ phan thing lién két mém véi khung xe riéng (hinh 1.11).
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Thung xe c¢6 két cdu khung xwong (khung dan), khong chiu tai trong mit dudng, con

khung xe ¢ két cdu theo kiéu 2 thanh xa doc va cac da ngang nhu xe tai.

Hinh 1.10: Két cdu san xe khach kiéu chung

Uu diém cua két cau nay 1a don gian trong ché tao (co thé 13y sin khung va dan
gam xe tai dé dong thung thanh xe khach), c6 tinh chdng udn tét, tuy nhién khung xe
phai c6 d§ cing virng cao, trong luong 16n, toa dJ trong tdm cua xe cao. Hién nay kiéu
két cAu nay hau nhu chi duoc dung cho mdot s6 xe bus ché hoc sinh (school bus) va mot
sO xe khach & cac nudc kém phat trién.

Loai san chiu lyc kiéu khung khong gian (space-frame): Dé dat dugc ciu trac
ctimg va nhe trén xe bus dai voi chiéu dai co s 10n, nguoi ta ding giai phap “khung
khong gian” trong do, toan bg san xe dugc ché tao dudi dang dam lién két khong gian.
San chiu lyc nay duogc lam béng mot tdp hop cac dam doc va dam ngang co thé duoc

gia ¢6 thém bang dam chéo, dugc han lai véi nhau (hinh 1.12)

Hinh 1.11: San chiu lyc kiéu khung khong gian

San xe khach loai nay rat cao, két hop véi than xe chiu lyc hoan toan. Vi tri cta
nhom dong co c6 thé dit & gitta dudi san hoic phia sau, cho phép san xe c6 chiéu dai
trén toan bd than xe.
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Loai san chiu luc kiéu khung thip: Dé hanh khach 1én xubng d& dang, dung thiét
ké loai san thép, cac xa doc duogc lam béng nhiéu doan ndi voi nhau, o tiét dién chit U
khac nhau, khoang cach gitta 2 xa doc ciing khac nhau va c6 thé dugc udn cong & phia
cau sau dé ha thap san xe (hinh 2.13). Dé c¢6 thé ha thap san thuong dung hé thdng treo
khi nén, kiéu tay don & phia trude.

Hinh 1.12: San chiu Iyc kiéu khung thap

Loai san chiu lyc c¢6 khung ddm ngang: Trén nguyén tic twong tu nhu trong giai
phap trudc, giai phap nay (hinh 2.5) c6 sy khac biét 13 cac dam ngang két ndi hai cac xa
doc theo kiéu dam chia cong sén (console) c¢6 chiéu dai bang chiéu rong ciia két ciu than
xe bus.

O loai san chju luc nay, co nhiéu khu vuc dic trung theo dang mo-dun dugc két
ndi: khu vuc khung san dat trén b¢ cua vi tri 1ai xe, khu vuc cta truc trudc co cAu truc
phai dam bao céc tay don va tii khi ciia hé thong treo khi nén trude, khu vuc cia san &
gifra, khu vuc cua tryc sau c6 san udn cong & cAu sau va cong son cho vi¢c dat dong co

va cac phu kién ciia nd. Loai khung san nay cho phép ha thap nhiéu hon san xe.
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Hinh 1.13: San chiju luc kiéu khung san ¢6 dam chia ngang

San chiu luc kiéu san thap: Dé dam bao hanh khach di xe bus thanh phd tiép can
t6t nhit, san dugc ha xudng mirc ctia bac thang dau tién, trong khu vyc trung tim va &
khu vuc phia trudc, thong qua mot két cAu san dic biét bao gém hai cac xa doc bén va
mét s6 dam doc, ngang theo toan bd chiéu rong cua san (hinh 1.15). San chiu luc do do
c6 do cing udn yéu va xodn trong giéi han trung binh, thudng két hop lap rap véi than
xe chiu luc thanh két cAu toan bo than xe chiu luc (kiéu monocoque) dé vira dam bao do

bén than xe vira c6 san xe thap.

Hinh 1.14: San chiju lyc kiéu san thép

Khung san cho xe khéach hién dai dugc san xuat dudi dang m6-dun: Mo6-dun phia
trudc, bao gém truc trudc, hé théng treo, hé théng 14i, co cAu phanh cho cau trude va
céc thiét bi trén xe. Mo-dun phia sau bao g6m truc sau vo1 hé théng treo va co ché phanh
lién quan, nhém dong co, may nén khi, hé théng diéu khién cho dong co va hop s6 va
thung nhién liéu. C6 nhiing cong ty chuyén san xuat cac mo-dun phia trude va mo-dun
phia sau, nha ché tao xe khach chi phai thiét ké cac ciu tric san trung tim va cau trac
than xe khach. Giai phap nay cho phép nguoi thiét ké tu lam cac b trichung tong thé,

vo1 nhi€u loai than xe dugc diéu chinh cho cac mo-dun khac nhau.

1.4. Tong quan vé phan mém INVENTOR, ANSYS trong mé phéng va phén
tich két cau

1.4.1. Phian mém ANSYS

Str dung Ansys Fluent dé mo phong khi dong hoc qua d6 danh gia tinh nang khi
dong hoc cua xe.

Ansys fluent dugc 14p trinh theo cac phuong trinh co ban ctia dong chét long. Do
1a cac phuong trinh Navie-Stock, Becnuli hay Euler. Cac thong sb cai dit chinh giup

chung ta khép kin duoc cac rang budc dé ansys tinh toan. Ansys fluent chira cac phan
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chung ta co thé thiét ké mé hinh 2D, 3D hoic chuyén di tir cac phan mém khac vé cing
linh hoat. O ddy ta s& sir dung ban thiét ké mé hinh 3D dugc thiét ké tir phdn mém
INVENTOR dé mé phong.

Tur két qua thu dugc, chung ta cé thé biét duoc vén tdc, nhiét do, ap suit cling
nhu quy dao chuyén dong va anh hudng cia cic bién dang 1én dong khi. Db thi Ansys

suét ra hd tro tdi da ca vé dinh tinh va dinh huodng.

Dung Ansys Static Structural dé kiém nghiém bén khung nh¢ phuong phap phan
tr hitu han dé 1ap trinh tinh toan cac céu truc. Trong nhiéu linh vuc khéac nhau nhu co
khi, xay dung, nhi¢t, hanh khong... Trong linh vuc co hoc vat ran bién dang dudi tac
dong tai trong ngoai dang co, nhiét hi¢n nay thuong dung phﬁn mén ANSYS cua Mi.
Nho vao cong cu nay ma tiét kiém duoc thoi gian, cong suc tinh toan, nang cao chat

luong trong thiét ké.

Vé6i phan mén ANSYS chu yéu dung dé kiém tra trong thét ké va tinh toan, hé
khung gian, chiu luc theo phuong phap phan tir hitu han. Va nghién ctru cac bai toan
tinh dong, két cdu khung gian theo phuong phap phan tir hiru han trong cac bai toan
khong gian, va yéu ciu dbi v6i ban toan kiém bén cho khung xe khach ta chi sir dung
phan tinh kiém tra bén cho khung xe trong khong gian.

Tu két qua thu dugc, ching ta co thé biét dugc mau thiét ké co thda man tiéu
chuin nganh da yéu cau vé céc tinh nang ky thuéat, yéu cau st dung, do bén, d6 an toan
va do 6n dinh can thiét dé hoat dong hay khong.

1.4.2. Phan mém INVENTOR

Str dung phan mém Autodesk Inventor dé thiét ké hoan chinh mé hinh 3D. M6
hinh hoan chinh bao gdm cac mang riéng.

Tir d6 cung cdp mo hinh 3D hoan chinh dé chuyén vao ansys dé thyc hién mo

phong khi dong hoc va kiém nghiém bén.

1.5. Tong két

Chuong 1 trinh bay tong quan vé d¢ tai tinh toan, thiét ké, kiém nghiém bén khung vo
xe bus 29 chd. Muyc tiéu chinh 1a tao ra két cdu dam bao d6 bén, do cing, tinh khi dong
hoc, thaim my va hi¢u qua van hanh. Pham vi nghién ctru tap trung vao thiét ké khung
v6, mo hinh héa 3D va phén tich két cau bang phan mém Inventor va ANSYS, khong

di sau vao dong co hay hé truyén dong.
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Chuong nay ciing néu lich st phat trién xe bus thé gii va Viét Nam, phén loai xe theo
kich thudc, cong ning va nhién liéu, cung xu hudng hién dai héa bang xe dién va ty
14i. Khung vo xe bus dugc phan tich k§ vé vai tro, dic diém két cAu va cac dang san
chiu luc, tir kiéu truyén théng dén san thip hién dai, pht hop yéu ciu sir dung va san

Xuat.

Cubi cung, chuwong gi6i thiéu phan mém Inventor dé thiét ké mé hinh 3D va ANSYS
dé mé phong, kiém nghiém d6 bén va dic tinh khi dong hoc. Pay 1a nén tang quan

trong phuc vu cho céc buée thiét ké va phan tich trong cac chuong tiép theo.
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CHUONG 2: COSO LY THUYET

2.1. Cac tiéu chuan veé an toan va ki thuat cho xe bus

Quy chuin k¥ thuat qudc gia nude ta da co1 bod “quy chudn k¥ thuat qubc gia vé
chét luong an toan k¥ thuit va bao vé mé trudng ddi voi xe 6 t6” va b tiéu chudn nganh
22TCN 307:2006 yéu cau can toan chung déi véi 6 6.

Quy chuan nay duoc ap dung doéi voi cac Co sé san xuat, 1ap rap, to6 chue, ca
nhan nhap khau xe, linh kién xe va cac co quan, tot chirc, cadc nhan lién quan dén quan
1y, kiém tra, thir nghi€ém va chiing nhan an toan k¥ thudt va bao vé moi truong doi voi

xe, linh kién xe.
Trong do6 cé yéu cau vé kich thude gidi han cho phép cua xe:

- Chiéu dai: khong 16n hon 12.2m
- Chiéu rong: khong 16n hon 2.5m
- Chiéu cao: khong 16n hon 4m
Ngoai ra, d6i v6i cac loai xe ¢ khdi luong toan bo thiét ké 16n nhat khong 16n
hon 5,0 tan thi chiéu cao cta xe, trir phan nhé do 1ap dng ten, cot thu phat song hodc céc
thiét bj c6 két ciu twong tu nhung khong anh hudng dén tinh 6n dinh cia xe 6 t6 chuyén
dung duoc dinh nghia tai TCVN 6211 “Phuong tién giao théng dudng b - Kiéu - Thuat
ngir va dinh nghia” phai dap ing quy dinh sau:
Hinax < 1,75 W,
Trong do:
+Humax: Chiéu cao 16n nhit cho phép cua xe;
+ Wy: Khoang cach giit tAm vét tiép xuc ctia hai banh xe sau voi mat duong,
Trudng hop truc sau lap banh don hoic khoang cach gitra tim vét tiép xtc cua hai banh
xe sau phia ngoai voi mit duong, trudng hop truc sau lap banh kép.
- Chiéu dai dudi xe: khong 16n hon 65% chiéu dai co s&
- Khoan sang gam xe: khong nhé hon 120 mm (trir xe chuyén dung). Dbi véi cac
xe ¢6 thé diéu chinh do cao ciia gam xe thi khoang sang gam xe duoc do & vi tri 16n
nhat.

- Khéi lwong cho phép 16n nhit trén truc xe:
+ Truc don: 10 tan.

+ Cum tryc kép phu thudc vao khoang cach hai tam truc d:
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e d<1,0m: lltén;
e 1,0<d<13m: 16 tan;
e d>1,3m: 18 tin.

+ Cum tryc ba phu thudc vao khodng cach hai tam truc lién ké nho nhét d:

e d<1,3m:21 thn;
e d>1,3m: 24 tin.
- Céc yéu cau khéc:

+ Xe va cac bo phan trén xe phai phu hop vdi viéc tham gia giao thong bén phai
theo quy dinh.

+ Khdi lugng phan b 1én truc dan hudng (hodc céc truc ddn hudng) phai dap
ng yéu cau dudi day trong ca hai truong hop xe khong tai va xe day tai (d6i véi xe
khéch ndi toa, ty 1€ nay duoc xac dinh dbi véi toa xe dau tién):

e Khong nho hon 25% d6i véi xe khach (trir xe 6 t6 khach thanh phd).

e  Khong nho hon 20% d6i voi cac loai xe khac.
2.2. Cac tiéu chuan vé an toan

- Kha nang chiu luc va do 6n dinh
+ Khung vo xe bus phai duoc thiét ké du kha ning chiu tai trong cua xe khi day
tai, bao gdm hanh khach, hanh 1y va céc trang bi di kém.
+ Két cau phai dam bao d6 bén, do ctng viing va 6n dinh trong qué trinh van
hanh, dic biét khi phanh gap hodc xe bi nghiéng, 1at.
- Vit liéu ché tao khung
+ Phai stir dung vat liéu co:
e Do bén co hoc cao.
e Do déo dai tét (chiu va dap).
e Kha ning chéng an mon.
+ Vit liéu phai dap ung cac tiéu chuin k¥ thuat nhu: TCVN, ISO, ECE hodc céac
tiéu chuan twong duong.
- Thiét ké dam bao an toan ngudi sir dung
+ Than xe khong dugce co go sic canh hodc chi tiét nho ra giy nguy hiém cho
nguoi di lai trong xe.
+ Trén xe phai co cira thoat hiém & vi tri phu hop, dam bao dé tiép can trong cac
tinh hudng khan cap.
+ Céc 16i di va ctra phai dugc bo tri du rong, khong bi can tro.

- Trang bi an toan bat budc
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+ Binh chira chay: Xe phai duoc trang bj it nhit mot binh chita chay c6 thé dé
dang tiép can, it nhat mot binh dit gan ghé 14i.

+ Kinh an toan: T4t ca kinh trén xe phai 13 kinh an toan (an toan khi v&) theo tiéu
chuan ECE R43 hoic tuong duong.

2.3. Tiéu chuin vé khoang hanh khach
Phai dugc thiét ké dam béo an toan khi van hanh.

Lbi di doc cua xe khach trén 16 chd ngdi phai ¢ chiéu rong hiru ich khong nho

hon 300mm, chiéu cao hiru ich khong nhé hon 1700mm.
Quy dinh nay khong dugc ap dung véi xe duoc lap ghé gap.
Lbi di doc ctia xe khach phai thoa mén tiéu chuan 22TCN 302-06.
2.4. Tiéu chuin vé cira 1én xudng
Dua vao QCVN 09:2015/BGTVT — tiéu chudn vé cira 1én xubng nhu sau:

- S6 luong ctra: xe bus 29 chd phai c6 it nhat 1 ctra 1én xudng chinh cho hanh
khach, b tri phia bén tay phai theo huéng chuyén dong (dé phu hop vai quy tic giao
thong tai Viét Nam).

- Kich thuéc ctra
+ Chiéu rong thong thuy cta ctra chinh khong dugce nho hon 650 mm.
+ Chiéu cao thong thuy khong duoc nhé hon 1600 mm.

+ Céac kich thuéc nay phai ddm bao dé dang cho viéc 1én xudng, ké ca véi ngudi

gia hodc tré em.

- Vi tri bo tri ctra: cura 1én xudng chinh phai dugc bo tri ¢ vi tri thuén tién, gan
buodng lai.

- Co cau dong mo cua
+ C6 thé st dung:

e Clra mo tay.
e Ctra ban tuy dong.

e Cura diéu khién bang khi nén hoic dién.
+ Ctra phai c6 co ché khoa an toan dé ngian khong cho mé khi xe dang di chuyén.
- Bic 1én xudng
+ Béc dau tién (so v6i mat dat khi xe dimg yén) khong duoc cao qua 400 mm.
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+ Giira cac béc, chiéu cao khong qua 250 mm.

+ Bé mat bac phai chéng traot va cé ranh thoat nudc.
- Antoan tai khu vuc ctra

+ Phai bd tri tay vin gan ctra dé hd trg hanh khach.

