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LOI CAM DOAN

To6i xin cam doan day la cong trinh nghién cuu riéng cua toi, duoc sy hudng
dan khoa hoc cia PGS.TS. Nguyén Thanh Quang va TS. Tran Vin Tudng. Céc két
qua nghién ctru duoc trinh bay trong luan an la trung thuc, khach quan va chua tung

dugc cong bd & bat ky cdng trinh nao khéc.
T6i xin cam doan rang moi sy gitip d& cho viéc thuc hién luan an da dugc cam
on, cac thong tin trich dan trong luan an nay déu dugc chi rd ngudn géc.
Ha Noi, ngay 27 thang 04 nam 2020

Huwéng dan khoa hoc 2 Hwéng dan khoa hoc 1 Tac gia luén an

TS Tran Vian Twéng  PGS. TS Nguyén Thanh Quang Luwong Vin Van



LOI CAM ON
Loi dau tién, toi xin gui 161 cam on chan thanh va sau sic nhat t§i nguoi
huéng dan khoa hoc: PGS.TS. Nguyén Thanh Quang va TS Tran Vin Tuéng d4 tan
tinh hudng dan, dinh huéng va chi bao giup d& t6i trong sudt qua trinh thuc hién

luan an nay.

Xin tran trong giri 16i cdm on dén céc thay cd, can bd cua khoa Co dién va
Cong trinh, phong Pao tao sau dai hoc truong Pai hoc Lam Nghiép da cé nhitng

dong gop ¥ kién, hd tro rat thiét thuc trong subt qua trinh tdi thuc hién luan én.

T6i Xin tran trong bay to 161 cam on dén Ban Giam hiéu va toan thé cac thay
trong Khoa Co khi Bong luc, Khoa Co khi Truong Pai hoc Su pham Ky thuat Vinh
Long, d3 ludn tao diéu kién, ung ho va gitp d toi trong sudt qua trinh theo hoc

Nghién ctu sinh.

TOi xin tran trong cam on cac nha khoa hoc thudc linh vuc Co khi Bong luc
cua cac truong Pai hoc Lam nghiép, Hoc vién Ky thuat Quan su, Hoc Vién Nong
nghiép Viét Nam, Pai hoc Giao thdng van tai, Pai hoc Bach Khoa Ha Noi, Pai hoc
Cong nghiép Ha Noi da giap do toi hoan thanh luan an.

Cubi cung, xin gii 10i cam on nhat t6i gia dinh da ludn & bén canh dong
vién, chia sé nhirng kho khan va giup t6i hoan thanh luan an.

Ha Ngi, ngay 27 thang 04 nam 2020

Nghién cwu sinh

Lwong Van Van



DANH MUC KY HIEU VA CHU VIET TAT

Danh muc cac ky hiéu

Ky hiéu Tén goi Pon vi
me, My, Ms | Khéi luwong cabin, thung hang va khai lirong khung xe kg
Dich chuyén cua cabin, thung hang va dich chuyén
Ze, y, Zs , m
cua khoi luong khung xe
Goc xoay cua cabin, thung hang va khung xe quanh
Ocx, O, Osx rad
truc x
Goc xoay cua cabin, thung hang va khung xe quanh
ecy, th, st rad
trucy
Moment quén tinh cua cabin, thung hang va khung xe
Joxy Joy Jsx kgm2
quanh truc x
Moment quén tinh cua cabin, thung hang va khung xe
Jey, Jty, Jsy kgm2
quanh trucy
Zu, Zu2, | Chuyén vi cia khéi lwong khéng dwoc treo cau truedc,
N . . N m
Zu3 cau giira va cau sau theo phuwong Z
Mu1, Muz, | Khéi lwong khéng dwoc treo cdu triedc, cau gia va )
. g
Mu3 cau sau
Moment quén tinh cua khoi lheong khéng dwoc treo
Jul, Ju2, Jus A ; 2 .o 2 kgm2
Cau trudc, Cau giia, cau sau
Ou, B2, | Goc xoay cua khéi lieong khéng dwoc treo cdu trudc, |
s ra
Ouz cau giira va cau sau quanh truc X
Chuyén Vi ciia co cdu Cdt cdy phia triedc, co cdu cat
Z4, Zs ; m
Cco phia sau
Khei lwong co cau cdt cdy phia truée, co cdu cdt cé
M4, Ms i kg
phia sau
Moment quan tinh cia co cdu cdt cdy phia triede, co
Ja, Js kgm?

cdu cat ¢é phia sau




GOC x0ay Ciia co cdu Cdt cdy phia trude, co cdu Cdt o

Os, 05 ) rad
phia sau quanh truc X
Keit, Ketz, | Hé 86 can giam chan ldp cabin truée trdi, treéc phdi, NS/
s/m
Keo1, Keo2 | sau trdi, sau phai
Cei1, Cetz, | PG cieng 10 x0 ldp cabin truée trdi, trwéc phdi, sau N/
m
Ce21, Ce22 | trai, sau phai
Kui, Kuz, | Hé sé can giam chan Icfp thung hang trudc trdi, truoc NS/
s/m
Kio1, Kiz2 | phdi, sau trai, sau phai
Cui1, Cu2, | Po cung 10 xo Icfp thung hang trudc trdi, truoc phdi, N/
m
Cr1, Cr2 | sau trai, sau phai
Cs1, Cs12 | P cieng 10 X0 hé thong treo cau triedc trai, phdi N/m
Hé sé can giam chdn hé thong treo cdu truéc tréi,
Ks11, Ks12 L. Ns/m
phdi
Cs21, Cs22 | D6 cieng 10 xo hé théng treo cadu gidza trai, phdi N/m
Cs31, Cs32 | D6 cieng 10 X0 hé thong treo cqu sau tréi, phdi N/m
Cui1, CLiz2 | Pé cieng 1op xe cau trwdc tréi, phdi N/m
Kii1, KLz | Hé s6 can nhét 16p xe cdu truéc tréi, phdi Ns/m
Cro1, CLaz | P cieng 1dp xe cau giira tréi, phdi N/m
Kio1, Kiaz | Hé s can nhét 16p xe cau giira trai, phdi Ns/m
Cis1, Cus2 | P cieng lop xe cau sau trai, phdi N/m
Kia1, Kis2 | Hé sé can nhét 16p xe cdu sau tréi, phdi Ns/m
Hé sé can giam chdn ldp co cdu cdt cdy phia triéc
K11, K12 . . Ns/m
trai, phai
Hé sé can giam chdn ldp co cdu cude ddt phia sau
K21, K22 . . Ns/m
trai, phai
D¢ citng bé phdn dan hoi ldp co cau cdt cé phia sau
Ca, C22 . . N/m
trai, phai
B Khodng céch tir tdm xe dén banh xe tréi hogc phdi m




Khodng céch tir tdm xe dén diém lién két hé thang treo

d trai hoac phdi
P Khodng cach tir tdm 6 t6 dén tam cdu truéc, cau sau
I3 Khodng cach tir tam cau trude dén dau xe
l4 Khodng cach tir tAm cau sau dén dudi xe
| Khodng céch tir diém bt hé thong treo trén khung dén
° tam cau so 2 hogc tam cau sé 3
Khodng cach tir tdm cabin dén diém lién két hé thong
o 2 treo cua cabin tréi, phai
Khodang céch tir tdm cabin dén diém lién két hé théng
o o treo cua cabin truoc, sau
Khodang cach tir tam thiing hang dén diém lién két hé
o e théng treo cua thiing hang trai, phdi
Khodng cach tir tam thing hang dén diém lién két hé
s théng treo ciia thing hang truéc, sau
) Chiéu cao mdap md mdt dwong tai vi tri banh trueéc
% I, D, trdi, truoc phai, giga trai, giza phdi, sau trai, sau
ha, hs, he

phai




Vi

Danh muc cac chir viét tat

Chir viét tit

Giai nghia

NCS Nghién cuzu sinh

PTHH Phan ti hizu han

CCR Chira chay rung

CB Cam bién

KD Khuéch dai

PC May vi tinh

PSD Viét tit ciia cum tir tieng Anh: Power Spectral Density. Nghia
la ham mdt d¢ phé nang heong

ISO Viét tat cia cum tir tieng Anh: International Organization for
Standardization. Nghia la Té chirc tiéu chudn hoa quac té

3D Viét tat cua cum tir tiéng Anh: Three dimension. Nghia la 3
chiéu

CAD Viét tat cua cum tir tieng Anh: Computer Aided Design. Nghia
la thiét ké véi sir tror gilip cia may tinh

CAE Viét tat cua cum tir tieng Anh: Computer Aided Engineering.

Nghia la phan tich cong nghé voi sy tro gilp cua may tinh



http://www.iso.org/
http://www.iso.org/
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MO PAU
1. Tinh cép thiét caa luan an

Rung 1 14 phdi xanh cua trai dat, noi duy trix sinh quyén va 1 yéu té quyét dinh
anh huong dén khi hau toan cau. Tinh dén ngay 31/12/2018, Viét Nam c6
14.491.295 triéu ha rung, trong do6 rung tu nhién la 10.255.525 triéu ha va
4.235.770 triéu ha ring trong [1]. Hang nam rung da cung cap mot khédi lugng Ion
1am san cho cé&c nganh kinh té quéc dan. Ngoai ra rirng con cd tac dung diéu hoa khi
hau, chdng 1ii quét, s6i mon dat, giit nudc cho ho thiy dién, han ché sy bién doi khi
hau toan cau. Hién nay dién tich riing ¢ Viét Nam va trén thé gioi dang ngay cang
bi suy giam nghiém trong, mét trong nhiing nguyén nhan gay mat rimg dé 1a do nan
chay rirng gay ra.

Tai Viét Nam, theo sé liéu thong ké cua Tong cuc LAm nghiép, trong nim
2016 ca nudc c6 hon 3.000 ha rung bi thiét hai do chay; trong nam 2017 tong dién
tich ring bi chay 1a 300 ha, giam 10 lan so véi nam 2016 [4]. Theo sé liéu cua 6
thang dau nam 2019, ca nuwdc xay ra 156 vu chay ring voi khoang 930 ha dién tich
rung bi chay, tang 61 vu va tang 705 ha rirng bi chdy so véi cung ky nam 2018 [5].

Trén thé giodi, hang nam ciing xay ra nhiéu vu chay ring gay thiét hai lon vé
ngudi va tai san. Tuy nhién, cac nudc trén thé gigi phan 16n duoc trang bi céc thiét
bi chira chay vira phong phi va hién dai. Trong khi d6 tai Viét Nam, c4c thiét bi
chira chay ring con tho so va chwa dép tng duoc yéu cau chira chay. Do d6 viéc
nghién ctu, ung dung khoa hoc k¥ thuat vao phong chdng va thiét ké cac thiét bi
chira chay rirng nham han ché do chay rirng gay ra la can thiét.

Theo Quyét dinh s6 1938/QD-TTg ngay 28/10/2014 cua Tha teéng Chinh phu
vé Phé duyét B¢ an nang cao nang luc phong chay, chira chay rimg giai doan 2014-
2020 néu rd “Nghién ciru #ng dung khoa hoc céng nghé va chuyén giao; cac bién
phap ki thudt lam sinh, phwong tién, thiét bi va cong cu phong chay, chiza chay
rieng tién tién phi hop véi diéu kién tir nhién cua timg viing”. Muc tiéu nham nang
cao nang lyc cho lyc luong phong chay, chita chay ring tir trung wong dén dia
phuong, dic biét 1a luc lwong chuyén nganh dé c6 du kha nang kiém soat chay rung,
giam nguy co chay ring, chira chay ring kip thoi, ¢ hiéu qua, giam thiéu thiét hai

do chay ring gay ra.



Nam 2013, Truong Pai hoc LAm nghiép chu tri thuc hién dé tai nghién cau
khoa hoc cap nha nuéc: "Nghién cizu cong nghé va thiét ké ché tao céc thiét bj
chuyén dung chéiza chay ring", ma sé KC07.13/06-10. Két qua cua dé tai da thiét ké
ché tao xe chira chay rimg da ning, xe di dap ung duoc nhu cau chira chay rung
trong pham vi tha nghiém mau. Tuy nhién, thiét bi van con mot s ton tai can phai
nghién ctu giai quyét do 1a:

+ Khi xe hoat dong chira chay trong khu rirng khong c6 duong, dudi tac dong
cuia cAc map mo mat dat ring, cac vat can trén dudng di, va tac dong cua cac hé
théng cong tac chira chay trén xe lam khung sat xi cua xe bi bién dang 16n, anh
huong dén d6 bén cua khung xe din dén anh huong dén on dinh l1am viéc cua xe va
thiét bi trén xe.

+ Xe chita chay rimg (CCR) da ning duoc thiét ké ché tao trén co s¢ xe Ural
4320 cua Nga, loai xe nay la xe quan su c6 sic vuot cao, gam cao. Tuy nhién loai
Xe nay tai trong thap (theo thong sé ky thuat tai trong xe 1a 8 tan), trong khi d6 yéu
cau thuc té tai trong ciia xe chita chay ring da niang 1a trén 10 tan. Xe hoat dong
trong diéu kién phuc tap 1am cho sat xi xe bi bién dang khong déu, bi van, vénh.

Dé c6 co s¢ khoa hoc cho viéc hoan thién xe chira chay rimg da niang can thiét
phai tién hanh nghién ctru dam bao do bén khung sat xi (khung xe) trong d6 co
nghién ciu cac ché do tai trong tac dung 1én khung xe, nghién ciru (g suét va bién
dang, tir d6 dua ra giai phap ky thuat hoan thién thiét ké xe. Vi 1y do da trinh bay &
trén, tdi chon va thyc hién dé tai: “Nghién ciru dé bén khung sat xi xe chira chay
rung da nang”.

2. Muc tiéu cuaa luan an

Nghién ctru danh gia d6 bén khung sat xi 1am co s& khoa hoc cho viéc hoan
thién két cau khung sat xi xe chira chay rimg da ning.
3. Poi twong nghién ciru

Dbi twong nghién ciru trong luan an 1a khung sét xi xe chita chay rimg da nang
duoc san xuat, 1ap rap tai Viét Nam trén co sé xe Ural 4320.

4. Pham vi nghién ciru
Dénh gia do bén tinh va bén moi khung sat xi xe chira chay rimg da ning duoc

san xuat, lap rap tai Viét Nam trén co s¢ xe Ural 4320 du6i tAc dung cua tai trong



thang ding khi xe chuyén dong trén dudng khi di qua cac mip mé don dinh dang va
chuyén dong trén dudng voi cac map moé ngau nhién.
5. Ndi dung va bé cuc cia luan an

Dbé dat duoc muc dich néu trén, ndi dung nghién ciu cua luan an gdm cac
phan chinh nhu sau:

Chuong 1: Téng quan vé van dé nghién ctu

Chuong 2: Xay dung md hinh nghién ctiru do bén khung sét xi xe chira chay
rung da nang

Chuong 3: Khao sat danh gia d6 bén khung sat xi

Chuong 4: Nghién ctu thyc nghiém

Két luan.
6. Nhitng két qua méi caa luan an

- Luan an da xay dung dugc md hinh tinh toan tai trong tinh va tai trong dong
tac dong 1én khung sat xi xe chira chdy rirng da nang trong qua trinh hoat dong chira
chay.

- Luan an da thiét 1ap hé phuong trinh vi phan, khao sat xac dinh tai trong
dong tac dong 1én khung sat xi xe chira chay rirng da nang.

- Luan 4n da danh gia do bén tinh va do bén moi khung sat xi xe chita chay
rimg da niang khi xe chiu tai trong cuc dai, khi chuyén dong di qua map mé dinh
dang va xe chuyén dong trén duong ngau nhién.

- Pa thi nghiém dé xéac dinh tai trong trong dong lén khung sat xi khi xe
chuyén dong trén duong thuc. Xac dinh chuyén vi cua khung sat xi tai vi tri khao
sat. Két qua so sanh gitta thi nghiém va mé phong cé gia trj sai s6 chap nhan duoc.
7. Y nghia thuc tién caa luan an

- Luan an d3 danh gia do bén khung sét xi xe chita chay rimg da ning. Két qua
nghién ctru cua luan an 1am co sé khoa hoc cho viéc hoan thién két cau khung sat xi
xe chita chay rimg da nang.

8. Y nghia khoa hoc cia luan an

- Luén an da xay dung dugc phuong phép xac dinh tai trong dong tac dong Ién

khung sét xi bang md hinh, xay dung dugc phwong phap danh gia d6 bén khung sét

xi, 1am co s& khoa hoc dé xay dung cac mé hinh danh gia do bén cua cac san pham



thiét ké, ché tao trong nudéc, gop phan hoan thién qui trinh thiét ké céc chi tiét, cum
chi tiét trén 6 to.

- Luan an c6 thé duogc sir dung 1am tai lieu tham khao cho céc nha san xuét 6
t6 tai tai Viét Nam trong qua trinh nghién ctiru phat trién thiét ké méi ciing nhu danh

gia 6 bén cua c4c chi tiét caa 6 t6 tai cung loai.



CHUONG 1
TONG QUAN VE VAN PE NGHIEN CUU

1.1. Giéi thiéu vé xe chira chay rirng da ning
1.1.1. CAu tao xe chira chay rirng da ning

Xe chita chay rimg da ning do Viét Nam ché tao 1a mot loai thiét bj tich hop
nhiéu cong ning chira chay rirng gom: Cit cay, lam sach cé rac, mé duong tao hanh
lang cach ly dam chay; phun nudc chira chay ¢6 vung phun rong; tao stc gio c6 ap
Suit cao phun vao dam chay; sir dung dat cat tai chd dap tit dam chay. Xe duogc
thiét ké trén co s xe URAL4320 cua Lién X6 cii voi dong co Piézen c6 cong Suat
180 ma luc, 1a loai xe ¢6 ba cau chu dong duoc str dung chu yéu trong quan doi
nhdm ting tinh co dong trén mat duong quan sy. Hinh déng xe co sé va xe chira

chay rirng da nang néu trén hinh 1.1.

a) Xe co sé URAL 4320 b) Xe chira chay rimg da dwoc ché tao
Hinh 1.1: Xe chira chay ring da nang

Cac cum thiét b chita chay duoc thiét ké, ché tao va lap trén xe sat xi co so.
Céc cum thiét bi chinh duoc trinh bay trén hinh 1.2. [17, 18]
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1) Hé thong cat cay; 2) Thanh gat cay; 3) Than xe 6 td; 4) Sting phun nwéc: 5) Ghé
ngoi; 6) Cabin mé réng; 7) Thung chira nuéc; 8) Vo che hé théng sau; 9) Hé théng
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dwong ong; 10) Bdng diéu khién; 11) L6 cusn voi phun nhg; 12) San xe; 13) Hé
thong xdi dat; 14) Hé thang cat cd; 15) hép giam tac trich cong sudt; 16) Hé thang
quat thoi dat; 17) Thang ddu, 18) Bom thiy liec; 19) Bom nudc cao ap
Hinh 1.2: Téng thé xe chiza chay rimg da néing

1.1.2. Nguyén ly lam viéc caa xe chira chay rirng da nang

Hé thong cat cdy duoc Iap ¢ phia truéc xe gom 04 dia cua voi dao cat co
duong kinh 500 mm, téc d6 dao cat 80 m/s, toc do day dao cat tinh tién téi da 0,2
m/s.

& &

1. Bdnh dai truc bén; 2. Cum truc cdt bén; 3. Banh dai truc giira; 4. Cum truc cdt
giita; 5. Gid d& va di chuyén; 6. Pittong xylanh nang ha hé thong; 7. Béng co cdt;
8. Banh rdang con m3-Z35-Re75; 9. Ludi cat dia — D600
Hinh 1.3: Ban vé thiét ké hé thang cdt cdy phia truedc



Hé thdng duoc din dong nho dong co thuy luc c6 cdng suit 8KW, sé vong
quay 3200 vg/ph; hé théng duoc nang Ién hoic ha xudng va tién ra phia trudc dé
thuan loi trong viéc cét cay va di chuyén trén dudng, duoc diéu khién boi nguoi l4i
xe tir budng lai, chuyén dong tinh tién ra phia trudc nho xi lanh thuy luc va hé
thdng 6 truot, khi cat cay xi lanh ddy dia cua dn vao gd.

Hé théng l1am sach co rac duoc lap phia sau xe, tao bang tring can lia véi
chiéu rong 2 m dé dam chay khong phat trién qua duoc. Hé thong nay hoat dong
theo nguyén tic cit dang bda gom 40 dao; duong kinh dia 1ap dao cit 400 mm,
chiéu dai dao 125 mm; van téc dao cat 25 m/s. Chuyén dong quay cua hé thong cét
c6 duoc thuc hién nhd dong co thuy lre ¢6 cdng suat 30 kW; sb vong quay tir 800 +
1500 vg/ph.

Hinh 1.4: Bdn vé thiét ké hé théng cat cé 1am sach cd rac

Ngoai hé théng cit cay va 1am sach co réc, trén xe con lap hé thdng cude dat;
hé thong nay duoc nang 1én hoac ha xuéng nho xylanh thay luc va duogc lap dudi
gam xe. Hé thong hut dat duoc din dong tir dong co c6 cong suat 8KW véi sé vong
quay 3200 vg/ph. Hé théng gém 4 dao cat dang hinh bla véi kich thuéc chiéu dai
dao 125 mm, chiéu rong ludi dao 50 mm, van toc dao cat 80 m/s, chiéu sau hd cat
400 mm, dao cit dat caa hé thdng hoat dong theo nguyén Iy cét dat & dang baa. DAt
sau khi dugc dao x4i I1én s€ dugc mot bom chan khong hut 1én, dat duoc duoc dua
vao budng phan phéi. Bt tir budng phan phéi dua xudng éng phun va dugc phun

vao dam chay nho 4p luc khéng khi 16n duoc tao ra tir bom théi khi ap luc cao.



Chinh vi trang bi hé thdng cudc dat nén xe chira chay rimg da ning c6 thé lay dat,

cat ngay tai chd dé dap tit dam chay khi trén xe hét nudc.

Hinh 1.5: Ban vé thiét ké hé thang cudc dat

Thiét bi bom nudc, thung chira nuéc ciru hoa va voi phun nude duogc lap trén
thing chtra nude, bom nude hut nude dudi ao hé hoic séng sudi vao trong thing
chua, khi chita chay bom nudc hit nudc trong thing chia day ra voi phun va phun
vao dam chay. Pé tang luu luong thing chira nuéc thiét bi cd thé sir dung cac bé
trung gian ndi tir ao hd toi xe, khoang cach toi 500 mét.

Khi dam chay xdy ra, nguoi 1ai xe di chuyén xe dén noi c6 vi tri chay, sir dung
hé thdng cét cdy phia trudc dé cat bo cac vat can trén duong di, hé théng 1am sach
o rac & phia sau dé 1am bang tring cach ly, c¢6 1ap va khoanh ving dam chdy, tién
hanh phun nuéc dap tat dam chay. Truong hop ddam chay van dién ra sau khi da hét
nudc trén budng chira, str dung hé théng cat dat - hat dt va phun dat vao dam chay
dé dap tit dam chay.

Cac hé thong cit cay, 1am sach co rac hodc hé thong cat dat, hut dat va phun
dat, khi sir dung nguoi diéu khién ha xudng, khi khéng sir dung thi diéu khién xi
lanh thay lyc nang cac hé thong do 1én.

1.1.3. Thong s k¥ thuat ciia xe chira chay rirng da niing

Véi nhiéu cdng dung néu trén, xe chita chay ring da ning 1a xe chuyén dung
duogc tich hop nhiéu thiét bi chira chay rung trén xe, khi hoat dong c6 nhiéu hé
théng cong tac cuing lam viéc. Thong sb ki thuat caa xe chita chay rimg dugc trinh
bay & bang 1.1 [18].



Bang 1.1: Thong sé ki thudt xe chiza chay rimg da ning

TT | Pac tinh Ky thuat cia xe CCR da ning Pon vi tinh Gii::h)(éc
1 | Théng sé chung cria xe

1.1 | Céng suat dong co ma luc 180

1.2 | Toc do dap lira m/phut 12

1.3 | Chiéu cao ngon hira duoc dap tat m 9

1.4 | Toc do di chuyén trén duong 1am nghiép km/h 25

1.5 | Po doc doc thiét bi di dong duoc Po < 150

1.6 | B¢ doc ngang thiét bi di dong dugc bo <50
2 | Hé théng binh chiva nwée, bom nwéc

2.1 | Dung tich binh chira nuéc m3 51

2.2 | Luu lugng bom nudc mé/h 10
3 | Hé thong chiza chay bang sirc gio

3.1 | Luu lugng quat gio6 mé/pht 104

3.2 | Van téc khong khi miéng ong thoi m/s 65

3.3 | Chiéu dai 6ng thoi khéng khi m 35
4 | Hé théng phun dit cét

4.1 | Khoi luong dat cat phun vao dam chay kg/phut 45

4.2 | Chiéu dai ong phun dat cat m 35
5 | Hé thong lam bing can lira

5.1 | Toc do cat cay, 1am sach co rac lam bing km/h 10

can ltra
5.2 | Buong kinh cay Ién nhat cat dugc cm 25

1.1.4. Pic diém lam viéc cha xe chira chay rirng da ning

Xe chita chay rimg da ning da duoc dua vao sir dung tai mot s6 dia phuong
nhu Cong ty 1am nghiép Pac T6, Kon Tum, két qua chita chay ring cho thiy ning
suit va hiéu qua chira chay cao, phi hop véi diéu kién dija hinh Tay Nguyén néi

riéng va Viét Nam.
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Xe chira chay rirng hoat dong chira chay trong khu rirng khéng c6 duong, di
chuyén trén duong khong bang phang, dong thoi dudi tac dong ctia cac map md mat
dat rirng, cac vat can trén dudng di, va tac dong cua cac hé thdng cong tac chira
chay trén xe lam khung sat xi cia xe bi bién dang Ién, anh huong dén do bén cua
khung xe dan dén anh hudng dén 6n dinh 1am viéc caa xe va thiét bi trén xe.

Trong qua trinh di dong trong rirng xe phu thudc nhiéu yéu té nhu do déc cua
khu rimg, d6 map méd mit dat ring, thuc bi ring, cdy rimg ... nhiéu vat can trén
duong di. Bong thoi chay rimg thudng xay ra ¢ noi c6 dd dbc cao, dia hinh phic
tap hé thong duong chét luong thap, nén mudn chita chdy duogc thi xe chita chay
phai tiép can dugc dam chay.

Ngoai ra, trén xe chira chay rimg da ning con lap thém cac thiét bi cit cay
phia trudc, 1am sach c6 rac phia sau, cubc dat phun vao dam chay,... Chinh vi diéu
kién lam viéc phic tap trén 1am anh huéng dén do bén khung sat xi xe chita chay
rung da nang.

1.1.5. Cac dang tai trong dong tac dung Ién khung xe trong qua trinh hoat

dong cua xe
1.1.5.1. Ty I€ giira tai trong tinh va tai trong dong

Tai trong tac dong 1én xe thuong la qua trinh dong lap lai véi bién d6 bé hon
gia trj trung binh cua chung. Cac luc nay cé thé gay ra hién tuong pha hong do moi
gan cac diém lam viéc. Cac két cdu du bén ddi véi tai trong 16n nhat s& dam bao
duogc didu kién bén moi. Do d6 viée xac dinh tai trong tac dung 1én xe dugc chuyén
vé viéc xac dinh cac hé sd tai trong dong cua céc luc tinh dugc xac dinh théng qua
trong luong cua xe. Vai cac hé sb nay ta co thé thay thé viéc phan tich tng suat moi

cua két cdu bang phan tich tinh két cau.
Khi chuyén dong, than xe s& chiu thém tai trong do noi luc ty 1 véi tu trong
cua xe, tai trong va gia téc. Tai dong nay c6 thé biéu dién bang cong thic:

_Ra_

P, g

R.-m (1.1)

Trong d6:  P:- tai trong tinh, N;
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m — hé s6 khéng thtr nguyén cua céc lec quén tinh.
1.1.5.2. C4c tai trong thing diéng dbi xing

Tai trong thing dung dbi xung gay ra ¢ng suat uén xung quanh truc yy
(phuong ngang cua xe).

Tong luc theo phuong thang dung tac dung 1én than xe c6 gia tri:

Psz = Msz.(Gc - Gnr) (N) (1.2

Trong d6: mzs - hé s6 khong thi nguyén cua luc quén tinh;

Ge, Gnr - trong luong tong cong cua xe va cua khoi lugng
khong dugc treo, N.

