MO DAU

1. Tinh cép thiét ciia Luin an

Nganh cong nghiép 6 t6 Viét Nam da ché tao duoc sé cum chi tiét dang tdm nhu ca bin,
thung xe, khung xe, 16p, vo, nhura, cao su nhung chua c6 ché tao cac chi tiét trong hé théng truyén
lwc nhu cum hép sb, truc cac ding, cau chi dong, cic cum nay déu phai nhap khau 100% tir nude
ngoai.

Viéc nghién ctru chuyén sau ¢ 1y luan khoa hoc 14 viéc lam can thiét dé ching ta co thé
tirng budc phat trién tng dung vao thuc tién san xut. Hién trong nudc chua cd cong trinh nghién
ctru anh huéng thong sé DLH truc cac ding dén do bén.

2. Muc tiéu nghién ciru

Xay dung co s¢ phuong phap nghién ciru dong hoc, dong luc hoc va do bén truc cac dang
v6i ddi tuong va két qua cu thé co thé ap dung trong nghién ctru va trong thyc tién san xudt ché tao
cum truc cac dang 0 to tai, trén co s& d6 c6 thé mo rong ap dung cho cac cum chi tiét khac trén 6
t0.

3. Pdi twgng nghién ciu

Déi twong nghién ciru ctia Ludn 4n 1a chi tiét cum truc cac ding nam trong hé thong truyén
luc xe tai c6 tai trong dén 3 tan.

4. Gi6i han va pham vi nghién ctru
Cum truc céc dang cua xe tai nhe c0 tai trong dén 3 tin LF3070G1 lép rap tai Viét Nam;

Anh huong ctia mot sé thong s thiét ké va két cau thay do6i cua truc cac dang nhu: chiéu dai
truc, chiéu day than truc, goc nghiéng truc trong mit phang doc, anh hudng ciia quan tinh quay 2
dau tryc cac dang dén tinh chat dong luc hoc, dén tng suat, bién dang va do bén cua dbi tuong
nghién ctru.

B0 qua ma sat quay ¢ 2 dau 6 truc chit thap va dng then hoa trén than truc cac dang.

5.Y nghia khoa hoc va y nghia thue tién

5.1 Y nghia khoa hoc
Y nghia khoa hoc ctia Luan 4n di: Xay dung dugc phuong phap luan nghién ctru do bén truc

cac dang; Xay dung dugc phuong trinh vi phan chuyén dong cia khop cac dang va xay dung

phuong trinh chuyén dong, dong hoc cum tryc cac dang theo ly thuyét dong lyc hoc h¢ nhiéu vat
lam co so cho tinh toan thlet ké ché tao tryc cac dang; Xay dung mo hinh phan tr hiru han khao sat
anh hudng cua cac thong sb dong luc hoc dén do bén truc cac dang; Cu thé gom:

- Thiét 1ap phuong trinh mo ta chuyén dong cia khép cac dang va cum truc cac diang. Giai
phuong trinh vi phan chuyén dong va mo phong khao sat dong hoc ctia cac chi tiét bang phan
mém Matlab Mupad va Simulink.

- Sir dung phuong phap phan tir hitu han véi phan mém Ansys Workbench lam cong cu mo
phong khao sat bén cum cac ding.

- Xay dung phuong phap thyc nghiém xac dinh thong s6 dong lyc hoc; Thiét ké bé thi nghiém
va thiét ké ché tao bo thu phat tin hiéu khong day sir dung nguyén 1y wilees dé thu tin hiéu trén
truc cac dang dang quay.

5.2 Y nghia thue tién

Khao sat dong hoc dong luc hoc va do bén truc cac dang trén 6 t6, ng dung cho thiét ké, ché
tao moi va trong khai thac sir dung nang cao do bén, thay thé truc cac dang.

Thiét ké bé thir cum truc cac dang voi bg thu phat tin hiéu khong day dugc ché tao dé xac
dinh anh huong cua 3 thong s6 dong lyc hoc (md men xoan, ung suét, sd vong quay) dén do6 bén truc
cac dang. Bé thir co thé img dung trong thyc tién san xuat va kiém tra danh gia chét luong truc cac
dang 0 to.

Két qua nghién ctru ctia Ludn an c¢6 thé 1am tai lidu tham khao cho cac nghién ctru chuyén
sdu va mé rong trong co sé dao tao, nghién ctru cling nhu qué trinh tinh toan thiét ké ché tao truc
cac dang.



6. Phuong phap nghién ctru
6.1 Nghién ciru ly thuyét
Nghién ctru co so 1y thuyét dong hoc truc cac dang.

— Nghién ctru co so 1y thuyét DLH truc cac ding.

— Nghién ctru co s& 1y thuyét do bén truc cac ding.

—  Phén tich ché do lam viéc cta cum truc cac dang trén xe 0 to tai co tai trong dén 3 tin duoc
san xudt lap rap trong nudc.

— M0 phong s6, khao sat dong hoc, PLH cum truc cac dang.

— M0 phong s6, khao sat do bén cum truc céc dang.

6.2 Nghién ctru thuc nghiém

— Nghién ctru thuc nghiém dénh gia chét lugng truc cac dang do Luan van ché tao bé thir va
bd thu phat tin hiéu khong day dé do cac thong s khi truc cac ding dang quay voi cac yéu
t6 dong hoc, PLH va d6 bén cum truc cic dang trén xe 6 to tai nhe.

—  Thi nghiém trén bé tht: Thu thap sd liéu thong sé dong hoc, dong luc hoc va do bén.

7. Nhirng dong gop méi ciia Luin an

— ba xdy dyng dugc mo hinh khéng gian, thiét 1ap phuong trinh dong luc hoc cum tryc cac
dang trong hé thong truyén luc 6 tO co tai trong dén 3 tdn bang phuong phap dong hoc,
dong luc hoc hé nhiéu vat;

—  Sir dung phan mém Matlab Mupad va Simulink va Ansys Workbench 13 nhitng phan mém
chuyén dung manh dé khao sat mot sd thong ) dong luc hoc cum truc cac dang, két qua
khao sat 1a co so khoa hoc cho viéc tinh toan bén cho truc cac dang;

— Pai xdy dung duoc phuong phap thi nghiém xac dinh mot sd thong sé dong luc hoc va do
bén ctia cum truc céc dang;

—  Thiét ké va ché tao dugc bé thur nghiém dong cong suit hé véi cac thiét bi hién dai va
chuén;

—  Thiét ké ché tao bo thu phat tin hiéu khong day dé 14y tin hiéu trén truc cac ding dang quay
bang phuong phap thu nhan tin hiéu khong pha huy;

— Do dugce gia tri bién dang tir viéc chuyén tur tin hiéu khong dién, qua tin hi€u c6 di¢n, tin
hiéu s va xac dinh gia tri do cu thé qua viéc calip trén may thtr kéo nén va b thu phat tin
hi¢u khong day.