+ Néu xe ¢ hé thong mo cua ty dong, phai cd cam bién hoac thiét bi bao v¢ dé

tranh kep nguoi.

+ Cira 1én xudng khong duoc co cac go sic, chi tiét nhon, giy nguy hiém trong

qué trinh s dung.

2.5. Co s6 ly thuyét vé tai trong tinh, tai trong dong va tinh toin két cau xe

bus
2.5.1. Co 56 Iy thuyét vé tdi trong tinh

Tai trong tinh 1€n than xe do trong lugng cia cac cum, hé théng dat trén than xe
(nhém dong co, hé théng nhién li€u, hé théng x4, 141 va phanh dugc dit trén than xe,
thiét bi dién, linh kién noi that va thanh phé”m doéng mé cua than xe), trong luong cua
hanh khach va trong luong cta hanh 1y hodc hang hoa van chuyén. Tét nhién, tu trong
ctia than xe cling phai duoc tinh dén nhung khong tinh dén trong luong khong duoc treo

(truc va h¢ théng treo, banh xe, mot phﬁn cua hé théng phanh va lai).

Tat ca cac trong luong nay duoc phan bé trén ciu tric than xe ¢ dang lyc hoic ¢
dang khoi lugng tap trung hay phan bd. Cac tai trong tinh nay tac dong 1én than xe theo
phuong thirc khac nhau & nhitng trudng hop sau:

- Xe dang d0.
- Xe dugc nang lén trén kich.
- Xe dugc nang lén trén thang xe nang.

- Xe dugc van chuyén trén xe san kéo hoic bang ning cau.
2.5.2. Co s¢ Iy thuyét vé tdi trong dong

Hoat dong ctia cac cum trén xe va chuyén dong cua xe trén dudong lam xuat hién
cac tai trong dong, dudi dang qua tai dong tirc thoi hodc tai trong lau dai c6 thé anh

hudng dén cau tric thong qua hién tugng moi.

Qua tai dong tuc thoi, c6 do 1ap lai thép, thoi gian ngén, nhung co thé c6 bién d6
cao (bac 104N), so voi tai trong tinh. Nhiing tai trong ndy xdy ra khi diéu khién xe trén

nhimg con duong c6 d6 map mo 16n (6 ga, 16i 16m, 1& dudng, v.v.), trong trudng hop
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tang toc hodc phanh gip dot ngdt, trong trudng hop quay vong ngoit, khi di chuyén trén
tinh trang khong duong, trong trudng hop c6 moment xodn 16n cia nhom dong co, khi

hoat dong dich vu van chuyén, nang xe trén san kéo, thang nang,...

Céc truong hop dién hinh cua tai trong dong duoc xac dinh boi twong tac gitra
banh xe va mip mé mit duong va duge truyén dén than xe thong qua truc va khop treo

nhu cac loai hinh sau:

- Tai trong thang dimg d6i xtng.

- Tai trong khong ddi xing theo phuong thang dimg
- Tai trong ngang

- Téi trong doc

- Tai trong két hop

2.5.3. Ly thuyét vé tinh todn
2.5.3.1. Panh gia sir bén than xe

Céc rng suat xudt hién trong ciu trac than xe dudi tac dong cua Gng suat tinh va
dong trong diéu kién hoat dong binh thudng, khong dugc 1am anh huong dén chirc ning
ctia bat ky thanh phan nao cua than xe. Sy mat chirc ning cia mot thanh phan xdy ra khi
ung suét vuot qua gidi han Gng suét chay cua vat liéu, x6 1éch mdt sb thanh phén, pha
v& cac phan tir lip rap (diém han, cac phan tir 1ap rap co khi, chat két dinh, v.v.) hoic
boi su méi clia vat liéu va sy xuat hién cia cac vét nirt than xe. Noi chung, yéu ciu trong
diéu kién tai trong dong cao nhat, ing suat hiéu dung 16n nhét trong két cau khong duoc
vuot qua 2/3 tng suét chay oc cta vat liéu, tirc 13 tng suit cho phép dugc tinh véi hé sb

antoan C=1,5

o)

ef max

2.5.3.2. Banh gia d§ cling viing cua than xe

Chét luong cua cau tric than xe c6 thé dugce danh gia tir mot sé quan diém: stc
bén dudi céc tai trong tinh va dong, stirc bén moéi, dd climg viing, trong lwong, kha ning
chiu rung dong, kha nang chiu va dap, kha nang chéng an mon, v.v. O day ta chi trinh
bay dén d6 ctng vitng va trong luong thin xe, thong qua cac chi tiéu vé do cing xodn,

do cung udn va hé s6 do nhe két cau.
2.5.3.3. Xac dinh chi sb gia tbc
Trong mdt sd truong hop méd phong kiém nghiém bén, s& phai danh gia sy chuyén

vi cua cdac chi tiét, cac chi ti€éu v€ irng suat nguy hiém xuat hi¢n ¢ khung xe dudi sy tac
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dong cua di€u kién bén ngoai, trong d6 c6 yéu té quan trong la gia toc. Tai cac trudong

hop khac nhau thi cach xéc dinh ciing s€ khac nhau.

Gia toc hudng tam: Gia toc nay hudng vao tam cuia vong cua cua xe, nguyén nhan
tao ra cam giac bi nghién khi xe 6m cua. Néu gia toc nay qua 1on thi c6 thé gay lat xe

khi 6m cua do lyc quan tinh qua 16n.

2
Cong thuec: a="
r

Trong do:

- a: Gia toc hudng tim (m/s?)

- v: Van toc cta xe (m/s)

- r: Béan kinh vong cua (m)

Ban kinh quay vong khi vao cua phu thudc vao cac yéu to: Chiéu dai co s& cia
xe, goc danh khi 6m cua, cau hinh hé thong 14i cau xe.

L
7y =
tan(o)

Cong thuec:

Trong do:
- L: Chiéu dai co s& cua xe (m)
- & : Gbc danh 1ai cta banh trude ( Goc gitra hudng banh xe va phuong doc xe)

Gia toc khi phanh gap: Tuy tinh hinh giao théng ma c6 nhiing luc ta khong thé tu
tir cho xe giam tdc duge ma phai phanh dot ngot, dicu nay tao ra mot gia toc nguogc tac
dong 1én xe. Gia tbc nay gay nén mot lyc quan tinh duge xac dinh bang cong thirc F=m.a.

Trong d6 a 1a gia tbc nguoc..
Xac dinh a dwa vao cong thirc quan hé giira gia toc, quang dudng va vén tc:

v —v,? =2aS
N A ’ \%
Va cong thuc : t=—
a

2.5.3.4. Xac dinh hé sb an toan

Sau khi tinh toan dé xac dinh dugc vi tri ¢6 ung suat nguy hiém 16n nhat trong
cac truong hop thi tuy vao vi tri thudc chi tiét nao ma ta co thé xac dinh dugc vat lidu

dung dé ché tao no. Tir d6 xac dinh duoc giéi han chay cho phép tai vi tri d6. Dé chinh
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xac hon thi ta c6 thé tinh h¢ s6 an toan xem tng xuat nguy hiém tai vi tri d6 c6 dugc cho

phép hay khong.
o iel
Cong thirc: FoS =%
Gmax
Trong do:

- FoS : Hé sb an toan.

- 0, - G161 han chay cho phép cua vat liéu (Mpa)

- ¢, : Ung suat cyc dai (Mpa)

2.5.3.5. Xéc dinh gié tri mo men udn tai vi tri chiu luc

Tai cac vi tri chiu luc khac nhau trén mo hinh thi s& c6 két cau dé phan tich luc
khéc nhau, cong thirc tinh momen

- Truong hop luc tip trung: M = % Dbi véi két cdu mot dau ngam, mot dau
tua.

2
- Truong hop luc phan bo déu: M = q.SL :

2.5.3.6. Hé s6 Reynolds

Hé s6 Reynolds (ky hiéu: Re) 1a mot dai lugng vo thir nguyén dic trung cho ti 16
gifta lyc quan tinh va luc nhét trong dong chay. Pay 1a yéu td quan trong dé xac dinh
ché d6 dong chay (6n dinh hay rdi) xung quanh vat thé.

_pul  ul
= 7 ==

Re

Trong do:
- p: mat d6 chat 16ng hodc khong khi (kg/m?)
- u: van tdc dong chay twong ddi so véi vat thé (m/s)
- L: chiéu dai dic trung ctia vat thé (m)
- w: do nhét dong luc hoc (Pa-s)
V= E: d6 nh6t dong hoc (m2/s)
Y nghi:
- Néu Re < 2300: dong chay 6n dinh (laminar)
- Néu Re > 4000: dong chay rbi (turbulent)

- 2300 < Re < 4000: ving chuyén tiép
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2.5.3.7. Luc can khi dong

Khi mét vat thé chuyén dong trong khong khi, n6 sé chiu mot luc can ngugce chiéu

v6i chuyén dong goi 1a luc can khi dong. Luc nay dugc tinh theo cong thirc:

Fy= %CdpAu

Trong do:

- Fp:lyc can khi dong (N)

- C4: hé s6 can khi dong (khong thtr nguyén)

- p: mat do khong khi (kg/m?)

- A: dién tich chiéu vudng goc voi dong chay (m?)

- u: véan tdc twong ddi cia dong chay (m/s)

Lyc can ty 1€ thuan véi binh phuong van tdc, nén khi xe chay ¢ tdc do cao, luc
can khi dong tang manh, anh hudng l6n dén hiéu suét nhién liéu.

2.5.3.8. Hé s can khi dong

Trong thiét ké xe bus, dic biét 1a v4i cac dong xe hoat dong & tbc do trung binh
va cao (trén 50 km/h), lyc can khi dong tré thanh mot yéu td quan trong anh huong dén

hi¢u suat tiéu thu nhién li€u, tinh 6n dinh va kha nang van hanh cua xe.

Hé s6 can khi dong (ky hi¢u: Cq) 1a mdt dai lugng vo thr nguyén, biéu thi mirc
d6 anh huong cua hinh dang than xe dén luc can do khong khi gy ra khi xe chuyén

dong. H¢ s6 nay phu thudc vao nhiéu yéu to nhu:

- Hinh dang tong thé cua xe

- Goc nghiéng dau xe, dudi xe

- Vi tri va hinh dang guong chiéu hau, khe ho gilta cac b phan
- Ché d6 dong chay (tang hay réi)

Déi v6i xe bus thong thudng, hé sé can khi dong thuong dao dong trong khoang:
Ca=0.60+0.80C

Xe c6 thiét ké cang khi dong (bo tron goc canh, it khe hé, san thép, mui Vuét) thi
Cacang thap, gitp giam dang ké luc can, tir d6 cai thién mic tiéu hao nhién liéu 1én dén
10-15% & téc d6 hanh trinh,
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2.6. Vit liéu ché tao khung vé xe bus

2.6.1. Cdc yéu cau vé vit ligu ché tgo khung vé

Céc yéu cau chinh cta than xe 1a: Trong luong ban than thip, dam bao d6 cing,
dd bén co hoc va an toan can thiét cho hoat dong cua cac cum khac va bao vé hanh khach
trong diéu kién hoat dong binh thuong hoac cé su c¢d. Viée gidm trong lugng hay dam
bdo do cuing cua xe bi anh hudng truc tiép boi cac loai vat liéu dugce st dung trong thiét
ké than vo xe.

2.6.2. Vit li¢u thép

Thép da va dang la vat liéu dugc str dung nhiéu nhit dé ché tao than xe. Theo
truyén thong, than xe dugc san xuét tir thép tdm dap dinh hinh ghép ndi thong qua mdi
han. Thép ciing duoc sir dung tir cac loai ban thanh phim dugc can dinh hinh thanh
thanh dé lam khung xuong cho céc than xe du lich, xe bus va xe tai. Ddi véi mot xe du
lich, khoang 63% vét liéu than xe dugc lam tur thép.

U diém cia viéc sir dung thép:

- b6 cung va do bén co hoc tot.

- Ung xtr vat liéu tot vi ¢6 su hﬁp thu nang lugng tac dong.

- Kha ning sir dung ban thanh pham nhu tdm nhiéu 16p.

- Dé tiép can trong sira chira va co thé ty dong hoa cac cong nghé san xuat (dap,
can, han, v.v.).

- Kha ning tai ché vat liéu tot. Tai ché khong chi trong truong hop than xe bi thai
hoi, ma con trong trudng hop thu hoi phé liéu tai noi san xuét. Vi du, khi ché tao mot
than xe chiu luc hoan toan, c6 khoang 40% - 45% phé liéu thép bi thai ra do qua trinh
cong nghé can va dap.

- Co6 qua trinh 6 xy hoa hodc dién hoa dé bao vé chéng lai an mon.

- Gia thanh thap, ngoai trir thép cudng do cao hoic thép khong gi.

Nhuwrge diém bao gom:

- Trong lugng riéng cao so vdi nhom hodc hgp kim va véat liéu nhya. Tuy nhién,
viéc st dung thép cuong do cao va cuc cao lam cho no6 cé thé giam trong lugng cua than
xe, ¢0 d) cung va suc bén rat tbt.

- Kha nang chéng dn mon giam, nhung bang cach ap dung ding cong nghé chéng
an mon, tudi tho cua than xe co thé dat duoc hon 15 nam.
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2.6.3. Vit liéu hop kim nhom

Ngay nay, v6i nhiéu wu diém va kha ning Gmg dung cong nghé dé giam gia thanh,
hop kim nhom dang ngay cang dugc st dung trén than xe du lich, tham chi lam than xe
cho céc loai xe chuyén dung nhu xe bon nhom chd chit 16ng dé chéng 6 xy hoa. Hop
kim nhom c6 thanh phan thong thudng gdm: Al (85 - 99,9%) ngoai ra 14 cac thanh phan
(Mn), (Mg). (Zn), (Cu). (S1) va (Li).

Hop kim nhém c6 cac dic diém sau so véi thép:

Uu diém:

- Trong lugng riéng nho (40 - 60% so véi thép).

- P06 bén va do cung tdt, do bén dn mon cao, c6 kha nang bao vé bé mit béng
cong nghé, co 16p 6-xit nhém (A1203) cling va bén.

- D@ gia cong co hoc va dé ché tao bang cac phwong phap cong nghé nhu duc,
kéo, can,...

- Co6 kha nang tai str dung cao.

Nhugc diém:

- Gié thanh cao hon tir 3 - 5 14n so véi thép.

- Tinh han kém hon thép.

- Tinh dé stra chira kém hon thép.

Tuy nhién, du gia vét liéu cao nhung gia linh kién chi cao hon 2 1an so v&i thép
vi trong lugng nho hon, gop phan giam trong luong 6 t6, giam tiéu hao nhién lidu va 6
nhiém méi trudng. Hop kim nhom dé can, kéo thanh cac linh kién c6 tiét dién phirc tap
cua than xe.

2.7. Tong két

Chuong 2 cung cip nén tang 1y thuyét va hé thong tiéu chuan k¥ thuat can thiét
cho viéc thiét ké khung vo xe bus. Trude hét, chuong trinh bay cac quy dinh vé kich
thudc, tai trong, chiéu cao, phan bd tai va cac yéu cAu an toan theo QCVN va TCVN
nhu 22TCN 307:2006. Cac yéu t6 dam bao an toan cho nguoi sir dung nhu ctra thoat

hiém, tay vin, kinh an toan, bac 1én xudng, cling dugc néu rd.

Phan tiép theo di sau vao co s& 1y thuyét vé tai trong tinh va dong — céac luc tac
dong 1€n than xe trong diéu kién van hanh thuc té nhu phanh gép, om cua, hoac khi xe

bi nang. Tur d6, cac phuong phap tinh toan d6 bén, d6 cung viing, tmg suit, hé sb an
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toan, lyc can khi dong va hé s6 can khi dong duogc trinh bay dé danh gia chat luong thiét
ké.