Gia tri caa mzs con phu thudc vao tde dd chuyén dong caa xe va tai trong dat
1én xe. D4i V6i cac xe tai dung nhip 14, cac map md mit duong lap déu dan sé& lam
tang hé s6 Mz & toc d6 16n cua xe. Tuy nhién cac map md cuc bo s& 1am ting mys &
téc do chuyén dong trung binh cua xe. Céc xe ¢6 tinh ning co dong cao sé& c6 hé sb
Mzs cao hon [50].
1.1.5.3. C4c tai trong thang dirng khéng dodi xing

Tai trong nay gay ra xoan quanh xx va ubn xung quanh yy. Céc tai trong thang
dung khong d6i xang véi truc doc caa xe xuat hién khi xe chay trén duong go ghé,
cac banh xe khac nhau va vao cac chuéng ngai vat & cac thoi diém khac nhau. Cac
banh xe trén mot cau chiu cac phan lec khac nhau tir mat duong gay ra mé men

X0an va md men udn than xe.
Luc thang dimg khong d6i xtimg duoc xac dinh thong qua hé sé tai trong dong:
Pan = Mans.(Gr- Gor)  (N) (1.3)
M6 men xoin dugc xac dinh bang biéu thuc:
Ms = Mzns.(Rpp — Rp1)rp/2  (N.m) (1.4)

Trong do: Rpp, Rpi - sai Iéch cta cac phan lyc trén banh phai va tréi ciaa

cau trude, N:

rp - khoang céch vét banh xe truéc, m.
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Hinh 1.6: Xe chju tdi trong thang duwdng khéng doi ximng

a. Truong hop bdnh trieéc 18n mdp md

b. Truong hop hai banh chéo nhau 1én mdap md

Theo [50] gia tri ca mzns phu thudc vao loai xe:

- Vai xe con, xe buyt va xe tai, mas = 1,3

- Vi xe dac chung, mzxs = 1,8

1.1.6. Pic diém dwong 6 t6 1am nghiép

Puong 6 t6 1am nghiép duoc phan thanh 4 cap nhu sau [6]:

Bang 1.2: Phan cap céc logi dwong 6 to 1am nghiép

Lwgng van

C:ap chuyén Loai duwong Chirc nang chinh cia dwong
auong (tin/niam)
Puong van chuyén chinh caa mot khu
vuc kinh té 1am nghiép. Puong néi cac
I Trén 45.000 Blfdng frue lam truong, trung tdm kinh té 1am
chinh nghiép vai nhau va vai duong truc 0 to.
Xe chay quanh nam
T 20.000 | Puong truc | Duong van chuyén chinh caa mot 1am
: dén 45.000 | phu truong, ndi lién cac duong nhanh chinh.
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Xe chay quanh nam

, Puong noéi cac duong nhanh phu voi
Tu 8.000 dén | Buong
Il cac duong truc. Xe chay quanh nam tru

20.000 nhanh chinh
nhitng ngay mua 1a 16n

Puong noi tir cac diém lap hang dén
buong . )
v 8.000 ] duong nhanh chinh hoac cac duong truc.
nhanh phy o
Xe chay trong mua khé

Puong 6 t6 1am nghiép néu trén duoc mo ta ddi véi duong nhya theo tiéu
chuan. Tuy nhién chay ring thuong xay ra ¢ noi co6 do doc cao, dia hinh phuc tap
hé thdng duong chat lugng thap va khdng c6 nén duong cu thé, do d6 mudn chira
chay duoc thi xe chita chay phai tiép can duoc dam chay, phai di trén nhitng cung

duong khdng c6 16i mon, trén dudng di co nhiu vat can va mat duong khdng bang

phang.

Hinh 1.7: Mt dat rieng xe chiza chay ring 1am viéc

Téc gia Nguyén Xa Hoi [18] da xac dinh do map mdé mit dat ring bang
phuong phap thuc nghiém tai nGi Ludt truong Pai hoc LAm nghiép, tai Gia Lai va
Kon Tum. Két qua cho thiy ¢ map md mat dat ring ¢ cac dia diém thi nghiém
khac nhau cd gié tri khac nhau. D6 map md mat dat rimg do duoc tai ndi Lubt tinh
Hoa Binh c6 gia tri trung binh h = 0,05m; rirng tréng thong tinh Gia Lai c6 gia tri
trung binh h = 0,1m, riing trong bach dan & Kon Tum c6 gia tri trung binh h =
0,15m.
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Hinh 1.8: Mdp mé mat ddt rieg dang ngau nhién

1.2. Tong quan vé khung sét xi 6 to
1.2.1. Giéi thiéu vé khung sat xi xe 6 to

Xe 6 t6 1a tong thanh rat nhiéu bo phan, co cau, cac cum chi tiét c6 cong dung
chung va mot sé co cdu chuyén ding. Cac bo phan, co cu, cac cum chi tiét co két
cau va vat liéu khac nhau tuy thudc vao coéng dung, diéu kién lam viéc cua ching.
Qua trinh phaét trién nganh cdng nghiép 6 td trén thé gioi da 1am thay doi két ciu cua
mét sd bd phan trén xe. Tuy nhién, khung xe van giir dugc két cdu va it thay doi,
khung xe c6 két cau da dang, chiu tai trong phuc tap, trén o t6 tai thi khung xe c6
khéi lwgng chiém khoang tir 10% dén 15% trong lugng riéng cua 6 to.

Khung xe chiu tai dung dé d& va bat chat dong co, cac cum cua hé thong
truyén luc, ddng thoi nd 14 noi chiu todn b tai trong cua xe, nhimg tac dong thay
d6i tir mat duong Ién xe khi xe chuyén dong, tac dong cua luc can khi dong, luc
quan tinh, lyc phanh va céc luc do va cham. Do muc dich st dung, ché d6 khai thac
va tai trong cua 6t rat da dang va phac tap nén khung 6td phai c6 két cau hop ly,
hinh dang thich hop dé c6 thé bd tri lap dat cac cum, hé thong, thiét bi khac trén xe,
ddng thoi phai dap ang cac yéu cau co ban vé do cang viing, do bén va do bén lau

cao (d6 bén moi).
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1.2.2. Cdng nghé san xuiat khung xe

- Ché tao dam doc va dam ngang tir khau tao phdi téi hoan chinh bang phuong
phap xan, dap dinh hinh trén may dap 3000T - 6000T.

- Gia cong céc 15 trén khung xe dong thoi voi dap vudt tao hinh dam doc.

- Lap rap, ga han khung xe trén do ga chuyén ding bang thiét bj han tu dong,
ban ty dong, tan dinh g4 1ap bang cac thiét bi chuyén dung di véi cac xe tai lon.

- Kiém tra mdi han bang may siéu am, kiém tra khung xe biang may chuyén
dung.

1.2.3. Chire nang cia khung xe

Khung xe 1a hé théng dam chiu lyc trong qué trinh van hanh xe.

Khung xe 1a c¢d két cau viing chic dé lap dat cac cum, cac hé théng cua xe nhu
dong co, hé thdng truyén luc, hé thdng treo, cac co ciu diéu khién, hé théng 14i va
cac thiét bi phu chuyén dung, cabin, tai trong.

Khung 6t6 thudng co két cau 1a cac dam doc va dam ngang lién két cing voi
nhau. C4c dam nay thuong ché tao bang cac vat lidu co tinh chat dan hoi cao nhu:
thép it cacbon, thép hop kim... Cac dam doc va dam ngang c6 tiét dién khac nhau
tuy theo két cau va tai trong tac dung Ién khung. Cac dam ngang lién két véi dam
doc nhd dinh tan, han, chung dwgc ting cing nhd cac tim tap. Trén dam doc c6
nhiéu vi tri duoc khoan 16 dé tranh céc vét nut gay phéa huy do moi. Dam doc cd tiét
dién ho (chix U, C) dugc dung phd bién hon dam doc ¢ tiét dién kin (hinh hop), tiét

dién kin thudng dugc dung trén cac xe tai trén 25 tan.

@T: T e & 3 H ]

Hinh 1.9: Két cdu khung chiu lic trén 6to
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Cac dam ngang 1am nhiém vu ting ctiing cho dam doc tai céc vi tri chiu luc,
d6ng thoi né duoc st dung dé d& cac cum dong co, ly hop, hop s6 ...nén nod thudng
lam theo dang thich hop dé thuan lgi cho viéc bé tri va lap dit cac cum dé. Cac dam
ngang thuong duoc cau thanh tir cac dam cd tiét dién dang chir K va chir X dam bao
d6 cing virng khung 16n nhit theo chiéu doc va dudng chéo.

Dam ngang duoc gin & ddy dam doc hoic & thanh caa dam doc, hoic mot dau
gan vao day dam doc mot dau vao thanh dam doc. Dam ngang gan vao dam doc
bang dinh tan va tim phu nghiéng hoic chi bing dinh tan va déi khi bang cac mdi
han.

Theo yéu cau chdng xoan cia khung ma khung c6 cac dic diém két cau khéac
nhau. Khung xe & t6 du lich c6 vo kin can phai c6 do cing theo goc cao dé gitr vo
va cac cum khac gan trén khung khoi chiu cac bién dang 16n qua khi vo cau va dam
cau 0 t6 bi nghiéng. Céac bién dang caa vo 1am vo dich chuyén cac phan riéng, nén
ctra ra vao bi kéu va bi ket.

Doi véi cac 0 tO van tai nguoi ta chi lam khung xe c¢6 do cang trung binh.
Khung xe c6 do cing Khong cao dé khi vo cau va dam cau bi nghiéng ddi véi khung
thi banh xe van con tiép xtc dugc véi dudng. Dé giir cho budng lai va cac cum khéc
khoi bién dang khi khung xe bi nghiéng, ngudi ta dit budng lai va cac cum khac
trén dém dan hoi.

Loai khung c6 dam doc & gitra c6 do ctiing goc Ion nhat. Nhung khung xe ¢6
d6 cang goc lén qua ciing lam anh hudng dén sy tiép xtc cua banh xe véi duong.
Pé khic phuc nhuoc diém nay ngudi ta 1am hé thong treo doc lap cho tat ca céc
banh xe. Trong két cau mot sé 6 t6 riéng ngudi ta lam cac hé thong treo cé tinh chat
thang bang dé giir khung xe it bi nghiéng khi 6 t6 chuyén dong trén duong map mo
I6n.

Kich thuéc khung 6 t6 dugc xac dinh béi kich thuéc cua 6 td. Mubn ting do
cting cua khung xe c6 dam doc khi d6 dai da xac dinh can lam chiéu rong cua
khung xe 16n 1én nhung kich thuéc chiéu rong caa  to bi han ché bai bd tri chung
cua 0 to.

Bé tri d6 cao cua dam doc (tinh tir mat dat 1&n) phu thudc chu yéu vao kich

thugc 16p, két cau cua dam cau sau, d6 vong dong cua hé théng treo cd ké ca su
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phan bé cua cac vau cao su. Dé ha thap san xe dam doc cd thé uén trong mit phang
doc. Can nh¢ rang uén khung trong mat phang ngang va doc 1am ting mé men udn
phu va d& sinh ra hu hong & chd uén nén d6 bén trong khung xe kém di.

1.2.4. Vat liéu lam khung xe

Vit liéu dé ché tao khung phai c6 cé4c tinh chat sau:

+ CO gidi han chay va gigi han maéi cao;

+ Do nhay véi tng suat tap trung thap;

+ C6 tinh dap & trang thai ngudi tét;

+ C0 tinh han cao;

+ C6 céc thanh phan hop kim cao.

Nhitng yéu ciu nay duoc thoa man déi véi thép it Cacbon hoic thép c6 ham
luong Cacbon trung binh.

Khung xe du lich dugc ché tao bang thép két cau 20 day 3,0 - 4,0 mm. Khung
xe tai str dung thép 25, 30T c6 chiéu day 5,0-9,0 mm tuy theo trong tai xe.

Hién nay, dé giam trong luong vo xe, ngudi ta ding thép hop kim, trong luong
riéng nho.

Chéau Au str dung pho bién 1 loai khung xwong lam bang thép mong, con
nhém lam vo Xxe vi gia ciia nhom cao hon thép, mit khac han nhém khé khan hon
han thép. Cau tric thép mong va cong nghé han dién, bu Iong hay dinh tan dé két
ndi da hoan thién hon va c6 thé canh tranh v6i nhém. Nhuoc diém cua khung xuong
bang thép 1a do bén an mon kém, do dé phai sira chira dinh ky va son lai 16p phu
chéng an mon.

C6 thé tang kha ning chdng dn mon cua khung xwong bang cach st dung thép
ma kém hay thép khong gi, nhung gia thanh cao. Tuy nhién, dung thép ma kém sé&
tao duogc khung vo xe nhe hon.

Ngoai ra, sir dung chat déo thuy tinh, vai soi thuy tinh hay soi nhan tao cho
phép 1am vo, tham chi mot s6 phan tir d& ctia khung xuong. So véi kim loai thi chét
déo ¢6 vu diém hon vé cac mat do bén, cach nhiét, cach am, nhung nhuogc diém la
kho ché tao, gia thanh cao.

Vit liéu 1am san xe phai dap ang cac yéu cau vé do cang, do bén an mon, cach

nhiét, cach am, giam trong luong, d6 kin. Vat liéu 1am san xe c6 thé 1a g théng day
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20 dén 25 mm, gd ép nhan tao day 10 dén 15 mm, 14 thép day 1,2 dén 1,5 mm, 14
nhom day 3 dén 4 mm, hoic céc tim nhém gon song. Trong d6 gb ép nhan tao dap
{rng moi y8u cau, trir trong lwong. Tuy nhién, do gia cao nén cé thé 1am bing thép.
1.2.5. Y8u céu dit ra trong thiét ké va sir dung sat xi

- Khi thiét ké khung sét xi xe phai thoa man c4c yéu cau sau:

+ Tiét dién ngang cua xa doc phai chiu duoc tai trong un va xoan khung;

+ Mbmen thay d6i trén subt chiéu dai cia xa doc tir gia tri khong dén gia tri
cuc dai. Dé tiét kiém nguyén vat liéu, giam trong luong cua khung va dam bao do
ctng cua xa doc 1a déu nhau, khi ché tao xa doc nén 1am véi tiét dién thay doi. Bé
thoa man yéu cau nay xa doc thuong duoc ché tao bang phuong phép dap;

+ Khung sét xi phai dam bao do cting dé cac cum gan trén khung hoan toan cd
dinh hoic chi cd thé thay ddi vi tri twong ddi véi nhau mot cach it nhat cé thé;

+ Khung sét xi can duoc ché tao theo phuong phap dap nong tir thép tam
nhdm ting cudng tinh chéng uén, chéng xoan, trong khi d6 trong luong cua khung
phai nho;

+ Dam ngang phai dam bao gitr khdng cho hai dam doc dich chuyén twong d6i
v6i nhau hozc x0 léch trong qua trinh xe & t6 di chuyén va gap phai cac chudng
ngai vat hoic cu thé hon khi c¢6 sy va dap vao dau trude cua dam doc.

- Pé dam bao d6 bén khung sét xi khi st dung, yéu cau dat ra la tai trong tac
dung 1én khung sét xi nam trong giéi han cho phép. Pong thoi khi di chuyén trén
duong can han ché cac map moé mat dudng tac dong I1én khung.

1.2.6. Pic diém két cau khung sat xi xe chira chay rirng da niing

Khung sat xi xe chita chay rimng da niang 1a phan ti chiu luc cia xe, trén do6 1ap
dat: dong co, cac cum cua hé théng truyén lyc, phan van hanh, co cau diéu khién,
cabin, tai trong. Khi duoc ché tao thanh xe chita chay rimg da ning tir xe co s0,
khung xe chiu thém tai trong tir tip hop céc thiét bi chira chay rimg nhu may bom
nudc &p luc cao, may cat cay tao hanh lang cach ly dam chay, may hit chan khong

va thdi gi6 van toc cao, may cude dat phun cét dap tit dam chay, ...
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Hinh 1.10: Két cdu cua khung sat xi xe chiza chay rimg da ning

Khung 12 mét hé théng dam chiu luc, nhan va truyén tat ca cac luc, phan luc
tir mat duong qua phan tir huéng cua hé thong treo truyén 1én. Khung xe chita chay
ring da nang c6 chiéu dai tong cong 7370mm, rong 832mm (tinh tir hai mép ngoai
khung), gdm 2 thanh chinh va 9 thanh ngang. Két cau thanh chinh (dam doc) sé 1
mdi bén gom hai thanh cé chiéu day 8mm 16ng vao nhau, thanh chinh ngoai c6
chiéu dai 7370mm, thanh chinh trong c6 chiéu dai 5760mm tinh tir phia sau khung
xe. Két cau cua thanh chinh sé 1 tai cac mat cat dugc thé hién hinh 1.10.

1-1 2-2 3-3

————— D

120

:|E.[]*—

a. Tai mdt cat 1-1

&0

b. Tai mqt cat 2-2

c. Tai mat cat 3-3

Hinh 1.11: Két cdu cua thanh chinh sé 1 tai cac mat cat

Céc chi tiét 2, 3 ¢6 chirc ning lién két thanh ngang sé 13 vai thanh chinh.
Ngoai ra, thanh ngang s6 13 c6 tiét dién hinh chir U, 1a noi lap thiét bi cat cay phia
tredc xe. Quang treo trudc nhip trude (4), quang treo sau nhip trudc (10) va quang
treo nhip sau (12) c6 chirc nang 1 noi lién két gitra khung xe véi hé thong treo, két

c4u cua chi tiét 4, 10, 12 dugc trinh bay trén hinh 1.11.
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c. Quang treo sau

Hinh 1.12: Két cdu cua c&c quang treo

Céc chi tiét s6 5, 8 1a noi dé ga lap dong co 1én khung sat xi, trong khi d6 chi
tiét s6 9 c6 nhiém vu nang d& cabin cua xe.

Céc thanh ngang 14, 16, 18, 19 dung ting d6 ciing cua khung xe va bat mot sé
chi tiét phu trén xe. Tiét dién cac thanh nay hinh dng tron, lién két véi dam doc
thng qua cac mit bich duoc bat véi thanh dam doc caa khung xe.

Thanh ngang 15 dung dé lap dat gia treo hop sé phan phéi. Tiét dien hinh chir
C, lién két voi dam doc théng qua cac tim chit C dwoc bat véi thanh dam doc cua
khung xe.

Thanh ngang 17 duing d¢ lap dat phan phia sau cia cabin, duoc lién két véi cac
dam doc thong qua mdi ghép bulong.

Thanh ngang 20 dugc dung dé ting do cirng vitng cho khung xe & vi tri lap dat
gia truc can bang treo sau xe. Két ciu gom hai thanh ¢ tiét dién hinh chix C lién két
véi thanh chinh qua cac tam op va gia d& hinh chir I. Cac tim 6p va gia do chir |
lien két véi quang nhip sau théng qua céc bulong lap ghép. Céc tap 6p lién két véi

thanh chinh bang méi ghép han.
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Thanh ngang 21 1a dam cudi cua khung xe, trén thanh bd tri két ciu kéo modc.
Két cau cua thanh co tiét dién chit C, dugc lién két véi thanh chinh bang dinh tan.
Ngoai ra, thanh ngang nay 1a noi ga lip co cdu cude dét phia sau xe.

1.3. Cac phuwong phap nghién ciru dd bén khung sat xi
1.3.1. Nghién citu d$ bén theo tai trong cwc dai

Diy la phwong phap danh gia truyén théng, d6 bén cia khung sat xi duoc danh
gia dya vao gia tri 16n nhét cta luc thing ding theo phuong Z dugc tinh théng qua
hé sb tai trong dong khi xe day tai.

Vi cac gid tri tai trong d3 duoc xac dinh, nguoi ta tinh bén dé danh gia kha
nang chiu tai cia khung sat xi. Do khung sat xi dong thoi chiu tac dong cta nhiéu
luc va md men, Ung suit ciing xudt hién trén khung sat xi theo cac phuong twong
tmg. Do d6, dé danh gia d6 bén phai st dung ng suat tong hop theo stc bén vat
liu.

Khung sat xi dugc xay dung thiét ké 3-D va dat céc gia tri tai trong twong ¢ng
Vi thuc té, duoc tinh bén bang phuong phap phan tir hitu han. Cac phan mém phan
tich két cau duoc sir dung gom ANSYS, HyperWorks, Nastran, CosmosWorks ... dé
c6 thé xuat két qua dudi dang &ng suét theo cac phuong hoic wng suat Von Mises.
1.3.2. Nghién ciru d bén trong diéu kién tai trong dong

Khi 6 t6 chuyén dong véi van tdc 16n thi quan tinh cua cac bo phan co khoi
lugng 16n sé& sinh ra céc tai trong dong c6 anh huong dang ké dén d6 bén khung sat
xi, do d6 phuong phap tinh bén tinh chi phil hop véi 6 t6 chuyén dong véi van toc
thap va khéi lwong nho. Do do, viée st dung tai trong dong dé danh gia do bén cua
khung sat xi s& cho két qua phu hop hon vé6i diéu kién van hanh thyc té. Ngay nay,
V6i su phat trién caa cdng nghé thong tin, cac phan mém mé phong phan tich két
cau c0 thé giai quyét cac bai toan nay.

1.3.3. Nghién ciru @9 bén méi khung sat xi
1.3.3.1. Tai trong tir map mé mit duong

Luc kich thich tir mit duong gay nén tai trong dong bién thién lién tuc theo
thoi gian tic dung 1én sat xi qua hé thong treo gay nén hién twong hu hong do moi.
Nhiéu cong trinh nghién ctru di cong bd cac phuong phap mo ta map mé mit dudng

khac nhau.


https://en.wikipedia.org/wiki/Nastran
https://en.wikipedia.org/wiki/CosmosWorks
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Tay theo chiéu dai va chiéu cao cia map mé mit dudng ma bién dang bé mit
duong co thé dugc phan chia ra cac nhdm khac nhau. Theo [18,20] c6 thé phan chia
thanh ba nhém chu yéu sau:

Nhom 1: Map md c6 chiéu dai ngan, tac dong Ién cac banh xe mang tinh va
dap (dang hinh bac, hinh thang, tam giac);

Nhom 2: Map mé c6 dang diéu hoa;

Nhom 3: Map mo thay doi lién tuc véi hinh dang bat ky (map mé phan bd
ngau nhién).

a. Mdp mé c6 chiéu dai ngdn, tdc dong Ién cdc banh xe mang tinh va dap

Map mo dang nay dugc mo ta trén hinh 1.13

A

7

ho

7)

Hinh 1.13: Mdp mé dang bdc
Véi map mo dang bac nhu trén, phuong trinh biéu dién toan hoc cua

bién dang mat duong nhu sau:
{O khiS<S,

°|h, khiS>S, (1.9)

Trong do: S - chiéu dai quing dudng xe di dugc, m;
So - chiéu dai quang duong xe di duoc dén thoi diém xuat hién
map mo, m.
b. Mdp mé dang sin
Map mé don dang sin duoc st dung trong khao sat do co két cau don gian dé
du bao qui luat két qua, ciing nhu d& thuc hién thi nghiém dé kiém chtng mé hinh.
Chiéu cao clia map md duoc tinh theo cong thirc:
1y (1—cos(27z5D khi 0<x<L
h(x)=12 L
0 khi x<0 , x>L

(1.6)
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Véi van toc khong doi cua xe 12 v thi chiéu cao map mé theo thoi gian duoc

tinh theo céng thuec:

l H (1—003(%%)) khi O<wvt<L

h(t) =12 .7)
0 khi vt<0 , wvt>L
Trong d6: H - chiéu cao map md cuc dai, m;

L - chiéu dai map mo, m;

V - van téc chuyén dong caa xe, m/s;

t - thoi gian qua map mé, s.

Hinh 1.14: Mdp mé mdt dwong mo ta theo chiéu dai
c. Mdp mo theo tiéu chudn 1SO 8608:1995
Hién nay phuong phap mo ta map md mit dudng bang ham ngiu nhién da
dugc chuan hod theo tiéu chuan ISO 8608:1995 [51]. Vi viy, cic nha nghién ctru
thuong str dung tiéu chuan nay dé mé ta kich thich tir mit dudng trong cac mo hinh
dong luc hoc cua 6 t6. Pic diém cua tiéu chuan 1a duoc phan biét cac dang duong
theo mat d6 phd niang lugng va chia ching thanh 7 loai tiéu chuan véi cac ky hiéu
quy uéc tir A dén H.
Theo [43,51], ham mat d6 ning lwong chiéu cao caa map md mat dudng theo

tan s6 n dugc tinh nhu sau:

6, (-6,n)( 2] o

hogc G,(9) =G, (Qo)(gﬂj_
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Trong dé: n — tan sé khong gian (chu ky/m); no — gia tri tham chiéu cua n (no
= 0.1 chu ky/m); Gg(no) — mat d6 phd ning luong & tan sé no (duoc iy theo bang
1.3), 214 tan sé goc (rad/m), £ =1rad/m, Mbi quan hé giita tan s6 n va tan sd goc
duogc thé hién bang biéu thire: n = Q/2x. Khi tinh toan thi w thuong dugc chon bang
2 [12].

Badng 1.3: Tiéu chudn ISO 8608:1995 phdn logi dwong

) Théng so6 mé ti map mé theo tin sé khong gian, n
Loel Gad (o) [10° m3)
dwong K i
Min Trung binh Max
A-B 3 -- 24 25
B-C 4 25 26 27
C-D 5 27 28 29
D-E 6 29 210 211
E-F 7 211 212 213
F-G 8 213 214 215
G-H 9 215 216 217
No = 0.1 chu ky/m

Map md mit duong theo tiéu chuan ISO 8608:1995 dwoc tng dung trong
khao sat bai toan dong nham xac dinh anh huéng cua tai trong dong cua céc loai mod
hinh dudng. CAc tai trong dong nay gy ra cac (ng suat dong trong khung st xi,
anh huong dén d6 bén cua khung. Do d6, viéc khao sat tai trong dong Ién khung sét
Xi khi xe chay trén cac mit duong dé xac dinh do bén cua khung, dong thoi 1am
thong sé dau vao cho bai toan xac dinh do bén dong caa khung. Map md bé mit cua
7 loai duong theo 1SO 8608:1995, khoang chiéu dai 250m dugc mé ta hinh 1.15.
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T 50 100 150 200 250

X (m)

Hinh 1.15. Mdp md mdt dwong theo tiéu chuan 1SO 8608:1995

Theo [43,51], tir tiéu chuan 1SO 8608:1995 ta c6 thé xay dung ham ngau

nhién md ta d6 cao map mé mat duong h, dugc md ta bang biéu thac:
h=f(x) hoic h=f'(t) (1.9)

Trong d6: vai h - chiéu cao map md, t - thoi gian X - dich chuyén theo huéng
chuyén dong.
1.3.3.2. Nghién ctru d§ bén méi khung sét xi

Trong thuc té, nguoi ta thudng sir dung duong cong moi do bang thuc nghiém

(duong cong S-N) dé danh gia do bén lau caa chi tiét chiu tai trong lap c6 chu ky.

Trong d6 S dic trung bién do tng suat (MPa) va N dic trung s6 chu Ky tai gay hu

hong.
800 |- ' ' ' '

Q? A517 steel — 110
§ 700 oy, =820 MPa i
<3

i O failure - 90

20600 = o no failure

§ (test stopped)

Y k=1

(§ 500 S. =0 70
S (rot. Bend)

- 400 | S’ = 414 MPa ===========2
n
] ] ] ] 50
10° 10* 10° 10° 10’ 108

N, s6 chu ky tai gdy hu hong
Hinh 1.16: Puong cong mai thuc nghiém xdc dinh dwoc tir mau thép A157
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DPuong cong thuc nghiém duoc xac dinh bang phuong phap thi nghiém bén
moi kiéu R.R.Moore véi mau thir duoc st dung 13 thép A517 [45]. V6i phuong
phap nay, cdc mau thtr c¢6 kich thuéc tidu chuan (duong kinh nhé nhat 0,3 inch),
chuyén dong quay véi van téc 1750 vg/ph, chiu udn do c6 khdi luong dat 18n [45].

Hinh 1.16 cho thay, néu chi tiét chiu Gng suat thip hon S’ thi khdng xay ra
hong do moi trong truong hop N => oo, Gid tri tng suat S’e duoc goi la gidi han moi
chuan cua vat liéu, duoc xac dinh bang thiét bi va quy trinh chuan. Gia tri S’ dbi
v6i thép AB17 c6 gia tri 10° + 107 [45,46].

Cac két qua nghién ctiru thuc nghiém khéc nhau cho thay rang sé chu Ky tai tac
dong twong tng giéi han moi dbi vai thép va gang co gia tri trong khoang tir 10° +
108. Do d6, chiing ta c6 thé chap nhan gia thiét 1a cac chi tiét s& khdng bi hong do
moi sau khi chiu duoc 10° chu ky [45,46].

Qua trinh thi nghiém xay dung duong cong moi cua vat liéu tén nhiéu thoi
gian va chi phi. Do d6, ngudi ta ¢b gang dua trén cac két qua thi nghiém tim ra mot
s6 quy luat dé tir do co thé xay dung duong cong méi bang cach tinh toan dya trén
c4c thudc tinh caa vat liéu. Chinh vi yéu té do, cho nén ta khong thé 1am thi nghiém
dé xac dinh S’ ung véi cac diéu kién va ché do tai trong, do d6 ta chap nhan xac
dinh gi¢i han bén moi S’ theo (g suat gisi han cua vat liéu thong qua hé sé kinh
nghiém [47,63].

Co so cua phuong phap gidi han ung suit 1a so @6 Wohler S-N. So dd S-N thé
hién bién do tng suat danh nghia S véi chu ky dan dén hu hong N. C6 nhiéu thi
nghiém dé tao ra dir liéu phi hop véi @6 thi S-N, dit liéu thr nghiém thuong duoc
thé hién bang biéu do log-log véi gia tri thuc duong S-N biéu dién cho gia tri trung
binh tir mot s6 thi nghiém [46].
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Hinh 1.17: D6 thi S-N

Mot sb vat liéu c6 gii han moi hodc gigi han d6 bén thé hién mic do can
bang ng suit bén dudi ma vat liéu khéng bi hong va cé thé hoat dong véi chu ky
vO tan. Néu muac ang suat ang dung nam dudi gigi han d6 bén cua vat liéu, cau tric
dugc cho 1a ¢6 tudi tho v han. Pay 1a dic tinh cua thép va Titan trong diéu kién
moi trudng lanh tinh. Puong cong S-N dién hinh twong ung vai loai vat lidu nay
duoc hién thi duong cong A trong hinh 1.17 [46].