8. Noi dung Luin an
Mé dau
Chuong 1: Téng quan vé van dé nghién ctru
Chuong 2: Xéc dinh céac thong ) dong luc hoc va do bén truc cac dang
Chuong 3: Khao sat anh huong cta théng sé dong luc hoc téi do bén truc cac ding 6 to
Chuong 4: Nghién ctru thuc nghiém
Két luan va huéng nghién ctru tiép theo.

Chuong 1
TONG QUAN VAN PE NGHIEN CUU

1.1 Tong quan nganh cong nghiép 6 td Viét Nam

Trong nganh cbng nghiép 6 to thi phan xe tai chiém ti 1& 1on phuc vu nhu Cau van chuyén
hang hoa va tham gia san xuat phd hop cho céac vang d6 thi va nong thon. Nhu CAU Sir dung 0 t0 tai
ngay cang nhiéu, viéc str dung cac chi tiét phu tro 13 rit can thiét ma phan I16n nhap khau tir nuéce
ngoai vai chi phi cao, dé c6 thé tién toi ty san xuat hoan chinh cac chi tiét phu tro nganh cong
nghé ché tao va lip rap 6 to trong nudc can phai nghién cau phat trién san pham c6 chét lugng cao.
Trong d6, wu tién hang dau nghién ciu chuyén sau phuc vu cho viéc thiét ké ché tao cac cum, cac
bo phan cua hé thdng truyén lec trong d6 co cum truc cac ding 1a mot trong nhitng nhiém vu can
thiét cua nganh céng nghiép Viét Nam trong giai doan hién nay.



1.2 Phén tich tdng quan vé truc cac dang trén 6 to

Truc cac ding trong hé thdng truyén luc 6 to c6 cong dung truyén cong sudt tir hop sé dén
cau chu dong phia sau cua xe, ngoai nhiém vu truyén cong suat con phai dam bao truyén chuyén
dong quay gilra cc tryc khong nam thing goc v6i nhau va truyén mo men xoan giita cac truc
khong nam trén ciing mot duong thang ma thuong cat nhau dudi mot goc a nao do. Cac khop cac
dang thudng phai chiu lyc va dap 16n, ddng thoi truc cac dang con bi xodn hodc udn do va cham,
bé mit then hoa trén truc cac ding ciing d& bi mon hodc mé nén truyén dong cac dang phai thoa
man cac yéu cAu truyén dong, thiét ké ché tao, thao lép va stra chira.
1.3 Phan loai truc cac ding

Truc cac ding duoc phan loai theo: cong dung truyén dong cic ding, cac khop cac ding,
tinh chat dong hoc cia cac dang va theo két cau cac ding.
1.4 Phén tich két cAu ciia truc cac ding trén xe tai nhe

Két cAu truc cac dang cua xe tai nhe dugc trinh bay trén hinh 1.1
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Hinh 1.1 Két cau chinh truc cdc déing xe é 16 tdi nhe
1. Nang cac dang, 2. Than dai, 3. Phot dau, 4. Vanh ham, 5. Pai 6c, 6. Than ngd'n, 7. Nang
cdc dang, 8. Vong dém, 9. Khop chit thdp, 10. Bi kim, 11. Phét mé, 12. Céc 6 bi kim, 13. Phanh
ham.

Truc cac ding can duoc can bang dong dé giam tdi da rung dong khi nd lam viée. Néu
truyén dong cac dang co6 2 truc thi viéc can bang dong phai duoc thyc hién dong thoi cho ca 2 tryc.
Trong qua trinh can bang dong, dé tao ddi trong nguoi ta thuong phai han thém vao cac miéng
bang kim loai 1€n trén than cua tryc cac dang ¢ vi tri mét can bang.

1.5 Mot s6 van dé vé cong nghé ché tao truc cac ding o to

Phuong phap ché tao: cac nang cac ding dugc duc va gia cong, mbi ghép then hoa lam tir
thép 45, than truc cac diang lam tir thép 6ng, truc chit thap 1am tir thép hop kim va rén. Kiém tra
can bang dao dong truc cac dang voi cac thiét bi chuyén dung, vi du nhu may k¥ thuét s6 cua hing
HOMMELWERKE GMBH “Hommel Measuring Computer Family — MC20” véi cac thiét bi phan
tich 3 chiéu, phan mém phan tich xur 1y sb liéu, may phan tich vat liéu.

1.6 Mot s6 dang hw hong dic trung cia cac dang 6 to

Trong qua trinh lam viéc, do c6 su Xudt hién nhitng ng suét 16n nhat tai cac diém trén cum
tryc cac diang giy ra cac vét nut micro va phat trién dan 18n, cing véi cac dao dong cua cac luc tac
dong 1én truc lam ting cac vét nut. Sy xuat hién ciia lyc tic dong tai cac diéu kién nhu vay giy ra
nhirg Gng suat 16n hon tng suat cho phép cua vt liéu lam cho gi61 han bén vuot qua ving blen
dang déo. Qua trinh chiu tai dién ra lién tuc va lap di lap lai nhiéu 1an dan dén hong héce cac chi tiét
truc cac dang.

Mot sb dang hu hong dic trung nhu: Qua trinh mon cac ¢d truc trén chdt chir thap (a); Mon
trén 6 cbc bi (b); Mon trén cb chét (c); Sw mon trén cb chét chit thap (d); gay chdt chir thap (e).