Cubi cung, chuong phan tich dic diém cua vt liéu ché tao khung nhu thép va
hop kim nhém, tir d6 1am co sé chon vat liéu phu hop trong thiét ké.
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CHUONG 3: TINH TOAN, THIET KE KHUNG VO XE BUS

3.1. Cac thong sb co ban

Bang 3.1: Bang tham sé ki thuat

Thior tw | Hang muc Pon vi Théng s6 ki thuat

1 | Thong tin chung
1.1 | Loai phuong tién O t6 khach
1.2 | Nhan hiéu
1.3 | Cong thuc banh xe 4 x 2R

2 | Kich thudéce
2.1 | Kich thudc téng thé mm 8,180 x 2,370 x 3,150
2.2 | Chiéu dai co s¢ mm 3,900
2.3 | Vét banh trudc/ sau mm 1,997/1,738
2.4 | Khoang sang gam mm 150

Xe
2.5 | Khoang hanh ly mm 590
m? 2.3

3 | Khdilwong

3.1 | Khéi luong ban kg 7,470
than
3.2 | Khéi lugng toan bo kg 9,565
3.3 | S6chd 29 (28 ghé khach, 1
ghé 1ai)

4 | Dong co

4.1 | Tén dong co Weichai
WP4.6NQ220E50
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4.2 | Kiéu loai Diesel 4 ky, 4 xilanh
thang hang, ting ap,

lam mat bang nudc

4.3 | Dung tich xy lanh cc 4088/4580
4.4 | Cong suat cyuc dai Ps/rpm 170 - 220
4.5 | Mo men cuc dai Nm/rpm | 800 /1200 - 1800

5 | Hé théng khung gam

5.1 | Hé théng lai Truc vit — écubi tro luc
thuy luc
5.2 | H¢ théng treo trudc Treo phu thudc, 2 bau

hoi, 2 gidm chan va

thanh can bang

53| H¢ théng treo sau Treo phu thudc 4 bau

hoi, 2 gidm chan va

thanh can bang

3.2. Tinh toén thiét ké Kich thwéc tong thé xe bus

Thiét ké xe bus duoc thuc hién trén co s¢ tham khao mau xe Cruizer 81s (29 chd).
Tuy nhién, dé dap g cac yéu cau su dung cu thé va tbi wu hoda két ciu, mot sb kich
thudc tong thé c6 thé duoc diéu chinh so véi mau xe tham khao.
Céc kich thudc chinh ctia xe bus bao gom:
- Kich thudce phu bi (Dai x Rong x Cao)
- Chiéu dai co s6 (L)
Trong d6, chiéu dai co s& duoc gitr nguyén bang véi mau tham khao dé dam bao
twong dong vé phan bd tai trong va dic tinh van hanh: E = 3900 mm
Kich thuéc tong thé cia miu xe tham khao 1a: D x R x C = 8180 x 2370 x 3150
mm
Tuy nhién, trong qua trinh thiét ké, cac kich thudc tong thé cta xe bus co6 thé duoc
diéu chinh sao cho:
- Pam bao phu hop véi cong sut dong co nguyén thuy.
- Phu hop véi kha nang chiu tai ciia cau xe, khung gam va hé s6 phan bo tai trong.
- Tuan thu cac quy dinh vé kich thudc, tiéu chuin an toan va diéu kién khai thac
thuc te.
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Sau khi thiét ké, kich thudc tong thé cia xe thiét ké 1aD x R x C = 8417 x 2270 x
3153 mm. Va chiéu dai co sé E = 4300 mm

3153

43040 =

B417 I .

Hinh 3.1: Kich thuéc tong thé cua xe

3.3. Phwong 4n b tri cira 1én xudng va khong gian bén trong xe bus
3.3.1. Phwong dn bé tri civa lén xuéng

Hién nay, xe bus c6 cac phuong an bd tri ctra 1én xudng nhu hinh 3.2:

B E
[ ] Tl_\ T!_\ ‘ L T!_\ T!_\ ‘
—®
| ol

I
Hinh 3.2: Phuong 4n bo tri ghé ngdi trén xe bus

- Phuong 4n 1
O t6 duoc b tri 03 cira 1én xudng danh cho hanh khach phia than xe bén phai.
B6 tri nhu vay chi phul hop véi nhiing xe c6 chiéu dai than xe 16n va sé luong chd ngdi
16n. Phuong an nay khong phu hop véi 6 to dang thiét ké.
- Phuong 4n 2
O t6 s& c6 02 cira 1én xudng danh cho hanh khach phia than xe bén phai. Hai cira

nay co6 theé chon dang ctra kép cho ca cua trude va cua sau, hoac ctra trude 1a ctra don
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con cira sau 13 cira kép. Phuong 4n nay phu hop véi nhitng xe ¢6 s6 luong chd ngdi trén
50 chd ngdi.
- Phuong an 3

O 6 chi c6 01 ctra 1én xudng danh cho hanh khach phia than xe bén phai. Cira st
dung cho phuong an nay 1a dang cira kép kiéu canh gap. Phuong an nay phu hop véi cac
loai xe khach ¢& nho, cd trung binh va xe bus trong thanh phd.

O t6 thiét ké c6 29 chd ngdi nén phuong 4n 3 13 phuong an bé tri cira 1én xudng
pht hop va téi vu nhat. Vay, chon phuong an 3 1am phuong 4n bd tri cira 1én xudng trén
o to thiét ké.

3.3.2. Phuong dan bé tri ghé ngéi

Ghé dugc chia lam 2 ddy: 1 ddy bén trai va 1 day bén phai va 1 hang ghé cubi
cung

Mbi diy ghé gom 6 cum ghé ddi ( tirc 1a 2 ghé ngdi lién ké nhau)

Hang ghé cudi ciing gdm 4 ghé lién ké nhau.

T phia truéce di vé phia sau khoang cach gitta cac hang ghé 1a 1000mm

Khoang cach giita hang ghé cudi cung va ghé phia trén 1a 1050 mm

Khoang cach giita ghé tai va ghé hanh khach 1a 400 mm

Trén xe cOn ¢ b tri cac bla pha cura khi sdy ra su cd; duoc bd tri déu dan doc
theo than xe & ca 2 bén

Binh ctru hoa dugc bd tri & gan dau xe, bén phai sau vi tri ghé tai( vi tri d& 14y khi
khan cip

] — -

\ \ \
. L v
hlu Pha oo wrch B g o wircd Bua pha cla wecd

Hinh 3.3: B6 tri ghé ngdi cho xe bus 29 chd
3.3.3. Bé tri khoang ldi

Mot sO yéu cau trong buong lai:
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- Kinh chin gi6 phia trude budng 1ai phai 1a loai kinh an toan (hai 16p kinh, &

gitra c6 16p nhua hodc loai kinh khi v manh vun, khong c6 canh sa"lc).
- Cot kinh ¢ goc khong duge qua 16n lam giam tAm nhin cta ngudi lai.

- Phai c6 tdm chin che 4nh ning mit troi chiéu thang, tim nay phai c6 kha ning
diéu chinh duoc vj tri.

- Céc thiét bi, dén bao hiéu, ddng hd va cong tic diéu khién liét ké dudi day
(néu cd) phai duoc lap dit trong pham vi gi6i han boi hai mit phing song song v6i mit
phang trung tuyén doc ctia xe cach duong tdm truc 1ai 500 mm vé hai phia va dam bao
cho ngudi 1ai ¢ thé nhan biét, diéu khién ching mot cach dé dang:

+ Cong tac khoi dong, tat dong co;

+ Cac co cdu diéu khién hé thong phanh, ly hop va ban dap ga;

+ Cong tac dén chiéu sang phia trudc, coi, dén bao re€, gat nudc;

+ Pong ho téc do, dén bao hiéu tinh trang 1am viéc ciia cac dén bao ré, dén
pha, hé thong nhién liéu, nude 1am mat dong co, dau boi tron, hé théng phanh va hé
théng nap ic quy.

- Co ciu 10 xo0 hdi vi ciia ban dap ga, phanh, ly hop (néu c6) phai dam bao tir dua
cac ban dap nay tro vé duge vi tri ban dau khi nguoi 1ai thoi tac dung luc.

- Phai c6 ky hi¢u dé nhan biét duoc dé dang vi tri cac tay $0.

- Viéc bd tri chd ngdi bén canh nguoi 1ai khong duoc anh hudng tdi kha ning
diéu khién xe ctia nguoi lai;

- Ghé 14i phai dugc 1ap dit sao cho dam bao tAm nhin ctia ngudi lai dé diéu khién
xe. Ghé 14i phai c6 du khong gian dé ngudi 14i van hanh céc thiét bi diéu khién mot cach
dé dang. D6 léch tam gitta ghé 1ai va truc 1ai khong duoc khong duoc anh hudng dén
kha ning diéu khién xe ctia ngudi 14i va khong duoc 16n hon 40 mm.

- Ghé 14i diéu chinh duoc theo chiéu doc cua xe trong khoang 120mm, dém tua
lung diéu chinh duoc d6 nghiéng tir 90 + 135

- Khoang khong gian budng l4i 1a phan khong gian danh riéng cho ngudi 1ai va
céc b phan diéu khién (bang dong ho, vo ling, cac ban dap ga, ly hop, phanh chan,
phanh tay, ...). Khoang khong gian budng 1ai anh huéng dén tinh linh hoat va tinh hiéu
qua ctia ngudi diéu khién. Do d6 can phan tich va bd tri mot cach hop 1y. Hién nay c6

nam phuong 4n ngian khoang khong gian budng l4i nhu hinh 3-4.
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5
Hinh 3.4: B6 tri khong gian budng lai

- So @6 1: Ngan han budng 1ai, nguoi 1ai ra vao bang cua riéng va lién hé voi

ngudi phu (ngudi ban vé) bang micrdphdn, tin hi€u coi hodc qua cura phia sau vach ngan.

Phuong 4n ndy dam bao an toan cho ngudi lai nhung han ché quan sat va thong thoang

cho nguoi 141 va hanh khach.

- S0 do6 2: Vach phia sau c6 dinh, c6 ctra ra vao dé qua lai gitra buong 1ai va hanh
khéch. Co thé c6 hodc khong co6 ctra danh cho nguoi 14i nam & bén trai budng 1ai. Loai

nay pho bién trén cac loai xe bus.

- So dd 3: Vach phia sau nguoi l4i ngan ling, ngudi l4i 1én xudng bang cira phia
bén phai budng li.

- So d6 4: Ngin bang thanh chan va tdim ngan di dong dugc. Loai nay thuong
duoc ap dung trén cac loai xe khach noi tinh, xe bus thanh phé.

- So dd 5: Khong ngan han, chi bang mot thanh chan phia sau budng lai.

Niam so do trén mdi so d6 c6 uu nhugce diém riéng, ta chon so do 5 dé ngan
khoang khong gian budng 1ai. Vi phwong an nay c6 wu diém 1a tao khoang khong gian
16n, nguoi 14i dé quan sat phia trong ngoai xe nhd cac guong chiéu hau. Do d6 tao do

thoai mai cho ngudi 1ai khi lam viéc va ddm bdo tan dung dugc nhiéu dién tich san xe.
3.3.4. Ghé hanh khdch

Trong khoang hanh khach b tri ghé ngdi cho 29 nguoi, ké ca ngudi 1ai. Chiéu
rong mit ghé cho mdi chd ngdi ciia cc loai ghé dam bao tiéu chuan 400x400 mm, chiéu
cao tir san 6 to dén mat dém ngéi 12 400 mm, dam bao tiéu chuan nganh ddi véi xe khach
lién tinh.

Khung xuwong ghé dugc ché tao tir thép dng ®27. Ghé ngdi duogc bat chic chin
v6i san 6 to bang cac bulong M10.
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3.4. Bo tri khoang dong co

Déi vé6i xe bus dong co dit phia sau s& tdi wu cho viée di lai trong khoang hanh
khéch tré nén dé dang, giam thiéu khéi luong cua xe, cai thién lyc bam, dong co dat
phia sau giam thiéu do on cho khoang hanh khach.

Céc thanh ngang, dudi day khoang dong co dugc bd tri song song va gin két véi
cac thanh doc dé tao thanh khung d& dong co giup ting kha ning chiu tai va 6n dinh cu

truc.

N

300

4300 Vl tri dflt

8417

Hinh 3.5: B4 tri khoang dong co
3.5. B0 tri cac hé thong chinh trén xe
3.5.1 Bé tri hé thong truyén luc

Trén xe bus 29 chd, hé théng truyén luc thuong dugc bé tri theo kiéu dong co dit
doc phia sau, két ndi truc tiép véi hop sd va dan dong thong qua truc cac ding dén hé

thong truyén luc chinh va ban truc & cum cau sau.

Céu triic ndy thuong st dung cum banh sau gdm hai banh mdi bén trén ciing mot
tryc, giup phan tan tai trong hiéu qua hon, déng thoi ting d6 bam duong khi xe van hanh
& toc d6 cao hodc khi tai nang. B tri dong co va cum truyén luc phia sau con gép phén
giam rung dong va tiéng on truyén 1én khoang hanh khach, tir d6 cai thién d6 ém ai khi
van hanh.

Bén canh d6, kiéu bé tri nay con gitip t6i wu khong gian khoang hanh khach, dic
biét 1a & khu vuc giira than xe, tao diéu kién thudn loi cho viéc bé tri ghé va 16i di. He
truyén luc phia sau ciing giup viéc bao dudng, kiém tra k¥ thuat tré nén dé tiép can hon,

nho cum dong lyc dugc tach biét rd rang khoi khoang lai.
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Ngoai ra, cach b tri hop Iy con gitip kéo dai tudi tho ciia hé thdng treo va cac chi

tiét co khi khac, do tai trong duoc phan bd dong déu hon 1én cac banh xe phia sau.

Ban truc Céac dang

/
\
dong co

B6 Vi Sal L /
—_———

i ]

- /

/

Hop so

Hinh 3.6: B4 tri hé théng truyén lyc trén xe bus 29 chd
3.5.2. Bo tri hé thong treo

Hé théng treo cuia xe bus 29 chd duoc bé tri nham dam bao phéan bo tai trong déu
gifra cac tryc va tang do €m ai khi van hanh. Cy thé, hé théng treo trude va sau déu duge

bo tri gan cac banh xe, lién két v41 khung gam thong qua cac bau hoi gidm chan.

O phia trude, hé théng treo dam nhiém vai tro hép thu chan dong truc tiép tir mat

duong truyén 1én, hd tro diéu hudng va duy tri do on dinh khi danh 14i.

Phia sau, hé théng treo duoc thiét ké dé chiu tai chinh cho toan bo khoang hanh
khach va khoang dong co, thuong duoc trang bi to hop giam xoc doi va thanh lién két
nhim ting kha ning dan hoi va do 6n dinh truc xe. Cu trac ndy giup xe han ché dao
dong doc va ngang, dong thoi kéo dai tudi tho ctia khung vo ciing nhu ting su thoai mai

cho hanh khach khi di chuyén trén quing dudng dai.

Xe bd tri hé thdng treo phu treo phy thudc véi ¢ trude gdm 02 bau hoi, giam chin

thiry, & sau gdbm 04 bau hoi giam chén
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Hinh 3.7: B6 tri hé théng treo

3.5.3. Bo tri hé thong diéu hoa

Hé thdng diéu hoa khong khi thuong dugc 1dp dit trén mai xe, ngay phia trén
khoang hanh khach, nham tin dung t6i da khong gian bén trong va dam bao hiéu qua
phan phdi ludng khong khi lanh dong déu khip xe.

Vi tri dat diéu hoa
4700

T T

300

8417

Hinh 3.8: B4 tri hé théng diéu hoa trén xe bus
3.6. Thiét ké khung vé xe bus

Khung vo xe bus duoc thiét ké theo dang két ciu khong gian dang khdi (space

frame structure), bao gdm nhiéu thanh thép hop duoc han véi nhau thanh cac mang
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chinh: khung gim, san xe, khung bén trai, khung bén phai, khung dau, khung sau, khung

mai va khung gh¢ sau.

Viéc phan chia thanh cac mang gitp dé dang thiét ké, kiém tra 6 bén timg phan,
thuan loi trong ché tao, lip rap va kiém nghiém bang phan mém mé phong. Dudi day 1a

trinh tu thiét ké trng mang khung, kém 1y do lua chon vat liéu va kich thudc.