CAc tiéu chuan bén moi thuong duogc thé hién dudi dang do thi biéu dién méi
lien hé gitra ca va om. Hau hét dir liu moi S-N co ban nhan dugc tir phong thi
nghiém bang cach sir dung chu ky tng suat hoan toan. Tuy nhién, cac ung dung tai
thue té thuong lién quan dén mot ¢ng suat trung binh ma wng suat dao dong duoc
dit chong 1én nhau. Bdn tiéu chuan bén moi cua cac tac gia Goodman, Gerber,
Soderberg, Morrow duoc thé hién hinh 1.18 [46].



28

wn
@

Morrow

Bién d¢ tng suat

Soderberg

Sy Sy Of
Ung sut trung binh

Hinh 1.18: CAc tiéu chudn bén mgi

Ngay nay, dé danh gia d6 bén moi ngudi ta thuong dung tiéu chuan Goodman
va tiéu chuan Gerber. Kinh nghiém cho thay dir liéu thi nghiém c6 xu huéng roi vao
gitta duong cong Goodman va Gerber. Tiéu chuan Goodman duoc st dung rong rai
hon vi biéu thirc toan hoc don gian [46].

Hién nay, dé danh gid bén moi cua cac chi tiét két cau, nguoi ta sir dung phan
mém vai do tin cdy cao va tién loi, dong thoi gitp giam téi da cong viéc tinh toan
va cho két qua chinh xac cao. Céc tac gia [63,65,66,67,68] st dung phan mém
Ansys dé phan tich két ciu va tinh bén moi khung sét xi. Két qua cho thay da xac
dinh dugc cac viing c6 tng sut cao va c6 nguy co gay hong khung.

1.4. Tinh hinh nghién ciu sat xi trén thé giéi va tai Viét Nam
1.4.1. Tinh hinh nghién ciru trén thé giéi vé thiét ké, ché tao sat xi

Céc cbng trinh nghién ciru vé khung sat xi 6 to thuong tap trung tai cac hang
san xuat, cac nha may, xi nghiép ché tao. Do vay viéc cong b két qua cua cac cong
trinh nghién ciru nay thuong bi han ché bai lién quan dén bi quyét cong nghé, ban
quyén va tinh canh tranh.

Trén thé gisi, cong trinh nghién ciu vé khung xe con han ché, chu yéu tap
trung & mot sb bai bao phan tich danh gia do bén khung xe bang phuong phap phan
tir hitu han, c6 thé ké dén cac cong trinh nghién ciru nhu sau:

Cong trinh nghién ctu cua Hemant B.Patil va céc tac gia [22] da xac dinh bién

dang, (rng suat cua khung xe bang phuong phép truyén thong va phwong phap phan
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tr hiru han. Khung xe duoc tinh véi 6 dim ngang, c6 chiéu dai 5825mm duoc tinh
gom cac truong hop sau: Khung xe thanh chinh day 4mm, khung xe thanh chinh
day 5mm, khung xe thanh chinh day 6mm, khung xe thanh chinh day 4mm va thay
d6i vi tri thanh ngang, khung xe day Smm va thay doi vi tri thanh ngang. Két qua
phan tich cho thiy khi thay d6i do day caa thanh chinh thi téi wu hon viéc thay doi
d6 day va vi tri thanh ngang.

Codng trinh nghién ctru cua Roslan Abd Rahman va céc tac gia [23]; O Kurdi,
R Abd- Rahman, M N Tamin [28] tién hanh phan tich (ng suit caa khung xe bang
phuong phap phan tir hitu han, nhom tac gia da xac dinh duoc diém co gia tri tng
suat 16n nhat dé diéu chinh thiét ké nham muc dich ting d6 bén cua cac chi tiét.,

Cong trinh nghién ciu cua Cicek Karaoglu va céac tac gia [24] tién hanh phan
tich ung suat khung xe tai nang bang phan mém Ansys, nhém tac gia kiém tra anh
huong cua do day thanh chinh, d6 day ciing nhu chiéu dai caa thanh ngang, do day
cua thanh chinh tir 8 dén 12mm, d6 day cia thanh ngang ciing tir 8 dén 12mm, dong
thoi phuwong an chon do day tir 7 dén 10mm nhung thay d6i chiéu dai cua thanh
ngang tir 390 dén 430mm. Téc gia chi ra rang néu thay d6i do day cua cua thanh
ngang tir 8 dén 12 mm thi khong téi wu vi sé ting trong lwong cua khung xe, do d6
viéc thay d6i chiéu dai cua khung duoc tac gia lua chon 14 giai phap dé giam gié tri
g SuAt.

Cong trinh nghién ctu cua Mohd Azizi Muhammad Nora va cac tac gia [25]
tién hanh phan tich @ng suat cua khung xe tai trong 35 tan, két cau dam chir 1. Két
qua nghién cau chi ra rang co su sai s6 16n vé gia tri do léch Ion nhat va ang suat
I6n nhat giira ly thuyét va thyc té.

Cong trinh nghién ctu ciia N.K.Ingole va céc tac gia [27] da diéu chinh thiét
ké c6 sin cua khung xe kéo moc bang cac phuong an sau: 1) Thay doi tiét dién
thanh ngang; 2) Thay ddi tiét dién va chiéu dai thanh ngang; 3) Thay d6i tiét dién,
chiéu dai va vi tri lap dat thanh ngang. Két qua nghién cau cho thiy phuong an thiét
ké s6 3 giam duoc khdi lugng cua xe 16n nhat 1a 112kg, trudng hop 2 giam khéi

luong cua xe 1a 88kg, ddng thoi tng suat 16n nhat co gia tri tir 25 Mpa dén 66 MPa.
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J. S.Sane, G.Jadhav, va Anandarajh [29] da tién hanh phan tich (ng suét trén
khung gam xe thuong mai hang nhe bang cach st dung quy trinh lip dé giam muc
{rng Sut tai cac vi tri quan trong.

Ebrahim Ebrahimi, Alimohamad Borghei, va Morteza Almasi [30] da xay
dung mot md hinh khung xe tai va phan tich céc thanh phan Gng suat, bién dang.
Phén tich da chi ra ¢ng suét va bién dang Ién nhét caa khung xe.

Gadus [31] di str dung phuong phap phan ti hitu han téi wu hoa dé téi uu hoa
khéi lwong khung han cuia ro moéc may kéo dic biét duoc thiét ké dé van chuyén
may gieo hat. Nghién ciru chi ra rang trén co sé quy trinh ti vu hoa tiét kiém hon
35% khdi lugng vat ligu da dat duoc.

Akash Singh Patel, Jaideep Chitransh [33] da nghién ctru xay dung md hinh
3D khung xe tai TATA 2518 TC bang phan mém Catia va md phong bang phan
mém Ansys, md hinh ma tac gia xay dung ddi véi thanh chinh gom 3 mat cat dang
chit C, chix 1 va hinh hop. Két qua tac gia phan tich va chi ra cac gia tri ung suét va
bién dang xuat hién trén khung khi thay doi tiét dién thanh chinh cua khung.

Goolla Murali, Subramanyam.B, Dulam Naveen [34] d4 nghién ctru xac dinh
d6 cing xoan va do ciing ubn caa khung gam xe tai bang céch st dung phan tich
x04n va phan tich uén bang phuong phap phan t hitu han, cai thién d6 cang cua
khung gam xe tai bang cach thay doi kich thuéc hinh hoc va cac dac tinh cau tric.
Két qua nghién cau cho thay khi thay diéu chinh kich thudc hinh hoc va cac dic
tinh cau trc thi khéi luong cia khung xe tang 1én kém theo gia tri do cung chong
X0an c6 gia tri ban dau la 3.9 kN-m/do tang 1én 33.9 kN-m/do va do cang chéng
udn c6 gia tri ban dau 1a 2.2 kN/mm tang 1én 3.26 kN/mm.

Dario Croccolo — Massimiliano De Agostinis — Nicold Vincenzi [36] phan tich
C4u truc tinh ctia khung xe buyt d6 thi khop ndi, duoc thuc hién véi phuong phap
phan tir hitu han. Tac gia d3 mo phong va du bao dic trung cau tric cua khung xe,
vé trng suat, bién dang va dich chuyén, trong mot sé diéu kién tai va han ché, nham
phan anh chu ky thyc té caa xe buyt.

Dr.R.Rajappan, M.Vivekanandhan [37] phan tich tinh va modal khung sat Xi
bang phuong phap phan tir hitu han. Trong phan tich tinh, cac tac gia xac dinh gia

tri (tng suat, bién dang cua khung khi chiu cac tai trong khac nhau. Két qua cho thay
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c4c gi4 tri phan tich cua (ng suat va bién dang déu nam trong pham vi cho phép vé
vat liéu. Trong phan tich Modal, nhdm tac gia da tinh toan cho 30 ché do tan sb dau
tién va thay ring md phong duong 1a vin dé& quan trong nhat déi véi khung xe tai.
Nhém tac gia cing da thuc hién st dung phuong thirc khdng gian con trong
ANSYS. Vi khung khdng c6 rang bugc; 6 ché do tan sé dau tién s& bién mat, 3 ché
d6 co lién quan dén su dich chuyén khung theo huéng X, y va z va 3 ché do c6 lién
quan dén xoay khung vé truc X, y va z.

Chintada.Vinnod babu, Chiranjeeva Rao.Seela, Vykunta Rao.Matta [38] da
phan tich &ng suat va bién dang cua khung xe khi thay doi vat liéu khac nhau.
Khung xe géom 2 thanh chinh c6 tiét dién mat cat chir C va 7 thanh ngang duoc mo
hinh héa trong PRO-E dtng véi kich thudc thuc té cua khung. Vat liéu tac gia tinh
toan trén day 1a thép ST 52, thép Ni-Cr va CFRP. Két qua cho thiy khi thay doi vat
licu thép ST 52 va thép Ni-Cr thi ang suat va bién dang ciia khung giam di rat nhiéu
so voi vat liéu CFRP.

Mr. Takale Mayuresh U, Mr. Shet Shirodkar Sanket K, Mr. Mohotkar
Prithviraj S, Mr. Mahadik Omkar P [39] d phan tich tng suét, bién dang cta khung
bang cac phuong phap sau: Thay d6i két cdu thanh chinh cua khung véi tiét dién
cac mit cit ngang hinh chit C, I, hop; giit nguyén két cdu cua khung nhung thay doi
kich c& chia luéi cua khung xe trong phan tich phan ttr hitu han. Két qua cho thiy
gia tri ing suét va bién dang thay d6i khi thay doi két cdu va thay doi kich c& chia
ludi cuia khung xe trong phan tich phan tir hiru han.

Kiran Ghodvinde, S. R.Wankhade [40] phan tich ng suat khung xe trong diéu
kién trang thai tinh. Tac gia cho thay dé giam gia tri ung suat cua khung xe tai cac
diém lién két thi ting gia tri moment chéng uén va moment chdng xoan caa khung
hoic ting tiét dién cua thanh chinh.

Nhin chung, c4c cong trinh nghién cau trén thé gisi vé khung sat xi chu yéu
dudi dang cong bd két qua nghién ciu ly thuyét ddi véi céc loai khung sét xi xe tai,
xe khach, ... Tac gia nhan thdy chua c6 cong trinh nghién ctru nao dé cap dén do

bén khung sét xi xe chita chay rimg da niang do Viét Nam ché tao.
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1.4.2. Tinh hinh nghién ciru tai Viét Nam vé thiét ké, ché tao sat xi

Cac nghién ciru méi chi & muc so khai cha yéu duoc trinh bay trong cac giao
trinh vé cu tao va thiét ké duogc giang day trong céac truong dai hoc ki thuat nhung
& mirc con han ché.

Nhin chung nghién ctu thiét ké ché tao st xi xe tai chua duoc nghién cau
trong nudc nén muc tiéu 1am chu thiét ké va 1am cha céng nghé ché tao cua sét xi
xe chira chay 1a cip bach va duoc tac gia nghién ctru dat 1am d6i twong nghién cuu.
C6 thé ké dén mot sb cong trinh nghién ctu sau:

Cong trinh nghién ctu cta Tran Qudc Toan va céc tac gia [11] dd nghién ctu
tan sd cua ngoai luc kich dong tir map md mat duong va tir dong co dén do bén
khung xe tai nho trong mot s6 trudng hop xe chay trén dudng, tac gia da trinh bay
anh huong cua tan sé cua mot s6 ngoai lue kich dong toi o bén khung xe trong mot
sb diéu kién lam viéc thyc té.

Téc gia Vii Tuan Dat [14] d3 cong bd két qua nghién ctru d6 bén moi khung 6
t6 tai tai CL-KC9650D2 dudi tAc dung cua tai trong thang dung thu dugc tir md
hinh dao déng cua 6 t& véi cong cu tinh todn 1 phan mém ANSYSS.

Cong trinh nghién ctu cia Tao Quang Bang [8] da ung dung phan mém phan
ter hitu han (HyperWorks) dé tinh toan ti uu héa do bén khung xe buyt B45, st
dung phuong phap t6i wu hoa bang cach phan tich do nhay chuyén vi.

Cong trinh nghién cau cta Tran Quang Lam [10] d3 md phong, xac dinh dugc
cac giéi han bén cua két cdu so mi ro mooc, tir d6 dé& xuat phuong an thiét ké va
giéi han khai thac sir dung dé nang cao tinh ning an toan khi hoat dong trén duong
cua so mi ro mooc.

Luan &n tién si cua tac gia Pham Lé Tién [13] “Nghién ctru danh gia d6 bén
mai va tudi tho maoi cua khung gia chuyén huéng va truc banh xe dau may D19E
van dung trén duong sit Viét Nam”. Tac gia di xay dung duoc duong cong moi
thuc nghiém va ap dung phuong trinh dong dang pha huy moi két hop véi cac cong
cu ly thuyét bén moi dé danh gia két cau khung gia chuyén huéng va truc banh xe
dau may D19E sir dung trong nganh duong sat Viét Nam.

Ludn &n tién si cua tac gia Tran Phic Hoa [12] “Nghién ciru 6 bén vé cau cha

dong 0 to tai nho san xuat, 1ap rap tai Viét Nam”. Tac gia da xdy dung da xay dung
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dugc phuong phap danh gia d6 bén cua vo cau chu dong 6 to tai dwa trén phan mém
phan tich két cau 3D HyperWorks.

Ludn &n tién si cua tac gia Nguyén Quang Anh [15] “Nghién ciru dong luc hoc
va d6 bén cua khung vo 8 td khi va cham tryc dién”, tac gia di xay dung md hinh
phan tir hitu han khung vé xe va md phong qué trinh va cham truc dién cua xe
Saigon Van 8 bang phan mém chuyén dung, mé hinh mé phong cho xac dinh gia tri
bién dang va ang suit tai cac diém trén khung vo xe & bat ky thoi diém nao trong
qua trinh va cham.

Luan &n tién si ciia tic gia Tran Minh Son [16] di dua ra phuong phap tinh
bién dang va &g suat khung vé xe chiu kich dong dong hoc tir ham ngau nhién cua
map md bién dang dudng. T4c gia dd nghién ciru vé kich dong dong hoc tir map mo
bién dang duong dudi dang ham ngau nhién.

Tai Viét Nam, nhan thay chua c6 huéng nghién ctu chuyén sau va rd rang
trong viéc thiét ké ché tao khung sat xi 6 t6 n6i riéng va céc chi tiét khac phuc vu
cho nganh cdng nghiép 6 t6 nudc nha.

Trong qua trinh thiét ké ché tao céc chi tiét, viéc danh gia do bén chi tiét dong
vai tro quan trong trong viéc danh gia chat lugng san pham. Khi hoat dong, duéi tac
dung cua cac map md mat duong, khung st Xi chiu cac tai trong thay ddi khong
theo quy luat xac dinh. Piéu nay gay kho khin cho viéc xac dinh danh gia do bén
cua khung sét xi. Tai Viét Nam, do diéu kién trang thiét bi phuc vu thi nghiém con
han ché, do d6 viéc danh gia d6 bén khung sat xi bang Iy thuyét, tng dung phuong
phap phan tir hitu han dé phan tich do bén 1a phu hop.

1.5. Péi twong nghién ciru

Déi tugng nghién ciru trong luan an 1a khung sat xi xe chita chay rimg da ning
duoc san xuat, 1ap rap tai Viét Nam trén co sé xe Ural 4320.

1.6. Ngi dung cia luan éan

Véi cac phan tich di trinh bay trén, nghién ctu sinh lya chon thyc hién dé tai
“Nghién ciru dé bén khung sat xi xe chi#a chay rirng da néing” nham hoan thién

két cau xe chira chay rimg da ning.
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1.6.1. Muc tiéu nghién ciru

Nghién ctru danh gia 6 bén khung sat xi 1am co s¢ khoa hoc cho viéc hoan
thién két cau khung sat xi xe chira chay rimg da ning.
1.6.2. Phwong phap nghién cau

Luan &n sir dung phuong phap nghién ctu ly thuyét két hop vai thuc nghiém
gom cac nodi dung:

- Xay dyng mé hinh dong lec hoc cua xe chira chay ring da ning dé xac dinh
tai trong dong tac dung 1én khung sat xi khi xe chuyén dong trong cac diéu kién dic
trung;

- X&y dung mé hinh 3-D khung sat xi xe chita chay rirg da nang va khao sat
danh gia d6 bén bang phan mém chuyén dung. D& xuat két ciu khung sét xi xe chira
chéy rimg da nang dam bao diéu kién bén khi hoat dong chira chay;

- Thi nghiém kiém chiing mé hinh dong luc hoc 6 t6 va mo hinh phan tir hiu
han théng qua viéc xac dinh tai trong dong 1én khung séat xi va chuyén vi tai mot
diém trén khung khi xe chuyén dong qua cac map mé dinh dang.

1.6.3. Pham vi nghién ciru

Pénh gia d6 bén tinh va bén moi khung sat xi dudi tdc dung cua tai trong
thang ding khi xe chuyén dong trén dudng khi di qua cic mip mé don dinh dang va
chuyén dong trén dudng voi cac map moé ngau nhién.

1.6.4. Ngi dung nghién ciru

Tir muc tiéu nghién ciru duge dé ra, luan an gom cac noi dung nghién ctu sau:

- Tong quan;

- Xay dyng md hinh nghién ctru do bén khung sat xi xe chita chay ring da
nang;

- Khao sat danh gia do bén khung sat xi;

- Thi nghiém xac dinh tai trong dong tac dong I&n khung va chuyén vj trén
khung sét xi;

- Két luan.
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Két luan chwong 1

Khung xe & t6 ¢6 vai trd quan trong nang d& cac khdi lwong duoc treo, trong
khi d6 két cu cua khung xe trong ddi phuc tap. Khung xe c6 kich thude 16n, dé bi
bién dang gay sai léch va kho khin cho viéc lap dat cac bo phan, cac chi tiét khac
Ién khung. Chinh vi yéu t6 trén, khung xe can phai c6 do bén va do cirng viing cao.
Xe chita chay rimg da ning dugc thiét ké ché tao trén co so xe Ural 4320, loai xe
nay la xe quan su ¢ stic vuot cao, gam cao, tai trong xe 1a 8 tin. Trong khi d6 yéu
cau thuc té tai trong cua xe chira chay rimg da ning 1a trén 10 tin. Vi thé khi hoat
dong trong diéu kién phic tap 1am cho sat xi xe bi bién dang khong déu, bi van,
vénh.

Ngay nay, véi su phat trién manh caa cong nghé phan mém, céng cu tinh toan
chu yéu duoc cac nha khoa hoc sir dung la cac phan mém phan tich két cau. Viéc
ing dung cac phan mém phan tich két cau cho ta két qua dang tin cay va ton it thoi
gian lan chi phi, trong d6 c6 nhiéu cong trinh da tap trung nghién ctu vé d6 bén tinh
va bén moi khung sat xi dudi tac dung cua tai trong dong tir map md mat duong.

Tir cac yéu t phan tich trén, dé tai nghién ciru do bén khung sét xi xe chira
chéy rimg da ning 1a can thiét phuc vu hoan thién thiét ké va két cau xe chira chay

rung da nang.
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CHUONG 2
XAY DUNG MO HINH NGHIEN CUU PO BEN KHUNG SAT XI XE
CHUA CHAY RUNG PA NANG

Co s& ly thuyét va mo hinh x4ac dinh d6 bén khung sat xi, cac ché do tai trong
va phuong phap danh gia do bén khung sét xi bang phuong phap ung dung céc phan
mém chuyén dung s& duoc nghién ciu va khao sat. Trén co sé do, xay dung mo
hinh x4c dinh tai trong dong 1én khung sat xi, day 1a buéc tinh todn théng sé dau
vao cho mé hinh phan tich phan tir hitu han. M6 hinh xac dinh tai trong dong duoc
xay dung trén mo hinh dong luc hoc chuyén dong tong quat cua 6 to va duoc giai
bang phan mém Matlab Simulink. Cudi ciing, xay dung md hinh phan ti hitu han dé
xac dinh d6 bén khung séat xi bang phan mém chuyén dung Ansys, trong d6 phan
tich ky cac thuat toan, cac budc xay dung va danh gia chat luong mé hinh.

2.1. Céac phuwong phap danh gia a9 bén khung sat xi
2.1.1. Ung suit twong dwong (Von Mises)

Ung suét thong thudng dugce xac dinh theo phuong tac dung cua nd. Trong
qua trinh 1am viéc thyc té, trang thai ung suat cua chi tiét phirc tap do phai chiu tac
dong ddng thoi caa nhiéu tai trong cung ldc vai lee khac nhau. Dé danh gia do bén
cta chi tiét trong truong hop nay ngudi ta thuong st dung (ng suat tong hop hoac
g suat tuong duong dé danh gia. Trong d6, Von Mises 1a dang tng suit twong
duong duoc str dung rat phd bién va duoc tng dung trong cac phan mém phan tich
két cau dé tinh bén cac chi tiét khi chiu tai trong phirc tap.

Ung suat twong duong (Von Mises) duoc xac dinh dya trén ly thuyét ning
luong bién dang, duoc dinh nghia nhu sau: néu nang lugng bién dang trong truong
hop chiu tai phirc tap bang véi niang luong bién dang trong trudng hop chi tiét chiu
kéo thuan tuy & trang thai giéi han (dat gia tri ing suét gi6i han) thi chi tiét coi nhur
bi hong. Trong trudng hop ndy, &ng suit gidi han cua vat liéu duoc xem 12 gigi han
chay (oy).

Néu ta xem Ung suét chinh theo 3 phuong 14 o1, o2 va o3, (g suat Von Mises

cé giatri [62]:



37

GV:

\/ (0,-0,) + (o, ‘2"3)2+("3_01)2 (2.0)

Truong hop chi tiét chiu tai phirc tap, ing suat chinh theo 3 phuong 13 o1, o2
va o3, bo qua cac thanh phan tng sut khac thi theo 1y thuyét vé ning luong bién

dang, chi tiét bi hong khi:

I et

> (2.2)

Do d6, chi tiét dugc xem 1a bi hong khi: 0, =2 0,

Truong hop tong quét, ing suat Von Mises dugc xac dinh nhu sau:

o = \/(611 —Op )2 +(622 _0_33)2 +(033 _611)
2

2

+3(2'122 +Th+ 151) (2.3)

Trong d6 7,,,7,,, 7512 cdc thanh phan tmg suit tiép tuyén

Véi ng suat tuong duong, do bén cia chi tiét chiu Gmg suat phuc tap dugc
danh gia thong qua gidi han chay oy (yield stress). Hién nay cac phan mém chuyén
dung déu cho phép xuit két qua tng suat dudi dang Von Mises. Do d6, dé danh gia
d6 bén khung sat xi xe chita chay rimg da ning, luin an s& str dung Gng suét tuong
duong.
2.1.2. Panh gia theo @9 bén méi khung sat xi
2.1.2.1. Tdi trong bién thién va giéi han méi

Hau hét cac dir liéu moi S-N co ban duoc thu thap trong phong thi nghiém trén
cac mau thir v6i tai trong tac dong theo chu ky dang sin [12,44,45].

Ung suat bién thién dugc mo ta thong qua cac théng sd co ban sau:

Mién tng suit 1a hiéu sé khac nhau giira ¢ng suat 16n nhat va ang suat nho
nhét trong cung mot chu Ky

Ao = Omax ~ Onmin (2.4)

Ung suét trung binh 4 trj sb trung binh cta tng suat I6n nhat va @ng suit nho
nhét trong cing mot chu Ky

O +0,.
o — —max min

m > (2.5)


http://tratu.soha.vn/dict/en_vn/Yield
http://tratu.soha.vn/dict/en_vn/Stress
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Bién do (rng suat 1a gi& tri mot nira cua mién @ng suat;

— Ao — O max ~ O'min

o 2.
o
Hé sb tng sudt; R=—""+ (2.7)
Gmax
Heé sé bien do: A=Ze 1R 2.8)
o 1+R

m

Déi véi trudng hop tai trong ddi xing qua truc hoanh thi o, =0 [65].

+ . = -
Ga Ag Cmin ~ O max
zn \/ \/ T O max
5 ¥
Om
|-n— Chu kyy —= O rmin i
0
Thoi gi
l:'-min o
_ Hé sd tmg suat | =
T e

Hinh 2.1: D6 thi bién thién irng sudt doi Voi chi tiét chiu tdi

Dai véi chi tiét, viéc danh gia d6 bén moi duoc thuc hién dua trén dudng cong
moi S-N. Dya trén duong cong moi, nguoi ta xac dinh gidi han bén moi cua vat liéu
S’.. Theo [48,63], gidi han bén mai ciing c6 thé dugc tinh theo tng suat gidi han
cua vat liéu Sy:

S, =0,5S,, v&i Sy< 1400 MPa;

S, =700, vGi Sy> 1400 MPa.

Déi v6i vat liéu bang gang, S, o gid tri: S, =0,4S, [45,63]

Trén thuc té, khi tinh toan 1y thuyét hodc chi tiét dang 1am viéc, chi tiét thuong
chiu Gng suat khong giéng vai diéu kién thir nghiém xay dung dudng cong moi, do
d6 viéc xac dinh gi tri giéi han bén moi thuc té Se thi phuc tap. Gidi han méi thuc

té duoc tinh thong qua cac hé sb hiéu chinh:
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Se= Ka Ko Kcka ke S’e (2.9)

Trong do:

Ka - hé sb k& dén anh hudng ctia do nham bé mat: K, = aSE ,hé sd a, b va cac
hé s6 khac dugc xac dinh dya theo [48,49,63]. Khi tinh bén méi ngudi ta thudng
liy: ka = 0,959.

ko - hé s6 ké dén kich thuée: ky = 0,75;

ke - hé s6 phan b tai trong: khi chiu udn thi ke = 1;

ka - hé s ké dén anh hudng cua nhiét do: trong dai nhiét do tir 0 — 250°C thi kg = 1;

ke - hé s6 anh huong cua tip trung tng suit: ke = 1/ks, trong d6 ki duoc tinh
bang hé s6 anh huong cua tap trung Gng suat tinh K

Néu ta Xem omax 14 g suat gidi han, chominal 14 img suat danh nghia

K, = —mex (2.10)

O nominal

2.1.2.2. Phwong phdp ddinh gid bén méi

Ttr duong cong moi S-N, ta xay dung duoc biéu d6 gidi han moi. Pudng cong
moi S-N co thé duge xdy dung bang két qua thuc nghiém hodc bang tinh toan 1y
thuyét vl cac cong thirc kinh nghiém. V&1 gia tri gidi han moi Se duge xac dinh
nhu trén, ta c6 thé v& dugc duong cong moi trén hé truc 16 ga rit dwgc mo ta hinh
2.2. Piém dau cta do thi c6 thé duge xac dinh ung voi s6 chu ky tai tac dong 1a 103

thong qua cong thirc thyc nghiém [12].

Oa
8103\
=) S04
(\/)/ S10513
| | N
© ©
10° 10* 10° 10° 107 N (log)

Hinh 2.2: Biéu do gidi han dwong cong méi
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T do thi S-N véi hé truc 16 ga rit, ta xac dinh céc gia tri ing suit ung voi )
chu ky gy hong: Se va Si (i = 108, 104, 10°). Cac duong mé ta mdi quan hé gitta oa
va om theo cong thirc Goodman dwgc mo ta trén hinh 2.3. Vi Sy va Sy lan luot 1a
gi61 han chay cua vat liéu va gié1 han bén. Trén truc hoanh thé hién ung suét trung
binh om theo hai chiéu: chiéu kéo (om> 0) phia bén phai truc tung va chiéu nén (om<
0) phia bén trai truc tung [63].

3
S10

-S, om (NéN) om (ké0) Sy Sy
Hinh 2.3: Biéu dé gidi han cdc dwong dong tuéi tho

Cac duong dong tudi tho duogc xac dinh tir cac dudng ndi tir diém (Sy,0) tdi cac
diém (0,Se) va (0,Sy) [12,46]. Piéu d6 c6 nghia 1a moi diém trén mot dudng bat ky
tuong tng véi mot sé chu ky gy hong do moi. Néu cac gia tri tng suat oa va om tao
thanh mot diém nam bén trdi duong dong tudi tho thi chi tiét khong hong do moi
sau sb chu ky tac dong twong ung. Nguoc lai, néu diém lam viéc nim & bén phai
duong nay thi chi tiét s& bi hong do moi.