Hinh 1.2: cic dang hu hong dac trung cua cac dang
1.7 Tinh hinh nghién ciru truc cic ding trén thé giéi va trong nuwéc
1.7.1 Tinh hinh nghlen ciru trén thé gii

C6 mot s6 ¢ong trinh ‘nghién cau tiéu biéu, cac cong trinh nay nghién ctru nay doc 1ap va la nhiing
nghién ctiu han 1am, khong thiy c6 nghién ctu tng dung vao trong thuc té san xuét.
1.7.2 Tinh hinh nghién ctru trong nuéc

Nhitng nghién ctru vé truc cac ding tip trung chii yéu vao cic van dé dong hoc, dong luc
hoc va can bang truc cic ding dang gio trinh giang day trong cac trudng dai hoc, cao dang.

Trong nudc, nhitng nghién ctru vé truc cac dang trén 6 t6 chu yéu & mirc do nghién ctru dao
tao, chua c6 nghién ctru chuyén siu trong ché tao san xuat dé tmg dung vao thyc tién thay thé nhap
khau.

KET LUAN CHUONG 1

Trinh bay duoc nhiing nghién ciu téng quan vé thi truong san xuat va lap rép 6 td trong
nuée cling nhu nhu cau va tinh hinh san xuat noi dia héa san pham. Khai quat dugc tinh hinh phat
trién caa cong nghiép 6 td va nhu cau thuc té trong noi dia hda san pham, linh kién phu ting 6 9,
cu thé 1a ché tao noi dia hoa cac cum cac dang tir thiét ké dén ché tao san xuat.

Tir nghién ctru tong quan, cic cong trinh nghién ctru ngoai nude va trong nudc, tac gia luan
an da xac dinh dugc nhiém vu, muc dich, phuong phap va ndi dung nghién ctru nham déng gop
vao cong cudc ndi dia héa nganh cong nghiép 6 t6 trong nudc, phuc vu cong tac nghién ctru khoa
hoc va dao tao.

Xay dung co s6 phuong phap nghién ctiru dong hoc, dong luc hoc va do bén tryc cac dang
c6 thé ap dung trong nghién ctru va trong thyc tién san xudt.

Dé ra muc tiéu cua ludn an nghién ciru mé& rong va chuyén sau truc tlep cum truc cac dang
tai trén co s& d6 co thé mo rong ap dung cho cac ddi tuong khac trong ché tao céac chi tiét trén
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Chuong 2
XAC PINH CAC THONG SO PONG LUC HQOC VA PO BEN TRUC CAC PANG

2.1 Xay dwng mé hinh dong luc hoc hé nhiéu vat cum truc cac ding trong hé théng truyén
lwc 6t

Mo hinh truc cac dang trong HTTL trén xe 6 t6 tai nhe 1a mot hé co hoc gdm niam vat rin
lién két véi nhau dugc biéu dién trén hinh 2.1

Y3
Hinh 2.1 So @6 co hoC cum truc cdac dang trén 6 té tdi nhe
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Khi goc cac goc 1éch truc 1 va truc 3 khong dbi trong qué trinh chuyén dong (ou, ou =
const) thi céc truc 1, 2 va 3 chi quay quanh céc truc cua ching.

Cac vat duogc dinh nghia nhu sau:

Vit 1 (Truc chu dong (nang cac dang trudc)) cod khdi lugng tap trung tai trong tam O1 c6 hé
toa do vat O1X1Y1, cd toa dd suy rong 1 va M6 men lyc My

Vat 2 (Truc chir thap trudc) co khéi luong tap trung tai trong tdm A cd h¢ toa do vat
AXAY a, c6 toa d suy rong w1 va Mo men lyc n

Vat 3 (Than truc) co khdi lugng tap trung tai trong tdm O2 c¢6 hé toa dd vat O2X2Y2, ¢o toa
do suy rong & va M6 men lyc M»

Vit 4 (Truc chir thap sau) cé khéi lugng tap trung tai trong tam B c6 hé toa d0 vat BXgYp,
c6 toa do suy rong w2 va M6 men luc o

Vit 5 (Truc bi dong (nang cac dang sau)) co khdi luong tap trung tai trong tdm O3z cé hé
toa do vat O3X3Y3, co toa dd suy rong 63 va M6 men lyc M3

Ta dat cac kich thudce: AO1=a;, AO2=az, BOs=as, AB=L (L la chiéu dai truc cac dang. Luan
van khao sat 3 truong hop: L1 = 1450mm, L2 = 1300mm, L.3 = 1150mm)
2.2 X4y dung phuong trinh dong lwe hoc hé nhiéu vat cum truc cic ding
Céc toa d suy rong di cia hé

Ap dung phuong trinh Lagrange loai 2 ta c6:

1[6_LJ_8_L=Q_ (2.1)
dt{ oq, ) oq;

Trong d6: L 1a ham Lagrange dugc xac dinh bang L = T-V (trong trudng hop khong co
thay d61 thé nang thi L = T); T la dong nang cua hé; (; la toa do suy rong cua hé (trong truong
hop nay gj = v ); Qj 1a lyc suy rong cua hé (trong truong hop nay Qj = 7 ).

Cac toa do suy rong du cua hé la:

q=[p, 0, 31,0, 1 (2.2)

Trong do: 6, - chuyén vi goc cta truc chii dong 1; 0, - chuyén vi goc cua tryc cac dang 2;
(93 - chuyén vi goc cua truc bi dong 3; ya - chuyén vi gbc cua tryc chit thap trudce; yo - chuyén Vi
gdc cua tryc chir thap sau

Truong hop 1: Khong xét dén khoi lwong quan tinh ciia truc chir thap
Toa do suy rong du cua hé trong truong hop nay sé la:
q=[6,,6,.6,] (2.3)
Trén co sé tinh toan m6 men quén tinh khéi luong, ma tran c6 sin chi hudng, toa do trong
tam va dinh muc Jacobi tinh tién cta céac vat, van toc goc va dinh thuc Jacobi quay cua cac vat, ma
tran khoi lugng, dong nang cua hé, thé nang cua h¢, ham hao tan cua hé, lyc suy rong c6 thé da
xay dung dugc phuong trinh vi phan chuyén dong cua HTTL nhu sau:
16, +¢,(6,—04)+k (6,-6,)=M, (2.4)

1,(2c0s’e, ~1)6, =0 25)

(2.6)

|3(20052a3l _1)93 —C, (‘91 - ‘931)_ K, (91 - 931) =-M,
Nhu vay:
+ Néu o, =0, hay a, =—a, (hai truc 1 va 3 song song nhau), thi hé¢ PTVP (2.4, 2.5,
2.6) c6 dang:

16, +¢,(6,-6,)+k (6, 6,)=M, (2.7)
1,(2cos’e, ~1)6, =0 (2.8)
Iaéa+Cx(01_‘931)+kx(él_931):_M3 (2.9)
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+ Cac PTVP trén duoc 1ap voi gia thiét o, 0, Va O 1anhiing hang sb. Nhung khi 6 t6 di
chuyén cac goc nay bién doi theo thoi gian, phu thudc vao bién dang ctia nhip cau sau (A ). Nghia
la khi giai hé¢ PTVP (2.7, 2.8, 2.9) ta phai coi:

a; = o (A) voi 1= A(h 1)

Dé xac dinh l(hb’t) phai giai bai toan dao dong cta cau sau khi 6 t6 chuyén dong trén
dudng map mo. ’

+ Sau khi khao sat h¢ PTVP (2.7, 2.8, 2.9) ta tim dugc goc xoan cua truc 2 theo cong thire
(2.10).

0,=0, -6, (2.10)
Truwdng hop 2: Cé xét dén khdi lwgng quan tinh ciia truc chir thap

Khao sat dong hoc, dong lyc hoc cum truc cac dang trong truong hop c6 anh huong cua

cac truc chir thap. Cac thong sb 492,1//3 dugc tinh theo 91,6’ va 194,1//5,94,1//5 theo 6’1,6’ Ham

dong niing theo hai bién 6, va 6, c6 dang T (6,,6,).

Str dung céac cong thirc tinh tich vo hudng va tich cé hudng véc to va cac cong thire tinh
toan, ta thiét 1ap duoc phuong trinh:

siny, -+ Vacotgy, =—tgy, cosa (2.11)
N cotg®y,

coso, = ! (sinacosy, +cosasiny,tgy, ) (2.12)
JL+cos?atg’y,

Céc phuong trinh (2.11, 2.12) miéu ta cac thong s6 dong luc hoc va chuyén vi goc truc cac
dang (;//3 ), khép cac dang (92 ) quan hé véi chuyén vi goc cua truc chii dong (l,//l)

2.3. M men ddng lwong cia cac chi tiét trong cum truc cac ding:

Xac dinh mé men dong lugng géc cua truc chu dong, mé men déng luwong goc cia khop
cac dang, m6é men dong luong goéc cua khdp cac ding, moé men dong lugng gbdc cua truc bi dong
nhim xac dinh duoc dong nang cua mdi chi tiét trong hé toa do ¢ dinh Oy X,Y,Z, qua do xac dinh
duoc tong dong ning ctia cum truc cac dang theo phuong trinh (2.13).

1 2z XX . 1 22
T:E(Il +52(6,)1; +c2(92)|gy)y/f+5|29§+ (2.13)
1 XX o 1 7 A 1 .
o (1S (O) 17 + €2 (012 )y + S 1005+ 212
2.4 Phan tich cac thong s6 dong luc hoc truc cic ding trong chwong trinh Matlab Mupad
2.4.1 Tinh dfng niang cia h¢

Chay chuong trinh Mupad trong Matlab ta nhan dugc két qua dong nang trén cac tryc.

2.4.2 Tinh chuyén vi géc va van toc géc trén cac vat

Pit: a = a; f=Db; @1 = 64, trong d6 e 12 van tdc goc trén tryc 1, ta nhan duoc két qua
chuyén vi géc trén cac truc.

. . cos(a)cos(t,)
. sin(a)sin(t,) +W
), =arccos
\/cos(a)z .
tan(t) (2.14)
cos(a)sin(é,) cos(6,)sin(a) + cos(er)cos(6,)o,
tan(6)) ' an(g)’  cos(a)’oyo,
Jo. tan(6,)’o,**
6,= -
F
% (2.15)



0, =—arctan {MJ

cos(ax) (2.16)
i = w,(tan(6,)* +1)
3T 2
cos(oz)[t"jm(gl)2 +1]
cos(a) (2.17)
. . cos(er)cos(6;)
) arosos sm(a)5|n(¢93)+7tan(93)
’ Jcos(a)z 1
tan(63)2 (218)
o, _sin(@)o, , cos(a)’o, +sin(a)tan(01)202
o o an@)o, ) cos@) o™ cos(a)oy,
j_ Jou tan(6,)’c,**
4 \/ _0_732
% (2.19)
0, = —arctan [Mj
cos(/) (2.20)
: w,(tan(6,)* +1)
b= tan(6,)?
cos(«) cos(ﬂ)[ - +1J
cos(a)’ cos(B)° (2.21)
2.4.3 Xay dung phuong trinh dong luc hoc cho toan hé
Ta xay dung phuong trinh chuyén dong cia ca hé¢ cum truc cac dang co dang:
iz __2 yy 2 iz __ 2 yy 2
yl{l.m;*ag 11z MOl 101, (05+0,)" 101,70 101 0"
O15 O3 Og Oy
+1.OG4O'302 101,70, J _ o (1.00)10'6 N 1.0moy’c, 100 2222016072 N
Oy O1o Oy Og
N 200,700, 1.0w,%0,0° 2.0m],"0,0; N 4.0m,1,” tan(g)o,,”
O35 o5’ Og Oy
_4.001,” tan(4) oy’ N 40w, tan(d,)o,05,° N 4.00 tan(6)o,05,°
O Og O
_050°1,%0,50,° . 1.00°1,"0y0, 050°1,%0,,0,° .
2 2
Og O15 O1s
. 2.00°1," tan(6) oy, 2.001,* tan(8)oy,’
Og 01
_ 2.00 tan(8) 0,05, N 200 tan(6,)o,0,,° .
Oy On
. 2.0w°1” an(@)oy,"  2.005°1," tan(6) o, _ 0 (2.22)
O O1,

Céac hé sb cua phuong trinh dugc xac dinh phu thudc vao thong $6 dong hoc truc cac damg
néu trong phu luc cua luan an.