% Khung gdm

Vit liéu ché tao: Khung gam 14 phan rit quan trong, 2 thanh dam chinh c6 lam tir
thép hop Q345 co kich thude 60x 100 x 4 mm, 40x40x2 mm, 60x60x60 mm

Mo ta: GOm hai dam chinh chay doc theo chiéu dai xe, két ndi boi cac thanh
ngang tai vi tri dat dong co, cau, thung nhién li¢u, hop $0. bay 1a bo phan chiu luc chinh
cua toan bd xe, truyén tai toan b trong lugng xuéng hé théng treo.

Ly do chon thiét ké va vat lidu:

- Yéu cau chiu udn va xoan cao nén can thép co tiét dién 16n va do day 16n (4 mm)

dé dam bao do bén moi va do cimg viing.

- Lanén tang lép dat toan bo than vo va hé théng co khi cua xe.

Hinh 3.9: Khung gam xe bus

% San xe
Vat liéu chét tao: San xe dugc 1am tir cac thanh thép hop c6 kich thudc mat cit
ngang 40mm x 40mm x 1.7mm, cing véi tim nhém hop kim 6061-T1 day 6 mm
Mo ta:
- San xe 1a bo khung luéi dan ngang — doc dé tao mat bang bd tri chd ngdi.
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- Gén truc tiép 1én khung gam.
Ly do chon thiét ké va vt liéu
- Thép 40%x40 c6 du do cung va nhe.

- TAm nhém 6061-T1 chdng dn mon, giam trong luong xe, ting d6 phing cho san.

Hinh 3.10: San xe bus

+¢ Khung than bén trai, phai
Vat liéu
- Tru dang: 40 x 80 x 2 mm
- Duéi cira s6: 40 x 80 x 1.9 mm
Mo ta:
- Hai khung bén dinh hinh than xe, chia thanh nhiéu khoang ctra s6 va cira ra vao
- C6 cac thanh xién ting cimg bén dudi cira so.
Ly do chon thiét ké va vat liéu:
- Khung bén chiu tdc dong ngang va tai trong tir khach.
- Hinh hoc nhiéu ctra s6 — can tiét dién 16n va bd tri thanh xién dé dam bao do

bén.
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Hinh 3.11: Khung than bén tréi, phai

< Mang dau xe
Vit liéu: Thép hop 40x40x1.7mm
Mo ta:
- GOm céc thanh udn cong ndi tir san dén mai dé tao hinh mii xe.
- Co6 khung kinh chin €16 16n, chiu lyc va cham trudec.
Ly do chon thiét ké va vat liéu:
- Anh huong dén khi dong hoc, an toan va cham va tham my.
- Can tao cong dé giam lyc can gio, nén chon tiét dién nho, d& uédn, nhung van dam

bdo cliing viing

K
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Hinh 3.12: Diu xe bus

* Khung sau xe

Vat liéu: thép hop 40x40x1.7

Mo ta:

- Gém 4 thanh doc va 2 thanh cong tao ctra hau, noi lép cép, dén hau.

- Khung kinh sau nho hon kinh truéc.

Ly do chon thiét ké va vat liéu:

- Khong chiu tai trong 16n nhu khung ddu — dung tiét dién twong duong nhung
nhe.

- Can dam bao tham m¥ va b tri d& dang cho bao tri, bao dudng dong co néu dit
sau.

Hinh 3.13: Dudi xe
¢ Khung mai
Vat liéu:
- 40x40x2 mm (xuwong chinh)
- 20x40x2 mm ( xuong phu)

Mo ta:

- N6i hai khung bén thanh mot khdi khong gian kin.

- C6 16 chira dé lap diéu hoa, dén tran, thoat hiém.

Ly do chon thiét ké va vat liéu:

- Chiu tac dong nho, nhung yéu cau do nhe dé khong nang trong tim xe.

- Can d@ gia cong, thiét ké theo dang udn cong mai.
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Hinh 3.14: Mai xe bus

% Khung ghé sau

Vat liéu:

- Thanh ngang: 40x40x2 mm

- Thanh dung: 20x40x2 mm

Mo ta:

- Khung don gian, chiu tai trong ctia ngudi ngdi.

- Gén trén khung san, phia cudi xe.

Ly do chon thiét ké va vat liéu:

- Céu tao nho gon, dé gia cong.

- Nhe nhung chic chin, dé lép dém hoac 6p nhua.

Hinh 3.15: Mang ghé sau

Béng 3.2: Thong sd vat liéu sir dung dé thiét ké nén khung vo xe bus
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Ténvat | Khoi | Pocung) Ty s6 | Gidihan | Gidihan| Gidian
li€u 1 yong | VAt | PoissON | ipao khi | chay khi | chiu kéo
n liu(Pa) ) . )
riéng kéo nén cuc dai
(Kg/m3) (Mpa) | (Mpa) | (Mpa)
$S400 7850 | 1.9.10" 0.26 245 245 400
Q345B | 7850 2.10" 0.3 345 345 470
AL6061- | 2700 | 689.10° | 0.33 276 276 310
T6
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3.7. Tinh trong hrong va phan b6 trong hrong trén xe bus

3.7.1. Xac dinh trong luong bdan thdn

Béng 3.3: Bang khéi lugng chi tiét cic hang muc cdu thanh xe bus

STT | Hang muc Chi tiét thanh phan Khéi luong (kg)

1 Khung xe Khung xe thiét ké trén phan 2022.044
mém

2 Hé thdng treo va cau Cau trude 220
Cau sau 400
Hé thdng treo trudc 120
Hé thdng treo sau 250

3 Hé thong truyén dong | Pong co 460
Hop s6 6MT 110
Truc cac dang 40
Ly hop, bd vi sai 80

4 Hé thong phanh, 1ai, Hé théng phanh 150

truc banh ;

H¢ thong 14i 90
Moay-o0, b bi, truc banh 150

5 Hé thong dién, diéntir |2 binh ic quy 12V/120- 90
150Ah
May phat, may khéi dong 30
Day dién, hop diéu khién 40
ECU
Hé thdéng chiéu sang, coi, 50
bang tap-16
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6 Than vo va nodi that Cira xe 150
Ghé 14i + 28 ghé hanh 230
khach
Nén san, 6p san 300
Cach am, cach nhiét 80
Kinh xe
Tay vin, rém 50
Vo than xe 1300

7 | Hé théng diéu hoa, giai | Dan lanh + dan néng diéu 100

tri hoa
M4y nén lanh (gin dong 40
CcO)
TV + loa 10

8 Dau m& va dung dich | Dau may 10

kg thuat ‘ —
Dau hdp s6 + cau 12
Dau phanh, nudc 1am mat 10
Céc chét long khac 30
Binh nhién li¢u + 100
day nhién liéu

9 | Trang bi khéac Lép va mam (bao gbém 330
banh du phong)

Dung cu ctru ho 10
Binh chira chay 5
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Tong khdi luong khong tai cia xe: Go = 7059,044kg ~ 7060kg
3.7.2. Xac dinh trong luwong toan bo [1]

G=G,+nA+G, (kg 3.1
Trong do:
A: Trong lugng trung binh mot hanh khach. Chon A = 68Kg
Gni: Tai trong toan bd hanh ly. Chon Gn = 300K g
n: S6 nguoi (28 hanh khach va mot tai xé)
G =7060+29.68+300 =9332 (Kg)
3.7.3. Phdn bé tdi trong trén é t6 thiét ké
% Phan b tai trong 1én cau trudce va cau sau

Hé s6 phan bo tai trong 1€ cau trude va cau sau lan luot 13 0,35 va 0,65

Tai trong phan bd 1én cau trudce va ciu sau khi day tai dugc xac dinh theo cong

thire 11-26 [2]:
Z =0,35.G =0,35.9332 =3266,2(kg) (3.2)

Z,=0,65.G =0,665.9332 = 6065,8(kg) (3.3)

Tai trong phan bd 18n cau trude va cau sau khi khong tai dugc xac dinh theo cong

thirc T1-26[2]:
Z, =0,35.G =0,35.7060 = 2471(kg) (3.4)
Z,, =0,65.G =0,665.7060 = 4589(kg) (3.5)

% Xac dinh toa do trong tdm theo chiéu doc
Goi a la khoang cach tir trong tam dén cau trudc
b 14 khoang cach tir trong tim dén cau sau

Ta c6 phuong trinh cin bang momen d6i c6i cau trude khi day tai:
Z,L=G,a (3.6)

Trong d6: L = 4,3m: chiéu dai co so clia xe
g Z,.L _6065,8.4,3

G, 9332

b=L-a=43-2,795=1,505 (m)

=2,795 (m)

Tuong ty d6i v6i khi khong tai
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L _ZpL _4589.43
G 7060

b=L-a=43-275=1,55  (m)

=2,75  (m)

% Xac dinh toa do trong tam theo chiéu cao

Chiéu cao trong tam 6 t6 dugc xac dinh trén co s& can bang chiéu cao khoi tam

cac thanh phan trong lugng.

> G.h,

Ta co: (3.7)

Trong d6: hy: Toa do trong tam 6 t6 khach theo chiéu cao
Gi: Trong luong cac thanh phan cta 6 t6
hgi: Toa do trong tam cua cac Gi theo chiéu cao
Dé thuan tién cho qua trinh tinh toan, ta 1ap bang gia tri gia tri trong luong va toa
d6 trong tam theo chiéu cao ctia cac thanh phan.
Bang 3.4: Gia tri gia tri trong luong va toa do trong tam theo chiéu cao cta cac
thanh phan.

Hang muc Khéi lwong | Chiéu cao trong tAm wéc Gi.hgi
(kg) Gi lwong (mm) hgi
Khung xe 2022 600 1213.2
Cau trude 220 450 99
Cau sau 400 450 180
Hg¢ treo trudc 120 500 60
Hg¢ treo sau 250 500 125
Dong co 460 650 299
Hop s6 6MT 110 600 66
Truc cac dang 40 500 20
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Ly hop, b vi sai 80 500 40
Phanh 150 550 82.5
Hé thdng 14i 90 700 63
Moay o, 6 bi, 150 400 60
truc banh

Ac quy 90 500 45
May phat, khoi 30 600 18
dong

Day dién, ECU 40 1000 40
Chiéusang, taplo 50 1100 55
Ctra xe 150 1100 165
Ghé 14i + hanh 230 800 184
khach

Nén san, 6p san 300 600 180
Cach am, cach 80 1600 128
nhiét

Tay vin, rém 50 1600 80
Vo than xe 1300 1400 1820
Dan lanh + nong 100 2500 250
PH

May nén lanh 40 650 26
TV + loa 10 1800 18
Dau may 10 500 5
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Dau hop s6 + 12 500 6
cﬁu

Dauphanh, nudc 10 800 8
lam mat

Cac chat long 30 800 24
khac

Binh nhién liéu 100 500 50

+ nhién liéu

Lbp va mam 330 400 132
Dung cu ctru ho 10 600 6
Binh chira chay 5 600 3
Binh nhién liéu 100 500 50

+ nhién liéu

Toa d¢ trong tam theo chiéu cao khi khong tai:

, _2.Gha _5600.7
o8

=0,793 (m)
G 7060

Khi xe bus day tai s& c6 trong luong ngudi va hanh 1y tuong Gng véi tao do trong

tam lan luot 1a: 1050mm va 500mm
Toa do trong tadm xe bus khi déy tai:

> G, .h, +m,.1050.107 +m,;.500.10”
G

a

hg = =0,838 (m)
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3.8. Xac dinh ban kinh quay vong cua xe bus

— 5 A
c B
Bl _|m L]
1\ B:
AL s
s F
A ¥
-
B ¢ =
R 0 . :
Le »7
.~
0

Hinh 3.16: Béan kinh quay vong cua xe
- Ban kinh quay vong nho nhat tinh dén tam truc doc cua xe:

R:OB+§:L+i (3.8)
2 tana 2

Trong do:
L =4,3m : Chiéu dai co s& cia xe
B1=1,738 m : Khoang cach gifra hai banh xe sau
a =35°: Goc quay vong cua

== R=7m

- Ban kinh vong quay gidi han phia trong cta xe

B-B
R, =0B—-AB=0B- ! (3.9
Vi B =2,25m: chiéu rong toan b xe
=> Rr=5,88m
- Ban kinh quay vong gidi han phia ngoai cua xe
R, =0OE+ 4B
OE =L +0C* =\|L' +(OB+B,)’ =8.97m (3.10)
=> Rn=9,23m
- Hanh lang quay vong cua 0 to:
H,=R,—R =3.09m (3.11)
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- bibu kién dé xe quay vong khong truot
Bl
cotanﬁ—cotana:f (3.12)
=> G6c quay vong khong truot: S = 28,6°
3.9.Tinh 6n dinh doc ciia xe

3.9.1. Tinh on dinh doc ciia 6 té

4.3.1.1.Khi xe 1én ddc

Hinh 3.17: So d luc va momen tac dung 1én xe khi 1én dbc

Khi 6t6 1én doc chuyén dong 6n dinh véi toée do thap do vay cac luc can gio,

luc quan tinh c6 thé bo qua va anh hudng cua luc can lin coi nhu khong dang ké.

Vi so dd tinh toan nhu Aink 4-2, ta x4c dinh duogc gbc dbe gi61 han ma xe bi

1at khi xe chuyén dong 1én ddc la:

G.b.cosa,—G.hg.sima, =0 (3.13)
b
= tana, =— 3.14)
hg
b 1,55
Khong tai: tang, = —=—"——-=1,95
o e T 0,793
=> q;=62,8°
. 1,505
Pay tai: tanq, = -~ == =1,79
RO 0,838

24

=> Ool1 = 60,80

4.3.1.2. Khi xe xubng déc
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Hinh 3.18: So dd luc va momen tic dung 1én xe khi 1én ddc

Goc doc gidl han ma xe bi 1at khi xuéng doc

G.a.cosa'\—G.hgsina' =0 (3.15)
a
tana'| = — (3.16)
hg
a 2,75
Khong tai: tana', = —+=—"—-=3,46
o e T, 70,793
=> a' =738
. a 2,795
Khi day tai: tana', = —=—"—-"-=3,33
O e T, T 0,838
=> o' =73,28°

3.9.2. Tinh on dinh ngang ciia xe

M,,,/__\

Hinh 3.19: So db tinh toan 6n dinh ngang ctia xe bus
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4.3.2.1. Tinh 6n dinh ngang khi xe chuyén dong trén duong nghiéng

Gia thiét trj s6 mémen cua cac lyc quan tinh tiép tuyén M, tac dung trong mit

phang ngang khi xe chuyén dong khong on dinh 13 nho, ¢6 thé bo qua Mj, ~ 0, ta co:

C
ta = —— 3.17
gp o, (3.17)

Trong do
B: goc giGi han ma xe bi 14t db
C: khoang cach gitra hai vét banh xe sau, C = 1740 (mm)

1740
tgh = — 1,038 = B = 46,06
b= 5 833 =P

4.3.2.2. Tinh 6n dinh ngang khi xe chuyén dong quay vong trén dudng nghiéng
ngang
Gia thiét mat duong bang phang va ngang. Khi 6t quay vong trén mit dudng

nghiéng ngang (hinh 4-4) thi tdc d6 gi6i han nguy hiém cia 6t6 1a:

Vo= 1/ 9-R.t9B max (3.18)

Trong do
V@ Van toc gidi han nguy hiém khi 6t6 bi 1at;
Rumin: Ban kinh quay vong bé nhat ctia 6t6, Rimin = Rt = 5,88 [m];
g : Gia toc trong truong, g = 9,81 m/s.
= V=773 [m/s] = 27,828 [km/h]
Diéu kién dé 6t6 bi trugt trude khi bi 1at d6 1a:
Vo < Vi (3.19)

V- Van toc gi6i han khi 6t6 bi trugt ngang.

V, = {9R-0y (3.20)

@y - H¢ s6 bam ngang cua dudng va banh xe.