Véi tai trong bién thién ngiu nhién, ta xem cac thanh phan (ng suét c6 tac
dong doc 1ap: o1 ¢6 s6 chu ky 1a n1, o2 ¢6 s6 chu ky 1a ny,... Trudng hop nay viée
x4c dinh d6 bén moi chi tiét duge thuc hién dua trén nguyén tic cong tac dong cua

tat ca cac thanh phan (mg suat (qui tic Palmgren-Miner) [45,46,61]:
n1 r12

_+_
N

k
nk n j
4ot =1 hoge ), —-=C (2.11)
1 Nz Nk j=1 N;
2.1.2.3. Cdc tiéu chuin vé bén méi
Dua vao cac phan tich trén cho théy tudi tho cua chi tiét phu thudc vao 2 thong

sO cua tai trong tac dong 1a oa va om. Do do, nguoi ta thuong st dung moéi quan hé
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giita hai thong sb trén dé danh gia d6 bén moi cua chi tiét théng qua cac dudng
ddng tudi tho ¢ gidi han bén méi. Mdi quan hé giita oa va om tao thanh tiéu chuin

danh gia 6 bén moi, duoc xay dung theo tiéu chudn Goodman.

\ — — — Theo gi61 han chay
\\ — - — Theo Soderberg
\\ ----- Theo Goodman
S, \ ——— Theo Gerber
~ N\
A
NSl \
N .\\\ \
NS
S ~ =
NN
AN
NN T
| . \ \\\
! N \ SO Om
O Sm Sy SU

Hinh 2.4: Biéu dé cdc dwong giGi han méi [4T]

Trén hinh 2.4 thé hién cac duong ddng tudi tho & giéi han moi theo 4 tiéu

chuan, gia tri 4 tiéu chuan duogc xac dinh nhu sau [47]:

 n 2 & + % =1
Ti€u chuan Soderberg: S S (2.12)
e y
o %, T4
Tiéu chuan Goodman: + = (2.13)
Se SU
IR %, % 4
Tiéu chuan theo gidi han chay: S S (2.14)
y y

e S

u

2
0 Ga Gm
Tiéu chuan Gerber: ¢ + = =1 (2.15)
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Bén duong trén thé hién gisi han bén méi c6 cung dic diém: Vung an toan
nam phia bén trai cua duong giéi han (khong hong do moi), con bén phai 1a ving
hong do moéi sau mot sé chu ky tac dong tuong tng. Trong d6, mot diém bat ky trén
cac dudng nay thé hién cac gia tri gidi han cta tng suat: Sa va Sm lan luot 13 gia tri
€161 han cua oa va gia tri gidi han ctia om.

Néu ta xem n 13 hé sé an toan thi: Sa = n.ca va Sm = N.om. Khi 0, cac tiéu

chuan duoc viét dudi dang sau:

7 o, o, 1
Theo ti€u chuan Soderberg: S_ + S_ - (2.16)
e y n
s %2 On_1
Tiéu chuan Goodman: S, S, n (2.17)
9 r O-a O-m 1
Ti€u chuan bién dang déo: S_ + S_ - (2.18)
y y N
2
7 no, (no,
Ti€u chuan Gerber: S_ + S— =1 (2.19)
€ u

2.1.2.4. Co sé ly thuyét tinh toan hé sé an toan khung xe
Khung xe chiu tai trong phtic tap trong qué trinh di chuyén trén dudng, do d6

g suat tai diém nguy hiém cia mat cat nguy hiém thay doi theo chu ky tng suat

. K, K,
Khong ddi xtng. Véi truong hop 3 * 1 PED 1|, taco:

o o

Hé s an toan moi duoc xéac dinh:

._ S,.S. 8]

’ (2.20)
SZ+S? {1+ 2{1—(}(80 —1)}

o
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Hé s6 an toan moi thanh phan duoc xac dinh:

S, = 2
-~ Tk (2.21)
o, >ty 0,+V, T,
80—
_ T
S =—¢ (2.22)

Ta j + l//r 'Tm + l//m' 'O-m

.

Trong d6 o-1 VA 7.1 - gidi han bén moi khi chiu udn va xoan cia mau chuan; om
VA m - iNg SUAt phap va ung suit tiép trung binh; oa VA 7a - Gtng suat phap va ang
suit tiép bién do; ka va k. - hé s tap trung @ng suat phap va ang suat tiép tuyén; ea
VA . - hé s6 anh huéng ciia kich thudc; ws, s, Wi, Wor - C4C hé s6 anh hudng cia vat
liéu.

Viéc danh gia do bén moi theo phuong phap cd dién (dua vao dudng cong
moi) tuy chi dua ra mot két luan va chua bao quat hét cac tinh chat vat liéu va yéu
t6 kich thudc. Tuy nhién, phuong phap nay kha don gian va hién nay da duoc
chuong trinh héa trong cic phan mém tinh toan. Do d6 luan &n sir dung phuong
phép phan tir hitu han dé danh gia do bén moi théng qua viéc tng dung phan mém

Ansys. Ung suat gdy méi e dugc xac dinh theo tiéu chuan Goodman.
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2.2. Xay dwng mo hinh xe chira chay rirng da nang
2.2.1. Xay dwng mo hinh 3-D xe chira chay rirng da ning

Xe chira chay rimg da ning 13 mét hé co hoc bién dang. Dic trung cho sy bién
dang nay 1 su bién dang cua céc phan tir dan hdi théng qua cac banh 16p, nhip, cac
khép, khung xe ...Néu gan vao xe chita chay ring da ning mot hé truc toa d6 Oxyz
di qua trong tdm xe thi c6 thé biéu dién sy bién dang cua xe theo ca 3 phuong Ox,
Oy, Oz. Vi cé4c bién dang dé, xe chira chay rimg da ning dugc coi nhu mot hé dan
hoi [18]. Céac chuyén dich cua xe theo cac truc toa do trén gay nén cac chuyén vi
doc va quay theo c4c truc d6. Trén xe con duoc trang bi thém céc thiét b chita chay
nhu hé théng phun dét cat, hé thong phun nuéc, hé thong cit cay & phia trude, hé
thdng cét co rac tao bang tring can lira & phia sau, nén dao dong cua xe cang phuc

tap hon.

Hinh 2.5: M6 hinh 3-D xe chira chay rimg da nang

Viéc xac dinh céc thong sé dau vao cho bai toan dao dong cua xe 1a can thiét.
Viéc xac dinh khéi lwong, md men qua tinh caa céc cum chi tiét cua xe chita chay
ring bang phuong phap thuc nghiém rat khé khan va tén kém. Do dé, xay dung mo
hinh 3-D dé xac dinh khéi lugng, md men quén tinh cua cac chi tiét. Gia tri cac

thong sb duoc trinh bay trong phu luc 1.
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2.2.2. Xay dung mé hinh tinh toan d9 bén khung sat xi xe chira chay rimg da
nang

Ngay nay, véi sy phat trién manh mé& caa cac nganh cdng nghiép thi viéc tng
dung phan mém sé la rat quan trong. Viéc tng dung khong nhing gidp mé phong
mét cach gan ding cic mo hinh can ché tao ma con giam chi phi san xuat, giam cac
cong doan kiém tra danh gia, tir 46 giam gia thanh san pham. Trudc ddy, dé tinh
toan cac mo hinh ngudi ta dung cac phwong phap thu cong 1a tinh bang tay nho céc
cong thirc thuc nghiém. Nhitng nim gan day, nho sy phat trién caa cac cong cu tinh
toan clng sy phat trién cua may tinh da dan hoan thién cac phan mém céng nghiép,
st dung dé giai cac bai toan co hoc VAt ran, co hoc thuy khi, cac bai toan dong, cac
bai toan tuyén tinh va phi tuyén, cac bai toan trudng dién tu, ...

Sat xi (khung xe) 1a hé théng dam c6 vai tro chiu tai trong céc chi tiét lap dat
Ién va tai trong hang hoa, nhan va truyén phan luc trong qué trinh hoat dong cua 6
t6 véi cac diéu kién duong xa khac nhau. Ngoai ra, con chiu anh hudng cua nhitng
rung dong tir dong co, hé théng truyén luc... Do trén xe c6 lap thém céc thiét bi
chira chay chuyén dung, vi vay tai trong cia xe ting 1én 1am anh hudéng dén do bén
sat Xxi.

Viéc (ng dung phuong phap phan tir hitu han (FEM) dé xac dinh céc vi tri
Xuat hién ¢ng suat va bién dang nham dy doan tudi tho va téi wu hoa két ciu cua
khung [22,23,24,25]. Xuét phat tir yéu cau trén, tac gia da tap trung phan tich thiét
ké khung xe chita chay rimg da nang trong diéu kién tai trong tinh bang phan mém
Ansys Workbench.

Phuong phap phan tir hitu han (PTHH) 1a phuong phap rat tong quat va hitu
hiéu cho 10i giai s6 nhiéu 16p bai toan k¥ thuat khac nhau. Tur viéc phan tich trang
thai wng suat, bién dang trong céc két cdu co khi, cac chi tiét trong 6 td, may bay,
tau thuy, khung nha cao tang, dam cau, ... dén cac bai toan cua ly thuyét truong
nhu: Ly thuyét truyén nhiét, co hoc chat long, thuy dan hoi, khi dan hoi, dién tir
truong. Voi su tro giup cua cong nghé théng tin, nhiéu két ciu phuc tap ciing da
duoc tinh toan va thiét ké chi tiét mot cach dé dang.

Véi su hd trg cia may tinh dién tir, phuong phap phan tir hitu han dang duoc

sir dung rong rai va ¢ hiéu qua trong nhiéu linh vuc nhu: Ly thuyét dan hoi va déo,
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co hoc chét long, co hoc vat rin, co hoc thién thé, khi twong thuy van, ... Phuong
phap PTHH thudng duoc dung trong cac bai todn co hoc dé xac dinh ung suat va
bién dang cua vat thé.

Ansys Workbench 1a mét trong nhiéu phan mém cbng nghiép, st dung
phuong phap PTHH dé phan tich bai toan vat ly - co hoc, chuyén vi cia phuong
trinh vi phan, phuong trinh dao ham riéng vé dang sd, véi viéc sir dung phuwong
phap roi rac hda va gan dung dé giai. Tai Viét Nam, phan mém Ansys Workbench
duoc tng dung rong réi trong phan tich két ciu. Trong luan an nay tac gia st dung
phan mém Ansys Workbench dé khao sat 6 bén khung sét xi.
2.2.2.1. M6 hinh 3-D khung sét xi

Do khung sat xi cd két cau tuong dbi phic tap, ddng thai méd hinh 3-D can
thiét phai duoc xay dung chinh xéac. Vi vay viéc xay dung md hinh 3-D khung sat xi
trong phan mém phan tich phan ti hitu han 1a phirc tap. Do d6 mé hinh khung sat xi
xe chita chay rimg da ning duoc xay dung trong cac phan mém vé chuyén dung,
sau d6 dua vao phan mém phan tich phan tir hitu han dé tinh toan. Trong nghién cuu
nay, tac gia st dung phan mém Solidworks dé xay dung mé hinh 3-D va sir dung

phan mém Ansys Workbench dé lién két vai phan mém Solidworks.

Hinh 2.6: M6 hinh 3-D khung sat xi xe chiza chay ring da nang
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2.2.2.2. Nhdp md hinh vao trong Ansys
Sau khi thiét k& mo hinh 3-D trong Solidworks, ta tién hanh nhap mé hinh
khung sat xi vao trong moi treong Ansys Workbench. M6 hinh khung sat xi trong

Geometry duoc thé hién hinh 2.7.

"]

s
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Hinh 2.7: M6 hinh khung sat xi da dwoc dwa vao trong Ansys

Trong md hinh nay gom 55 chi tiét véi khdi lugng 1a 1014,4 kg, chiéu dai sat
Xi theo truc X 1a 7376 mm:; chiéu cao sat xi theo truc Z 1a 703 mm va chiéu dai theo
truc Y 1a 2200 mm.
2.2.2.3. Gid thiét mo hinh tinh toan

Qua trinh xay dung md hinh phan tir hitu han caa khung sét xi xe chita chay
ring dua trén su phan tich dic diém cua két ciu khung xe, cac tai trong tac dung Ién
xe ciing nhu kha ning ¢ng dung cia phan mém phan tich két cau hién c6. Do do
viéc dua ra cac gia thiét va cac budc cua viéc xay dung mé hinh phan tir hitu han
dugc sir dung cho bai toan tinh bién dang va tng suat cua khung sat xi dudi tac
dung cua lrc tir mat duong, khéi luong cua xe va tai trong caa hang hoé 1a can thiét.
Cac gia thiét nhu sau:

- Céc chi tiét duogc lap ghép véi nhau cang, bo qua cac mdi han cua khung sat
Xi.

- Xem tai trong thing hang phan bd déu trén bé mat khung sat xi. Tai trong

cabin va tai trong cua dong co phan bd déu trén khung sét xi tai cac vi tri dit luc.
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- B6 qua céc 16 nho khdng anh huéng dén két cAu cua khung sét xi nham giam
thiéu sé luong ludi va ting chat luong khi chia ludi.

- Xem vit liéu 1am khung sat xi 1a ddng nhit va bo qua cac khuyét tat bén
trong vat liéu.

- B6 qua lyc tAc dung ctia khong khi dén than xe do xe chuyén dong véi toc do
thap.
2.2.2.4. Gan vt ligu

Trong Ansys Workbench cung cap kho vt liéu rat 16n da duoc kiém ching
vé6i thuc té. V6i khung séat xi xe chita chay rimg, dugc ché tao bang vat liéu thép

40CR c6 cac thong sb vat liéu nhu sau [60]:

Bang 2.1: Thong sé vdt liéu st xi xe chira chay ring da ndng

Thong s6 Pon vi Gia tri
Khoi lwong riéng kg/m? 7850
Mb dun dan hoi GPa 205
Hé s6 Poisson 0.29
Ung suat gisi han chay caa thép 40CR MPa 785
Ung suat giGi han pha huy cua thép 40CR MPa 980

2.2.2.5. Chia lwéi m6 hinh

Qua trinh xay dung mé hinh phan tir hitu han cé vai trd quan trong ddi véi cac
bai toan phan tich thiét ké. Viéc chia lugi mé hinh khung xe dua trén dic diém két
cau cua khung va cac tiéu chi kiém soat mé hinh ciia phan mém Ansys [11], diéu
nay cho phép xac dinh do chinh xac ctia md hinh phan tir ma ta st dung. Trong
nghién cau nay, cac phan tir lap phuong (phan tir Solid 186) va phan ta tir dién
(phan tir Solid 187) duoc két hop sir dung nhiam giam kich ¢ bai toan, ting do
chinh x4c cho mé hinh tinh toan. Do chinh xac va téc d6 bai toan phu thudc vao qua
trinh chia ludi. Trong trudng hop nay tién hanh chia ludi bang tay va chia ludi tu
dong. Véi khung xe 6 t6, cac chi tiét co bién dang cong rat phic tap, nhiéu goc
luon. Pé tang d6 chinh xac md hinh va mé ta ding hinh dang hinh hoc, ta st dung

cac mod hinh phan tir do phan mém dé xuat [2].
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Phan tir SOLID186 va SOLID187 thich hop cho viéc 1am giam kich ¢& cac bai
toan phirc tap. Phan tir SOLID186 thuong sir dung tai cAc vi tri thanh tron, phan ta
SOLID187 ¢ thé xay dung nhiéu dang hinh hoc cho nhiéu bai toan.

Hinh 2.8: M6 hinh phdn t SOLID186  Hinh 2.9: M6 hinh phan tir SOLID187

Trong nghién cau, st dung két hop gitta md hinh phan tr SOLID186 va
SOLID187. Tai céac vi tri phuc tap, cac goc lugn s dung md hinh phan to
SOLID187 dé tang do chinh xac vé hinh hoc. Céc thanh thang sir dung md hinh
phan tir SOLID186 dé tang toc do tinh toan.

Hinh 2.10: M@ hinh phan ti hitu han trén khung xe CCR da néing

Qua trinh chia lugi hoan thanh, viéc kiém soét chat luong luéi theo céc tiéu
chuan di duoc phan mém dé ra. So sanh két qua chia ludi véi tiéu chuan danh gia

luGi cua Ansys két hop tién hanh téi wu hoa theo thoi gian tinh toan. Tiéu chuan
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danh gia chu yéu dya trén chat luong phan tir va d6 léch phan tir so véi gia tri phan
tir tiéu chuan. Chia luéi trong Ansys gém cd cac tiéu chuan sau:

- Ti s6 léch (Aspect ratio): La ti s6 giira canh ngan nhat va canh dai nhat trong
mét phan tir. Trong Ansys, gia tri nay nho hon 5 thi chap nhan duoc.

- Hé s6 Jacobian (Jacobian ratio): La thuéc do d6 léch cia mot phan tir so véi
truc toa do. Hé sb Jacobian c6 gi4 tri trong khoang tir 0 dén 1.

- Do léch (Skewness): Puoc xac dinh bang goc tdi thiéu so véi hai vécto goc
d6i dién két hop véi cac miat va vécto giira hai mat tiép xdc tai mdi nat. Trong
Ansys, gia tri do 1éch nho hon 0,5 1a chap nhan dugc.

- Chat lugng ma tran truc giao (Orthogonal Quality): La gia tri gitra phan tir bé
mat va phan tir vo. Gia tri chat lugng ma tran truc giao Ién hon 0,7 1a dat va tt nhat
khi dat bang 1.

- Chat lugng phan tir (Element Quality): La chi sb tong hop dé danh gia nhanh
chét luong phan tir, sé luong phan tr dat chat luong c6 thé dugc quan sat trén dd

thi. Chét luong ludi tét, gia tri nay dat trén 0,7.

Bang 2.2: Thong sé Lwéi md hinh khung sat xi xe chiza chay rimg da ning

Tiéu chi Giatri Nhan xét

S6 phan tu 174223

S6 nit 376982

Chat lugng phan tir 0,71 Pat
Ti s6 d léch giira cac canh 2,75 Pat
Hé s6 Skewness 0,40 Pat
Chat luong truc giao giira cac bé mat 0,72 Dat
Hé s6 Jacobian 0,93 Pat

2.2.2.6. Piéu kién bién

Céac nghién cuu cua Teo Han Fui [41] va Monika S. Agrawal [42] dua ra
phuong phap thir nghiém d6 bén tinh trén khung xe tai va phuwong phap dat dicu
kién bién. Cac mau nhip c6 vai trd han ché chuyén vi cua khung theo 3 phuong tinh
tién trong mat phang xyz va cac phuong quay. Do vay ta chon ngam tai cac vi tri

mau bat nhip.



M
.12
.21 a R u

B 22 ﬂ‘-&‘———*ﬁ?ﬁ
.11 I I[ l
-ulﬁ o LI I
e — o —=

Hinh 2.11: Ngam chju tdi trong tai c4c vi tri mau nhip

Cac luc tac dung 18n khung xe, ta quy vé céc vi tri riéng theo tirng khéi luc tac
dung. Trong thuc té, khung xe chiu tac dung cua nhiéu lec tac dung 18n, cac luc d6
¢6 cac phuong doc va cic phuong ngang phirc tap. Dé don gian ta dua vé cac khoi
luc chinh tac dung nhu sau:

- Khéi dong co: Bao gém dong co va hop sé tac dung Ién khung xe theo
phuong thang dung phan bé déu hai bén khung cé gia tri trong luong 12258N (hinh
2.12).

B DONGCO: 12256 M B c2BIM: 8340, M
I' Components: 0,12258,0. M ' Components: 0,8340,,0, M
I

Hinh 2.12: Phan bé trong lirong Hinh 2.13: Phan bé trong lirong cum

cum dong co tdac dung 1én khung cabin tac dung 1én khung

- Khéi cum cabin: Bao gom khéi lwong cua budng lai va cac chi tiét bén trong
budng l4i cé trong lwong 8340N phan bd déu 1én khung xe theo cac diém duoc mo
ta hinh 2.13.

- Khéi thing hang: Bao gém toan bo khéi luong cua thing hang, céc chi tiét
lip 1én thung hang khi day tai tdc dung luc 1&n toan bo phan phia sau than xe. Trong
lugng thiing hang phan bd déu trén toan bo 2 bén bé mat khung chiéu dai 4,5m tinh
tu phia sau khung véi gia tri tai trong 1a 118500N (hinh 2.14).
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B HAMG: 1,185 +005 M
Carnpornents: 0,1 1852 +005,0, M

Hinh 2.14: Vj tri va gié tri trong lwong thung hang tac dung Ién khung

Ngoai trong luong ciia 3 khéi co ban trén, xe chita chay rimg da ning con co
trong luong cia cum cit cdy duogc lap phia truéc khung va trong lwong cia cum cit
co, cube dat duoc lap phia sau khung. Cum cit cay lap phia trudc 6 trong luong 1a
9810N, cum cat ¢ va cube dat phia sau co trong luong 1a 7848 N.
2.2.2.7. Xudt két qud

Sau khi tién hanh tinh toan xong bang phan mém ta sé& thu duoc tng suat, bién
dang, chuyén vi dudi dang cac phd mau. Ngoai cac két qua phan tich trong bai toan
tinh, ta con co thé dua ra bai toan bén moi cac két qua theo thoi gian.

2.3. Xay dwng mo hinh xac dinh tai trong dong tac dung I1én khung sat xi

Cac ché do tai trong tac dung 1én khung sat xi trinh bay ¢ phan 2.3.2.7 14 tai
trong tinh cuc dai khi xe ding yén. Thuc té, khi xe chuyén dong trén duong khong
bang phang, dudi tac dong caa map md mat duong, s& co tai trong tir mit dudng tac
dung 1én khung sat xi théng qua hé thong treo. Khi khao sat do bén cua khung séat
Xi, can phai xét dén cac ché do tai trong nay. Pé xac dinh tai trong tir mat duong tac
dung Ién khung st xi, ta xay dung mo hinh dong luc hoc cua xe va giai bai toan xac
dinh tai trong tac dung 1én khung sét xi bang phan mém Matlab Simulinks.

2.3.1. Phwong phap xay dwng mo hinh

Mo hinh xac dinh céc tai trong dong tdc dung 1én khung sat xi trong truong
hop xe chuyén dong trén duong duoc xac dinh tir mé hinh dong luc hoc cua xe tai 3
cau. Sir dung mé hinh dong luc hoc ¢6 thé xac dinh dugc tai trong tir mat duong tac
dung 1én banh xe trong cac truong hop chuyén dong nhu di thing, ting téc, phanh,

quay vong va cac map md mat duong. Viéc thiét 1ap hé phuong trinh mé ta dong
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luc hoc & t6 6 thé sir dung nhiéu phuong phap tuy theo mirc d va cac thong sb can
tinh toén.

Xe chira chay rimg da ning 13 mét hé co hoc bién dang. Dic trung cho sy bién
dang nay 1 su bién dang cua céc phan tir dan hdi théng qua cac banh 16p, nhip, cac
khép, khung xe ...Néu gin vao xe chita chay rimg da nang mot hé truc toa do xyz di
qua trong tdm xe thi c6 thé biéu dién su bién dang cua xe theo ca 3 phuong Ox, Oy,
Oz. Vi cac bién dang do, xe chira chay rimg da ning duoc coi nhu mot hé dan hoi.
Cac chuyén dich cua xe theo céc truc toa do trén gay nén cac chuyén vi doc va quay
theo cac truc do.

Trong nghién ctu ndy, nghién citu sinh sir dung phuong phap can bang lyc dé
thiét 1ap mo hinh dong luc hoc. Pé xay dung mé hinh dong luc hoc xe chira chay
ring da ning theo phuong phap nay, gdm cac budc sau:

- bt cac gia thiét ban dau;

- Pinh nghia hé quy chiéu;

- Thiét 1ap hé phuong trinh vi phén;

- Giai hé phuong trinh vi phan bang phan mém (phuong phap sd).

Sau khi giai hé phuong trinh vi phan, ta xac dinh dugc gia toc ciia cac cau xe
theo phuong thing dang. Ly gia toc nhan véi khéi lugng cua cau xe & trang thai
tinh ta xac dinh dwoc tai trong dong tr mat duong tac dung Ién khung sat xi thong
qua cau xe.

2.3.2. Xay dwng mo6 hinh khoéng gian
2.3.2.1. Mgt sé gid thiét khi xay dwng mé hinh

Xe chira chay rimg da ning c6 khéi lwong va kich thuge Ion, két cau xe phirc
tap. Chinh vi vay anh huong 16n dén tinh chat dong luc hoc cua xe, dic biét trong
cac diéu kién chuyén dong téi han. Vi vay viéc mo ta phi tuyén (hé thong treo, 16p,
tach banh) 1a can thiét trong nghién cau dong luc hoc hién nay. Két cau xe chira
chéy rimg da ning co6 dic diém 1a khung chiu luc, hé théng treo phu, 3 cau. Than xe
dugc phan thanh phan duoc treo trude va sau, tuong tng la c4c cau xe trude va sau,
cau sau stir dung hé thong treo can bang.

Véi diac diém cdu trac da phan tich trén, cac gia thiét sau duoc str dung trong

qua trinh mé ta dong luc hoc caa xe chira chay rimg da nang 3 cau:
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Thing hang ché day nudc trong bé chira va xem nudce trong bé chira nhu mot
khdi dic do bé chira duoc chia thanh nhiéu ngian nho. Ngoai bé chira nuéc, thing
hang con Iap mot s6 co cau khéac phuc vu chira chay.

Lién két gitra cabin voi khung va lién két giira thuing hang véi khung xem nhu
lien két hé thdng treo gom bd phan dan hdi va bo phan giam chan dugc thé hién trén
mo hinh khéng gian.

Phan khéi lugng cabin xem nhu cting tuyét ddi, cabin c6 3 chuyén dong la
dich chuyén theo phuong Z, quay quanh truc ngang (truc Y) va quay quanh truc doc
(truc X) twong tng c6 khdi luong 1a me, mémen quan tinh quay quanh truc ngang la
Jey Va mémen quan tinh quay quanh truc doc la Jex.

Phan khéi lurgng thing hang xem nhu cing tuyét di, thing hang c6 3 chuyén
dong 1a dich chuyén theo phwong Z, quay quanh truc ngang (truc Y) va quay quanh
truc doc (truc X) twong tng c6 khéi lugng 1a m, mémen quan tinh quay quanh truc
ngang la Jy va mdmen quan tinh quay quanh truc doc 1a Ju.

Khung xe ¢ 3 chuyén dong la dich chuyén theo phuong Z, quay quanh truc
ngang (truc Y) va quay quanh truc doc (truc X) twong tng c6 khdi lwong ms,
modmen quéan tinh quay quanh truc ngang Jsy va mémen quan tinh quay quanh truc
doc Jsx.

Phan khéi luong khong duoc treo xem nhu cting tuyét ddi, cac khdi luong
khong duoc treo ¢ hai chuyén dong la dich chuyén theo phuong Z tuong ung tai
c4c cau trudc, giita, sau lan luot 1a Zu1, Zuw, Zus Va quay quanh truc doc (truc X);
khdi lwong twong ¢ng tai cac cau trudc, giira, sau lan luot 13 my1, M2, Mu3; mémen
quan tinh quay quanh truc doc lan luot 12 12 Ju1, Juz, Jus.

Phan khdi luong co ciu cat cdy phia trudc, co cAu cat cé phia sau xem nhu
ctng tuyét ddi, c6 hai chuyén dong 1a dich chuyén theo phuong Z va quay quanh
truc doc (truc X), c6 khéi luong lan Iuot 12 ms, ms, mdmen quén tinh quay quanh
truc doc lan luot 14 12 Ja, Js. Co cau cat cay lién két véi khung xe qua bo phan giam
chan, co cau cit co lién két vai khung xe qua bo phan dan hoi va giam chan

B6 qua cac ngudn kich thich dao dong trén xe, coi map mé mat dat ring va
céc xung luc do co cu cat c¢o rac 1a ngudn kich thich dao dong duy nhat. Su tiép

xuc gitra cac banh xe véi mat duong 1a tiép xac diém va bo qua sy truot giira banh
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xe v6i mit duong. Xe chuyén dong trén dudng véi van téc thap, khong doi. Do dé
xem nhu lyc can quan tinh va luc can khéng khi cé gia tri bang khdng. Bé qua anh
huong do ma sét cua cac 6 truc banh xe.
2.3.2.2. Lwa chon hé tea d¢ ciia md hinh
a. Hé toa do trung tam

Hé toa do cb dinh dugc chon 1a Oxyz c6 gdc toa do 1a diém O dit & trong tam
cua khung xe, c6 3 toa d6 theo phuong thang dimg z, theo phuong doc X va theo
phuong ngang y.
b. Hé toa do suy rong

Hé toa do suy rong duogc dit tai trong thm cua cac khdi lwgng trong hé:

- Khéi luong cabin (mc¢) gdm: chuyén vi thang dang Zc, chuyén vi goc quay
quanh truc Ox 1 fex, chuyén vi goc quay quanh truc Oy 12 Oy

- Khéi luong thung hang (mi) gom: chuyén vi thang dang Zi, chuyén vi goc
quay quanh truc Ox 13 Gk, chuyén vi goc quay quanh truc Oy 12 Gy.

- Khéi lugng sat xi (ms) gom: chuyén vi thang dung Zs, chuyén vi goc quay
quanh truc Ox 1 s, chuyén vi goc quay quanh truc Oy 12 6sy.