2.5 Cac thong s tinh toan dd bén truc cac ding
2.5.1 P bén cia than truc cac ding
Kich thudc truc cac ding xac dinh theo s6 vong quay n: ciia cac dang. Khi tinh can kiém tra do

bén cc dang theo xoan, kéo, nén va uén (khi truc chiu dao dong ngang). Kich thudc tinh ton than
truc néu trén hinh 2.8, trén cd6 cé nang cac dang trudc 1, nang cac dang sau 3, than truc 2 han vai
truc then tai vi tri méi han sb 4. Cac kich thudc tinh toan cho nhitng trudng hop gom:

Truong hop 1: Chiéu dai Ly = 1450mm, chiéu day than truc by = 6 mm

Trudng hop 2: Chidu dai Ly = 1450mm, chiéu day than truc b, = 4 mm

Truong hop 3: Chiéu dai Ly = 1300mm, chiéu day than truc by = 6 mm

Trudng hop 4: Chidu dai Lz = 1300mm, chiéu day than tryc b, = 4 mm

Truong hop 5: Chiéu dai L = 1150mm, chiéu day than truc by = 6 mm

Trudng hop 6: Chidu dai Lz = 1150mm, chiéu day than tryc b, = 4 mm

1 £uring timchét

I

Hinh 2.8 Kich thwoc tinh toan than truc
Than tryc cac dang dugc tinh theo Gng suat xoan:

r'= M (MN/m?)
, 2L
Va gbc xoan truc cac ding O
180 Memaxihlipll K

d

T GJ, (rad)
Jx —moOmen quén tinh cta tiét dién khi xoén
D — duong kinh ngoai cua truc cac dang (m)
L — Chiéu dai tinh toan cia tryc (m)
G — mod dun dan hoi khi dich chuyén (G = 0,8.105MN/m?).

2.5.2 Do bén chét chir thap
Chét chir thap dugc tinh theo uén, cat chén dap véi tai trong P
_ Mol

2rccosa

Chét chir thap ciia khdp cac dang dugce tinh theo chén dap theo cong thirc (2.24).

\2p

0y =~ MN/m?’ (2.24)

2.5.3 P bén nang cac diing
Trén so d6 nang cac dang, luc P dat vao nang & duong tam 16 chot chir thdp cac dang voi
khoang cach R.

Y

0= (2.23)

Ung suét xodn 7 = Mx

X
M6 men chéng xo4n cua tiét dién enlip dugc xac dinh theo
hb?
16
2.5.4 Higu suit truyén luc cha truc cic ding
Tai cac bé mit ma sat cia chdt chir thap s€ bi mai mon & vi tri lép 6 bi kim va cling s€ sinh
ra nhiét do 16n khi bdi tron khong ddm bao. Nguyén nhan sinh nhiét 1a do cong ma sat tang.
8

W, ~




n=1- pa, {Intg(— —)+tga} (2.25)
r

Ta thdy hiéu suét ctia khop cac dang 77 phu thudc & hé sé ma sat 4 va goc nghiéng o
giita cac truc cac dang. Khi o ting hiéu suat cac ding 77 giam. Khi giam O hiéu sut n tang.
2.5.5 Nhiét 6 khép cac dang

Do cong ma sat trén c6 chot chir thap sinh nhiét va nung nong khop cac dang. Giai phuong
trinhg cuéj va gia thiét ban dau khong c6 su chénh 1€ch nhiét @6 T1 — T2 = 0 ta s€ c6 do tang nhiét
dd co chot:

Q —~ _(1- e‘\) (2.26)
F "K
mc o
Véi A&. = W o = 4 C (277OK) MQ—O 8Memax, U= 0 03
2.6 Xay dwng phuong trinh phan ti hitu han cum truc cac ding

Dé phan tich anh hudng cua cac thong sé dong luc hoc dén do bén truc cac dang ta sir dung
phuong phép phan tir hitu han (PTHH). Bién dang va ung SUat bén trong phan tu duoc biéu dién
theo chuyén vi niit. Cac dic trung co ban cua mdi phan tir gom:

Ma tran d6 cang cta cac phan tir dwgc ghép thanh mot ma tran do cing cua ca két cau.

Cac ngoai luc tac dong gay ra noi luc va chuyén vi cua két cau duoc qui d6i vé cac dang lyc tai
nut va duoc mo ta trong trong ma tran tai trong nut twong dwong. Cac an s can tim 1a cac chuyén
vi nit (hoic noi luc tai cac nat) duge xac dinh trong ma tran chuyén vi nat hoac ma tran noi luc
nut.

Cac ma tran d6 ciing, ma tran chuyén vi n(t, ma tran tai trong quan hé véi nhau trong phuong
trinh can bang theo quy luat tuyén tinh.

Déi véi truong hop tinh, phuong trinh PTHH cua hé ¢6 dang:

[K]li=R (2.27)
Trong d6 :

[K]- Ma tran d¢ cang

U - Ve to cac két qua chuyén vi

R - Véc to cac Ic )

Khi xe hoat dong xuat hi¢n tai trong dong trong co cau, phuong trinh PTHH c¢ dang:
[K][u]= [M][¢]e]

(2.28)

Trong d6 :

[K]: Ma tran d¢ cung

[M]: Ma tran chéo khéi luong

[22]: Ma tran chéo cua cac trj riéng

[¢] : Ma tran cua cac véc to riéng tuong ng

Lap trinh trong phan mém Ansys Workbench ta nhan duoc gia tri cdc thong sé ma tran do cimg
K, ma tran chqéo khoi luong M, ma tran chéo cua cé4c gia tri riéng (22, ma tran cac véc to riéng ¢.
Ma tran chuyén vi u la an s6 can tim.
o KET LUAN CHUONG 2 ’

Tir ket cau va nguyén ly hoat dong cua truc cac dang xe 0 t6 tai nhe thuc t€, da xay dung
duoc mo hinh dong hqc, dong luc hoc khdp cac dang va cum truc cac dang trong hé thong truyén
luc cua xe ding thuc te.

Ung dung phan mém Matlab Mupad va Simulink da xay dung md hinh toan vei h¢ cac
phuong trinh day du xac dinh cac quan hé dong hoc va cac thong so6 dong luc hoc cua hé.
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Xéc dinh dugc cac thong s6 anh huong dén d6 bén truc cac dang dé lwa chon khao sat 6
truong hop truc cac dang c6 chiéu dai 1450mm, 1300mm, 1150mm va hai kich thudc chidu day
than truc 6mm va 4mm.