Két hop (4.18), (4.19) va (4.20) ta c6 diéu kién:
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C

Qy < ﬁ =1,038
e
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3.10.Tong két

Chuong 3 d3 trinh bay toan dién qua trinh tinh toan va thiét ké két ciu khung vo
xe bus 29 chd, bao gdm viéc xac dinh kich thuée tong thé, bd tri khong gian bén trong,
cac hé théng chinh va ciu tao khung chiu luc. Dua trén mau xe tham khdo, cac thong )
dugc didu chinh hop 1y nhim dap tmg yéu cu st dung thuc té, dam bao kha ning van

hanh, tinh céng niang va phu hop vé6i quy chudn hién hanh.

Phan thiét ké khung vo duogc xay dung theo mo hinh két cau khong gian, sir dung
cac loai thép hop c6 tiét dién va do day phi hop véi ting vi tri lam viéc, dam bao nguyén
tac phan tai, chiu udn — xoan hop 1y. Cac hé théng nhu truyén luc, treo, diéu hoa... ciing
duoc bd tri sao cho tbi vu khong gian va thuén tién cho van hanh va béo tri. Tu viéc tinh
toan phan bd tai trong, toa do trong tAm va ban kinh quay vong, mé hinh xe budc dau

dap Gmg yéu cau vé tinh 6n dinh, linh hoat khi khai thac thuc té.

Két qua thiét ké trong chuwong nay 13 co s& quan trong dé xay dung mé hinh s6 3D
va tién hanh mo phong kiém nghiém do bén, bién dang va ung suét cta két cau khung
v6 bang phan mém ANSYS ¢ chuong tiép theo. Pay 1 budc lién két chit ché giira thiét
ké 1y thuyét va kiém chiig bang mo phong s, tir 46 timng budc hoan thién va ti wu hoa

két cau xe bus trong toan bo qua trinh nghién curu.
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CHUONG 4: PHAN TiCH PO BEN KET CAU VA PAC TiNH KHi
PONG HQC BANG ANSYS

O day ta thiét ké bo khung 1a loai khung gam khung khong gian va cdc mang
khung s& dugc gin lién véi nhau thanh mot khdi hoan chinh khéng tach rdi nén ta s&

dung phan mém ansys dé kiém nghiém bén cho khung v6 xe bus da thiét ké.

4.1. Céc buéc giai bai toan kiém nghiém bén trong ansys

Khoi dong phan
mém va lua chon —>
Analysis Systems

Thiét 1ap cac thong

sé vat licu —>| Xay dung mo hinh

v

) Gan céc tai trong,
Chia luydi doi tuong cac di€u kién tac
can kiém tra dong 1én doi tuong
can kiém tra

Gan vat liéu va thiét
1ap ran bude

v

Chon yéu ciu kiém
tra va chay ra két —>
qua

Phaén tich két qua va
toi uvu hod moé hinh

Hinh 4.1: Cac budc giai bai toan trong Ansys
4.1.1. Khéi dpng phin mém va lwa chon Analysis Systems

- Trong Toolbox ctia ANSYS Workbench cé nhiéu Analysis Systems dé st dung
tinh giai bai toan mé phong. Mi loai déu cé dic tinh riéng phi hop cho timg truong
hop, loai bai toan khac nhau. Ta dang thuc hién giai bai toan kiém nghiém bén cho khung
xe bus da thiét ké nén s& st dung Static Structural. Day 13 phuwong phap phu hop nhat
d6i v6i viée tinh toan vé tng suét, bién dang cua ddi twong dudi tic dong cla cac tai

trong.
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Hinh 4.2: Khoi dong phan mém Ansys

- Kéo tha Static Structural vao Project Schematic hoac nhay dup chudt vao Static

Structural.

File View Tools Units Extensions Jobs Help
BB

2| & &| /[HProject\
: |¢‘~;.Recannect |#) Refresh Project # Update Project | B ACT Start Page

T

[ Coupled Field Static &
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v
1
¥ Explicit Dynamics 2 | & Engineering Data
3
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A

& Fluid Flow - Blow Molding (Polyflow) =
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5 1C Engine (Fluent)
¥ Ls-DYNA
¥ LS-DYNA Restart
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il Modal
& Modal Acoustics
{ili Random Vibration
fili Response Spectrum
i Rigid Dynamics

*, SPEOS
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Static Structural 9
T
e
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TS
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View All / Customize...

Ready I Job Monitor.... | No DPS Conne:
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Hinh 4.3: M¢ Static Structural

4.1.2. Thiét Igp cdc thong so vit ligu

- Trong thu vién Ansys Workbech c6 hd tro cac loai vat liéu kha da dang va phé

bién nhu céac loai: Thép, sit, ddng, nhom, nhya tong hop, bé tong,... va cac thong sb

duoc thiét lap cho céc vat liéu nay déu rats cu thé. Ngoai ra chung ta co thé tu dinh nghia

vat liéu cho mo6 hinh néu thu vién khong cé hodc khong dap tng ti€u chuan.

- Vao muc Engineering Data.

- Thém cac vat liéu.

Qutline of Schematic A2: Engineering Data * o x
A B | C D E
1 Contents of Engineering Data A3 Source Descriptian

2 = Material

3 ALE061-T6 = @ E:\DATM\taitinh\taitinh_file:
4 Q345 = O E:\DATM\taitinh\taitinh_file:
5 55400 ~| [ E:\DATN \taitinh\taitinh_file:

Structural Steel

~| [[] | = General_Materials.xml

Fatigue Data at zero
mean stress comes
from 1998 ASME EPV
Code, Section 8, Div
2, Table 5-110.1

Click here to add a new material

A B C D |E
1 Property Value Unit (][]
2 EI Material Field Variables [ Table
3 % Density 7350 kam~-3 EO|mE
4 % Isotropic Elasticity [l
5 Derive from Young's Modulus and Poisson's Ratio LI
-1 Young's Modulus 2E+11 Pa ;I O
7 Poisson's Ratio 0.3 [}
8 Bulk Modulus 1.6667E+11 Pa =
g Shear Modulus 7.6923E+10 Pa |:|
10 %4 Tensie Yield Strength 3.45E+08 Pa =HE|E
11 2 Compressive Yield Strength | 3.45E-+08 Pa i | )|
12 @ Tensile Ultimate Strength 4, TE+08 Pa =HO|E
13 E‘ g;;s;i:sive Ultimate 3.45E408 Pa LI mlE

Hinh 4.4: Bang cai dat cac thong sb vat liéu

- Ta nhép cac thong so6 vat li€u cia bang 3.2 vao.

4.1.3. Xdy dung mo hinh

- Ta thiét ké mo hinh trén phﬁn mém Inventor, luu file dudi dang duéi .igs hodc

.Stp.

- Nhan vao geometry, ta chon file-> open -> chon mé hinh 3d da luu.
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VUA (".vada)
VRML (*wrl)
All Files (*.%) b
ﬂ SpaceClaim files (*.scdoc) w
Open Cancel

Hinh 4.5: Chinh ché d6 xem dé c6 thé hién thi file da luu

- Tai Repair, sir dung cac cong cu dé kiém tra xem mo hinh c6 161 gi khong va

chinh stra.

i Transent Structural

ASSim Dy ao Workeomn Dot Shaat Mated

r - Foce Preg x1 -
Mrome = R Sl = 2 (G s l\ R Curve Gugm G DSmatFocen ¥ Draghten
- @ Caps x Duphcate Clrven O Smpldy = lwinz

R D was
o-@ B MamiigFocm  Edge Cuves “N\SwalCurves  Focw DinamnctEge (B Tangeecy
Onmet Hargam SNty Fax Fx Curvesy Adunt

Hinh 4.6: Céc cong cu kiém tra 15i
4.1.4. Gan vit li¢u va thiét lgp ran bujc
- M& giao dién Mechanical bang cach nhay dap vao Model.

- Tién hanh cai dat lai vét liéu cua cac bd phan trong md hinh theo cac budc
Geometry -> Material -> Gén vat lidu cho timg phan ciia khung xe.

BET  Toum

D . My Computer - £ =|
o Q rina v Distributed a2
> A ¥
taTres* | Cores 2 e
Outire wolw
Duthne -y DOx
Name - -
B rroject ~
= [ Model (M)

— W Georrmiry
=P ¥hang gam{Z)'Sakd 1
> Thiken (7)ol Enginearing Data Materieh
% Thken (1)\Sehdt
» % M&%inh ok nsond |
»'§ MiNh ghiroSelds
» B MA%Eng sau\Sobd
» & bmarhartdysau\fokd
> W otsanartyruec ) \Sokd 1
»' % bsarhartiptruac]2) Gkl
*U gadothurgriverbe. Solt L
@ Wik mliGokd |
» B MurgdatoaGokd !

Wates Ligued
Saructursl Stesd

e

03438
2% losghe\Sokdt ¥3400
o' loighe Gk
&% loghe Soka
Detaits of “Khung gamid) Sod)
« Gaaphics Propertien
= Defstion
Suppreried o
etness Beravior Flestiln
Coordinate System Detault Coordinate Syttem
Reterence Temperature Oy [rveonment

ALS0sY

Shructutel Steel

R RAb 2 2 A

‘.
<
a

Trestment Mome
= Materisl

4l

Mankinear Etfects o)

Thermal Stram Effects | sy I l
- Sounding Box

+ Properties
= Statistics
- CAD Attnbates

Hinh 4.7: Cai dat vat liéu
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- Tai nhanh Materials, ta chon thé geometry dé kiém tra xem da dt lai vat liéu hét

chua. Con bo phan nao dé nguyén liéu thép mic dinh cua ansys hay khong.

Outline +viOXx QQIE‘U e

Name w | Search ithne | W =
[ project S
= (@ Model (A4)
- /[ Materials
st Coordinate Systems
- /%) Connections
- Mesh
L Static Structural (AS)
- /[H] Analysis Settings v

Details of "Materials" : : : e B OAX

O-8-8-8-8-8

Hinh 4.8: Kiém tra lai viéc diéu chinh vat liéu ctia mé hinh

- Tai khung Outline, ta lan luot mo rong nhanh Connections-> Contacts. Tai day

ta s€ cai dat cac di€u kién ran budc gilra cac khoi body.

- Khi Import mé hinh 3d véo ansys thi phan mém di ty dong thiét 1ap cac mdi ran

budc nay nhung n6 chua chinh x4c nén ta phai kiém tra va cai dat lai.

- Kiém tra lai cac 6 1a Contact, Target xem cac bo phan gin két véi nhau cua céac
body da diing chua va thay doi lai cho dung. Kiém tra luén lai loai ran budc ¢ Type, &
day ta déu cai dat loai ran budc 12 Bonded.

Flame - " -
J® = -

.!—
« A Sorce - g g2 Sodl To Thiler

« T Sandedd g gendaSahd s To Mitn

< T Borated! - Onug GunlT) St t To g
W Sorndedd - O sen( D%k L To et ¥
A »

aa “_.e G O+ QAR 5 Comutheg Ve ~§Ox

HED WO e

Ditacts of ‘Bt - ¥vung goiid) betad! T Tiere § 3 X

= fope - BN
Scopeng Mrthod Geamatry Selectian
Comtant L
Terget 1 Pare
Covmtact Dodwes
Target Bodees
etectee e
Oefamen J
Tme Berass
Sreoe Mzde et
Behmine Sagam Ctishen
Triw Cartact Fergam Contiskee
Sappreiied e
= Meaaced
Zarmaeaton Frapam Covtrbae Y .
e Shimg _h:po- Comisbee . ~ -1 ?‘\
Datasen Uemed Sigem Catticten trervy &5 Y "-\_, ool )’1\
Penemastian Toeraner [ Poprem Conttotod _‘_ ) — 5 - A
Tty g Tawiance Poagan Cartishes -

Hinh 4.9: Giao dién lam viéc dé thiét 1ap lai cac ran budc gitta cac body
4.1.5. Chia luwoi
- Chia luéi 13 budc co tinh quyét dinh trong qua trinh tinh toan. Do chinh xac cua
viéc tinh toan s& cang chuan xac khi luéi cang min, mo phong két qua cang gan két qua
thuc té, dic biét 14 tai cac vung bién dang, ung suat 1om.
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- Ludi cang min thi s6 phan tir cang nhiéu dan dén thoi gian tinh 14u hon, yéu cau
vé tai nguyén may tinh cang 16n. Vi vay phai chia lu6i hop 1y dé can bang gitt d6 chinh
xac va kha nang ctia may tinh.

- Viéc chia ludi khong hop 1y c6 thé gay sai s6 16n, hoi tu kém, hodc mo phong bi
16i. Chia ludi kich thudc phan tir qué nho thi c6 thé cho ra két qua sb lugng phan tir va
nut qua nhiéu. Khi tinh toan nét may tinh khéng dap tng dugc thi phan mém sé& bao 15i

va dung viéc tinh toan lai.

- Qua trinh tao ludi tu dong trong Ansys Workbench sinh ra luéi dya trén kich
thude phan tir chung, mirc sai 1éch va dic diém kiém soat ludi. Viéc kiém soat ludi cho

phép xac dinh ¢ cac phan tir cho cac chi tiét, cac bé mit, canh va dinh.

- Pdi v6i bai toan bién dang 16n nhu kiém nghiém bén cho khung xe bus thi ludi
yéu cau phai min hon & nhung vung quan trong. Ta c6 thé chu dong kiém soat cach chia
lu6i bang cach thém cac 1énh Sizng va thiét 1ap cu thé.

- M& Model trong Static Structural.

- Tai phan Mesh:

+ Nhay chudt phai vao Mesh (¢ khung Outline)->insert->Sizing.

+ Tai geometry ta tién hanh chon body rdi apply, nhan gitr phim Ctrl dé chon nhiéu
body 1 luc.

+ Tai Element size ta cai dat kich thudc ludi. Chon Body sizing trén khung outline

r0i F2 hodc nhay chudt phai chon rename dé d6i tén cho dé phan biét.

+ Tai phan thiét 1ap mesh chung, ta chinh Target quality tir 0.01 (mic dinh ban dau
ctia ansys) 1én 0.3 dé nang muc chit luong phan tir dugc chia ra co chit luong trung
binh, du tét dé tinh toan. O diy mirc cao nhat 1 1 cac phan tir hinh hoc 1y tuéng nhu
tam giac déu, t&r dién déu,... nhung nhu vy s& gay kho khin cho viée tinh toan mesh.
Con 0 1a chét luong kém nhét, phan tir s& bi bop méo ning. Ta thiét 1ap 0.3 1a du dap
g 10i.

+ Tai phan mesh chung, ta thiét lap yéu cau vé chat lwong cua ludi. Thiét lap
Smooting la Medium hoac High.

+ Neéu can d¢ chinh x4c cao hon cta két qua tinh toan thi c6 thé tao thém cdc sizing

tai cac beé mat, vi tri vung lién két, vi tri chiu tai.
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Hinh 4.10: Két qua chia luéi

- Viéc thiét 1ap thu cong cac 1énh Sizing da gitip ta c6 duge két qua chia ludi tot
dep, véi1 do min cua ludi tai bd phan khung gﬁm s& min hon cac bo khan khac. S6 luong

1u6i cling nam & mic vira da nam trong kha ning dép ung ctia may tinh.
4.1.6. Gdn cdc tdi trong, cdc diéu ki¢n tic dong ( Thiét lap diéu ki¢n bién)
- Trong Setup:
+ Gan lyc: tai trong mé phéng hanh khach ngéi, ghé, tai xé, dong co, hop s0,...

+ Gén lién két: Cac chd gin két véi bé d& hé thong treo hoic 16p xe dugc ding
1énh Fixed Support dé ¢ dinh.

+ Cac diéu khién khac nhu Standard Earth Gravity (trong luc), Acceleration (gia

téc), Remote Force (06 dinh c6 thé tu thiét 1ap).