- Khéi luong khong dugc treo cau trude, Cau gitra va cau sau (Mut, Myz, Mus)
gom: chuyén vi thiang dung Zui, Zuw, Zu chuyén vi goc quay quanh truc Ox 12 Gus,
Ou2, Ous.

- Khéi lugng co ciu cat cay phia truéc (ms) gom: chuyén vi thang dung Za,
chuyén vi goc quay quanh truc Oy la 6s. Pugc lién két véi khung xe théng qua bo
phan giam chan.

- Khéi lwong co ciu cit co phia sau (ms) gom: chuyén vi thang dung Zs,
chuyén vi goc quay quanh truc Oy la 6s. Pugc lién két véi khung xe thong qua bo
phan giam chan va bo phan dan hoi. Xem hé sb can giam chan cta co cau cat cay va
co cAu cét ¢o 1a nhu nhau.

2.3.2.3. M6 hinh khéng gian xe chéiza chay rirng da ning
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Hinh 2.15: M6 hinh dao dong xe chira chay rung da nang trong khong gian
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Céc diém lién két trén md hinh gom:

-biém 1, 2,3, 4,9, 10, 11, 12 - cac diém lién két giira cabin véi khung sat xi:

-biém 5, 6, 7, 8, 13, 14, 15, 16 - cac diém lién két giira thung hang véi khung
sat xi;

- biém 17, 18, 19, 20 - cac diém lién két hé thong treo giira khung sat xi véi
cau trudc;

- Piém 21, 22 - cac diém lién két gitra cau trudc véi 16p xe trudc;

- Diém 23, 24 - cac diém lién két hé thdng treo can bang vai sat xi trai, phai;

- Biém 25, 27, 29, 30 - cac diém lién két hé thong treo giira khung sat xi véi
cau gitra;

- Piém 31, 32 - cac diém lién két gitra cau giira voi 16p xe tréi, phai;

- Diém 26, 28, 33, 34 - cac diém lién két hé thong treo giira khung sat xi véi
CAU sau;

- biém 35, 36 - cac diém lién két gitra cau sau véi 16p xe trai, phai;

- biém 37, 38, 41, 42 - cac diém lién két gitra khung sat xi Vi co cau cat cay;

- Piém 39, 40, 43, 44 - cac diém lién két giita khung xe véi co cau cit co.

> M0 hinh dao dgng trong mat phang déi xieng doc Oxz

Hinh 2.16: Mé hinh dao déng twong dwrong ciia xe CCR da néng trong mdt phang

doi xirng doc Oxz
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» M6 hinh dao déng trong mdt phang dirg ngang
d d
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Hinh 2.17: Mé hinh dao déng twong dwong ciia xe CCR da néng trong mat phang
thang dirng ngang Oyz

So d6 khdng gian trén, cac ky hiéu trén mé hinh 2.15 duoc trinh bay trong Phy

luc 1 va Phu luc 2.
Nhu vay, ta thdy rang mé hinh cau trlic cua xe chita chay ring da nang gom

19 toa do suy rong (19 bac ty do) bao gom: 3 bac ty do mé ta chuyén dong cua
cabin (Zc, Oex, Oey), 3 bac tu do md ta chuyén dong cua thung xe (Zt, O, ), 3 bac tu
do md ta chuyén dong cua than xe (khung xe) (Zs, Osx, 6s), 2 bac tw do mé ta cau
trudc (Zut, Ou1), 2 bac tu do mo ta cau gitra (Zuz, Ouz), 2 bac tuy do md ta cau sau (Zus,
6u3), 2 bac tu do mo ta co cau cat cay phia trudc (Za, 6) va 2 bac ty do md ta co cau
cit co phia sau (Zs, 6s).
2.3.2.4. Thiét l@p hé phwong trinh vi phdn mé ta dong luc hec cia xe chira chay
rung da ning

Phuong trinh vi phan dao dong cua hé cd thé duoc 1ap dua trén dinh luat
Newton thir 2. Cac phuong trinh nay duoc thiét 1ap nhd phuong phap can bang lyc
va m6 men tac dong Ién vat.

DPong thoi Keir = Keaz = Kear = Keaz, do d6 dit Ke = Keir = Keiz = Kear = Kezz

la hé sé can giam chan lap cabin tai 4 diém lién két. Twong tu ta ciing lan luot c6
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cac gia tri sau: Cei1 = Ce1z = Cez1 = Ceaz = Co; K1 = Kuz = Kiar = Kizz = Ki; Cur =
Cu2 = Ci1 = Cio2 = C; Ks11 = Ks12 = Ka1; Cs11 = Cs12 = Cst; Cs21 = Cs22 = Cs2; Csa1
= Cs32 = Cs3; Kr1r = Kz = Kig; Crair = Criz = Cug; Kot = Koz = K Cror = Croe
= Cr2; Kiz1 = Kz = Kis; Cra1 = Crz2 = Cus; Kir = K12 = Ky Kop = Koo = Kp; Cor =
Ca2 = Ca. Hé phuong trinh dugc viét nhu sau:

. 47 .+20, (c,—c,)+6, (c,—c,)-4Z, +26,(c,—c
m.Z, +K, . (1 2_) y(s 4) (2 1)+

=20, (I, +1;)-20,, (1, +1,-c;,—c,)
(2.23)
4Z,+20,(c,—¢c,)+0,(c,—c,)-4Z,+26,(c,—-c,) .
1 =20, (1,+1,)-26, (I, +1,-c,—c,)

30, + K& | 22, +20,6,+ 6, (¢, —¢,) - 2Z, - 26,6, - 0, (21, + 25+ ¢5 + ¢, ) |
-K._c, [22C ~26,¢,+0,,(c;—¢,)—2Z,+20,¢,—- 0, (2I,+2l,+c, +¢C )]

2.24
+C.c [ 22, +20,¢,+0, (¢, -¢,)-2Z, - 20,¢,- 0, (21, + 2, + ¢, + ¢, ) | (2.24)
—C,C,| 2Z, -20,,¢, + 0, (¢, —C,)—2Z, +20,¢, - 0, (2}, + 2I; + ¢, +¢,) | =0
30y +K G| 22, +6,, (¢, ~¢,)+20,0,- 27, +6, (c, ¢ +15) ]
—K_c, [22C +6,,(c,—c,)-26,¢,-2Z,+6,(c, —cl)—2¢9Sy (Il + I3 -c, —c4)] 2.25)

C.C| 2Z,+0,, (¢, —C, ) +26,c,—2Z, +0,,(c,—¢,) 20, (I, +1;) |
~C.C,[2Z,+6, (¢, ~¢,)-20,¢,-2Z,+6,, (¢, —¢,) - 20, (I, +1,-¢; ¢, ) | =0

nZ K [42t +20, (e, —€,)+20, (e,—e,)—4Z,+20, (e, —el)]

-20,, (&;+e,—1,—1,)+20,,(1,+1,)
c 4Z,+20, (e, —e,)+20, (e, —e,)-4Z,+20, (e, —¢e,)
+

|20, (e, +e,~1,-1,)+20, (1, +1,)

(2.26)

3,0, + Ktel[ZZ't +20,0, +06, (e;—e,)-2Z, - 20,8 +6,, (I, +1,)- 0, (e, +&, -1, - I4)]
—Kie,[ 22, -26,8,+6, (e,—e,)—2Z, +20,&,+ 0, (I, +1,) -0, (e, +&,~1,-1,) |
Ctel[ZZt +20,8,+0, (e, —e,)-2Z,-20,8,+0, (I,+1,)- 6, (e, +e,—1, - I4)}

-C.e, [22C -20,8,+0,(e;—¢,)-2Z,+20,8,+06,, (I, +1,)- 0, (e; +e,—1, - I4)] =0

(2.27)
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J,0, +Ke, [22t +6, (e —e,)+20,0,-2Z, -0, (e,—€)-20, (e;+e,~1,- I4)}
—Ke,| 22, +0, (e, ~e,)-20,6,-27, -0, (e, —¢,)+20, (1, +1,) ]

+Ce, [22t +0, (e, —&,)+20,6,-2Z,-0, (e, & )20, (e, +e,~1, - I4)]
-Ce,[2Z,+6, (e, —¢,)-20,8,-2Z, -0, (e, — &)+ 20, (I, +1,)|=0

(2.28)

mZ, +K,| 42, +26, (c,—c,)+20, (c,+¢,)-4Z,+ 26, (c,—¢,)+ 26, (c, ;) |
+K, [42S +26, (&, —€,)+26, (e, +e,)—4Z,+26, (e, —&,)+6, (e, —e3)]

+K |27, +20,),-27,, |+ K[ 22, +26, (I, +1,)-2Z, |

+K,[2Z,-2 (| + ) Zy | +Con[ Z,+0,6,+0, (1, +15) - Z, 0,6, - 6,¢, |
4Z,+20,, (¢, —C,)+20, (Cy +¢,)~4Z, +20, (¢, ~¢,) +20, (¢, ~ ;) |

47, +20, (e, —&,)+20, (e, +e,)—4Z,+26, ( —¢,)+0,(e,~¢,)]

+Cy| 22, +295y|1 ] 2| 22,+20,(1,-1,)-22,, |

+C,5[ 22, -2 27,, ]+C [22 +20, (1, +1,)-2Z, ]
+cz[2zs—2esy(|2 |4)—225]:o

+C|
+C[

(2.29)

sx 7 sx cy

J 0, +Kc [22S +20,¢,+ 0, (c, +¢,)-2Z,-20,c,-6,,(c, - c, )]
-K_c, [ZZS —20,¢,+0,, (¢, +¢,)-2Z,+20,¢, -0, (c, - cs)}

+Ke, [22S +20,8,+0, (e, +e,—2,-21,)-2Z,- 20,6, -0, (e, —€, )]
K., [22S ~20,8,+06, (e, +e,—21,-21,)-2Z,+20,e,-6, (e, ¢, )]
+Kd [ 26,d -26,d |+ K,d [ 26,d -20,d |+ K,d [ 26,d —20,d |
C.c,[2Z, +20,¢,+06, (¢, +¢,)-2Z, - 26,¢,-6,,(c, —C,) | (2.30)
~C.C, | 2Z,-20,¢, +0, (¢, +¢,)—2Z,+26,¢, -6, (¢, —C;) ]

+C& |22, +20,08 +0,, (e, +e,-21,-21,)-2Z, - 20,8, - 0, (e, ~¢,) |
—Ce,[22,-20,8,+0, (e, +e, -2, - 2,)-2Z, + 20,8, - 0, (e, -¢,) |
+C,d[20,d —26,d]+C,,d[26,d - 20,d]+C,d [20,d - 20,d]
+C,d[26,d - 20,d]+C,d[26,d -26,d]=0
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3,0, +K. (I, +I3)[ZZS+6"SX(cl—c2)+295y(ll+l3)—22C+écx(cz—cl)—290yc3]
Ko (h+1—c—c,)[ 22, +6, (¢, —¢,) =6, ( +1,— ¢, —¢,) - 2Z, -0, (¢, ¢, )+ 26,¢, |

+Kt(e3+e4—lz—I4)[225+6"sx(el—e2)+20'sy(e3+e4—I2 l,)-2Z,-0, (e, &)~ Zétyeg]
K (I, +1,)[ 22, +6, (¢, —&,) 26, (1, +1,)~2Z,~ 6, (e, —&,) + 26,8, |

+K |, [22S +20,\, —ZZul] +K (I + Is)[ZZ's +26,, (I, +1;)- 224}

—K, (I, +1,)[ 22,20, (1, +1,)-2Z, |+
+C, (I, + )[22 +0,(¢,—¢,)+20,, (I +1;)-2Z,+6,,(c,—¢,) - 26, |
~C, (I +1;—¢;—¢,)[ 2Z, +6,, (¢, —¢,) =0, (I, +1, - ¢, —¢,)—2Z, 0, (¢, — ¢, )+ 20,,¢, |
+C (&5 +e, =1, -1,)[2Z,+ 0, (e,~,)+20, (e, +e, 1, ~1,)-2Z, 6, (e, &) - 26,8, |
—C,(1, +|4)[225+95x(el—ez)—26’ (1,+1,)-2Z,-6,(e,~&)+ 26,8, |

+Cyh[2Z,+20,),-22,, |-C,, (I,-1)[ 22,20, (1,-1;)-2Z,, |
~Cys (1, +15)[ 22, - 20, (1, +1) -2, |
+Cyy (L +1,)[ 22, +20, (1, +1;)-2Z, |-C, [ 2Z,- 20, (1, +1,) - 2Z, | =0

(2.31)
MuZ+ Ky |22, -27,-20,), |+ K, (22, —h, —hy,)
+C,, [22ul 27 — 249Sy|1]+cL1 (2Z,,—h,—h,)=0 (2.32)
Jub+Kyd[ 26,0 -20,d |+ K B (26, -, ~h,,) 03
+C,d[+20,,d -26,d]+C,,B* (2, —h, —h,)=0
MyZyp + Ko (22,,— 1y, ~ 1y, ) +Cy [ 22,,-22,+ 26, (1,15 |
+Cy,(Z,; —My —hy,)=0 (2.34)
3o+ K ;B (26, —hyy —hy, )+ Cpd [+26,,d — 26,d]
+C,B*(20,, -, —h,,)=0 (2:35)
MyZys +Kis(2Z,5 =1y — by, ) +Cs[ 22,422+ 26, (1, +1s )]
+Cy5(2Z,5 -, —h,,)=0 (2.36)
3l + K 5B (20, Py =, )+ Cod [+26,,d - 26,d]

(2.37)

+CLSB (2‘9u3 - h31 - hsz) =
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m,Z, +K,[2Z,-20, (I, +,)-2Z, |=0 (2.38)
J,0,+K,d[ 26,d-26,d |=0 (2.39)
mZ.+K, |27, +26, (1, +1,)-2Z, |+C,[ 2Z, +26, (1, +1,)-2Z, | =0 (2.40)
30, + K,d| 26,d -26,d |+C,d[26,d —26,d]=0 (2.41)

Céc phuong trinh tir 2.23 dén 2.41 md ta cac phuong trinh vi phan dao dong
cua xe chira chay rung da nang khi hoat dong trén duong ring chiu luc kich dong la
c4c map mo mat dat ring. Tir hé phuong trinh vi phan thiét lap duoc ta thay luc tac
dong tir mat duong 18n cau xe chiu anh huéng caa nhiéu yéu td, dé xac dinh qui luat
anh hudng cua cac yéu té dén tai trong, tién hanh khao sat hé phuong trinh vi phan
da lap.

Pé tién hanh khao sat hé phuong trinh vi phan dao dong cua xe, tién hanh xéc
dinh cac thong so dau vao caa phuong trinh. Viéc xac dinh cac thong sé dau vao
cta phuong trinh duoc tién hanh nhu sau: Cac thong sb hinh hoc cua xe duoc xac
dinh bang phuong phap do truc tiép trén xe, cac thong sé do cing twong duong cua
16p trudc, 16p gitra va 16p sau; do cang va hé sé giam chan cia nhip trude, nhip sau
dugc tham khao tur tai liéu [18], [49].

Két qua xac dinh cac thdng sé k¥ thuat hinh hoc va thdng sb vé d6 cting, hé sb
can giam chan duoc trinh bay & Phu luc 2.

2.4. Tinh toan xac dinh tai trong dong

Trong nghién ctru nay, cac tai trong dong tir mat duong tac dung khung sat xi
théng qua 16p xe va vo cau duge xac dinh tir md hinh dong luc hoc cua 6 t6. Khao
sét tai trong dong trong bao gom cac truong hop:

- Xe chuyén dong thang trén dudng di qua map mé c6 dinh dang;

- Xe chuyén dong thang trén duong di qua map md theo tiéu chuan ISO
8608:1995.

2.4.1. Xe chuyén dong thang trén dwong gip phai map mé cé dinh dang

Goi Fa1, Fa12, Fz1, Fr22, Fra1, Fz32 13 phan luc tir mat duong tac dung lan luot

lén banh xe cau trudc trai, trude phai, cau gitta trai, cau giira phai, cau sau trai, cau

sau phai theo phuong thing dimg. Do dic diém duong ring c6 do map mé cao, o
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khi d6 map md c6 chiéu cao trén 0,35m, ddng thoi toc do di chuyén téi da cua xe
khoang 25km/h (bang 1.1). Do d6, khao sat khi banh xe di qua map mé c6 chiéu dai
0,5m, chiéu cao map mo (h) thay doi twong ¢ng 12 0,1m, 0,2m, 0,3m va 0,4m, vén
toc xe khao sat véi van toc khong thay doi ¢ cac toc do Skm/h, 10km/h, 15km/h,
20km/h va 25km/h, xe chuyén dong thang, khdng chiu lec ngang tac dung. Gia tri
cac phan luc nay dugc xac dinh nhu sau:
2.4.1.1. Mdp mé déu hai bdnh truéc

Do mép md hai banh déu nhau nén tai trong dong theo phuong thing ding tac
dung 1&n hai banh tréi, phai bang nhau véi cau truéc va cau sau (Fai = Fao, Fr1 =
Fz2). Trén xe thiét ké hé théng treo cau sau can bang, dé don gian tinh toan xem
phan lyc thang dung tac dung lén banh xe cau giita bang phan lyc thang dung tac
dung 1én banh xe cau sau trong moi diéu kién chuyén dong.

Trong nghién ciru nay ciing xac dinh dugc gié tri cuc dai cua tai trong dong
theo phuong thang dung Gng voi cac ché do van téc khac nhau. Mo hinh dong luc
hoc con cho phép xac dinh cac dao dong cua khéi luong duoc treo va khéi lugng

khong duoc treo, gia toc tai cac vi tri trén md hinh.

= 10" =10
35
Fz1
3
K ! } ]
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Hinh 2.18a: Tdi trong déng F.1 (v =20  Hinh 2.18b: Tdi trong déng Fzs (v = 20
km/h, h = 0,1m) km/h, h = 0,1m)
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Hinh 2.19a: Tdi trong dong F1 (v=20 Hinh 2.19b: Tdi trong dong Fz (v = 20
km/h, h = 0,4m) km/h, h = 0,4m)
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Hinh 2.20a: Tdi trong dong F.1 (v =5- Hinh 2.20b: Tdi trong dong F3 (v="5 -
20 km/h, h =0,1 - 0,4m) 20 km/h, h=0,1 - 0,4m)

Két qua trén hinh 2.18a, 2.18b mé ta luc thang dung tai mot bén nhip voi van
tbc v = 20 km/h khi map md mit duong cao 0,1m va hinh 2.19a, 2.19b mé ta luc
thang ding tai mot bén nhip véi van téc v = 20 km/h khi map mé mat duong cao
0,4m &tng Véi cau trudc va cau sau, hinh 2.20a va 2.20b mé ta sy thay doi cua gia tri
cuc dai cua lyc thang ding véi cac ché do van toc khac nhau, chiéu cao map mo
khéc nhau trén cau trudc va cau sau. Cac két qua cho thiy ding quy luat vat ly: Khi
van toc chuyén dong cua xe tang 18n, luc thang ding dong sé ting. Vai van toc v =
20 km/h, chiéu cao map mé 0,1m thi gia tri cuc dai cua lyc thing dung Fu la
65303,3N va F3 12 33504,5N. Gia tri lyc thang ding cuc dai dat téi 2,15 1an so Voi

truong hop tai tinh (xe ding yén) d6i vai cau trude va gap 1,31 lan ddi véi cu sau.
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Tuong tw, V6i chiéu cao map md 14 0,4m, vén téc v = 20 km/h thi gia tri cuc dai cua
luc F,1 12 170394N va F.3 1a 56752N. Gid tri lyc thang ding cuc dai dat téi 5,62 lan
S0 véi truong hop tai tinh (xe dung yén) ddi véi cau trude va gap 2,22 lan doi voi
Cau sau.
2.4.1.2. Mdp mé don xudt hién banh xe cau sé 1 (Cau trwéc)

Truong hop nay banh xe trudgc phai gap phai map mé, két qua khao sét s& xéac
dinh duoc tai trong dong tac dong Ién khung sat xi théng qua cau xe va hé thong
treo. Do map mé hai banh truéc khong déu nhau nén phan lyc thang dung tac dung

Ién hai banh trai va phai la khac nhau (Fz11 < Fz2).
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Hinh 2.21a: Tdi trong dong F.1 (v= Hinh 2.21b: Tdi trong déng F.s (v = 20
20 km/h, h = 0,1m) km/h, h = 0,1m)
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Hinh 2.22a: Tdi trong dong F» (v= Hinh 2.22b: Tai trong dong Fzz (v =20
20 km/h, h = 0,4m) km/h, h = 0,4m)
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Hinh 2.23a: Tdi trong dong Fx1 (v=5 Hinh 2.23b: Tdi trong dong Fz12 (v=5
- 20 km/h, h=10,1-0,4m) - 20 km/h, h=10,1-0,4m)
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Hinh 2.24a: Tdi trong dong Fzs1 (v=5 Hinh 2.24a: Tai trong dong Fz2 (V=5
- 20 km/h, h=0,1-0,4m) -20km/h, h=0,1-0,4m)

Khi banh trudc phai gap phai map mé cé chiéu cao 0,1m khi xe chuyén dong
Vé6i van toc v = 20 km/h, gié tri lec thang dang tai cau trudc va cau sau dugc mo ta
trén hinh 2.21a va 2.21b. Khi chiéu cao map mé mit duong 1a 0,4m gia tri luc thang
dung ciu trudc va ciu sau dugc mo ta trén hinh 2.22a va 2.22b. Cac hinh 2.23a,
2.23b, 2.24a, 2.24b lan luot mo ta sy thay d6i cua gid tri cuc dai cua luc thang ding
Vi cac ché do van tc khac nhau trén cau truéc va cau sau khi chiéu cao map mé
khéc nhau. Cac két qua cho thay ding quy luat vat ly: Khi van toc chuyén dong cua
xe tang 1én, gia tri luc thang dimg dong sé ting. Vi van téc v = 20 km/h, gié tri cuc
dai cua lyc thang dung Fx2 1a 68150,6N, gi4 tri nay gap 2,25 1an so véi truong hop

tai tinh (xe ding yén) khi banh xe gap phai map mé c6 chiéu cao 0,1m va F. 1a
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181783N, gip 6,004 1an so véi trudong hop tai tinh (xe dang yén) khi banh xe gip
phai map md cé chiéu cao 0,4m.
2.4.1.3. Mdp mé don xudt hién banh xe cdu sé 3 (cau sau)

Trudng hop ndy banh xe phai cau sé 3 gap phai map mé, két qua khao sat s&
xac dinh duoc tai trong dong tac dong Ién khung sat xi théng qua cau sau va hé
thng treo. Do map md hai banh ciu sau khong déu nhau nén phan luc thang ding
tac dung 1én béanh trai va phai 12 khac nhau (Fz1 < Fis2), hai banh xe cau trugc

khéng qua map mo.
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Hinh 2.25a: Tdi trong dong F.1 (v =20  Hinh 2.25b: Tdi trong dong Fz3 (v =
km/h, h = 0,1m) 20 km/h, h = 0,1m)
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Hinh 2.26a: Tdi trong dong Fz1 (v = 20
km/h, h = 0,4m)
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Thoi gian (s)

Hinh 2.26b: Tdi trong dong Fz3 (v =
20 km/h, h = 0,4m)
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Hinh 2.28a: Tdi trong dong Fz1 (v =5
-20km/h,h=0,1-0,4m)

Hinh 2.28b: Tdi trong dong Fzz2 (v =5
- 20 km/h, h = 0,1 - 0,4m)

Khi banh xe cau s6 3 xuat hién map ma, gia tri lrc thang dung & banh xe cau
truéc, cau sau khi xe chuyén dong vai van téc v = 20 km/h, chiéu cao map mo la
0,1m va 0,4m duoc m6 ta hinh 2.25a, 2.25b, 2.26a, 2.26b. Cac hinh 2.27a, 2.27b,
2.28a, 2.28b lan lugt mo ta su thay dbi cua gia tri cuc dai cia lyc thang dimg twong
g vai cac ché do van téc khac nhau trén cau truéc va cau sau khi chiéu cao map
moé khac nhau. Khi van téc chuyén dong cua xe ting 1én, gia tri luc thang dung
dong sé& ting. Vi van toc v = 20 km/h, gia tri cuc dai cua luc thang ding F2 12
71068,6N, gié tri ndy gap 2,78 1an so véi truong hop tai tinh (xe ding yén) khi banh
xe gap phai map mod co chiéu cao 0,1m va F.32 = 207683N, gap 8,13 lan so Voi

treong hop tai tinh (xe dang yén) khi banh xe gip phai map mé cé chiéu cao 0,4m.
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2.4.1.4. Mdp mé hai banh chéo nhau (trwéc trai va sau phdi)

Truong hop khao st tiép theo 1a map mo don dang hinh sin dat 1&n 2 vét banh
xe chéo nhau (banh truéc trai va sau phai), khoang cach hai banh xe bang chiéu dai
co s& cua xe, xe chuyén dong thang, khong chiu luc ngang tac dung. Khi chuyén
dong véi cac van tdc khac nhau, thoi gian banh sau tiép xic véi map md mat duong
tinh tir 10c banh trudc tiép xc voi mit duong 1a khac nhau. Véi van téc 20km/h,

thoi gian banh sau tiép xtc voi map mé dugc mo ta hinh 2.29.

o T T T T T
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sos cham mép mé cham map mé
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Hinh 2.29: Thoi gian tiép xdc map mé giza hai banh xe
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Hinh 2.30a: Tdi trong déng Fz (v = 20

Hinh 2.30b: Tdi trong dong Fz3 (v =

km/h, h = 0,1m) 20 km/h, h = 0,1m)
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Hinh 2.33a: Tdi trong dong Fz1 (v =5- Hinh 2.33b: Tai trong dong Fzs2 (v =
20 km/h, h=0,1 - 0,4m) 5-20km/h,h=0,1-0,4m)
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Két qua trén hinh 2.30a, 2.30b, 2.31a, 2.31b mé ta luc thang dung tai mot bén
nhip véi van téc v = 20 km/h, ing véi cau trudc va cau sau khi banh xe gap phai
map mé co chiéu cao 1a 0,1m va 0,4m. Céc hinh 2.32a, 2.32b, 2.33a, 2.33b m6 ta su
thay d6i cta gi4 tri cuc dai cua luc thang duang voi cac ché do van téc khac nhau,
chiéu cao map mé khac nhau trén cau trudc va cau sau.

Khi van téc chuyén dong cia xe tang 1én, gia tri lyc thang dimg ting. Tai van
téc v = 20 km/h, gié tri cuc dai cua luc thang ding Fx1 = 68150,6N, gap 2,25 lan so
v6i trudng hop tai tinh (xe ding yén), Fzs2 = 71108N gip 2,78 1an so véi truong hop
tai tinh khi banh xe gip phai map md cé chiéu cao 0,1m. Khi banh xe gap phai map
md cd chiéu cao 0,4m va van toc xe v = 20 km/h, gia tri cuc dai cua luc thang dung
Fa1 = 181783N, gap 6,00 lan so véi truong hop tai tinh (xe dung yén), Fup =
207840N gép 8,14 lan so voi trudng hop tai tinh.

2.4.2. Xe chuyén d@ong thing trén dwong map md theo tiéu chuian ISO
8608:1995

Map md mat dudng duoc mo ta theo tidu chuan ISO 8608:1995 dugc sir dung
trong khao sat nay nham xéac dinh anh huong cua tai trong dong trén mé hinh duong
thuc. Cac dang tai trong dong nay tac dong 1én khung sét xi khi xe chuyén dong,
anh huong dén d6 bén pha hiy va do bén moi ciia khung. Chinh vi vay, viéc khao
sat tai trong dong tac dong Ién khung sat xi khi xe chay trén cdc mat duong tiéu
chuan, khong nhimg cho phép xac dinh d¢6 bén cua khung sat xi ma con cho phép
xac dinh cac ché do tai trong 1am théng sé dau vao cho bai toan xac dinh do bén
moi cua khung sat xi.

Do dic diém duong ring c6 nhiéu map md, trong qué trinh 1am viéc xe di
chuyén trén doan duong xau. Do d6, trong nghién ctu nay, nghién ciu sinh st dung
2 loai duong theo ISO 8608:1995 da duoc thir nghiém dé khao sat va danh gia gom:
loai duong D-E (duong xau) va duong E-F (dudng rat xau). Map mo mat duong
dugc dat déu trén 2 vét banh xe d6i xang hai bén, xe chuyén dong thang, déu,
khong c6 céc thanh phan luc ngang tac dung. Van téc caa xe thay doi tir 5 dén 25
km/h.
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Hinh 2.34b: Mdp mé mdt dwong E-F
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Map md mat duong D-E va E-F theo ham thoi gian dwoc md ta trén hinh

2.34a, 2.34b. Gié tri lyc thang dtng tac dong tai vi tri dat 1 bén nhip cau trudc, cau

sau khi xe chay véi van téc 20 km/h trén duong D-E va trén duong E-F dugc thé
hién lan luot trén hinh 2.35a, 2.35b, 2.36a, 2.36b.
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Hinh 2.36a: Tai trong dong cau truéc Hinh 2.36b: Tdi trong déng cau sau Fzs
Fz1 (v = 20 km/h, durong E-F) (v = 20 km/h, dwong E-F)

Cac két qua phan tich cho thy cho thay vai cung 1 loai duong, khi van téc
chuyén dong cua xe ting 1én, gia tri luc thang dung dong ciing ting. Két qua nay
mo ta ding hién twong vat ly cia 6 to khi ting téc. Vi cung 1 gia tri van toc, khi
chat lugng mat duong xau di, map md bé mit ting 1én, cac gia tri tai trong dong
cung tang.