Xay dung phuong trinh phan tir hitu han 1am co so khao sat do bén truc cac ding theo cac
thong s dong hoc, dong luc hoc 1am co s¢ tng dung phan mém PTHH dé md phong khao sat.

Chuong 3
KHAO SAT ANH HUONG CUA THONG SO PONG LUC HQC TOI PQ BEN
TRUC CAC PANG O TO
3.1 Cac gia thiét

- Cum tryc cac dang nam trong mat phang thang dung doc (di qua trong tdm) va la mat
phing ddi xung doc cua xe. Puong tim cia truc cic ding trung v6i duong tdm cia hé théng
truyén lyc (HTTL).

- buong tdm cua truc cha dong va cua truc bi dong sé giao vadi duong tdm cuaa than truc tai
tam d6i x{iing cua cac khop chir thap cac déng.

- B6 qua cac bién dang ctia mdi cum trén xe gdm bién dang cua cac chi tiét va mbi lién két
trong d6 c6 HTTL va khung xe c6 do cimg tuyét ddi.

- Trong qua trinh khdo sat, bd qua su anh huéng 1an nhau ciia cac dao dong giita cac cum
trong HTTL va bo qua sy anh hudng cta cac dao dong hé thong treo 6 to dén dao dong truc cac
dang.

- Khong xét toi anh hudng caa ma sat ¢ cac 6 bi kim tai khop quay truc chir thap va dng
then trén than truc.

- Céc trong tam cua mdi chi tiét trong cum truc cac dang khong dich chuyén tuong dbi
trong qua trinh hé chuyén dong.

3.2 Khao sat dong lwe hoc cum truc cac dang
3.2.1 Xay dung so @6 thuat toan khao sat dong luc hoc cum truc cac ding

Xay dung so d6 thuat toan khao sat dong hoc, dong luc hoc cum truc cac dang theo phuong
phap s6, hinh 3.1. Sau khi cap nhat cac thong sé va dinh nghia cac bién dau vao géom: M6 men
x0dn trén truc chu dong 7, goc nghiéng truc trong mat phang doc ¢, van tdc géc o, chuong trinh

tinh duoc bét dau.

Cacthing séva
cac b én dau vao

MNewton-Euler

M6 men xoin T
Gocnghigns - & 5
Vintoe goe: &

=1,5)

Hinh 3.1 So d6 thudt todn khao sat dong hoc dong luc hoc truc cdac dang

10



3.2.2 Xay dung so' d6 Matlab Simulink khio sat cac thong sé dong luc hoc truc cic ding
Str dung chuong trinh Matlab Simulink ta 1ap dugc so do khao sat dong hoc truc cac dang.
Két qua thu dugc anh huong cia goc nghién truc cac truong hop «=0°,10°,20°,30°,40° va ta thay

a) Van toc goc truc vao

khi goc nghleng truc tang thi tan s6 dao dong cua truc s bi tang lén.

a) Van toc gbc truc vao

b) Van téc goc truc gidra

b) Van tdc goc tryc gitda
. T T

b} Van téc gée truc gida

b) Van tdc goc truc giira o = 0°

¢) Van toc goc truc giira o = 10°

b) Van tdc géc truc gita

E"_ | | | | | | | | 4
B
3 5| 1

e) Van toc goc truc giita o = 30°

Hinh 3.2 Két qua khdo sét anh hweng ciia goc nghiéng dén van téc dg goc truc
3.2.3 P§ dich chuyen goc cia chot chir thap, truc vao, truc ra va mé men dong lwgng

d) Van tdc goc truc giira oo = 20°

b) Vén téc goc tryc gita
: : :

w2 (rad/s)

tn
T

f) Van toc goc truc giira o = 40°

Céc két qua khao sat thu duoc vé do dich chuyén goc cta chét chir thip omega, truc vao
theta, truc ra gamma va mO men dong luong dugc trinh bay trén céc hinh 3.3.

150
’:—-E:‘ 100
=
z
= 50T
o
1]
(1] 20 40 60 a0
tis)
a) Dich chuyén goc omega
w 10°
1 F
— 0.5
B
-
E 1]
=
m
L))
0.5
-1
0 20 40 &0 80 100

trsh

¢) Dich chuyén géc gamma

1500

theta, (rad)

b) Dich chuyéntggc theta
1.5 ‘
2 it , | LR P
I
o |
o 20 40 &0 a0 100

tis)

d) M6 men dong luong

Hinh 3.3 B¢ dich chuyén géc va mé men dong lwong ciia truc cdc dang

3.3 Khio sat d§ bén truc cac ding

3.3.1 Xay dung so do thuit toan khao sat o bén truc cac diing
Thuat toan sir dung trong tinh bén truc cac dang theo phuong phap PTHH x4y dung theo so

dd hinh 3.4.
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WD hinh 3D truc
cdc ding
Binh kitn phin ok
Chia hroy B }
Tai va dieu kien'bisn

Thawy déi thang =&
ddng luc hoc

!

Phin tich dao
déng

Hinh 3.4 So dé thudt todn tinh todn dé bén truc cdac dang
3.3.2 Xay dung dic tinh vat ligu va két cdu phan tir

Ttr phan tich két cau truc, vat lidu ché tao va cong nghe ché tao, trén co s md hinh PTHH,
ta xac dinh dic tinh vat liéu truc cac dang vdi cac thong sb cu thé.
3.3.3 Phan tich xac dinh kiéu phan tir
3.3.3.1 S6 céc phan tir

Lap bang phan tich cac phan tir trong két cau ta nhan dugc sd phan tir, kiéu phan tir va thoi
gian phan tich cic phan tir. C6 ba loai phan tir 3D duogc sir dung trong bai toan 1a SOLID187
(Quadratic Tetrahedral), CONTA174 (Contact) va TAGE170 (Contact).
3.3.3.2 Céu tric phan tir

Céc phan tir st dung trong bang c6 cau trac duoc gidi thiéu gom:

a) Phan tir SOLID187; b) Phan tit CONTA173; ¢) Phan tit TARGE170
3.3.4 Phan tich dao dong riéng cum truc cac dang
3.3.4.1 Day tan s6 dao ddng riéng cia truc cic ding

Trong phuong trinh PTHH (2.55), (2.56) ta xét khi véc to luc R = 0 dé phan tich cac dao
dong riéng cua truc, khi do ta c6 phuong trinh (3.1).