Bang 4.1: Bang cac thong s6 tai trong

Céc tai trong tac dung Gia tri (N)
DoOng co 4508
Ly hop 294
Hop sb 1078
Ghé 1ai 294
Ghé ngoi 196
Heé thong diéu hoa 833
Binh nhién liéu khi chira nhién 980
lidu
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Kinh chin gio trude 441
Kinh chan gi6 sau 245
Kinh ctra s6 98
Hanh khach 666.4
Hanh Iy 2940
Tai trong 1én 1 bau hoi trudc 16004.38
Tai trong 1én 1 bau hoi sau 14861.21
Heé thong lai 294
Cum bom dan dong bang dong co 294
Hé thong 1am mat 196
Cira 1én xudng 400
Thiét bj chita chay 147
Hé thong deén chiéu sang chay doc 250
than xe

Cum dén chiéu sang dat o dau xe 343
Binh c quy (24V/150Ah) 441

Hinh 4.11: Thiét lap diéu kién bién.
4.1.7. Chon yéu ciu kiém tra va chay ra két qud

- Vao Solution chon cac dai lugng can gidi nhu Total Deformation (bién dang

téng), Equivalent Stress(von-Mises). Thuc hién bing cic budc sau:
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+ Di chuyén chu6t t6i khung Outline.
+ Chuot phai vao c6t Solution -> Chon Insert -> Chon Deformation -> Chon Total.

+ Chudt phai vao cot Solution -> Chon Insert -> Chon Stress -> Chon Equivalent

( von-Mises ).

- Nhan Solve dé tién hanh tinh toan.

Setting Insert ’

n (A6) 5 v

Solve

[AS) - '
EY  Export Nastran Fi| Solve
5t (0 Duplicate % é Start the solution process

using the current solve

St @ Clear Generated | process settings.

Delete
(1) Press F1 for help.

ure |22 Rename

X

Ni = :
L] Group All Similar Children
=

Open Solver Files Directory

Hinh 4.12: Ansys tién hanh giai bai toan

4.1.8. Phén tich két qud va téi wu hod mé hinh

Phan tich két qua thu duoc:

- Tai két qua Equivalent ( von-Mises ) Stress so sanh xem ng suit 16n nhét véi
gi61 han chiu lyc cua vat liéu:

+ Néu ung suét 1on nhat 16n hon gi61 han chay cua vat liéu ché tao bod phan tai do
=>Két cau s& hong. Nén tién hanh gia cd.

+ Néu ung suét 1én nhéat nho hon gi61 han chay cua vat ligu ché tao bd phan tai do
=>Két cAu an toan.

- Tai két qua Total Deformation, kiém tra do bién dang 16n nhat dé xac dinh xem
c6 anh huong dén két ciu, viée lap rap cac chi tiét khac 1én xe hay khong.

- Phén tich hé s6 an toan: Xéac dinh xem két ciu duoc thiét ké co qua thira bén (gay
ning) hay qua yéu (can gia ¢d). Co thé t6i wu vé khdi lugng nhung van phai dam bao

du do an toan.
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- Xac dinh vi tri nguy hiém nhét (ving c6 tng suét tip trung cao nhat hay bién

dang 16n nhat).

- Théng qua qua trinh phan tich két qua ta tién hanh chinh stra mé hinh lai nhirng

diém chua hop 1y, sau d6 tién hanh mé phong lai. va ctr 1ap lai vong lip nhu vay.
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4.2. Kiém nghi¢m véi cac diéu kién tii trong co ban
4.2.1. Truwong hop chiu tdi tinh
4.2.1.1. Bat lyc va thiét 1ap cac diéu kién bién.

- Géan Force dé mé hinh hod céc tai trong tac dung 1én khung xe.

IRK » GAAE weSNuwe FORYSBEEN ~

[ T

B ran i ~T<E

o ——
..... o e - AN
= Vo e
P Rtk
Seevets mnd Oy -

T e e -

Hinh 4.13; Gan Force

- Cai dat Standard Earth Gravity dé mo phong trong luc. Tai Direction chon

huéng cho trong luc dé phi hop véi mé hinh dang 1am. O day ta chon huéng cia trong
luc 1a -Y.

QAA8 wnSvwae TS SEEES *u D

Dt [y | @t * Sty @O

Hinh 4.14: Cai dat Standard Earth Gravity

- Dung Fixed Support dé ngam cac vi tri lap hé thong treo.
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Hinh 4.16: Céc luc dat 1én mo hinh truong hop tai tinh
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

4.2.1.2. Két qua thu duoc va phan tich

Bién dang: Két qua cua Total Deformation.
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Hinh 4.18: Bién dang vi tri dat diéu hoa
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Hinh 4.19: D6 bién dang cua mdt dudi khung xe

- Phan mai 12 phan c6 bién dang 16n nhat, dat biét 1 vi tri dit diéu hoa, do bién
dang 1én t6i 2.0279mm. Nhin t6n thé thi khung mai c¢6 xu hudng bién dang vong xudng
& giira, nhitng cling chi nhiéu nhat 13 2.0279mm, tién vé phia 2 dau thi do bién dang
phan mai giam dan.

- Phan dudi xe va dau xe déu ¢ xu hudng bién sang cong xudng, phan dudi cong
hon dat biét a vi tri khung ghé phia sau, do bién dang dat t&i 1.8561mm.Do bién dang
giam dan vé giit khung. Do tai day bo khung gam du viing chai dé tiép nhan cac tai trong
ma khong bi bién dang.

Ung suat: Két qua ciia Equivalent (Von-Mises) Stress.

Hinh 4.20: Ung suét truong hop tai tinh
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Hinh 4.22: Ung suét tai ving phia sau dudi khung xe
- Ta ¢6 tng suét 16n nhat 1a 86,284Mpa, muc Gng suat nay suét hién tai vi tri c6
dinh bau hoi vao bé d5. Ta thiy dugc 86,284Mpa<345Mpa(gidi han chay cho phép cua
thép Q345 dung ché tao khung gdm) => Két cAu khung dam bao. Ung suit tip trung

xuat hién nhi€u ¢ cac vi tri gan diém dat bau hoi vi day 1a vung chiu anh hudng 16n cia
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phan lyc tir mit dudng va ving dit cum tong thanh dong co vi ddy 1a noi bd tri cac bd

phan c¢6 tai trong 16n.

Hé s6 an toan: Két qua cua Safety Factor.

Hinh 4.23: Hé s6 an toan truong hop tai tinh
- Gia tri nho nhat 13 3,8394. Két ciu khung xe dam bao yéu cau vé do bén trong
truong hop tai tinh.
4.2.2. Trwong hop phanh gip
4.2.2.1. Pat lyc va thiét 1ap cac diéu kién bién

- Tai trudng hop nay ta dung Point Mass dé mo hinh hod cac khéi luong tac dung
1én khung xe. Vi day 1a bai toan c6 sy tham gia cua gia toc s& tic dong 1én cac vat thé
mang khéi lugng nay tao ra lyc. Néu dung Force dé gan lyc nhu da lam & truong hop
tai tinh thi bai toan mo phong s& 16i, két qua khong dung nhu mong mudn.
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Hinh 4.24: Gan cac Point Mass 1én mo hinh
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- Bac Standard Earth Gravity dé mé phong trong lyc.

- Dung Fixed Support dé neo giit mo hinh tai cac vi tri nhu da lam & truong hop
tai tinh.

- Thiét 1ap gia toc theo phuwong nguroc chiéu chuyén dong, d6i véi mo hinh t dang

mo phong thi chidu gia téc nguge nay sé 1a chiéu -Z.
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Hinh 4.25: Thiét 1ap gia toc
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Hinh 4.26: Cac lyc truong hop phanh gip
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4.2.2.2. Két qua thu duoc va phan tich

Bién dang: Két qua ctia Total Deformation.

MERTEEETS o ety e -

(R

AN %lmralmn 7

r“ AR A P VNP~ B

y ﬂ-"‘.‘ e | N B T S T e

t‘-—
-

J0 mnll)l

mii

Hinh 4.28: Bién dang phan mai
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Hinh 4.29: Bién dang tai vi tri dat dong co

- Két qua tinh toan mo phong cho thiy duoc khung xe bién dang don vé phia trudc

do phanh gap.

- Phan bién dang nhiéu sau d6 tir tir giam bét khi truyén dan vé phia sau. Nhung &
Vi tri lép diéu hoa, bién dang ¢ day cuc dai 2.3992mm. Tai vi vi tri nay & trén cao hon
X0 Vi trong tAm xe, khi phanh gip luc qua tinh do khéi diéu hoa tao ra truyén ngay t6i
phan mai. Phan mai thi lai khong c6 két cAu ving chic nhu phan gam. Do bién dang

giam dan khi truyén vé phia sau xe.

- Vi tri dat dong co cling bi bién dang. Céc noi dé ¢b dinh khéi dong co cling bi

xoan do luc quan tinh ctia khéi dong co sinh ra. Du rang d6 bién dang khong 16n

Ung suit: Két qua cia Equivalent (Von-Mises) Stress.

Hinh 4.30: Ung suét truong hop phanh gip
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Hinh 4.31: Ung suit cuc dai tai vi tri dat dong co

- Ung suit cuc dai tai vi trf dat dong co do 16n 247,24Mpa<345Mpa => Két cau
van an toan. Ung suat sinh ra do lyc quan tinh ctia khdi dong co khi phanh gap 16n, 1am

xuét hién mo men xoin tai vi tri ¢b dinh dong co.
- Ung xut cuc tiéu 1a 0,22447Mpa gan bang 0. Khong c6 Gng xuat am.

H¢é s6 an toan: Két qua cua Safety Factor.

Hinh 4.32: Hé s6 an toan truong hop phanh gap

- Hé s6 an toan nho nhat 1a 1,3954. Vay nén mé hinh c6 két ciu an toan.
4.2.3. Trwong hop xe quay vong bén phdai

5.2.3.1. Dat lyc va thiét 1ap cac diéu kién bién

- Tién hanh dat lyc va diéu kién bién nhu truong hop phanh gap.

- Thay doi tai cai dat gia toc. Thiét lap gia toc quay vong cho xe theo phuong X,
huéng -X. D9 16n ciia gia toc 1a 440
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Hinh 4.33: Thiét 1ap gia toc cho truong hop queo phai

Hinh 4.34:C4c lyc truong hop xoay vong queo phai
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

4.2.3.2. Két qua thu duoc va phan tich

Bién dang: Két qua ctia Total Deformation.
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Hinh 4.36: D6 bién dang 16n nhit trong trudng hop queo phai

- Khung xe bi bién dang nghién vé hudng duong truc X do luc ly tam. Pac biét 1a
phan phia trén cua khung xe, do bién dang nay giam dan khi truyén xudng do phan két
cAu phia dudi c6 khung gdm rat vimg chii. Do bién dang 16n nhit 1a 2,082mm.

- Co thé thfiy su chénh 1éch vé do bién dang cua hai bén than. Mang than bén phai
chiu bién dang nhiéu hon bén trai. Do & day truc tiép bién dang, con mang than bén trai
thi d6 bién dang nay co thé truyén di qua cac thanh gidng ngang trén mai hay céac thanh
ngang trong khung gam, san,... dé truyén bdi luc quan tinh sinh ra di nén bién dang it
hon.

Ung suit: Két qua cia Equivalent (Von-Mises) Stress.
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

Hinh 4.38: Ung suét tai vi tri dat cau trudc
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\E~

Hinh 4.39: Ung suét tai phan dudi xe

- Ung suét 1én nhét xuét hién tai vi tri dé gén bau hoi phia trudc,
147,26Mpa<345Mpa => Két ciu van an toan.
- Xung quang phan dit bau hoi ciing xuat hién nhiéu Gmg xuat tap trung tai vai vi

tri. Nhung déu chua vuot ngudng cho phép.
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H¢ s0 an toan: Két qua cua Safety Factor.
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Hinh 4.40: Hé s an toan cia trudng hop queo phai

- Hé s6 an toan thap nhét 1a 2,3428. Két cau khung an toan trong trudng hop chiu
tai khi queo phai gap.

4.2.4 Truong hop xe quay vong bén trai
4.2.4.1. Pit lyc va thiét 1ap cac diéu kién bién
- Tién hanh dat lyc va diéu kién bién nhu truong hop phanh gap.

- Thay d6i tai cai dat gia toc. Thiét 1ap gia téc quay vong cho xe theo phuong X,
hudng X. Do 16n cua gia toc 1a 440
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Hinh 4.41: Thiét 1ap gia tdc cho truong hop queo trai
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Hinh 4.42: Cac lyc va diéu kién dit trong tredng hop quay vong queo trai

4.2.4.2. Két qua thu duoc va phan tich

Bién dang: Két qua cua Total Deformation.

Hinh 4.43: Do bién dang trong truong hop quay vong queo trai
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus
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Hinh 4.44: Su khéac nhau vé d6 bién dang hai bén than

- Khung xe bién dang v& bén phai . Do bién dang 16n nhat 1a 2.0548mm.

- Nhur trong hinh ta thy duoc d6 bién dang cua phan phia trén khung xe s& 16n
hon nhiéu so véi phan dudi. do phan dudi c6 khung gam ving chai hip thu dugc luc
gdy bién dang nay va truyén vé vi tri neo. Khung gam dii bén dé khong bi bién dang khi
thuc hién truyén luc nay.

- C6 sy khac nhau ciia d6 bién dang 2 bén than. Do phan than bén phai khi chiu
luc gay bién dang thi c6 thé truyén tai sy bién dang nay qua cac thanh ngang trong mo
hinh dé giam bét d6 bién dang.
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Ung suit: Két qua cua Equivalent (Von-Mises) Stress.
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Hinh 4.46: Ung suét suat hién quanh vi tri dat bau hoi phia truéc
- Ung suét cuc dai xuét hién tai vi tri bat vit dé gén bau hoi & phia trudc bén tai
vao khung gam, trong truong hop nay 1a 143,46MPa<345Mpa. Két cau da bén.
- Xung qua vi tri bat bau hoi ciing xuat hién cc (mg suat tap trung. Nhung khong

vugt nhitng cho phép cua vat liéu Q345 nén khong sao.
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

- Viéc xuit hién ung suét 1on nhét tai vi tri bat vit 14 ¢6 thé hiéu duoc, vi khi xe
queo cua gap thi xe ¢6 xu hudng 14t ngang. Vi tri ndy c6 lién két khung gim va hé

thong treo nén s€ co rng suat 16n.

Hé s6 an toan: Két qua cua Safety Factor.
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Hinh 4.47: Hé s6 an toan truong hop xoay vong bén trai

- Hé sO an toan nho nhat 1a 2,4049. K&t cau van an toan. Vi tri co6 hé so an toan

thap nhat 13 tai noi bat vit ¢ dinh bau hoi trudc bén tai véi khung gam.
4.2.5 Trwong hop tdi xodn khi hai banh truéc phu sau tai di qua map mé.

- Trong qué trinh hoat dong, khung xe bus s& chiu tai xoan nguy hiém trong nhiéu
truong hop nhu:

+ Tai trong 1éch sang mot bén: Phan bd hanh khach, hang hoa tap trung léch han
sang mot bén trai hodc phai ctia xe lam trong tim xe bi dich chuyén, giy xoan khung

khi xe 13n banh (tai trong khong dbi xing).

+ Leo 1én 1¢ hay di chuyén qua 6 ga: Khi chi mot bén banh ( trudc hodc sau) tiép
xic go giam tdc hodc 6 ga trong khi bén kia thi khong, khung chiu mé men xoin doc
rat 16n.

+ Xe nghién/lat xe: Mot s6 trudng hop tai nan dan dén tinh hudng nay, khung xe
chiu ca tai xoan va uén (rat hiém gap trir khi tai nan giao thong, nguy hiém nhat vé mat
x04n).

+ Phanh gép (trang thai chiu gia tdc nguoc hay ting toc 4m tinh): Khi d6, khung
chiu c4 md-men xodn do quan tinh ctia xe va tai trong don vé phia trude.

+ Queo gap/ danh 1ai dot ngdt: Khi xe vao cua & tbe do cao hay danh 1ai gip, khung
xe chiu lyc ly tAm bt d6i xing giy ra mé men xoan.
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Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

- Tinh hudng khung xe chiu tai xodn nguy hiém nhat ma ta muén mé phong tinh
toan dé kiém nghiém xem khung xe da thiét ké co dap tmg duoc yéu cau hay khong 1a
treong hop leo 18n 18 hay di chuyén qua 6 ga.