Khi xe chay véi van toc v = 20 km/h trén duong E-F (duong rat xau), gia tri
cuc dai cua lyc thang ding cau trude 16n nhat Foimax dat 42762,9 N, gia tri luc thang
dang cuc dai & mac 1,412 1an so véi truong hop tai tinh (xe ding yén). Di vai cau
sau, gia tri cuc dai cua luc thang ding cau gitra 16n nhat Foamax dat 40852,1 N. Gié

tri luc thang dung cuc dai & muc 1,60 1an so véi truong hop tai tinh (xe ding yén).

Két luan chwong 2

Chuong 2 da xay dung mé hinh 3-D khung sat xi bang phan mém Solidworks
va da xay dung md hinh nghién ctru do bén khung sat xi bang phuong phap phan tir
hitu han dya trén phan mém chuyén dung Ansys. Cac tiéu chi danh gia d6 chinh xéc
ciia mo hinh d3 duoc kiém soat theo phan mém. M6 hinh phan tir hitu han cua
khung sat xi cho phép phan tich dwoc cac trang thai (ng suat tai moi vi tri trén
khung.

ba xay dung moé hinh xac dinh tai trong dong Ién khung sat xi dua trén mo

hinh phén tich dong luc hoc cua xe khi chuyén dong trén dudng. Da thiét 1ap hé
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phuong trinh vi phan, tir d6 d3 xac dinh cac tai trong thiang ding tir mat duong tac
dung I&n khung sét xi khi xe chuyén dong trén duong khi banh xe bi map mé dinh
dang va chuyén dong trén 2 loai duong xau (duong D-E) va rit xdu (duong E-F)
theo tiéu chuan 1SO 8608 :1995 twong &g Voi cac toe dd khac nhau. M6 hinh da
phan anh dung cau tric caa xe, cac két qua khao sat md ta dung hién twong vat ly
cua 0 t khi tang toc, giam toc va bi mip md mit duong.

Cac gia tri vé tai trong dong tac dong Ién khung sat xi theo thoi gian cho phép
danh gia mo hinh xac dinh tai trong dong da xay dung va hé phuong trinh. Cac gia
tri va quy luat bién di cta céc thanh phan tai trong dong theo phuong Z da phan

anh dung cac quy luat thuc té khi xe chay trén duong.
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CHUONG 3
KHAO SAT PO BEN KHUNG SAT XI XE CHUA CHAY RUNG PA
NANG

Cac két qua xac dinh gia tri tai trong dat 1én khung sat xi di trinh bay ¢
chuong 2 gdm tai trong tinh 16n nhat va tai trong tir mit duong tac dung Ién khung
sat xi khi banh xe gap phai map mo. Do d6, viéc phan tich két cdu va danh gia do
bén cua khung sat xi can thuc hién qua cac budc sau:

- Khao sat va danh gia d6 bén pha hay cua khung sét xi tng véi khung sét xi
chiu tai trong tinh 16n nhat, khung sat xi chiu tai trong tir mat duong tac dung Ién
khi banh xe gap phai map mé, khung sat xi chiju tai trong dong tir mit dudng theo
tiéu chuan 1SO 8608:1995;

- Khao sat va danh gia do bén moi cua khung sét xi chiu tai trong dong tir mat
duong theo tiéu chuan 1SO 8608:1995.

3.1. Céc ché dé tinh bén theo tai trong

Trong nghién ctu khao sat ndy, cac tai trong tac dung I&n khung sat xi gom
cac truong hop:

- Truong hop 1: Khung sat xi chiu tai trong cuc dai trang thai tinh;

- Truong hop 2: Xe chuyén dong trén dudng chiu phan luc thang dung cuc dai
tr mat duong tac dung 1€n khung sat xi khi mét banh xe trudce, hai banh trudce, banh
sau va hai banh chéo nhau gip phai map méd mait duong;

- Truong hop 3: Xe chuyén dong trén duong map mé ngau nhién theo tiéu
chuan ISO 8608:1995 (dudng D-E va dudng E-F) chiu phan lyc thiang dung tac
dung Ién khung sét xi.

3.2. Phan tich dao d¢ng riéng caa khung

Phén tich dao dong riéng cua khung 1a phuong thic phan tich tuyén tinh nham
xac dinh tan sé dao dong riéng cua khung [11,41]. Muc dich xac dinh tan sé dao
dong riéng cta khung nham tranh hién tuong cong hudng xay ra khi xe hoat dong
(tan s6 cua luyc kich thich tir mat duong tring voi tan s6 dao dong riéng caa khung),
néu tan sé caa lyc kich thich tir mat dwong tring véi tan sé dao dong riéng cua

khung thi khung xe s& chiu &ng suat dot ngot va cé thé bi pha hay. Trong qué trinh
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tinh toan thiét ké khung sat xi, viéc xac dinh tin dao dong riéng cua khung 1a bai
toan co ban.

Trong phan tich dao dong riéng cua khung, néu ma tran khéi lugng [M] va ma
tran d6 cing [C] khong doi thi gia tri luc tac dung 1&n khung bang 0. Phuong trinh
tuyén tinh trong bai toan dao dong ty nhién dé xac dinh tan sb rung dong nhu sau
[11,58]:

[M [{u}+[C]{u}=0
Két qua phan tich dao dong va tan sé dao dong riéng cua khung bang phan
mém Ansys ddi v4i khung sat xi dugc thé hién trong bang 3.1.

Bang 3.1: Dang va tan sé dao dong riéng cua khung sét xi xe chiza chay ring

da nang
Mode | Tansé Chuyénvi | Mode | Tansd (Hz) | Chuyén vi

(Hz) (mm) (mm)
1 17,812 3,4996 11 100,58 4,6058
2 31,436 2,4011 12 103,55 8,8978
3 54,127 4,1007 13 111,42 13,564
4 63,506 2,347 14 114,53 2,8216
5 64,404 4,5987 15 115,75 14,297
6 76,248 5,0434 16 124,61 6,1435
7 77,961 4,4542 17 129,88 6,6524
8 82,337 0,3608 18 133,73 6,9162
9 98,081 3,1975 19 138,64 15,304
10 100,21 3,2097 20 140,1 14,795




0.78233

0.52155
0.26078
0 Min
Hinh 3.1: Dao déng riéng tai tan sé
63,506Hz

0.94054
0.62703

I 031351
0 Min

Hinh 3.3: Dao déng riéng tai tan sé
114,53Hz
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071056
0.35528
0 Min

Hinh 3.2: Dao déng riéng tai tan sé

98,081Hz

0768446
0 Min

Hinh 3.4: Dao déng riéng tai tan sé
133,73Hz

Két qua phan tich dao dong khung sat xi xe chira chay rimg da ning cho thay
khung xe dao dong véi 20 dang dao dong (20 mode) khac nhau véi tan sb thay doi
tir 0 dén 150 Hz. O cac tan sé ban dau, khung xe bi uén theo phuong ngang va
phuong thang ding (hinh 3.1). O céc tan sé tiép theo, khung sét xi bat dau bi rung
dong manh, su rung dong manh bat dau xuét hién tai mode tha 8, 9 tro di (hinh 3.2
va 3.3). Céc tan sd vé sau (tan sb 16n) gay ra hién tuong xoan dam doc (hinh 3.4).
3.3. Panh gia d§ bén pha hiy cia khung sat xi xe chira chay rirng da niing

Trong nghién ciru khao sat ndy, khao sat khung xe chiu tai trong tinh 16n nhét.
Ngoai ra, dya trén két qua tinh toan va khao sat phan 2.5.1 cho thay khi banh xe gap
phai map md mat duong thi tai trong tir mat duong tac dong 1én khung sét xi thong
qua cau xe va hé thong treo sé dat gia tri I6n nhat. Do d6, truong hop nay phan tich
danh gia do bén khung sat xi (ng voi cac ché do tai trong da khao sat trong chuong
2. Gié tri tng suat nhan duoc tir két qua khao sat nay cho phép danh gia do bén trén

toan bo két cau khung sat xi.
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3.3.1. Cac truwong hep chiu tai trong lon nhat
3.3.1.1. Trwong hep khung sat xi chiu tdi trong finh lon nhat
Truong hop ndy, cac tai dat 1én khung sat xi bao gom: Tai trong cum dong co,

tai trong cabin, tai trong thuing hang, tai trong co ciu Cit cay va co ciu cat co.

[ DONGCO: 12258 N
[BY coBIN: 8340, M
B HANG: 1.185e+005 N

. T%: cat cay: 9180, M

Hinh 3.5: So dé dat lwc 18n khung sat xi khi chiu tdi trong tinh Iém nhat

Type: Total Defarmation
Unit: rrrm
Tirme: 1

— Lov1s
0.71414

I 0.35709
0 Min

Hinh 3.6: Chuyén Vi trén khung sat xi va vi tri co gia tri lon nhat

Type: Equivalent Elgstic Strain
Unit: rarmfrnm
Tirne: 1

— 0.0006%602
— 0.00053835
— 0.00043063
— 0.00032301
0.00021534

I 0.00010767
0.7641e-15 Min

Hinh 3.7: Bién dang trén khung sdt xi va vi tri ¢é gid tri [6n nhat
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T};pe: Equivalent fup
Unit: bAPa
Tirne: 1

r-hizes) Stress

1.0984e-9 Min

Hinh 3.8: Ung sudt tiong dwrong trén khung sdt xi va vi tri ¢é gid tri I6n nhat
Bdng 3.2: Chuyén vi, bién dang va ing sudt Iom nhdt trén khung sdt xi chiu tdi

trong tinh cuc dai

. Bién dang Ung suat
Chuyen vi (mm)
(mm/mm) (MPa)
Gia tri 16n nhat 3,2138 0,000969 191,41

Ngoai ra, c6 thé xac dinh wung suat theo cac phuong X, Y, z bang céach sir dung
thanh cong cu Stress trong phan mém.

Type: Mormal Stress (0 Auis)
Unit: MPa
Global Coordinate Systern

Tirme: 1 /
M 104.94 Mak.
73.004 400

L 41.066%
19,1292
| -22.808
L -54.745
L | -36.682
-118.62

I -150.56
-182.49 Min

Hinh 3.9: Ung sudt theo phuong X
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Type: Marrmal Stress (Y Axis)
Unit: P a
Global Coordinaté g}fsi_:em

Tirme: L o
/ P
68.351 Ma

B o3 "N, |
I 24.3?4"

— 23843
-19.605
. -41.595
— -63.585
-85.575

I -107.56
-129.55 Min

Hinh 3.10: Ung sudt theo phwong Y

Twpe: Mormal Stress(Z Auis)
Urit: kPa

— -19.526
-30.483

I -41.441
-32.398 Min

Hinh 3.11: Ung sudt theo phwong Z

Két qua phan tich cho thay truong hop nay ang suat I16n nhat dat gia tri 191,41
MPa, thap hon gia tri gigi han chay va gigi han pha hay cua vat liéu 1a 785 MPa va
980 MPa nén khung st xi dam bao diéu kién bén pha huy trong trudng hop nay.
3.3.1.2. Trwong hop bdnh truwéc phdi gap phdi map mo

Truong hop ndy, banh xe trudc phai di qua dudong xau gap phai map mo mat
duong, cac luc tac dung 1én khung sat xi gom: Tai trong cum dong co, tai trong
cabin, tai trong thiing hang, tai trong co ciu Cat cdy, co ciu cat co va phan luc phép
tuyén tir mat duong Fx2 (muc 2.5.1.2 chuong 2) tac dung Ién khung. Gia tri luc Fz

thay d6i khi chiéu cao map md khéac nhau, tbc do chuyén dong cua xe v = 20 km/h.
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Type: Tot trnation
Unit:

Tirme: 1

Hinh 3.13: Chuyén v; trén khung sat xi
khi banh truéc phdi gap phai map mo,
chiéu cao map mé 0,1m

Type: Total Defarmation

Unit: mirm
Tirme: 1 m

. 1141
27681
— 24221
— Z07.6
— 173
— 135.4
— 103.48
69,202

I 34601
0 Min
Hinh 3.15: Chuyén vj trén khung sat xi
khi banh truwéc phai gap phdi map mo,
chiéu cao map mé 0,4m

Hinh 3.14: Ung sudt twong dwong trén
khung sat xi khi banh truoc phai gap
phai mdp mé, chiéu cao mdp md 0,1m

4.1662e-F Min

Type: Equivalent fean-klises) Stress

nit: bAPa m

Tirme: 1

2280.9 Max
2027.4

— 1774

— 15320.6

— 1267.2

— 1013.7

— 760,29

506.496
I 253.43
2.773%e-7 Min

Hinh 3.16: Ung sudt twong dwong trén
khung sdat xi khi banh truoc phdi gap
phai mdp mé, chiéu cao mdp md 0,4m
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Bdng 3.3: Chuyén Vi va ing sudt tuwong
duong max trén khung sat xi khi bdanh
trueéc phdi gap phdi mdap mo

2 Un
Chuyen Ag
vi (mm) suat
: (MPa)
0,1m 212,79 | 928,93
S 2 o2m | 24738 | 11905
N T P o & ,2M , ,
Hinh 3.17: Vi tri xuat hién ung suat | 3 o
—
twong duong trén khung sdat xi co gid 6 = 0,3m 284,15 117359
tri 16m nhdt, chiéu cao map mé 0,4m 04m | 311,41 | 2280,9
— 320 2300
E 0.4;311.41 £ 2300 0.4:22809
Z 300 Z 3100
<3 a 0.3;1735.9
- ﬂ 3
= 280 £ 1900
= = 1700
= =
= 260 5 1500
5 2 1300
_’g'* 240 £ 1100
(] a0 “‘E 000 J1; 92803
= 700
=L
200 £ s00
0.1 0.2 0.3 0.4 - 0.1 0.2 0.3 0.4
Chiéu cao mip mé mit dwdng (m) Chiéu cao mip mé mit dwing (m)

Hinh 3.18: Chuyén vi lén nhdt trén Hinh 3.19: Uhg sudt twong duwong 16n
khung sat xi khi banh truéc phdi gap nhdt trén khung sat xi khi banh trudc
phdi mdp md, chiéu cao mdp md mgt phdi map mo, chieu cao map md mat
dwong thay doi dwong thay doi
Két qua phan tich khi banh trudc phai gap phai map méd mat dudng (chiéu cao
mat dudng thay doi) cho thdy cac tng suat 16n nhat déu Ion hon gia tri gisi han
chay cua vt liéu 1a 785 MPa, chi khi chiéu cao map mé mat duong 13 0,1m thi tng
suit tuong duong c6 gia tri 928,93 MPa gan bang gisi han phé hiy va 980 MPa nén
khung sét xi khéng dam bao diéu kién bén pha huy trong truong hop nay. Vi tri xuat
hién gia tri ang suat twong dwong 16n nhat khi banh xe gap phai map mé chiéu cao
0,4m tai thanh chinh phia trudc dugc mo ta trén hinh 3.17. Do tai thanh chinh phia
trude noi xudt hién tng suit 16n chi c6 mot thanh, dudi tac dung cua céc tai trong
Cua cabin, thung hang,... cung vai tai trong tr mat duong tac dung 1€n khung st xi.

Khi banh xe gap phai map mé, tai trong dong cé gia tri 16n hon tai trong tinh nhiéu
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lan, véi tai trong trén cing voi gigi han chay va pha huy cua vat liéu, NCS chon
phuong an 16ng thém mot thanh sat xi giéng nhu thanh chinh phia sau, dong thoi
tang chiéu day thanh chinh phia trong va phia ngoai 10mm. Két qua khao sat do bén
khung st xi cai tién c6 kich ¢& thanh chinh 10+10 cho thay gia tri (ng suat tuong
duong 16n nhét khi banh trudc phai gap phai map mé c6 gia tri 470,69 MPa, nho

hon gia tri gigi han chay cua vat liéu la 785 MPa.

Type: Total wmn Tywpe: Equivalent feon-Mises) Stress
Unit: mm Unit: MPa
it M7 (YD g

470.69 Max
418329

— 366,08
— 313,78
— 261.43
— 209,18
— 156.8

104.5
52,298
5.5869e-8 Min

Hinh 3.20: Chuyén vi trén khung sat Hinh 3.21: Ung sudt twong dwong trén
Xi cdi tién khi banh truéc phai gap khung sét xi cai tién khi banh truwéc phdi
phai map mé, chiéu cao map md 0,4m  gap phai map md, chiéu cao map mé 0,4m

3.3.1.3. Trwong hop hai banh truwéc gap phdi map mo

Truong hop nay, hai banh trudc di chuyén trén duong xau gap phai map mo
mat duong, cac luc tac dung 1én khung sat xi gém: Tai trong cum ddng co, tai trong
cabin, tai trong thiing hang, tai trong co ciu Cat cdy, co cau cat co va phan luc phép
tuyén tir mat duong Fni, Fz2 tac dung 1&n khung. Gid tri luc Fz1, Fz2 thay d6i khi
chiéu cao map mé mat dudng khac nhau, toe do chuyén dong cua xe v = 20 km/h.

. DOMGCO: 12258 M
. CABIM: 8340, M

. HAMG: 1,185 +005 M
B Tay cat cay: 9180, M

o B4

Hinh 3.22: So do dat luc 1én khung sdt xi khi hai banh truéc gap phai map mo



Type: Total Deforgiation
Unit: mim
Time:

118 Max
104.449
91775
T8.665
n3.554
52,443
39,332
26,222
13.111

I 0 Min

Hinh 3.23: Chuyén v; trén khung sat xi
khi hai banh truéc gap phdi map mo,
chiéu cao mdp mé 0,1m

Type: Total Deformation
Unit: mim
T.

EFLR:
32882
28185
234.87
147.9
140,92
93,95
46,975
0 Min

Hinh 3.25: Chuyén vi trén khung sat Xi
khi hai banh treéc gdap phdi map mo,
chiéu cao mdp mé 0,4m

Hinh 3.27: Vi tri xudt hién #ng sudt
twong dwong trén khung sat xi co gia
tri 16m nhdt, chiéu cao map mo 0,4m
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Type: Equivalent Gan-kdises) Stress

3.4045e-8 Min
Hinh 3.24: Ung sudt twong duwong trén
khung sat xi khi hai banh truoC gap
phai map md, chiéu cao map mé 0,1m

T};pe: Equivalent (won-Mises) Stress

I 1.1671e-7 Min

Hinh 3.26: Ung sudt twong dwong trén
khung sat xi khi hai banh truocC gap
phai map md, chiéu cao map mé 0,4m

Badng 3.4: Chuyén vi va 1ng sudt tuong
duwong I6n nhdt trén khung sat xi khi
hai banh truéc gap phdi mdap mo

v Un
Chuyen Ag
. suat
vi (mm)
) (MPa)
0,1m 118 879,67
8 «©
o £ 02m 232,79 | 1850,2
2 o
5 “g 0,3m 321,92 | 2628,7
0,4m 422,77 | 34814
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0.4;422.77

0.3;321.92 _
0.3; 2628.7

[rllg sut twon g duong max
(MPa)

4 s g A
Chuyeén vi lon nhét (mm)
[ )
=
=

150
100 0.1; 118 1000 _"- 2
879.6
50 500
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
Chiéu cao map mé mit dwing (m) Chiéu cao map mo mat dwong (m)

Hinh 3.28: Chuyén vi lén nhat trén Hinh 3.29: Ung sudt tuwong dwong lon
khung sat xi khi hai bdnh truéc gap nhat trén khung sat xi khi hai banh

phdi mdp md, chiéu cao mdp mdé mat truwéc géap phai mdap mo, chiéu cao mdp
dwong thay doi mo mdt dwong thay doi

Két qua phan tich cho thay cac ¢ng suat 16n nhat déu 16n hon gia tri gidi han

chay cua vat liéu la 785 MPa. Khi chiéu cao map md mat duong 0,1m thi tng suat
tuong duong co gia tri 879,67 MPa gan bing gigi han pha huy va 980 MPa nén
khung sét xi khong dam bao diéu kién bén pha huy trong truong hop nay. Vi tri xuat
hién gié tri @ng suat twong dwong 16n nhat khi banh xe chju map mé chiéu cao 0,4m
dugc mo ta trén hinh 3.27. Do d6, dé giam ung suat trong trudng hop ndy can phai
tang chiéu day cua thanh chinh. Khi tang chiéu day thanh chinh Ién 10mm, két qua
khao sat cho thdy gia tri tng suat trong dwong 16n nhat xuat hién trén khung nho
hon nho hon gigi han chay va pha hay cua vat liéu.

Type: Tatal Deformation Type: Equivalent fuonyMises) Stress

Unit: mmm Unit: Mpam

Tirme: 1 Tirme: 1

495.1 Max
440,09
1 385.08
— 330.07
1 275.06
1 22005
1 1503
110,02
55.011
6.7124e-8 Min

Hinh 3.30: Chuyén vj trén khung sat xi Hinh 3.31: Ung sudt twong duong trén
cdi tién khi hai banh truéc gap phai khung sat xi cdi tién khi hai banh truéc
map mé, chiéu cao map mo 0,4m gdap phdi mdp mé, chiéu cao map mé 0,4m
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3.3.1.4. Trwong hep banh sau phdi gap phai map mo

Truong hop ndy, banh xe phia sau phai di chuyén trén duong xau gap phai
map md mit duong. Gia tri phan luc phéap tuyén tir mat duong Fase tc dung 1én
khung duoc xac dinh tai phan muc 2.5.1.3 chuong 2. Gié tri lyc Fis, thay doi khi
chiéu cao map md khac nhau, toc d6 chuyén dong cua xe 20 km/h. Ngoai phan lec
néu trén, cac luc tac dung I&n khung sat xi gdm: Tai trong cum dong co, tai trong

cabin, tai trong thuing hang, tai trong co cau cit cdy, co cau Cat co.

[ DoNGCo: 12258 M
[BY caBIM: 8340, N

Hinh 3.32: So do dat lyc 1én khung sat xi khi banh sau phdi gap phai map mo

Type: Total Deformation Type: Equivalent fvon-hises) Stress

Unit: mmm [T Unit: MPa

Tirme: 1 ’ Tirme: Min

. 4.2963 M 304.65 M
3.819 270.8

1 3.3416 — 236,95

L 2.8642 — 2031

—{ 2.3869 - 169.25

—{ 149095 — 1354

— 14371 — 10155
0.95474 6Y.7

I 0,47737 33.85
0 Min 8.92e-9 Min
Hinh 3.33: Chuyén vj trén khung sat xi Hinh 3.34: Ung sudt twong diong trén
khi banh sau phai gap phdi map mé, khung sat xi khi banh sau phdi gap phdi

chiéu cao map mé 0,1m mdap mo, chiéu cao map md 0,1m
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Type: Total Defarmation

nit: mim
N

Tirme: 1 |0

3N.2249M
271,755
— 24,285
—{ 20,816
— 17247
— 13,877
— 10,403

I 6.9387

3.4693
0 Min

Hinh 3.35: Chuyén vj trén khung sat xi

khi banh sau phdi bi mdp md, chiéu cao

mdp mé 0,4m

Hinh 3.37: V; tri xudt hién iing sudt twong
dwong trén khung sat xi khi banh sau phadi
bi mdp md, chiéu cao map md 0,4m

35
10 0.4;31.224

0.3;19.799

0.1; 42963

Chuyén ¥i 1én nhit (mm)

0.1 0.2 0.3 0.4

Chiéu cao mip mé mit dwing (m)
Hinh 3.38: Chuyén vi lén nhdt trén
khung sat xi khi banh sau phdi gap phai
mdp md, chiéu cao map md mdt dwong
thay doi

Type: Equivalent fuan-Mises) Stress
Unit: MPa

1934
— 1739.5
— 1441
— 12425
— 98401
— 74551

I 447.01

248.5
9.9355e-10 Min
Hinh 3.36: Ung sudt twong diwong trén
khung sét xi khi banh sau phdi gap phai
mdp md, chiéu cao map mo 0,4m

Bdng 3.5: Chuyén vi VA ung sudt twong
dwong I6n nhdt trén khung sat xi khi

banh sau phdi gap phdi map mo

., Un
Chuyeén Ag
. suat
vi (mm)
’ (MPa)
S o 0,dm | 4,2963 | 304,65
§ £(02m| 8633 | 83062
2 g 0,3m | 19,799 | 1533,6
O 04m | 31,224 | 22365
2750
27250 0.4.2236.3
0.3; 15336

0.2; 830.62

['ng suét tron g duong max
(MPa)
[
th
=

0.1; 304 65
0.1 0.2 0.3 0.4

Chiéu cao mip mé mit dwong (m)
Hinh 3.39: Ung sudt twong dwong Ién
nhat trén khung sat xi khi banh sau phdi
gap phdi mdp mé, chieu cao map mé mat
dwong thay doi
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Két qua phan tich cho thdy phan 16n @ng suit 16n nhat 16n hon gié tri giGi han
chay cua vat liéu 12 785 MPa (ngoai trir khi banh xe gip phai map mé mat duong c6
chiéu cao 0,1m). Khi banh xe gap phai map mé mat dudng c6 chiéu cao 0,1m va
0,2m thi &ng suat trong duong 16n nhat c6 gia tri lan luot 12 304,65 MPa va 830,62
MPa. Khi banh sau bi map mé mit dudng chiéu cao 0,1m thi khung xe van dam bao
diéu kién bén, cac truong hop map mé khéc khung sat xi khong dam bao diéu kién
bén. Vi tri xuat hién gia tri @ng suat twong duong 16n nhat khi banh xe gap phai map
mo c6 chiéu cao 0,4m Ia tai thanh ngang duwoc md ta trén hinh 3.37. Bé giam tng
suit can phai tang tiét dién cua thanh ngang. Truong hop nay, nghién ciru sinh ting
tiét dien thanh ngang s6 20 (hinh 1.10) gap ddi (day 12mm) so véi tiét dién ban dau.
Két qua khao séat cho thay gia tri ang suat tuong dwong 16n nhat caa thanh ngang

sau khi ting tiét dién nho hon gié tri giéi han chay cua vt liéu.

Type: Total Deformgtion T};pe: Equivalent (wgn-hises) Stress
Unit: rarm

Tirme: 1

692.87 Max
615,488

7.0399 Max
6.2577

— 5.4754 — 5384

- 4.6932 — 46191

— 3011 — 38493

— 3.1288 — 307.94

—{ 2.34a6 — 230,96
L5644

153.97
I 0.73221 I 76,985
0 Min 1.3747e-9 Min
Hinh 3.40: Chuyén vj trén khung sat xi Hinh 3.41: Ung sudt fwong dwong trén
cdi tién khi banh sau phai bi map md, khung sét xi cdi tien khi banh sau phdi gap
chiéu cao map mé 0,4m phdi mdp mo, chiéu cao map mo 0,4m
3.3.1.5. Trwong hop mdp mo hai banh chéo nhau (trwdc trai va sau phdi)

Truong hop nay khung sat xi chiu luc tir mat duong tac dung lén khung xe tur
banh sau F.32, banh truéc F.i1 duoc xac dinh tai phan muc 2.5.1.4 chuong 2. Gi4 tri
luc Fa1, Fz2 thay doi khi chiéu cao map md khac nhau, toc d6 chuyén dong cua xe
20 km/h. Ngoai phan luc néu trén, cac luc tac dung Ién khung sat xi gom: Tai trong
cum dong co, tai trong cabin, tai trong thung hang, tai trong co cau cit cy, co cu

cit co.
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. DOMNGCO: L2458 N
. CABIM: 8340, N

. HAMG: 1.185e+005 M
. Tay cat cay: 9180, N

1%0 Ta4a. M
e+005 M

i
Bl

Hinh 3.42: So do dat lyc 1én khung sat xi khi hai banh chéo gap phai map mo

Type: Total Defarmatioes
nit: rmmn

Tirne: m' %

. 134.96 Max
119.97
— 10497
— 89.974
— 74978
— 59.983
— 44987
20,991

I 14,994
0 Min

Hinh 3.43: Chuyén vj trén khung sat xi
khi hai banh chéo gap phdi mdp mé,

chiéu cao map mé 0,1m

Type: Total Deformation

Unit: rmrm :

Tirne: (EEFS-gE T

. 335.41 Max
298,14

— 260,87

— 223.61

— 186,34

— 148.07

— 11L&

74,535

I 37,2648
0 Min

Hinh 3.45: Chuyén vi trén khung sat xi
khi hai banh chéo gap phdai mdp mé,

chiéu cao map mé 0,4m

T:-,.-'pe Equivalent l{'-.-'n:m bl ise5) Stress
Unit: MPa
Time: 1

. 612.04 Max
S44.04
— 476.03
— 408.03
— 340.02
— 27202
— 20401
136.01

I 68,005
2.422e-7 Min
Hinh 3.44: Ung sudt twong dwong trén
khung st xi khi hai banh chéo gap phdi
mdp md, chiéu cao map mé 0,1m

Type Equivalent fwon-kises) Stress

3205.1
— 2883.2
— 24713
— 2059.4
— 1647.5
— 12357
823,77

I 41158
9.8814e-7 Min
Hinh 3.46: Ung sudt twong dwong trén
khung sat xi khi hai banh chéo gap phdi
mdp md, chiéu cao map md 0,4m
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Bdng 3.6: Chuyén vi va ing sudt tuong
dwong I6n nhat trén khung sat xi khi
hai banh chéo gap phdi mdp mo

] Un
Chuyen A'g
vi (mm) suat
1
: (MPa)
o 0,Im 134,96 612,04
&
; €] 0,2m 175,61 1927
o o
£°€| 03m | 25551 | 2817
. L .| © 04m | 33541 | 3707
Hinh 3.47: Vi tri xuat hién ung suat
twong dwong trén khung sat xi co gia tri
I6m nhat, chiéu cao map md 0,4m
350 4000
0.4; 335.41 =
. = 3300
E 300 =
E 0.3:255.51 5 3000
. E
= 250 £ 2500
£ =
= o 2000
= 200 gﬁ
g 0.2; 175.61 Z 1500
= 150 3
~ 0.1: 134.96 = 1000
' 2 0,1: 612,04
100 = 800 e
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
Chiéu cao map mé mit dwing (m) Chiéu cao map mo mat dwing (m)

Hinh 3.48: Chuyén vi lon nhat trén khung  Hinh 3.49: Ung sudr twong duong 16n
sat xi khi hai banh chéo gap phdi mdp nhdt trén khung sat xi khi hai banh
md, chiéu cao map md mar dwong thay chéo gap phai map mé, chiéu cao mdp
doi mo mdt dwong thay doi
Tir cac két qua phén tich twong tng cac trudng hop dit luc trén cho thay khi
banh xe gap phai map mé mat duong co chiéu cao 0,1m thi tng suat 16n nhat co gia
tri 612,04 MPa. Céc rng suat cha yéu tap trung tai cac goc canh cua khung xe. Khi
chiéu cao map mo tang Ién, dudi tai dung cua tai trong ting lam gia tri tng suat I6n
hon gigi han cho phép cua vat liéu. Khi banh xe giap phai map mé mit duong co
chiéu cao 0,1m thi khung sat xi chwa bi pha huy trong cac diéu kién khao séat. Khi

banh xe gap phai map mé mat dudng c6 chiéu cao 16n hon 0,1m thi khung sat xi
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khong dam bao diéu kién bén. Hinh 3.47 cho thdy &ng suat cé gié tri 16n tai thanh
chinh truéc phai. Do tai thanh chinh phia trudc noi xuat hién ung suét 16n chi co
mot thanh, do d6 can 1ong thém mot thanh sat xi giéng nhu thanh chinh phia sau,
d6ng thoi tang chiéu day thanh chinh phia trong va phia ngoai 10mm dé dam bao do
bén. Két qua khao sat d6i vai khung sat xi cai tién cho thay gié tri tng suat tuong

duong 16n nhat nho hon giGi han cho phép cua vat liéu.