[MI[¢][©%] = 0 3.1)

Vi ma tran khoi lugng [M] dugce xac dinh boi phuong trinh (2.58), ma tran cia cac gia tri
riéng [Q?] x4c dinh boi phuong trinh (2.59), ma tran cua cac véc to riéng [¢] xac dinh boi phuong
trinh (2.60).

Ung dung phﬁn mém Ansys Workbench 1ap trinh phan tich dao dong riéng cua tryc, tai 20
dang dao dong tuong tng v4i diy tan s riéng.
3.3.4.2 Dao ddng uodn truc

Str dung cac ky hiéu: L 1a chiéu dai truc; M 1a s6 dang riéng; f 1a tAn sé dao dong; Df 1a
chuyén vi téng 16n nhat.

a) Anh hwéng ciia chiéu dai truc dén dao dong uén truc

Chiéu dai than truc khong anh hudng nhidu dén dao dong udn truc, nguyén nhan dugc giai
thich do d6 cimg viing cta ca cum truc cac dang nam trong gidi han cho phép cua két cau. cac két
qua khao sat néu trén bang 3.1.

12



Bang 3.1 Anh huéng ciia chiéu dai truc dén dao ddng uon truc cac dang

L 1450x6 mm

L 1300x6 mm

L 1150x6

g

M =10
f=654.69 Hz
Df =0.71621 m

M =10
f=667.68 Hz
Df =0.72923 m

M =10
f=543.93 Hz
Df = 0.38202 m

M=15
f=1295.9 Hz
Df =0.29754 m

M=15
f=1451.6 Hz
Df = 0.33596 m

M=15
f=1157.9 Hz

Df =0.3481m

b) Anh huong cia chleu day

than truc dén dao dong udn truc

O ving tan so thap dud6i 600 Hz, tryc bi ubn; vung tan so trung binh trén 600 Hz dén dudi

1000 Hz, truc bi xoan nhiéu hon va tai vung tan sb cao trén 1000 Hz, truc bj xodn va udn, trong do
chuyén vi xoan co bién do rat 16n.
Bang 3.2 Anh huéng cua chiéu day than truc dén dao déng uon trirong hop L1450mm

L 1450x6 mm L 1450x4 mm
| M=6 M=6
f=185.0 Hz f=186.43 Hz
Df =0.29532 m Df =0.34239m
M =15 M =15
f=1295.9 Hz f=1312.9 Hz
Df =0.29754 m Df = 0.35496 m

Trén tryc chiéu dai L1300 mm, két qua khao sat cho thay tuong tu truc L1450 mm, & viing
tan s6 thap dudi 600 Hz, truc bi uén nhiéu hon va & kich thudc nay thi cac chi tiét nho trén hai dau
truc nhu vong chin cc bi chit thap, cac dém 16t s& bi anh huang nhiéu hon.

Bang 3.3 Anh huéng cua chiéu day than truc dén dao déng uén trirong hop L1300mm

L 1300x6mm L 1300x4mm

M=6 e M=6

f=204.42 Hz f=209.54 Hz

Df =0.31992 m Df =0.35938 m

M =15 M =15

f=1451.6 Hz f=1081 Hz

Df =0.33596 m Df =71.347 m (Vong
chan bi)

Trén truc chiéu dai ngan hon, L1150 mm, két qua khao sat cho thay & vung tan sb thap
duei 600 Hz, truc hau nhu bi uén; ving tan s6 trung binh trén 600 Hz dén dudi 1000 Hz, tryuc bi
ubn va xoan va tai ving tan s cao trén 1000 Hz, truc bi xoan nhiéu nhat, trong d6 chuyén vi xoan

c6 bién do rat 16n va dang dao

dong cling da dang hon.

Bang 3.4 Anh huréng cua chiéu day than truc dén dao déng uéon trieong hop L 1150mm

L 1150x6mm L 1150x4mm
M=6 M=6
f=230.16 Hz f=233.89 Hz
Df =0.35885 m Df =0.37169 m
M =15 M =15
f=11579 Hz f=1617 Hz
Df =0.3481 m Df =0.73519 m




3.3.4.3 Dao déng xoan truc
a) Anh huwéng ciia chiéu dai truc dén dao dong x04n truc
Qua khao sat cho théy chiéu dai than truc c6 anh huong nhiéu dén dao dong X04n truc,
nguyén nhan 13 do anh hudng cua d6 cing cum truc. Céc két qua khao sat néu trén bang 3.5.
Bang 3.5 Anh hurong cua chiéu dai truc dén dao déng xoan truc cdc ding

L 1450x6mm L 1300x6mm L 1150x6mm
M= 7f—21481HZ — 7§ M=7;f=238.46 Hz
M=7;f=226.12 Hz , :
M = 20: f = 1081.9 HZ .- Khéng c6 dao dong xodn Khéng c6 dao ddng xodn
Df = 0.63633 m

b) Anh huéng ciia chiéu day than truc dén dao dong xoin truc
Chiéu day than truc c6 anh hudng rat 16n dén dao dong xoén truc, két qua khao sat néu trén
bang cac bang 3.6, 3.7 va 3.8. Khi ciing mét chiéu dai nhung than truc ¢6 chiéu day khac nhau thi
dao dong cua truc cling khac nhau. Truc c6 chiéu day théan truc nho 4 mm s& c6 chuyén vi xodn 16n
hon trén truc c6 chiéu day 6 mm.
Bang 3.6 Anh huéng cua chiéu day than truc dén dao dong xodn truong hop L1450mm

L 1450x6mm L 1450x4mm
T8 M =7 e M=7; f=255.76 Hz
f=214.81 Hz Df =0.43999 m
Df =0.42168 m
M =20; f=1081.9 Hz M=19; f=1669.4 Hz
Df = 0.63633 m Df = 0.65885 m

Trén truc chleu dai L1300 mm, ket qua khao sat cho thay 0 vung tan s6 thap dudi 600 Hz,
truc hau nhu bi xoén nhiéu hon cac ving tan sd trung binh va tan sd cao. Cac ket qua khao sat trén
tryc L1300 mm néu trén bang 3.7 Cac dao dong xoan xay ra ¢ ca ba vung tan so thap, tan s trung
binh va tan sd cao d01 v0i truc co chiéu day 6 mm. Pbi véi truc c6 chiéu day 4 mm thi dao dong
X04n xay ra & vung tan s6 thap va vung tan s cao.