4.2.5.1. Pt lyc va thiét 1ap diéu kién bién

- Thiét 1ap dat luc va diéu kién bién tuong ty trudng hop phanh gip

- Nhitng truong hop ndy ta s& khong gan gia téc cho mé hinh. Thay vao d6 ta s&
thiét lap lai viéc dat phan luc.

- Phan luc tai bau hoi phia banh truéc phu 1a 32041N, tai 2 bau hoi sau tai 13
29753N.

Hinh 4.48: Pat diéu kién bién va gan luc cho mé hinh trudng hop xodn trude phu

sau tai.
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4.2.5.2. Thu dugc két qua va phan tich

Bién dang: Két qua cua Total Deformation.
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Hinh 4.50: Bién dang phan phia sau

- Khung xe suét hién tai xodn do diéu kién tai khong d6i xtmg — Bién dang t6i da
1én t6i 7,2895mm tai phan sau cing cta mang mai, phia bén banh sau tai. Pay 13 ving
xa tryc xoan nhat nhung lai c6 két cdu khong cirmg nhu phan bén dudi nen c6 chuyén vi
16n nhét-pht hop vé6i quy luét cua bién dang xodn.
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- C6 su khac nhau vé do bién dang 2 bén xe tuy cung phan dudi nhung phia bén

banh bi nang 1én thi c6 d6 bién dang 16n hon.

- M6 men xodn quanh truc Z sinh ra quanh do phan luc tao ra lam bién dang xodn
ca mo hinh. Bién dang lan truyén dang xodn, voi bién d6 ting dan theo dudng chéo tir
bén dudi phu 1én phan mai bén tai( ddi voi phia sau xe). Cac thanh phan ddm mai, thanh

doc va tru ding & khu vuc nay déu bi van.

- Phia giita than xe bén tai va khu vuc dau xe bén phu xuat hién bién dang trung
binh (2-4mm), ching to xo4n lan déu trén toan than xe ma khong tap trung cuc bd. Diéu

nay phan anh 18n viéc két cAu khung c6 kha niang phén tan tng suét tot.
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Ung suit: Két qua cua Equivalent (Von-Mises) Stress.
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Hinh 4.52: Ung suét tai vi tri dat bau hoi phia sau bén phu

- Ung suat 16n nhat cia m hinh 13 174,19MPa < 345MPa. Két cdu dam bao do an
toan. Pay 1a vi tri gia c6 dé gan bau hoi, noi truyén lyc xoan 16n nhat khi hé théng treo
bi van chéo-Phan anh dung hién tuong truyén moment xoan tir cac diém neo c¢d dinh 1én

khung.
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- C4c ving xung quanh diém tng suét cuc dai ciing xuit hién nhitng diém tmg xuét
cao, dao dong tir 108-116MPa, diéu nay cho thiy cac két ciu chiu lyc chinh nhu dau

khung gam, cac thanh gidng d3 lam tt nhiém vu phan tan ndi lyc hidu qua.

- Cac ving khung bén tai (c6 banh tiép dit) xuat hién tng suat trung binh khoang
55-75 MPa, con cac ving phia phu (banh bi nang) c6 tng suat thap hon (duéi 40 MPa),
chtng t6 luc truyén vé phia banh tiép dat 1a chu yéu.

- Mot sb khu vuc khung phu, khung duéi xe va dau xe co tng suat rat thap, duéi
10MPa, va ving nho cé gia tri gan bang 0,005MPa 14 cic ving xa vi tri tai, phan anh
dung co ché lan truyén tng sut tuyén tinh trong cac két ciu khong ddi xing.

Hé s6 an toan: Két qua cua Safety Factor.
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Hinh 4.53: Hé s6 an toan truong hop tai xoan trudc phy sau tai

- Hé s6 an toan nhé nhét 1a 1.9806 => két ciu an toan
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4.3. Phan tich khi dong hoc bing phin mén ansys

So db cac budc giai bai toan md phong khi dong hoc:

Xay dung mo hinh

Nhap mo hinh
(Geometry)

Chia lum
(Meshing)

Thiét Lip bai toan
(Setup)

Giai bai toan
(Solution)

W
&

Két qua
(Results)

Hinh 4.54: So dd cac budc giai bai toan khi dong hoc
4.3.1. Xay duwng mé hinh:
Thiét ké mo hinh xe bus 29 chd trén phan mén Inventor, sau d6 import vao phan

mén ansys dé tinh toan mé phong khi dong hoc.

Hinh 4.55: M6 hinh xe bus thiét ké trong phan mém Inventor

Sau khi thiét ké duoc m6 hinh 3D trén phan mén Inventor -> Xut file dudi dang

“.stp” dé co thé nhap vao phan mém Ansys
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4.3.2.M6 phéng va thu thép két qud
4.3.1.1. Nhap mo hinh (Geomety)
M@ phan mén Ansys Workbench, khéi dong modun Fluid Flow ( Fluent) tir khung

bén trai va khung lam vi¢c chinh.

Click chu6t phai vao 6 Geometry, chon Import Geometry, chon file m6 hinh 3D

da luu trude do.
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Hinh 4.56: Nhap mo hinh

Sau khi @3 import mo hinh vao, chon DesignModeler dé chinh sita mé hinh ciing

nhu thi€t 1ap mién tinh toan va dat tén cho cac bé mat lam viéc.

Details View :
Number of Manes 0
Cushion Non.Undom
FOI, Cushion «Xvalue »0) 15 m
FOL Cushion «Yvalue (»0} 10m |
FD3, Cushion «Zvalue (»0) 10m
FO4, Cushion Xyalue >0) 15m ‘

W FOS. Cusmion ¥ walue (-0 [BIENES

| T — o~
FO& Cushion -Zvalye (»Of 10m ‘ ,

Target Bodeey Al Botrey

Expont Enciosure s

Hinh 4.57: Thiét 1ap mién tinh toan
Tao mién tinh toan bao quanh hinh hoc chinh. Mién nay dai dién cho viung ma

dong chay hodc cac hi¢n tugng vat ly dién ra.

Mién tinh toan bao quanh hinh hoc chinh cach dau xe 15000mm, dudi xe

15000mm, cach trin xe 10000 mm va cach hai bén xe mdi bén 10000mm
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Creste Concept Tools Umats Wi h Boolean

- P ST . 25ooes
B e [ v @ xebyt

o Reveive I . @ Solid

Q Seees l

& Sonloh

B TheSudace

Q@ Faed Raden Blend
‘ Varutie Fadun Blend
L Vertes Blend

W Oanrfer
e Sketching  Modeling
@ Eody Operstron S ——

Body Tsaraformaetion » | Details View 8
N | - 0ctais of sooeant
@ Sce Boolean Boolean1

Oelete » Operation vSubtrad
@ Pomt Target Bodies 1 Body

Tool Bodies 1 Body
Primidives * | | Preserve Tool Bodies? | No

Hinh 4.58: Thiét 1ap boolean

Str dung Boolean dé loai bo phﬁn hinh hoc rdn cta xe khéi Enclosure, chi gitr lai
khong gian cuia dong chay cho mo6 phong.

4.3.2.2. Chia ludi (Meshing):

Sau khi d4 tao dugc mién tinh toan, ta tién hanh chia ,luéi cho ca mién tinh toan
va khéi hinh hoc.

Tién hanh chia ludi tu dong, vai kich thude phﬁn tr ludi mac dinh khoang 1.41m.
Chon loai phan tich CFD ( dong chay chat 1ong), ding bd phan giai fluent- chuyén giai
cac bai toan CFD. Sau d6 nhap chudt phai vao Mest va chon General Mesh dé tién hanh

chia ludi.
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000 15.000 30,000 {m)
N ea— )
7500 .50

Hinh 4.59: Chia lu6i cho mo hinh
Sau khi dé chia luéi cho xe bus va mién tinh toan, ta thiét lap tén cho cac bé mat
lam viéc.
Click vao bé mit mudn thiét 1ap tén ( name selections ), sau khi bé mat duge chon

da to sang, click chuot phai va chon “ create named selections”, hdp thoai hién ra va

nhap tén cho cac bé mat muodn dat tén.

Hinh 4.60: Thiét lap tén cho cac bé mit lam viée

4.3.2.3. Thiét 1ap Bai toan (Setup)

Sau khi di nhap mé hinh hinh hoc va hoan tit qua trinh chia ludi trong ANSYS
Workbench, ta tién hanh thiét 1ap cac diéu kién bién va tham sé mo phong. O budc nay,
ctra sO Fluent Launcher s& xuit hién nhu hinh ..., cho phép nguoi dung lwa chon céac

thong s6 khdi dong phi hop véi mé hinh tinh toan.
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B Fluent Lsuncher 2021 1 (Setting Edit O = o x .
Fluent Launcher m
r" ehD
| P { b b
L
Dy nsonm
Options
“ Doty -
& Desptay Mest Reade
=% &
Faraled (Local Machine)
-
v
v Show More Options ¥ Show Learning Resources
Bl o | e

Hinh 4.61: Cura s6 Fluent Launcher

Nhan Start dé khoi chay Ansys Fluent va chuyén sang budc thiét 1ap cac diéu

kién bi€n, mo6 hinh vat 1y va cac thong s6 mo phong khéc.

Tién hanh gan trong luc cho bai toan, trong lyc huéng xuéng theo truc Y.

| Gravity

Gravitational Acceleration

X [m/s7] g -
¥ [m/s] -g.81 v
Z[m/s] g -

Hinh 4.62: Gan trong luc
Sau khi da géan trong luc cho bai toan, ta tién hanh thiét 12p mo6 hinh vat 1y
(models). Trong bai toan nay,mo hinh SST k- duoc sir dung nham mé phong chinh xac
hién tugng dong rdi quanh than xe bus. M6 hinh nay phu hop véi cac bai toan c6 dong
tach va 16p bién phirc tap, nho kha ning chuyén doi linh hoat giita mé hinh k-0 (gan

tuong) va k-g (ving xa tuong).
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Hinh 4.63: Thiét 1ap Viscous Model

Trong cira s6 Viscous Model chon k-epsilon (2-eqn)

Thiét 1ap diéu khién bién cho bai toan.

DPé danh gia dac tinh khi dong hoc cua xe bus mdt cach toan dién trong cac diéu
kién van hanh thuc té, bai toan duoc tién hanh mo phong véi ba trudng hop van te khac
nhau: 100 km/h, 60 km/h va 30 km/h. Céc mirc van tdc nay lan luot dai dién cho diéu
kién di chuyén trén duong cao téc, duong qudc 16 va duong d6 thi — qua d6 phan anh
day du pham vi hoat dong phd bién ctia xe bus trong thuc té. Viéc khao sat da dang céac
diéu kién van toc khong chi gitp 1am rd anh huong cua tbe do dén phan bd ap suat, luc
can khi dong va truong dong quanh xe ma con gop phan nang cao do tin cdy va tinh tng
dung cua m6 hinh mé phéng.

Tai diéu kién bién inlet, van téc khong khi dwoc ddt & mic 100 km/h, 60km/h,
30km/h — dai dién cho van tdc xe ngoai troi. Dong rdi duge mo hinh héa voi cuong do
r0i 5% va ty s6 d6 nhét réi 10 nham phan anh diéu kién khi quyén thuc té va dam bao

dd chinh xéc cho bai toan 6 phong khi dong.
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p— P, I &
Hinh 4.64: Thiét 1ap diéu kién bién inlet

Piéu kién bién 'Pressure Outlet' duoc thiét 1ap voi ap sudt chuan bang 0 Pa cho

ca ba trudng hop trén, biéu dién moéi truong khong khi bén ngoai. Cac thong sé dong rdi

duoc chon & muc tiéu chuin (5% va 10) nham dam bao do on dinh va chinh xac trong

mo phong, dic bi¢t trong truong hop c6 dong ngugce xay ra phia sau xe.

Hinh 4.65: Thiét 1ap diéu kién bién outlet
Reference Values duoc thiét 1ap tor mat vao (inlet), voi tde do gi6 100 km/h,
60km/h, 30km/h va cac thong s6 khi quyén tiéu chuan (p = 1.225 kg/m?, T = 288.16 K).

bicu nay dam bao viéc tinh toan cac hé so luc khi dong chinh xac va c6 thé so sanh.
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Neference Vabees Befurnoce Vakies v/ L R
Covpate bem repate e Campen bun
Frtornoce Vakses Nteronin Vilass Frfurwaen Ve
Awa (] 1303983 Avew ('S 7500982 Mwa (o] rase
Densty Big'm'] 1,223 Densty [hg/m?) 1229 Sursty [hgim’] 1229
Eabnyy [10g) 2 Cretalpy (g0 © Enttalpy (WNg] 4
Levger {m] | Long () 1 Wogth i) 2
Fresiure [Pa] 4 Preomary [Pa) ¢ Promze (Ta) 3
Tarpermrs (K] 288.14 Tampersters 18] 78838 Tomparstars IX] 20416
velacry [yt 1ol Veiety [ken] 60 ety [bews] 10
Viscaaty [kgrirm a)] L20%4e- 03 Vecudy (gim o3l 1. 708400 vaczsty (gim o) L7904e23
Rt of Speciic sonty |4 Nt of Speofic Hams 14 Kot of Speoiic Hass | 4
phss e el Tran Couf. 200 Yohun far Ment Tran, Coet. 300 W for Hast Tran. Cosf, J0e
Reference loce Tetureres Zove Retarwace Jase

Hinh 4.66: Thiét 1ap Reference Values
Phuong phap Standard Initialization dugc sir dung, véi vi tri khoi tao tai bién
inlet va hé quy chiéu twong ddi véi ving 6. Cac gia tri ban ddu bao gdm: ap suit 0 Pa,
van téc X 100 km/h, 60km/h, 30km/h, van tbc Y va Z bﬁng 0, nang luong dong hoc

nhiéu loan 2.89 m?/s? va téc do tiéu tan 5158.52 m?/s*.

Solstion Btiakzation

| Initiallzation Methods
Haod Intakzabon
¢ Sundand Iretiabenton
Compute from
T -
Nednroncs rame
* Ralstive to Cefl Zome

Aszoune

Initlad Values

Gauge Fresure [Fa)

X Yeicey (hmh)
100

Y vlooty [kewh]

1 Vsfooty [kay'h]

0

Turtufest Knetic Energy {m/s’]
2303513

Turbuest Des=pation Rate [ms”]

515,52

\ ;

Intiakas | Resat| |

Hinh 4.67: Thiét 1ap Solution Initialization
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4.3.2.4. Giai bai toan (Solution)
Phép ghép ap suét — van toc duoc thuc hién theo so dd SIMPLE. Phén rdi rac
khong gian (Spatial Discretization) st dung cac phuong phap chinh xac bac hai, bao

gom:

> Gradient: Least Squares Cell Based

X Pressure: Second Order

> Momentum: Second Order Upwind

<> Turbulent Kinetic Energy: Second Order Upwind
<> Turbulent Dissipation Rate: Second Order Upwind

Viéc sur dung cac lugce do bac hai giup nang cao do chinh xac cua mé phdng, dac
biét quan trong trong céac bai todn cd dong roi.

Task Page <

Solution Methods [§|

Pressure-Velocity Coupling
Scheme
SIMFLE il

Spatial Discretization

Gradient -
Least Squares Cell Based v
Pressure

Second Order -
Momentum

Second Order Upwind v

Turbulent Kinetic Energy
Second Order Upwind v

Turbulent Dissipation Rate

Second Order Upwind i

Transient Formulation

Mon-ITterative Time Advancement
Frozen Flux Formulation

Warped-Face Gradient Correction

High Order Term Relaxation Optil:lns...l

Structure Transient Formulation

Hinh 4.68: Thiét 1ap solution methods
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Mo phéng duge thyuc hién voi 100 vong lap (iterations). Chu ky bao co két qua
(Reporting Interval) va cap nhat ho so (Profile Update Interval) déu duoc dat 1a 2,

nhim theo ddi qua trinh hoi tu ciia nghiém trong sudt qua trinh tinh toan

Run Calculation

Check Case..,

Parameters

Number of Iterations Reporting Intecval
100

Profle Update Interval

.