Type: Total Deformatign Type: Equivalent feogp-Pdises) Stress
Unit: mim Unit: MPa
Tirne: [ Fr— [ Tirme: 1 REEITG]

. 20.195 Max 660.13 Max

25,951 586,74

— 22707 — 513.43

— 19.463 — 440.08

— 16,218 — 366,74

— 12875 — 29339

— 9.7315 — 220.04
6.4877 L146.649

I 3.2438 I 73347

0 Min 8.7582e-8 Min

Hinh 3.50: Chuyén vi trén khung sat xi Hinh 3.51: Ung sudt twong dwong trén

cdi tién khi hai banh chéo gap phai map khung sat xi cdi tién khi hai banh chéo

mo, chiéu cao map md 0,4m gap phdai mdap md, chiéu cao map mod
0,4m
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Bdng 3.7: So sdnh cdc gid tri diém tdp trung g sudt twong dwong va chuyén vi 6n nhat 1én khung st xi nguyén ban

Trwong hop khao sat

Chuyén vi I6n nhit (mm)

Ung suit twong dwong 16n nhit(MPa)

Chiéu cao map mé mit duong (m) 0,1 0,2 0,3 0,4 0,1 0,2 0,3 0,4
Map m6 banh truéc phai 212,79 247,38 284,15 | 311,41 | 92893 | 11905 | 17359 | 2280,9
Mép mé hai banh truéc 118 232,79 321,92 | 422,77 | 879,67 | 1850,2 | 2628,7 | 34814
Map md banh sau phai 4,2963 8,633 19,799 | 31,224 | 304,65 | 830,62 | 15336 | 22365

Map m6 hai banh chéo 134,96 175,61 25551 | 33541 | 612,04 1927 2817 3707
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3.3.2. Panh gia dd bén khung sat xi dwéi tac ddng caa tai trong dong

Trong phan khao sat gia tri lyc thang ding tac dung 1én khung sat xi (phan
2.5.2) khi xe chuyén dong trén duong xau (D-E) va duong rat xau (E-F) theo tiéu
chuan 1SO 8608:1995 cho thay cé4c gi4 tri tai trong dong cuc dai khong Ion hon gia
trj tai trong 16n nhat khi xe di qua map mé dinh dang. Tai trong dong nay xuét hién
khi xe chuyén dong trén duong khdng bang phing, gay nén d6 bén mai cua khung.
Trong khi d6 dic diém cua dat ring 1a khong co duong, c6 nhiéu map md mat
duong 16n nho khac nhau. Do d6, trong phan khao sat 6 bén phé hay van tinh toén
khao sat trong truong hop khung sat xi chiu tai trong dong.

Cac diéu kién rang budc vé tai trong va ngam tac dung déu giong trong bai
toan tinh ¢ truong hop khung sat xi chiu tai trong cuc dai. Ngoai ra, do c6 tai trong
dong tur mat duong tac dung 1én khung sat xi nén ngoai cac tai trong tinh, con c6 cac
thong so tai trong dong theo thoi gian (dudi dang file excel, dit liéu duoc thu thap,
khao sat tir mo6 hinh dong luc hoc).

Trong md hinh nay, dé théng nhat va c6 két qua so sanh thi mé hinh chia ludi
v6i két qua chinh xéac theo bai toan tinh. Cac rang budc 12 tai cac quang nhip va
quang treo, gié tri tai trong dong tac dung Ién khung theo thoi gian c6 diém dat,
phuong va chiéu nhu trudng hop tai trong tinh [65]. Ché db tai trong duoc lua chon
khi xe chay véi van téc 20 km/h trén hai loai duong xau (D-E) va dudng rat xau (E-
F) theo tiéu chuan ISO 8608:1995. Gi4 tri nhan duoc 1a cac chuyén vi, tng suat

tuong duong trong trang thai dong phan bd tai moi diém trong mién thai gian.

69316 1.2284e+5

67500
1.15e+5

65000
11e+5

62500
1.05e=5

60000
l.e+5
57500 95000
55000 90000
51667 83643

1. 8 16, 25 34, 43, 52, 61, 70. 79. 100 1. 9. 18, 23, 35, 458, 53, 65, 75. 100.

Hinh 3.52: Gia trj tdi trong dong banh Hinh 3.53: Gia tr; tai trong déng banh

truéc lén khung sat xi trén duong D-E  sau 1én khung sat xi trén duong D-E
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Type: Total Deformatgpn
Unit: mim
Min =

Time: 17
. 3.6559 Max I
3.2497

1 2.8434
—{ 2.4372
1 2.031

| Laz248
| L2186
n.81241

I 0.40621
0 Min

Hinh 3.54: Chuyén vi déng phan bé trén khung sdt xi trén (dwong D-E)
49379

4,75

4.5

4.25

[mm]

3.75

3.572F
0. 12.5 25, 37.5 50. 6825 75. 7.5 100

[s]
Hinh 3.55: Bién thién chuyén vi déng bién déi theo thoi gian (dwong D-E)

T};pe: Equivalent {vorghdizes) Stress
Unit: kP2

Tirne: 20
. 293.83 Max
26L.18
F{ 228.54
—{ 195.89
L 163.24
| 130.59
{ 97.944
65,294

I 32,648
2.5988e-8 Min

Hinh 3.56: Ung sudt twong dirong dong phan bé trén khung sdt xi trén (dwong D-E)
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31411

300,
287.5

275,

[MPa]

262.5

250,

237.5

22727
0. 125 25, 37.5 50. 6825 75, 875 100,

[s]
Hinh 3.57: Ung sudt twong dwong dong bién déi theo thoi gian (dwong D-E)

Type: Tatal Deformatign
Unit: mm

Tirme: 17
. 43116 Max {
38325

—{ 3.3535
I 28744
2,3953
. L9143
1 14372
0.95813

I 0.47907
0 Min

Hinh 3.58: Chuyén vi déng phan bé trén khung sat xi (dwong E-F)

5.6159

4.5

[mm]
Y

3.5

2.5

1.5458
0. 12.5 25, 375 50. 6825 75, g7.5 100,

[s]
Hinh 3.59: Bién thién chuyén vi déng bién doi theo thoi gian (dwong E-F)
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T}:'pe: Equivalent (won
Unit: k1P
Tirme: 100

270.87 Max

— 21068
— 180.58
— 150,48
— 120,39
— 90,291
60,194

I 30.097
1.2372e-8 Min

Hinh 3.60: Ung sudt twong dirong déng phan bé trén khung sat xi trén (dwong E-F)

357.20

320,

2a0.

240,

[MPa]

200.

1a0.

117.42
Q. 12.5 25, 375 50, 62.5 75, ar.5 100,

[s]
Hinh 3.61: Ung sudt twong dwong dong bién déi theo thoi gian (dwong E-F)

Két qua phan tich bai toan tai trong dong trén khung sat xi xe chita chay ring
da ning cho thay ung suat phan bo twong ddi déu trén toan bo bé mat chi tiét. Khi
chuyén dong trén duong rat xau (E-F) thi ang suét sinh ra trén khung sét xi c6 gia
tri 16n hon khi xe chuyén dong trén duong xau (D-E). Gia tri 16n nhat ghi nhan la
357,26 MPa nho hon rng suat giéi han cho phép, truong hop nay dam bao diéu kién
bén pha huy cua khung sat xi.

3.4. Panh gia dd bén méi ciia khung sat xi xe chira chay rirng da ning

Sau khi danh gia do bén phé huy, do bén moi cua khung sat xi ciing can duoc
danh gia. Truong hop khung sat xi dam bao diéu kién bén pha hay nhung khdng
khong dam bao d6 bén moi thi két ciu chua dam bao an toan trong qué trinh l1am

Viéc.
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Phan tich bai toan moi khung sat xi trong phan mém Ansys dua trén Iy thuyét
moi dugc mo ta & phan 2.1.2.2. Trong bai toan cu thé vé khung sat xi, viéc phan tich
bai toan bén moi trong phan mém chuyén dung theo céc thong sé duoc dua ra theo
tiéu chuan Goodman va dudng cong S-N. Viéc danh gia dya vao sé chu ky gigi han
moi ctia md hinh (tudi tho cua chi tiét). Theo [12,47,48] s6 chu ky giéi han moi
dugc xac dinh trong khoang tir 103 dén 108, nghia 1a chi tiét thuong xuyén lam viéc
trong khoang gia tri nay. Néu s chu ky nho hon 103, ngudi ta xem chi tiét d6 khong
chiu dugc bén mai khi 1am viéc. Néu sé chu ky 16n hon 108 thi chi tiét d6 duoc xem
nhu bén moi mai méi.

Trong noi dung khao sét nay, viéc danh gia do bén moi cia khung sat xi duoc
thuc hién trong truong hop khung sat xi chiu tai trong dong véi ché do hoat dong
thuong xuyén caa xe di chuyén trén duong rat xau. Tai trong dong tac dung lén
khung sat xi khi xe di chuyén trén duong D-E va E-F theo tiéu chuan I1SO
8608:1995 vai van téc di chuyén 20 km/h duge xac dinh tir md hinh dong hec hoc.

B o
|| 3.4516e5
|| 2.0278e5
L 119145
L 63992

— 41121
24158

I 14183
8338.5 Min
Hinh 3.62: Sé chu ky méi trén khung sat xi khi chuyén déng trén dwong D-E

. leb Max
5.6998e5
F{ 3.2488e5
—{ L8518l
L 105555
| 6016l

{ 34291

19545
I L1140
6349.9 Min

Hinh 3.63: Sé chu ky méi trén khung sat xi khi chuyén déng trén dwong E-F

Két qua tdng hop vé nghién ciru do bén moi d6i vai md hinh khung sét xi khi
xe chuyén dong trén dudng D-E va E-F véi van toc 20 km/h duoc thé hién trén hinh

3.54 va 3.55. Khi xe chuyén dong trén duong xau D-E, sé chu ky moi nho nhat c6
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gia tri 8338,5 chu ky. Trén duong E-F, s6 chu ky moi nho nhét c6 gia tri 6349,9 chu
ky. Ta thay rang s6 chu ky moi trén khung sét xi trén ca hai loai dudng déu nho hon
108, do d6 khung sat xi khong bao bao diéu kién bén mai khi lam viéc.

Ddi voi khung séat xi sau khi cai tién bang cach ting tiét dién thanh chinh c6
kich thudc 10+10mm, dong thoi ting tiét dién cua thanh ngang sé 20 (hinh 1.10)
day 12mm dam bao diéu kién bén phé huy trong cac truong hop khao sat. Ngoai
danh gia d6 bén pha huy, do bén moéi ciing duoc danh gia véi théng s tai trong

dong tac dong 1én khung sat xi dugc xac dinh twong tu nhu tai trong tac dong lén

khung sat xi nguyén ban.

1eb hlax

1e

Hinh 3.64: Sé chu ky méi trén khung sat xi cdi tién khi chuyén déng trén dwong E-F
Hinh 3.64 thé hién sb chu ky moi trén khung sat xi cai tién khi xe chuyén dong
trén dudng E-F theo tiéu chuan 1SO 8608:1995. Sau khi cai tién cho thay khi xe
chuyén dong trén duong E-F thi s6 chu ky moi nho nhat c6 gia tri 108, do d6 khung
sat xi dam bao diéu kién bén moi. Tuy nhién, sau khi cai tién do tiét dién khung sét
xi ting 1én nén khéi luong khung sat xi 1361kg, ting thém 346,6 kg so véi khoi
lugng ban dau (1014,4kg).
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Két luan chuong 3

D3 phan tich dao dong riéng cua khung sat xi xe chita chay rimg da ning, két
qua cho thiy khung xe dao dong véi 20 dang dao dong khac nhau, tan s thay doi tir
0 dén 150 Hz. O céc tan s6 ban dau, khung xe bi udn theo phuong ngang va phuong
thang dung. O céc tan s tiép theo, khung sat xi bat dau bi rung dong manh. Cac tan
s6 16n gay ra hién twong xoin dam doc.

D3 khao sat tng suat, chuyén vi caa khung sat xi trong trudng hop chiu tai
trong tinh cuc dai. Cac két qua khao sat cho thy (ng suat I6n nhat xuat hién trén
khung sat xi dat gia tri 190,73MPa thip hon gia tri gii han chay va gisi han pha
hity cia vat lidu 1a 785MPa va 980 MPa nén khung sat xi dam bao diéu kién bén
phé huy trong truong hop nay.

D3 khao sat ing suat, chuyén vi cia khung sat xi trong trudng hop cac banh xe
chiu luc kich dong tir map md mat dudng véi chiéu cao map md khac nhau khi xe
chuyén dong véi van téc 20km/h. Céc banh xe chiu luc kich dong bao gdm bénh
truéc phai gap phai map mo, hai banh trudc gap phai map md, banh sau phai gap
phai gap phai map mé va hai banh chéo gap phai map mo (banh trudc trai va sau
phai). Két qua khao sat cho thay khi banh xe gap phai map mé mat duong thi gia tri
g suat 16n nhét xuat hién trén khung sat xi da phan déu 16n hon tng suét gigi han
chay va gisi han pha huy cua vat liéu, do d6 khung sat xi khong dam bao diéu kién
bén. Tuy nhién, chi c6 truang hop khi banh sau gap phai map mé chiéu cao 0,1m,
hai banh chéo nhau gap phai map mé chiéu cao 0,1m thi ¢ng sut Ién nhat xuat hién
trén khung lan luot 1a 304,65 MPa va 612,04 MPa, & ché d6 nay khung sat xi dam
bao diéu kién bén pha hay.

D3 danh gia do bén pha hiy va do bén moi cua khung sat xi chiu tai trong tir
map md mat duong D-E va E-F theo tiéu chuan 1SO 8608:1995 véi van téc 20
km/h. Két khao sat do bén pha hay cho thy khi chuyén dong trén duong rat xau (E-
F) thi ang suat sinh ra trén khung sét xi c6 gia tri 16n hon khi xe chuyén dong trén
duong xau (D-E). Gia tri Ion nhat ghi nhan trén dudng D-E 1a 314,1 MPa va dudng
E-F 12 357,26 MPa, nhé hon tng suat gisi han cho phép nén khung sat xi dam bao

diéu kién bén pha hay. Vi do bén mai, két qua phan tich cho thay sb chu ky moi
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trén khung sét xi nhoé hon 108, do d6 khung sat xi khong bao bao diéu kién bén moi
khi 1am viéc. Cac két qua khao sat ddi voi khung sét xi cai tién cho thiy khung sat
xi dao bao diéu kién bén. Nghién ciu khao sat duoc thuc hién trén phan mém
Ansys, md hinh phan tir hitu han dé thuc hién cac budc theo tiéu chuan va da duoc
danh gia bang phan mém, cac két qua khao sat co do tin cay cao trong tinh toan.

D3 khao sat dd bén phéa huy va do bén moi cua khung sét xi cai tién cho thiy
khi tang tiét dién thanh chinh phia trong va phia ngoai day 10mm, d6ng thoi thanh
ngang s6 20 (hinh 1.10) c6 chiéu day 12mm thi khung sat xi théa mén diéu kién lam

viéc. Cac chi tiét khac caa khung sét xi véi kich ¢& va vi tri khong thay doi.
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CHUONG 4
NGHIEN CUU THUC NGHIEM

4.1 Muc dich, @i twong thi nghiém
4.1.1. Muc dich thi nghiém

Muc dich cua thi nghiém gom xéc dinh phan luc thang ding tir mit duong tac
dung I&n banh xe khi xe di chuyén qua cac map moé dinh dang, xac dinh bién dang
udn tai mot vi tri caa khung sat xi. Két qua thi nghiém duoc so sanh vai két qua tinh
toan ly thuyét dé kiém ching mé hinh mé phong cua luan an.
4.1.2. Pbi twgng thi nghiém

Déi twong cua thi nghiém la xe chita chay rimg da nang duoc san xuat va lap

rap tai Viet Nam. Trén xe c6 lap thiét bi chira chay va day tai.

~,

4.2. Cac thong sé do

Céc thong so can do trong thi nghiém bao gom:

- Phan lyc phap tuyén tir mat duong tac dung 1én banh xe theo phuong thang
dung F; (kN);

- Chuyén vi tai mot diém trén khung st xi theo phurong thang dung (mm).
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4.3. Lya chon phuwong phap va thiét bi do
4.3.1. Phuong phap do phan luc phap tuyén tir mit dwong tac dung 1én banh xe
Phuong phap do xac dinh phan luc phap tuyén tir mat duong tac dung Ién banh
xe dugc sir dung phuong phéap do cac dai lugng khong dién bang dién vai viéc ung
dung chuyén doi Tenzo trén mot thanh dam bat ky chiu uén. Hinh 4.2 13 so d6 thé
hién cau tric hé théng do xac dinh tai trong uén trén mot thanh dam. Hé théng do
bao gdm cam bién va cac bo phan tiép nhan, khuéch dai, chuyén doi A/D, xu ly,
hién thi va luu trit két qua do. Tin hiéu dién (cuong d6 dong hoic dién &p) tir cac
cam bién duoc khuéch dai nhiéu lan, roi qua bo chuyén doi A/D thanh tin hiéu sb
truyén dén phan mém di duoc cai dat trong may tinh (PC).

TR~ D
CB KD PC
l/

A

Hinh 4.2: So do hé théng do xdc dinh tdi trong uon trén mét thanh dam
CB-cam bién; KD- khuéch dai tin hiéu; A/D — bg chuyén dai tir tin hiéu twong

tw sang tin hiéu sé; PC — may vi tinh

4.3.2. Phwong phap do chuyén vi tai mét diém trén khung sat xi theo phwong
thang dirng
Ciing gidng nhu phuong phap do xac dinh phan luc phép tuyén tir mit duong

tac dung 1én banh xe, phuong phap do chuyén vi cia khung sat xi theo phuong
thang dtng ciing st dung phuong phap do cac dai luong khong dién bang dién voi
viéc ting dung chuyén d6i Tenzo véi tai trong udn trén thanh sat xi chiu udn.
4.4. Cac phwong phap va thiét bi thi nghiém
4.4.1. Thi nghiém xac dinh phan luc phap tuyén

Dé do dugc phan luc phap tuyén theo phuong thang dirng, nghién ciu sinh st
dung cau dién tré. Bon dién tro tenzo dwoc dén song song va bé tri di xang mit

trén va mit dudi cua cau tai vi tri 12 gio va 6 gio (mat trén 02 14, mat dudi 02 14).
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B6 khuéch dai &
chuyén do6i AID [ —
/
2
1 R;
R
4 Spider8
R / T T
3
Ra CPU
Rit R; )
4 RR— Ry Myss
4 —
; —

Hinh 4.3: So do bo tri thi nghiém do phan lwc phap tuyén
1) Dam; 2) Tenzo dién tré; 3) Bg khuéch dai va chuyén doi AID;
4) May tinh véi phan mém xa Iy tin hiéu.
Céc dién tré tenzo dugc dan truc tiép 1én mit ngoai cua vo cau. Qué trinh dan
tenzo 1én vo cau quyét dinh dén do chinh xéac cua phép toan do. P& qua trinh dan
c4c cau dién tro d6i xiing va song song giita 2 1a dién tro trén va la dién trg dudi

bang keo dan Z70 cua Cong hoa Lién Bang Drc.

Hinh 4.4: Tenzo dan trén vé cdu thi nghiém

Céc dién tré duoc ndi véi nhau thanh mach cau nhu trén hinh 4.5, goi 1a cau
dién tré (con goi 1a cau do), mach cau c6 4 diém nat, trong d6 2 nit dugc ndi voi

nguon nudi (Uo) va 2 nat con lai 1a dién ap ra (Uy) ty 18 véi bién dang udn.
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Hinh 4.5: Mach cau tenzo

Tenzo c6 hé s6 nhay tuwong doi K 13 dic trung cho hiéu ¢ng cua vat liéu.

cR
K="+ 4.1
L (4.1)

Trong d6:  ¢R :A—RR gia tri bién doi tuong dbi cua dién tré tenzo
AL ., cq L 2. e Y .-
eL =T gia tri bién do1 twong doi cua chiéu dal tenzo
d6i v6i vat lidu ran, K= 1+2p+m
, Ap/p Ny . R aen ” X , A 1A , N
Trong do: m :W 1a gid tri thay doi dién trd suat cua vat li€u, cd quan h¢

dén thay d6i tinh chat vat 1y cua vat liéu.
H: hé s6 poat-sdng (0,24 < 0,4)

Bang 4.1: Théng sé dién tré tenzo

Kich thudc chiéu dai 35mm

Kich thudc chiéu rong 6mm

Gia tri dién tro 120Q

Hé s6 d6 nhay 2.08+1% (Mc A)

Cau dién tro tenzo hoat dong theo nguyén ly cia mach cau Weatstone [56].
Khi cau ¢ trang thai can bang thi RiRs = R2R4, khi d6 dién ap do U, = 0. Viéc sir
dung 4 dién tré tenzo c6 gié tri théng sé giong nhau (R1 = R2 = Rz = Ra= Ro) dén 1én
Vo cau, nén cau ludn ¢ trang thai can bang khi vo cau khdng chiu tai (ciu khong

chiu tai trong, banh xe da duoc thao ra, phan luc phap tuyén 1én banh xe bang 0.
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4.4.2. Thi nghiém xac dinh chuyén vi tai mét diém trén khung sat xi

Thi nghiém xac dinh chuyén vi tai mot diém trén khung sét xi, nghién ctu sinh
cling sir dung cdu dién tro, gdm 4 dién tro tenzo duoc dan ddi xang phia trén va
phia dudi cua khung sat xi (mat trén 02 1a dién tré, mat dudi 02 1a dién tro). Vi tri
dan 1a dién tro la khung sat xi phia bén phai, 14 dién tré duoc dan 1én khung tai vi tri
giita cabin va thung hang, cach dau phia truéc thung hang 60mm.

So dd d4u ndi cau dién tro, nguyén 1y do, thiét bi do ciing nhu phan mém xu ly
s6 liéu gidng nhu phuong phap thi nghiém 4.4.1. Khi chiju tai trong va di chuyén
trén dudng va vao cac map mo mat duong, khung sat xi bi s& c6 su chuyén vi, su
chuyén vi caa khung 1am thay doi gié tri dién tro trén céc 14 dién tro tenzo dugc dan
phia trén va phia duéi khung séat xi bi thay d6i. Tin hiéu dién ap nhan duoc tir két

qua do nay 1am co s& dé xac dinh chuyén vj tai vi tri trén.

Hinh 4.6: Vj tri dan tenzo Ién khung sat xi

4.4.3. C4c thiét bi, cam bién va phan mém dung trong thi nghiém
4.4.3.1. Thiét b thi nghiém

Pé thu thap, khuéch dai va chuyén d6i thong tin do lwdng sang tin hiéu so,
nghién ctu sinh dang thiét bi Spider8 do hing HBM Cong hoa Lién Bang Puc ché
tao hién co6 ¢ Trung tdm Thi nghiém Khoa Co dién va Céng trinh truong Pai hoc

Lam Nghiép.



cong két néi LPT

a. May tinh PC b. May Spider 8
Hinh 4.7: May tinh PC va may do Spider 8

Theo [58] may do Spider8 sir dung nguon dién xoay chiéu 220V két ndi voi
may tinh c6 chirc niang l1a thiét bi thu, khuéch dai va chuyén doi A/D
(Analog/Digital), dugc diéu khién bang phan mém Catman caa hing HBM, CHLB
Prtic. Dién ap do tir duong chéo do cua cau tenzo duoc khuéch dai rdi tir dang twrong
tu chuyén doi sang dang so, dén may tinh. Két qua do duoc hién thi trén man hinh
may tinh va duoc luu dudi dang file ASCII.

May do Spider8 c¢6 nhiéu mé dun duoc ché tao theo cac kénh véi nhiéu kiéu
khuéch dai, nhiéu dai tan sé khac nhau va c6 thé do duoc nhiéu dai lugng khéc
nhau, nhu nhiét do, dién thé, dién tré, ngudn 4p DC, md men, toc do, cong suit. ...
Phan mém Catman dé diéu khién do luong va xir ly sé liéu trong qua trinh do. Khi
do, Spider8 duoc ndi ghép véi may tinh bang cong LPT (hinh 4.8a) va duoc diéu
khién bang phan mém Catman 3.1 1a phan mém chuyén dung di kém véi thiét bi.
4.4.3.2. Cac cam bién
a. Cam bién luc Z4

Pé xac dinh mdi lién hé giita dién ap sinh ra do thay doi dién tro trén céc 14
dién tro véi tai trong tac dong I&n cau xe. Nghién ctu sinh sir dung cam bién luc Z4.

Hinh dang cam bién luc Z4 duoc mé ta hinh 4.8.
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Pau do luc
Két ndi kéo
may Spider ,
Cam bien
luc Z4

Hinh 4.8: Cam bién lic Z4 ding cho hiéu chudn
Gid tri cua cam bién Z4 Cong hoa Lién Bang Dtrc da duoc chuan hoa tir nha
san Xuat véi cac thong sé duoc mo ta bang 4.2 [12].

Bang 4.2: Thong so cua cam bién luc Z4

Luc ép [kN] 0 10 25 50

bién &p ra [mV] 0 2 5 10

MBS

Hinh 4.9: Gdn cam bién lwc Z4 d@é hiéu chuan

b. Cam bién dich chuyén

Ngoai cam bién do luc da trinh bay trén, dé do dich chuyén cua sét xi khi hiéu
chuan ta dung cam bién dich chuyén WSF cua Cong hoa Lién Bang Bac (hinh
4.10).
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Hinh 4.10: Cam bién dich chuyén WSF
4.5. Hiéu chuan gia tri do
4.5.1. Hiéu chuin gia tri do gia tri phan luc phap tuyén
Hiéu chuan gié tri do phan lyc phap tuyén nham xac dinh mdi quan hé giita
dién ap do duoc & cau dién tro va luc tac dung lén vo cau, tir d6 xac dinh dung gia
tri phan luc phap tuyén tir mat dudng tac dung tac dung 1én banh xe theo don vi do
la N.

Piém dan
tenzo

Hinh 4.11: Hiéu chudn gia tri do phan luc phép tuyén
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C4c cau dién tré Tenzo dugc hiéu chuan cing véi thiét bi do Spider8 va cam
bién luc Z4 cua Cong hoa Lién Bang Duic. Dé tao phan lyc phép tuyén tir banh xe
tac dung 18n cau xe, nghién cu sinh st dung kich thay luc két hop véi cam bién luc
tiéu chuan Z4. Cam bién bd tri & dung vi tri phan luc phap tuyén tac dung 1én vo
cau.

So do g4 ldp hiéu chuan gia tri phan luc phéap tuyén dugc md ta hinh 4.13.
Xem lyuc tadc dung 1én hai bén banh xe la nhu nhau, luc tac dung do kich thuay luc
sinh ra duogc do bang cam bién luc Z4. Do d6, luc tac dung 1én vé cau bang chinh
lwc do kich thay lyc sinh ra.

Dé hiéu chuan thiét bi do, tién hanh tang dan tai trong tac dung 1én cam bién
luc Z4 bang kich thay luc (ndng vo cau 1én), luc nay dudi tac dung cua cac tai trong
dit 1n xe 1am vo cau bi bién dang, thay ddi gia tri cau dién trg va gia trj dién &p goi
vé may tinh. Nhd phuong phap hiéu chuan ndy ma cau xe tré thanh mot cam bién
do phan luc phép tuyén tac dung Ién banh xe.

Bang 4.3: Két qua ldy chudan thiét bi do luc thang ding

Luc ép [kN] 0, 5|10 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50

Dienap[mV] |0 |47|95 13,8 |18,3 |22,6|27,1|31,2|355 |39,8 | 44,2

e 45
=
=40
==
. az
= i
~m
) 30
P
T 25
=
£ 55
B 10
= .
0
0 10 20 30 40 50

Lc ép (KN)
Hinh 4.12: Bé th; hiéu chudn giza tin hiéu dién dp do dwoc & cau dién tré va

luc thang ding trén vo cau
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4.5.2. Higu chuan gia tri do chuyén vi khung

Ciing giébng nhu hiéu chuan gia tri do phan luc phap tuyén, hiéu chuan gia tri
do chuyén vi khung nhiam xac dinh mdi quan hé giita dién ap do duoc & cau dién tro
duoc déan 18n khung va chuyén vi caa khung tai vi tri dan Tenzo.

Pé hiéu chuan gia tri do chuyén vi khung, st dung cam bién dich chuyén gan
trén thung hang, dau do ti vao khung sat xi ngay vi tri dan tenzo do chuyén vi, tién
hanh tac dung luc thang dtng theo phuong Z 1én sat xi gan vi tri dan Tenzo, dudi
tac dong cua hrc tac dung khung sét xi bi chuyén vi, ddng thoi gia tri ciia cam bién
dich chuyén s& thay d6i. Tir d6, xac dinh dwoc gia tri chuyén vi theo dién ap.

Bang 4.4: Két qua lay chuan chuyén vi khung sét xi

Dién &p ra [mV] 0 2,75 | 506 | 753 | 10,12 | 12,72 | 15,02 | 17,08 | 19,54

Chuyén vi (mm) 0 1,13 | 5,36 | 10,64 | 15,79 | 21,113 | 25,68 | 30,232 | 36,23

)

Chuyen vi (mm)

et
e

0 5 10 15 20
Pién ap ra (mV)
Hinh 4.13: Pé th; hiéu chudn giza tin hiéu dién dp do dwoc & cau dién tré va
chuyén vi trén khung st xi tai v tri do
4.6. Tién hanh thi nghiém trén dwong
Thi nghiém duoc tién hanh trén duong nhua khi mot bén banh xe di qua map
mé mit duong va duoc tién hanh trén duong 1am nghiép tai ndi Ludt thudc truong
Dbai hoc Lam Nghiép.
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Hinh 4.14: Poagn dwong thi nghi¢m

Trong qué trinh thi nghiém, khi xe di chuyén trén duong thi ngudi l4i gii ban

dap ga dé duy tri téc d6 chuyén dong on dinh caa xe. Dé danh gia cac trang théi tac
dong tir mit dudng ng véi van téc khac nhau, nghién ciu sinh lya chon thay doi
téc d6 chuyén dong cua xe va diéu kién duong trong khi git nguyén tai trong.

- Van tbc cua xe khi thi nghiém: 10 km/h, 15km/h, 20km/h

- Tai trong cua xe: Pu tai (100% tai)

- Piéu kién duong: Puoc thuc hién trén duong nhya, bang phang, kho rao,
map mo duoc chon 1a map mé ngau nhién trén dudng c6 chiéu cao 0,1m, chiéu dai
0,5m.

Céc phuong 4n thi nghiém gom:

- Thi nghiém 1: Xe di chuyén trén dudng bang, map mé banh xe trudc phai,
thyc hién & 3 toc d6 10, 15 va 20 km/h;

- Thi nghiém 2: Xe di chuyén trén duong bang, map md banh xe sau phai,
thyc hién & 3 toc d6 10, 15 va 20 km/h.

4.7. Két qua thi nghiém
4.7.1. Két qua do phan luc phap tuyén
4.7.1.1. Két qud do
Két qua do phan lyc phap tuyén tir mat duong 18n 16p xe 1a gia tri luc tac dung

1én moay o ctia vo cau theo phuong thang dimg duoc tién hanh qua ba thi nghiém.
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Thi nghiém 1: Xe di chuyén trén dwong bang, map mé banh sau xe phdi

43 _ : 60 _
10 — Vantée 10 kmh . — Vin tic 15 km'h
15 |
30 . N
& 2 \ S % \[ﬁﬁﬂr%
=15 =
10 Hl -
5 0 ) )
° 0051 1.5 ) 7 25
0 1 2
Thii gian (s) e Théi gian (s)

Hinh 4.15: Luc thang ding tac dung  Hinh 4.16: Luc thing ding tac dung 1én
1&n 1op xe khi banh xe phdi (Fzz2) di vao Ip xe khi banh xe phai (Fusz) di vao mdp
mdp mé véi van téc 10 km/h md Véi van téc 15 km/h
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Hinh 4.17: Luc thang dieng tac dung  Hinh 4.18: Gid tri luc thang cuc dai tac
1&n I6p xe khi banh xe phdi (Fz32) di  dung 16n 18p xe (Fzaamax) g Véi CAC van

vao mdp md véi vdn toc 20 km/h téc khac nhau

Két qua thi nghiém c6 thé nhan thay, khi xe chuyén dong trong tat ca cac
truong hop di vao map md, luc thang ding tac dung Ién 1p xe cuc dai déu tiang khi
tang van tc xe.
4.7.1.2. So sanh véi két qua mo phéng

Két qua thi nghiém duoc so sanh véi cac két qua mé phong trong cung diéu

kién (khi xe chay trén dudng banh sau phai bi map mé dinh dang, téc do 10, 15, 20
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km/h) dé danh gia tinh chinh xac cia mé hinh. Trong phan so sanh két qua nay, do
noi dung mé phong va thi nghiém 1a twong dbi gidng nhau, do d6 phuong phap
chéng dd thi dugc st dung dé danh gia su twong déng vé quy luat va tan sb gitra
nghién ciru ly thuyét va thuc nghiém. Ngoai ra, dé danh gia sai s6, nghién ctu sinh
tién hanh so sanh céc gia tri luc cuc dai tai cac dinh caa d6 thi (nham so sanh bién
d6 16n nhat cua tai trong dong). Céc két qua so sanh trong timg trudng hop dugc thé
hién qua cac d6 thi va bang dugc mo ta bén dudi:

45 — Thi nghiém
40 — Mé phong

lad aa
=L

L

Fz32 (kN)
— = |3 2
]

=]

L

[ I
=]
[
LA
|

]
]
Lh

15
Théi gian (s)

Hinh 4.19: Khi banh xe phdi va vao mdp m, vdn téc 10 km/h
80
70 —Thi nghiém
&0 —— M6 phong

20
40
30
20
10
0
-10
=20

F232 (N)

(]
I
LA

Théi gian (s)

Hinh 4.20: Khi banh xe phdi va vao mdp md, vdn téc 15 km/h
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Thai gian (s)

Hinh 4.21: Khi banh xe phdi va vao mdp mé, vdn téc 20 km/h

Bdng 4.5: So sanh cdc két qua lec thang dirng giiza mo phong va thi nghiém

Lhn

V =10 km/h V =15 km/h V =20 km/h
M6 | Thi Sai |M6 | Thi Sai | M6 | Thi Sai s6
phong | nghiém | sb phong | nghiém | s6 phong | nghiém | (%)
(%) (%)
FzSZmax
4486 | 4589 | 2,23 | 67,15 | 62,44 | 7,02 | 76,36 | 74,94 | 1,87
(kN)
FzSZmin
(KN) 4,99 6,01 16,8 | -154 | -14,41 | 6,49 | -28,8 | -25,41 | 11,84

So sanh giita md phong va thuc nghiém, két qua thay rang quy luat bién thién

lyc thang ditng theo tinh toan Iy thuyét va do dugc bang thuc nghiém 1a giéng nhau.

Tién hanh so sanh sai léch gia tri I6n nhit giira Iy thuyét va thuec nghiém duoc thuc

hién bang cach lay gia tri 16n, trir gia tri nho va chia cho gia tri 16n. Sai lech 16n

nhét gitra két qua tinh toan mé phong va két qua thi nghiém 1a 16,8%. Véi nhiing

gia thiét da chap nhan khi xay dung md hinh mé phong thi sai léch nay la c6 thé

chap nhan duoc. Sai léch gitra két qua tinh toan bang mé hinh va két qua thi nghiém

1a khong qua 16n, déu d6 cho thdy mé hinh dong luc hoc cua xe chira chay ring da

mo ta dung cac qua trinh vat ly xay ra trong hé thong, c6 do chinh xac va do tin cay

chap nhan duoc.
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4.7.2. Két qua do chuyén vi khung sat xi
4.7.2.1. Két qud do

Dé so sanh két qua md phong chuyén vi cua khung, nghién cau sinh st dung
Tenzo dién tré dé xac dinh chuyén vi cua khung séat xi khi khung sét xi chiju tai
trong tinh va khi banh xe trudc 18n map md. Két qua thi nghiém dé so sanh véi két
qua mo6 phong duoc xac dinh trong chuong 3. Trong thi nghiém nay, nghién ctu
sinh tién hanh khi banh xe phai trugc di chuyén 1&n gap phai map md van téc 1a 10,
15 va 20 km/h.

Vi tri do thyc nghiém Vi tri khao sat Iy thuyét

‘,‘ 3 ) 2 3404 D 8
7 e \ ‘
: "

Hinh 4.22: Vi tri do chuyén vi trén Hinh 4.23: Vi tri xac dinh Chuyén Vi

khung thi nghi¢m trén khung mo phong

10
—— Vintée 10 kb
g
- 6
H
=4
E_, 2
0
1 2 3

4

Thii gian (5)

a. M6 phong b. Thuc nghiém

Hinh 4.24: Chuyén vi khung sdt xi khi banh triéc gép phdi map mé, védn toc 10 km/h
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{'.Illl_w::ll vi{mm)

Thii gian (s)

b. Thuc nghiém

Hinh 4.25: Chuyén vi khung sdt xi khi banh trueéc gdap phdi map mé, van téc 15 km/h

a. M6 phong

Bién damg { pSmmy)

Thii gian (5)

b. Thyc nghiém

Hinh 4.26: Chuyén Vi khung sdt xi khi banh trieéc gap phdi map mo, van toc 20 km/h

Bdng 4.6: So sdnh cdc két qua chuyén vi trén khung giiza mé phong va thi nghiém

V =10 km/h V =15 km/h V =20 km/h
Mo Thi Sai | Mb Thi Sai Mb Thi Sai
phong | nghiém | s6 | phong | nghiém | s6 | phong | nghiém | s6
(%) (%) (%)
Chuyén
Vi 8,72 7,58 15,1 | 22,01 18,25 20,5 20,9 26,5 26,1
(mm)
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Két qua so sanh gita md phong ly thuyét va thuc nghiém ciing giéng nhu
truong hop so sanh két qua phan luc phap tuyén, cho thay rang quy luat chuyén vi
cua khung sat xi 1a giéng nhau. Khi xe chuyén dong véi van toc 16n hon va vao map
mo thi chuyén vi khung sat xi 16n hon. Trong bang so séanh két qua mé phong ly
thuyét va thuc nghiém khao st chuyén vi tai mot vi tri trén khung sat xi cho thay ty
1& sai khac nhau giira két qua thi nghiém va ly thuyét tir 15,1 dén 26,1%. Do su
phirc tap trong mé phong, tinh toan caa khung sat xi nén véi sai sé trén chap nhan

duoc.

Két luan chwong 4

- Trong chuong 4, da lva chon phuong an, thiét bi, ddi twong va quy trinh thi
nghiém phu hop voi diéu kién hién cé tai Viét Nam, thi nghiém da xac dinh tai
trong dong tac dung Ién khung sat xi va chuyén vi cua khung sét xi tai vi tri do. Pa
str dung cam bién tenzo theo nguyén Iy cau do Wheatstone dé do tai trong dong tac
dung 1én khung sat xi va chuyén vi caa khung sat xi tai vi tri do. Két qua thi nghiém
phong phu va dang tin cay. Viéc so sanh cac gia tri 16n nhat cua luc thang dtng,
chuyén vi gitra két qua md phong va thi nghiém cho thay sai léch ti da 1an luot 12
16,8% va 26,1%.
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KET LUAN

1. Luan an da xay dung duoc phuong phap danh gia d6 bén khung séat xi xe
chira chay rimg da ning biang phian mém Ansys. Di xdy dung dugc mo hinh dong
luc hoc cua xe chita chay rung, thiét 1ap hé phuong trinh vi phan, xay dung so d6
thuat todn trong Matlab Simulink dé xac dinh tai trong dong tir mat duong tac dung
lén khung sat xi voi cac diéu kién can cia mat dudng va van téc khac nhau.

2. Luan 4n da danh gia do bén pha huy duoc thuc hién véi cac truong hop
khung sat xi chiu tai trong cuc dai, khung sat xi chiu tai trong khi cac banh xe gap
phai map mé cé chiéu cao khac nhau. Véi cac truong hop danh gia trén cho thay
banh xe gap phai map mé mat dudng thi ang suat 16n nhat xuat hién trén khung sét
xi da phan déu 16n hon ¢ng suat gisi han chay va pha huy cua vat liéu l1a 785 MPa
va 980 MPa, do d6 khung sat xi khong dam bao diéu kién bén.

3. Luan an da danh gia d6 pha huy cua khung sét xi chiu tai trong tir map md
mat duong D-E va E-F theo tiéu chuan 1SO 8608:1995 véi van toc 20 km/h. Két
khao sat do bén pha hay cho thay khi chuyén dong trén duong rat xau (E-F) thi tng
suit sinh ra trén khung séat xi c6 gia tri Ién hon khi xe chuyén dong trén duong xau
(D-E). Gia tri Ion nhat ghi nhan trén duong D-E 1a 314,1 MPa va duong E-F Ia
357,26 MPa, nho hon ung suit gi¢i han cho phép nén khung sat xi dam bao diéu
kién bén pha hay.

4. Luan 4n da danh gia d6 bén moi khung sat xi nguyén ban va khung sat xi
cai tién bang phan mém Ansys véi tai trong dong duoc xac dinh tir mé hinh dong
luc hoc, map md mat duong D-E va E-F theo tiéu chuan 1SO 8608:1995 véi van toc
20 km/h. Két qua khao sat cho thy véi khung sat xi nguy@n ban thi khong dam bao
diéu kién bén moi khi 1am viéc, ddi vai khung séat xi cai tién thi dam bao diéu kién
bén moi.

5. Luan an di xac dinh va dé xuit két cdu khung sat xi xe chira chay rimg da
nang dam bao diéu kién bén khi xe chuyén dong trén duong hoat dong chita chay.

6. Luan an da lua chon dugc phuong phap, thiét bi thi nghiém va xay dung
dugc quy trinh thi nghiém phl hop véi diéu kién nghién ciu ¢ Viét Nam dé do tai
trong dong tac dung 1én khung sat xi va do chuyén vi caa mot diém trén khung, st

dung cam bién tenzo theo nguyén ly cau do Wheatstone dé do tai trong dong tac
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dung 18n khung sat xi va chuyén vi caa khung sat xi tai vi tri do. Két qua thi nghiém
phong pht va dang tin cay. Dé c6 thé so sanh két qua tinh toan véi két qua do, thi
nghiém duoc thuc hién trong cac diéu kién gidng véi diéu kién tinh todn md phong
ly thuyét. Két qua thi nghiém di cho cac quy luét twong dong voi cac quy luat thu
duoc tir tinh todn khao sat bang md hinh Iy thuyét. Viéc so sanh cac gia tri 16n nhat
cua lyc thang dung, chuyén vi giira két qua mo phong va thi nghiém cho thy sai
léch ti da 1an luot 14 16,8% va 26,1%.%. Két qua sai léch nay chap nhan duoc.

Mot s6 han ché cua luan 4n va huéng nghién ciu tiép theo:

- Luan &n méi chi sir dung bién dang map mé mat dudng hinh sin dé danh gia
xac dinh tai trong tac dung Ién khung sat xi khi banh xe bi map mé ma chua c6 khao
st cac bién dang map mé khac.

- Khao sat d6 bén moi caa khung sat xi chi khao sat trudng hop tai trong dong
tac dung Ién khung khi xe di chuyén trén duong theo tiéu chuan 1SO 8608:1995 ma
chua khao sat dén truong hop xe chiu tai trong dong khi di chuyén trén duong 1am

nghiép. Do d6, can ¢ nghién ctu tiép theo vé van dé nay.
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PHU LUC1
THONG SO MO HINH XE CHUA CHAY RUNG DA NANG
- - DO’n -7
STT | Ky hiéu Tén goi ) Gia tri
Vi
1 mc Khéi lwong cabin kg 850
2 m Khdi lwgng thung hang kg 12050
3 ms Khéi lwong dugc treo kg 2700
4 Mut Khoi luong khong dugc treo cau trudc kg 1020
5 me2 | Khoi luong khong dugc treo cau giira kg 1000
6 M3 Khoi luong khong dugc treo cau sau kg 1000
7 M4 Khoi lugng co cau cat cay phia trudc kg 1000
8 ms Khdi luong co cau cat ¢o phia sau kg 800
9 Jex M6 men quén tinh cabin quanh truc x kgm? 200
10 Joy M6 men quan tinh cabin quanh truc y kgm? 150
11 Jix Mo men quén tinh thung hang quanh truc x kgm? 1593
12 Jiy M®& men quén tinh thung hang quanh truc y kgm? 4391
M6 men quan tinh khoi lugng duogc treo
13 Jsx kgm? 162
quanh truc x
M6 men quan tinh khoi lugng duogc treo
14 Jsy kgm? 443
quanh truc y
M6 men quan tinh khoi lwong khong dugc
15 Jut , kgm? 510
treo cau trudc
M6 men quan tinh khoi lwong khong dugc
16 Juz L kgm? 510
treo cau gitra
M6 men quan tinh khoi lwong khong dugc
17 Jus , kgm? 510
treo cau sau
18 Ja M6 men quan tinh co cau cat cdy phia truéc | kgm? 498
19 Js M6 men quén tinh co cau cat ¢é phia sau kgm? 437




PHU LUC 2
CAC THONG SO KY THUAT CUA XE CHUA CHAY RUNG PA NANG
7 - A - Do'n -7
STT | Ky hiéu Tén goi ) Giatri
vi

Khoang céch tir tam cabin dén diém lién két

1 C1 ) S m 0,7
hé thong treo cua cabin trai
Khoang céch tir tam cabin dén diém lién két

2 C2 , ) ) m 0,6
hé thong treo cua cabin phai
Khoang céch tir tam cabin dén diém lién két

3 C3 , m 0,8
hé thong treo cua cabin trudc
Khoang céach tir tam cabin dén diém lién két

4 C4 , . m 017
hé thong treo cua cabin sau
Khoang cach tir tim thung hang dén diém

5 €1 L , . . . m 0,8
lién két hé thong treo cua thung hang trai
Khoang cach tir tim thung hang dén diém

6 ez o , A . _ m 0,8
lién két h¢ thong treo cua thung hang phai
Khoang céach tir tam thung hang dén diém

7 es o, , m 2,5
lién két hé thong treo cua thung hang trudc
Khoang céach tir tdm thung hang dén diém

8 €4 A , , . N m 215
lién két hé thong treo cua thung hang sau
Khoang cach hai diém lién két hé thong treo

9 2d . ) m 1,5
trai, phai
Khoang cach hai diém lién két banh xe tréi,

10 2B _ m 2,0
phai
Khoang cach tir tdm khoi luong duoc treo

11 l1 , . m 2,538
dén tam diém chiu lyc trude
Khoang cach tir tdm khoi luong duoc treo

12 I2 , . m 1,687
dén tam diém chiu lyc sau

13 l3 Khoang cach tir tim cau trude dén dau xe 1,847

14 l4 Khoang céch tir tim cau sau dén dudi xe 1,9




Khoang cach tir diém bat hé thong treo sau

15 ls o o m 0,55
trén khung dén tdm cau s6 2 hoac tdm cau 3
16 |Cui1, Cui2 | D6 cang caa I6p cau trudc tréi, phai N/m | 569964
17 |Cuiz1, Ci22 | D6 citng cua l6p cau gitra tréi, phai N/m | 569964
18 |Cuia1, Cia2 | DO cang cua I6p cau sau trai, phai N/m | 569964
19 |Kuii1, Kiiz | Hé s6 can cuaa 16p cau trudc trai, phai Ns/m | 6497
20 |Kua1, Ki2z | Hé s6 can cuaa 16p cau giita trai, phai Ns/m | 6497
21 |Kuisi, Kisz2 | Hé s can cua 16p cau sau trai, phai Ns/m | 6497
Do cang bo phan dan hoi hé thong treo cau
22 | Ca1,Cs12 .. : N/m | 401952
trudce trai, phai
Do cang bd phan dan hoi hé thong treo cau
23 | Cs21, Cs22 | . . _ N/m | 527042
gitra trai, phai
Do cang bd phan dan hoi hé thong treo cau
24 | Csa1, Cs32 .. : N/m | 527042
sau trai, phai
Hé s6 can giam chan hé thong treo cau trudc
25 | Kai, Ksz | : Ns/m 3248
trai, phai
Ce11, Cer2 | PO cang bo phan dan hoi hé thong treo cabin
26 . _ i _ N/m | 100000
Ce21, Ce22 | trude trai, trudc phai, sau tréi, sau phai
Kei1, Keiz | HE 6 can giam chan hé thong treo cabin
27 _ . _ Ns/m 750
Kea1, Keo2 | trude trai, truedc phai, sau trai, sau phai
Cu1, Cuz | D6 cing bo phan dan hoi hé thong treo thing
28 _ N | N/m | 500000
Ci1, Cr2 | hang trudc trai, trudc phal, sau tréi, sau phai
Ku1, Kuz | Hé s6 can giam chan hé thong treo thing
29 ) . | Ns/m 4000
K1, K2 | hang trudc trai, trudc phal, sau trai, sau phai
Hé s6 can giam chan lap thiét bi cat cay
30 K11, K12 ) Ns/m 2800
trude trai, trudc phai
Do cang bo phan dan hoi lap thiét bi cat cat
31 | Ca, Ca B ) N/m 80000
€O sau trai, sau phai
Hé s can giam chan lap thiét bj cat cat co
32 Ka1, K22 Ns/m 2800

sau tréi, sau phai




PHU LUC 3
TAI TRONG PONG KHI HAI BANH TRUOC BI MAP MO
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PHU LUC 4
TAI TRONG PONG KHI BANH TRUGC PHAI BI MAP MO
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PHU LUC5
TAI TRONG PONG KHI BANH SAU PHAI BI MAP MO
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> Chiéu cao mdp mé h = 0,4m

10"
a8 Fz11
Fz12
X i
34
= a2
¥ o
wo? V
28
26 .l‘
24
0 05 1 15 2 25
Thoi gian (s)

Tai trong dong F. (v = 10 km/h)

10

Fz11
45 Fz12

0 05 1 15 2 25
Thoi gian (s)

Tai trong dong Fz (v = 15 km/h)

12

=107

1 I
= 0.5
“Dj; a
oo
-05 "

0 05 1 15 2 25
Thoi gian (s)

Fz3z
Fz31

Tai trong dong Fz (v = 15 km/h)

«10"
10 Fzi2
8 Fz31
6 ﬂ
__ 4
2
< 2 '.l"'./\.-
e
L g
-2
-4
]
0 05 1 15 2 25
Thoi gian (s)

Tai trong dong Fz3 (v = 10 km/h)
x 107

Fz3z
Fz31

Fz3 (N)

[} a5 1 1.5 2 25
Thoi gian (s)

Tai trong dong Fz (v = 15 km/h)



PHULUCG6
TAI TRONG PONG KHI HAI BANH CHEO BI MAP MO
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PHU LUC 8
UNG SUAT, CHUYEN VI TREN KHUNG SAT XI KHI HAI BANH TRUOC
GAP PHAI MAP MO

6.6733e-8 Min

Chuyén vi xudt hién trén khung sat xi Ung sudt xuat hi¢n trén khung sat xi
nguyén bdn khi 2 bdnh truéc bi mdp nguyén ban khi 2 bdanh truéc bj map
mé chiéu cao 0,2m; vdn téc 20 km/h md chiéu cao 0,2m; vdn téc 20 km/h

T}:'pe: Equivalgtt fvon-hMises) Stress

I 8.8831e-8 Min

Chuyén vi xudt hi¢én trén khung sat xi  Unhg sudt xudt hién trén khung sat xi
nguyén ban khi 2 banh trwéc bi map nguyén bdan khi 2 banh truéc bi map
md chiéu cao 0,3m; vdn toc 20 km/h md chiéu cao 0,3m; vdn téc 20 km/h
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PHU LUC 9
UNG SUAT, CHUYEN VI TREN KHUNG SAT XI KHI BANH TRUOC
PHAI GAP PHAI MAP MO

Type: Total Deformation
Unit: rmm
Tirme: 1

229.7
. 204,24

Chuyén vi xudt hién trén khung sat Xi

nguyén bdn khi banh triéc phdi bi mdp

mé chiéu cao 0,2m; vdn téc 20 km/h
Type: Tatal Defarmation

nit: rmirn
Titmes 1

. 2?'{.'
243,44
— 217348
— 186,33
— 155,27
— 144,22
— 93.165
n2.11

I 31055
0 Min

Chuyén vi xuat hién trén khung sat xi
nguyén ban khi banh treéc phdi bi map
mé chieu cao 0,3m; vdn téc 20 km/h

fwon-hdises) Stress

T}:'pe: Equivaleg
Unit: MPa 4
Tirme: 1

I 1.4383e-7 Min

Ung sudt xuat hién trén khung séat xi
nguyén bdn khi banh truéc phdi bi mdp
md chiéu cao 0,2m; vdn téc 20 km/h

T};pe: Equivalentsron-hises) Stress
Unit: kPa

Tirne:

1735.9 Max
1543

— 1350.1
— 1157.3
— d64.39
— 7TL51
— 578,63

385,76
192,58
2.1059%e-7 Min

Ung sudt xuat hién trén khung séat Xi
nguyén ban khi banh trieéc phdi bi map
md chiéu cao 0,3m; vdn téc 20 km/h
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PHU LUC 10
UNG SUAT, CHUYEN VI TREN KHUNG SAT XI KHI BANH SAU PHAL
GAP PHAI MAP MO

Type: Total D T};pe: Equivalg#t (van-hdises) Stress
Unit: rmrm Unit: bPa
Tirne: Time:

10738 738,33
— 6.7145 L 646,04
— 3.7333 L1 553,75
— 47961 L 46146
— 3.8364 L 360,17
— 28777 L1 276,87

19134 184,58
I 0.95922 I 02,201
0 Min 1.2724e-9 Min

Chuyén vi xudt hién trén khung sat xi Ung sudt xuat hién trén khung sat xi
nguyén bdn khi banh sau phdi bi mdp nguyén ban khi banh sau phdi bj map

md chiéu cao 0,2m; vdn toc 20 km/h md chiéu cao 0,2m; vdn toc 20 km/h
Type: Total Dg#rmation T};pe: Equivalgsft fvon-hises) Stress
rit: bAP g i

19.799 . 1533.6

17,5949 1363.2
— 15,398 — 11928
— 13,198 — 1022.4
— 10,993 — 851949
— 8.79495 — 68154
— 6.5996 — 51114

4.3008 140,79
I 2.1949 I 170.4

0 Min 1.1667e-9 Min
Chuyén vi xuat hi¢n trén khung sat xi Ung sudt xudt hién trén khung séat xi

nguyén ban khi banh sau phdi bi map nguyén bdn khi banh sau phdi bi mdp
mb chiéu cao 0,3m; vdn toc 20 km/h mé chiéu cao 0,3m; vdn toc 20 km/h
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PHU LUC 11
UNG SUAT, CHUYEN VI TREN KHUNG SAT XI KHI HAI BANH CHEO
NHAU GAP PHAI MAP MO

Type: Total Defosnation Type: Equivalen -Mdises) Stress
Unit: mrm 9% Unit: P
m X Tirme: 1
. 233.51 M4 . 1927 Max
227,12 17128
— 198,73 — 14989
— 170.34 12847
— 14195 1 1070.6
— 113.56 — 856,44
— 85,17 — 642,33

56,79 428,22
I 28,39 I 214,11
0 Min 9.1778e-7 Min

Chuyén vi xudt hign trén khung st xi Ung sudt xudt hién trén khung sat xi
nguyén ban khi hai banh chéo nhau bi nguyén ban khi hai banh chéo nhau b;
map mo chiéu cao 0,2m; van toc 20 km/h - map md chiéu cao 0,2m; vdn toc 20 km/h

I 313
7.5243e-7 Min

Chuyén vi xudt hién trén khung sat xi Ung suat xudt hién trén khung sat xi
nguyén ban khi hai banh chéo nhau bj nguyén bdn khi hai banh cheéo nhau b;j
mdp md chiéu cao 0,3m; vdn téc 20 km/h  map md chiéu cao 0,3m; van tac 20 km/h