Solution Processing
Statistics

Data Samping for Steady Statistics
Dotz Fie Quantities.,..

Solution Advancement

Cakculata

Hinh 4.69:Tién hanh mé phong
4.3.2.5. Két qua (Results)

Trudng hop 1: md phong khi dong hoc ctia xe bus & van téc 100km/h

St
[— AT

—_— ez 1pe0d o

reatdat, E
— by

. 10-02 - ll

esx s . \\

16-00 1_‘-. N\

0 » 20 30 40 50 80 70 8D

Iterations

Hinh 4.70: D thi biéu dién d6 hoi tu ctia cac phuong trinh diéu khién Residuals
< Nhan xét do thi hoi tu Residuals
Céc dai luong hién thi:
- Do thi thé hién su thay doi sai sd (residuals) theo s6 vong lap (iterations) ddi voi
cac phuong trinh diéu khién:
+ continuity (lién tuc khoi lugng),
+ x-velocity, y-velocity, z-velocity (van toc theo 3 phuong),
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+ k (nang luong rdi),
+ epsilon (ti 1¢ phan tan ning luong rdi).

Xu hudng hoi tu:

- Tat ca cac dudng residuals déu giam nhanh chéng trong khoang 0-20 iteration
dau, cho thiy qu4 trinh giai dang hoi ty tot ban dau.

- Sau khoang 20-30 vong lip, cac dudng cong bit dau tiém cén va dao dong nhe
quanh mot gia tri nhé,cho thdy giai phap gan dat trang thai 6n dinh.

Mitrc d0 hoi tu:

- M6t sb thanh phan nhu continuity, x-velocity, y-velocity... 3 hoi tu dén mac duéi
10-4107{-4}10—4, day 1a muc hoi tu thuong duge chip nhan trong cac mé phong CFD.

- Pic biét epsilon va k van dao dong & mirc 102-1073, diéu nay thuong thay do

ban chat ciia mo hinh rdi (turbulence) kho hoi tu hon.

| 200000 =

18.0000 -

15.0000 ~

14,0000

120000

Cd 10 0000
§0000

£0000

4 0000

Ll ) B "

Calculation complete.

Hinh 4.71: D6 thi hé sb can Cd
< Nhan xét d6 thi hé s6 can Cd
Giai doan dau (0-10s):
- Hé s can Cd bién thién rat manh, co gia tri ban dau cao t6i gﬁn 20.
- Bién thién dao dong rdi giam nhanh chéng xudng muc 6n dinh.
- Piéu nay cho thdy mé phong dang trong giai doan khoi tao dong chay, chua 6n
dinh.
Giai doan sau (tir ~15s tré di):
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- Db thi gén nhu 6n dinh, dao dong nhe quanh mdt gié tri trung binh.

- Pay 1a giai doan dong chay 6n dinh, hé sb can da dat gid tri cudi cung dang tin
cay.

Gia tri Cd cudi cung:

- Gia tri Cd cudi cung c6 thé lam tron 13 0.687.

- Bay la moét gia tri hop 1y cho xe bus, thuong dao dong trong khoang 0.6 — 0.8 tuy

hinh dang va diéu kién mé phong.

deration

Hinh 4.72: D6 thi luc can Drag
X Nhan xét d6 thi luc can Drag:

Giai doan dau (0-10 iterations):

- Luc can khi dong dao dong rat 16n, tur gia tri cuc dai khoang 70,000 N xuéng
nhanh.

- bay la giai doan hé théng chua hdi tu, dong chay va luc can chua 6n dinh.

Giai doan tir iteration ~15 tré di:

- Luc can giam Xuéng muc 6n dinh va chi dao dong nhe quanh mot gia tri nhét
dinh.

- Puong cong gan nhu ndm ngang tir iteration 20 dén 100 — mo phong d hoi ty
t6t.

Gia trj lwc can cudi cing:

- Bugc ghi nhan 1a 2463.1984 N.
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- Pay 1 lyc can khi dong toan phan tac dung 1én xe bus trong diéu kién mé phong.

fm a®.11

Hinh 4.73 : Dong khi quanh xe bus & tbc do 100km/h
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Truong hop 2: m6 phong khi dong hoc cua xe bus ¢ truong hop 60km/h

cd 10,0000 -4

feration

bus 0.68100786

Hinh 4.74: D6 thi hé sb can Cd
< Nhan xét d0 thi hé s6 can Cd:
Giai doan dau (0—10s):
- Cd bién thién manh, dat gia tri cao >10 do dong chua 6n dinh.
- Sau d6 nhanh chéng giam manh vé mirc 6n dinh.
Giai doan 6n dinh (tir ~15s tré di):
- P6 thi dao dong nhe quanh gia tri trung binh — mo phong da 6n dinh.
Gia trj Cd cubi cung:
-Cd=0.695
- Pay 1a gia tri phu hop cho xe bus & tdc d6 thap hon (60 km/h), gan véi truong
hop 1 (Cd =0.687)

SVTH: Tran T4n Linh — Pham Nhat Long GVHD: ThS.Truong L€ Hoan Vii 104



Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

25000.0000 5

22500.0000 -3

200000000 3

Drag
N

iteration

Hinh 4.75: D thi luc can khi dong hoc

< Nhan xét d6 thi luc can khi dong hoc

Giai doan dau (tir iteration 0 dén ~10):

- Luc cén dao dong rit manh, dinh ban dau 1én téi hon 22,000 N — day la hién
tugng binh thuong trong CFD khi dong chay chua 6n dinh, chua hoi tu.

- Sau vai iteration dau, lyc can giam nhanh chong xudng duéi 2,000 N, cho thay
hé théng bat dau tiém can trang thai 6n dinh.

Giai doan giita va sau (iteration 15 dén 100):

- Puong cong bat dau 6n dinh dén tir iteration ~15.

- Tr iteration ~30 tr¢ di, do thi dao dong rat nho va nam ngang, ching to dong
chay da hoi tu t6t va mo6 phong dang tin cay.

Gia tri luc can cudi cung:

- Pugc ghi nhan rd trong két qua in: 878.28N

- Pay 1a gia tri luc can khi dong hoc toan phan tac dung 1én toan bo xe bus trong
diéu kién mo phong tai 60 km/h.

- So voi truong hop 1 ( 100km/h): luc can nhé hon 16 rét theo ding quy luét Fp =
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[m s4-1]

Hinh 4.76: Dong khi quanh xe bus ¢ téc d6 60km/h
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Trudng hop 3: md phong khi dong hoc xe bus & vén tde 30km/h

1ol

Rerations

Hinh 4.77: Do thi héi tu residuals
< Nhéan xét:
Giai doan dau (010 iterations):
- Tat ca cac duong sai s tang vot luc dau, dic biét 1a epsilon (hong) va k (lam
nhat), cho thay:
- Dong chay bat dau dugc thiét 1ap.
- M6 hinh turbulence can thoi gian dé 6n dinh (diéu binh thuong).
Giai doan gitra va sau (iteration 15-100):
- Cac dudng residuals dan tiém can va dao dong nhe quanh cac gia tri thap:
- Van tdc (x, y, z) dat mutrc dudi 107~ dat tiéu chuan hoi ty.
- Continuity cham hon mdt chut nhung van di xudng dan, quanh mirc 1072,
- K va epsilon dao dong nhe quanh mirc 1072 dén 1073, khé hoi tu sdu hon do ban

chit mé hinh rdi (turbulence models nhu k-epsilon thuong nhu vay).

cd 100000

Iterabon

bus 0.68915353

Hinh 4.78: D6 thi hé sb can khi dong hoc Cd
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< Nhan xét do thi hé sb can khi dong hoc Cd
Giai doan dau (010 iteration dau):
- Cd bién thién rat 16n va manh: khéi dau & murc cao bat thuong (>18).
- Sau vai iteration, gia tri giam rat nhanh chi con duéi 1.5, cho thay:
+ Giai doan nay dong chay chua 6n dinh.
+ B0 solver dang diéu chinh dé thiét 1ap truong dong.
Giai doan tir iteration 15 tro di:
- Puong cong Cd tiém can vé mot gi tri 6n dinh (~0.689).
- D0 thi dao dong nhe quanh gié tri ndy tir iteration ~20 dén 100, ching to:
+ Trudng dong da on dinh.
+ Mo phong da hoi tu tot va két qua Cd 1a dang tin cay.
- So véi cac van téc cao hon thi gia tri Cd gan nhu twong duong, & 60km/h (
(~0.695) va & 100km/h (~0.687)
- Piéu nay cho théy Cd gén nhu khong ddi theo van téc, gia tri Cd chi phuy thudc

vao hinh dang cua xe.

Hinh 4.79: D6 thi luc can khi dong hoc
X Nhan xét do thi luc can khi dong hoc
Giai doan dau (0-10 iterations):
- Luc can dao dong rat 16n, khoi dau & muc trén 6,000,000 N, giam cyc nhanh

xuong dudi 500 N sau vai iteration.

SVTH: Tran T4n Linh — Pham Nhat Long GVHD: ThS.Truong Lé Hoan Vii 108



Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

- Pay la giai doan dong chay chua 6n dinh, solver dang khéi tao diéu kién dong va
thiét 1ap truong tinh toan.

Giai doan tir iteration 15 tro di:

- Puodng cong luc can 6n dinh va nim ngang, chi dao dong nhe quanh gia tri trung
binh.

- Biéu hién cho thidy mé phong di hoi ty, két qua on dinh va dang tin cay.
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fm s*-1]

Hinh 4.80: Dong khi quanh xe buyt ¢ toc d6 30km/h
Nhén xét chung vé két qua

- Hé s6 can cua xe bus 29 theo két qua mo phong duoc trong ca 3 trudng hop déu
dao dong tir 0,68-0,7. Két qua nay cho thiy hé s6 can ctia xe bus niam trong khoang cho

phép vé hé sb can caa xe bus ( tir 0,6-0,8).

. . L ul
- Theo co s¢ 1y thuyét tinh toan h¢ s6 Reynolds & chuong 2: Re = i
U %

SVTH: Tran T4n Linh — Pham Nhat Long GVHD: ThS.Truong Lé Hoan Vii 110



Tinh todn, thiét ké, kiém nghiém bén khung vo xe bus

Ta x4c dinh duoc hé sé Reynolds trong ca ba truong hop lan luot 1a: 1,67.107 ,
0,96.107 va 0,48.107. Vi ca ba truong hop déu c6 hé sé Reynolds >4000, nén dong khi
quanh xe xuat hién dong chay rdi. Piéu nay ching minh cho viéc hé sb can khong thay

d6i trong ca 3 truong hop mé phong.

- O ca ba truong hop van tée 30 km/h, 60 km/h va 100 km/h, déu xuét hién ving
xody va dong khi réi ¢ phia sau xe. Day 13 khu vuc tach dong rd rét, tao nén ving ap

sudt thap va 1a nguyén nhan chinh gy ra luc can khi dong hoc.

- O phia dau xe, do thiét ké mat trudc phing va co dién tich 16n, dong khi bi tach
va chuyén hudng manh, gy ra su ting ap cuc bo va 1am bién dang truong dong ¢ hai

bén than xe.

- Tong thé, md hinh dong chay cho thay dic trung khi dong hoc phu hop véi hinh
dang cua xe 29 chd hién nay, tuy nhién van con tiém niang dé t6i wu phan dudi nhim

giam vung hoi luu va luc can.

4.4. Tong két

Chuong 5 trinh bay qua trinh phan tich do bén két cau va dic tinh khi dong hoc
ctia xe bus 29 chd bang phin mém ANSYS. Phan dau mé ta chi tiét quy trinh kiém
nghi¢m do bén khung vo bﬁng mo-dun Static Structural: tir khéi tao mo hinh, gan vat
liéu, thiét 1ap diéu kién bién, chia ludi dén chay moé phong va phan tich két qua. Céc tinh
hudng tai trong duoc xét bao gdm: chiu tai tinh, phanh gip, quay vong gap trai/phai va
tai xoan khi di qua map mo. Két qua cho thiy khung xe dam bao do bén, cic ing suat
déu nho hon gi61 han chay cua vat liéu va hé sb an toan ludn 16m hon 1.

Tiép theo, chuong thyc hién mo phong khi dong hoc véi mo-dun Fluent & ba van
tdc khac nhau (30 km/h, 60 km/h, 100 km/h). Két qua cho thay hé sé can Cd dao dong
tir 0.687 dén 0.695 — ph hop véi tiéu chuan khi dong ciia xe bus. Cac phan tich truong
dong, viing tach dong, luc can va dong rdi déu ching minh mé hinh thiét ké c6 kha nang

huéng dong tot va van hanh 6n dinh ¢ nhiéu diéu kién thyc té.
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CHUONG 5: KET LUAN

5.1. Két luan
- Hoan thanh thiét ké va mé phong khung xe:

+ D0 4n tot nghiép “tinh toan, thiét ké, va mo phong kiém nghiém bén khung vo
xe bus” di hoan tat thiét ké mé hinh, tao ra duogc két cau khung xe dam bao dugc do
bén, tinh khi dong hoc, dap tmg di céac tiéu chi da néu ra. Thiét ké va mo hinh hoa 3d
bang phan mém Autodesk Inventor va phan tich dugc két cau bang ANSYS Workbench.

+ Trong sut qua trinh thiét ké thi cac chi tiét luén dép Gng du cac qui dinh cua
QCVN, TCVN. b6 an di di sau vao phan tich duoc co sd 1y thuyét vé tai trong tinh-
dong. Tim hiéu chon Iya dugc loai vét liéu phut hop dé ché tao va phuong phép han gin
céc chi tiét voi nhau.

+Pa bd tri duoc khong gian, vi tri cdc khoang trén xe, cling nhu viéc b tri cac bod
phan nhu ghé ngdi, cira, ... hop 1y dé tdi vu duoc khong gian.

+ Tinh toan, kiém nghiém kha ning kéo va tinh 6n dinh cia xe.

+ Tién hanh mé phong duogc cc truong hop tai tinh, phanh gip, quay vong, tai
xodan trén ansys. Thu duoc két qua dé phén tich ing suat, bién dang xuat hién trén mo
hinh. Ta théy duoc cac vi tri chiu tai trong 16n hay xuat hién ung xuat cuc dai trong cac
tinh huéng moé phong thi ngudng tng suit van nam trong muc chiu duyng cua vt lidu.

+ Pa thuc hién mo phong khi dong hoc, thu dugc két qua co su chinh sira dé toi
uu duoc cho viéc hoat dong cua xe.

- Panh gia d6 bén két cau:

+ Gia tri ing suét luon nho hon 2161 han chay cua vat li€u, chirng minh réng khung
xe dit bén trong cac diéu kién khai thac binh thuong.

+ Heé s6 an toan ludn 16n hon 1, diéu nay khang dinh két cau da duoc thiét ké hop
ly.

- Pép tng yéu cau thyc té:

+ Thiét ké khung xe c6 tinh kha thi cao dé 4p dung vao thyc té, dic biét trong cac
ung dung giao thong d6 thi, than thién moi truong.

5.2. Hwéng phat trién trong twong lai:

- T6i uu hoa khdi lugng va hinh hoc khung xe:
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+ Str dung thuat toan tdi ru hodc phuong phap phan tir hiru han ning cao dé giam

trong lwong nhung van dam bao do bén.
- Tich hop thém mo6 phong dong luc hoc:

+ Phan tich dong hoc va md phong toan b hé thdng xe (bao gdm hé thong treo,

banh xe) dé nang cao tinh thuc té.
- Thur nghi¢m thyuc té:

+ San xuit nguyén mau dé kiém nghiém thue té, so sanh két qua mé phong va thuc

té nham hiéu chinh mé hinh.
- Ung dung vat li¢u moi:

+ Khao sat va thtr nghiém cac vat liéu nhe hon nhu hgp kim nhom, vat li¢u

composite nham giam khoi luong xe.
- Phét trién thanh san pham hoan chinh:

+ Tiép tuc phat trién thanh mo hinh hoan chinh bao gom hé théng truyén dong,

dién tir diéu khién va nang lugng (néu tich hop dién hodc nang luong mat tro).
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