Bang 3.7 Anh huéng cua chiéu day than truc dén dao dong xodn truong hop L1300mm

L 1300x6 mm L 1300x4 mm
o-tmaaig M7 i M =7
f=226.12 Hz f=226.12 Hz
Df = 0.44134 m Df = 0.44134 m
M = 14
f=1175.4 Hz Khéng c6 dao dong xodn
Df = 0.61395 m

D6i v6i truc ¢ chidu dai L1150 mm, két qua khao sat cho thay dao dong X0an xay ra & truc
co chiéu day than truc nho hon va dao dong xay ra ¢ tit ca cac vung tan sb thap, trung binh va tin
sO cao. Cac két qua khao sat trén truc L1150 mm néu trén bang 3.8.

Bang 3.8 Anh huwéng cua chiéu day than truc dén dao déng xodn truong hop L 1150mm

L 1150x6mm L 1150x4mm

m M=7;f=238.46 Hz M=7; f=260.59 Hz
Df = 0.46369 m

| Df = 0.48496 m

M =20; f=1731.2 Hz
Df = 0.74466 m

Khéng ¢6 dao ddng xodn
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3.3.5 Phan tich dao dong diéu hoa tai trong phan bd trén truc cic ding

Khi ¢6 luc kich thich R tac dung, truc bi dao dong X04n trong qua trinh lam viéc.
3.3.5.1 Céc théng sé dau vao

Luc kich thich 13 cac mé men xodn trén truc vao duoc truyén tir dong co qua ly hop, hop
s6. Gia tri md6 men xodn cuc dai cua dong co duoc xac dinh theo giad tri danh nghia Memax =
320Nm tai 2200 vong/phut. M6 men can tir banh xe chu ddng: My = 225Nm.
3.3.5.2 Céc thong s6 diéu kién bién

Ta chon cac rang budc trong két cdu PTHH thoa man diéu kién bién trong mé hinh mé
phong 13 hai vi tri A; va B1 trén hai dau truc dat trén vat 5.

Céc thong s6 diéu kién bién duoc xac dinh dam bao cho ca cum truc du do cing virng vé
két cau va on dinh trong qua trinh lam vi¢c vé mit co hoc va thoa man céc gia thiét da dua ra
trong muc 3.1.

P *10-'MPa)
450

400
350 A
300 A
250
200
150
100 -
50 -

1234567 8 91011121314151617181520212223342526
86 dang riéng

Hinh 3.5 D¢ thi phan bé tdi trong theo tan s L 1450 x 6 mm

Dang riéng thtr 7, f = 508.22Hz, P = 42.8116 Mpa
Dang riéng thtr 18, f = 2122.975Hz, P = 33.2166 MPa
3.3.6 Phan bé wng suit, bién dang trén truc cac ding
3.3.6.1 Trén cum truc cac ding

Str dung phan mém PTHH Ansys Workbench ta khao sat dugc cac gia tri tng suat va bién
dang trén cum truc cac dang. Uu diém cua viéc sir dung phan mém 1a c¢6 thé dua dy du cac diéu
kién bién vao vai toan. Két qua dugc phan anh truc tiép d6 thi 3D trén chi tiét, nhin phd mau va
nhiing gia tri hién thi, ta doc két qué nhanh choéng, hinh 3.6.

T g

a) Phan bo mg suat uon

Total Deformation
Type: Total Deformation
unit m

11052015 10:13 AM

0.003978 Maxt
000353
0.003094
0002652
000221
0001768
0.001326
0.00085401
0000442
oMin

¢) Phéan bé bién dang trén nang d) Phan b6 bién dang trén mat bich
Hinh 3.6 Si phan bé ing sudt, bién dang trén truc cdc dang
3.3.6.2 Trén c&c vi tric than truc
Trén céc vi tri than truc c6 mot dau gan chat véi nang, dau con lai 1a truc then hoa, giira c6
dng tron rdng han chat hai diu voi nhau thanh mot khéi cang. Pic tinh hinh hoc cua khéi cing
than truc gém:

1/
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Thé tich: 517.83mm?; Khéi lwong: 4.065 kg; Toa do trong tam: X, y, z = -158.71, -129.03,
275.64 mm ; S6 nat: 7384 ndt; S6 phan tir: 4034 phan t.

Két qua md phong cho thay: Bién dang 16n nhat 1a 2.453 mm/mm ;Ung suét 16n nhat: 262
Mpa. Mot s6 hinh anh mé ta két qua mé phong bang hinh anh, hinh 3.7.

1#"«7
J/AKE

050 000 100,00 (e
0.00 50.00 100.00 {(mm) 00 UL} 20088 ) o0

Hinh 3.7 Két qua md phong dé bén than truc cdc ding
3.3.6.3 Trén nang truc
M6 phong tuong ti than truc, ta thuc hién ddi véi nang cac diang va nhan duoc cac két qua:
Thé tich: 398.7mm?; Khéi lugng: 3.13 kg; Toa do trong tam: x, y, z = 4.278, 11.65, 19.318 mm;
S6 nat: 13794 nit; S6 phan ta: 7172 phan tu
Két qua md phong cho thay: Bién dang Ion nhét la 3.788 mm/mm; Ung suat 16n nhat: 399
Mpa. Mot sb hinh anh md ta két qua mé phong bang hinh anh, hinh 3.8.
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Hinh 3.8 Két qua md phong dé bén nang cdc dang

3.3.6.4 Trén chét chir thap cac diing

Ciing thyc hién nhu than truc va nang cac dang, ta nhan duoc két qua khi mé phong chét
chir thap.

Thé tich: 104.6mm?; Khéi luong: 0.821 kg; Toa do trong tam: X, y, z = 1.136, 3.215, 0.877
mm; S6 nat: 33583 nat; S6 phan tir: 19753 phan tu.

Két qua md phong cho thiy: Bién dang Ion nhat 12 0.476 mm/mm; Ung suét Ion nhat:
265.3 Mpa. Mot sb hinh anh mé ta két qua mé phong bang hinh anh, hinh 3.9.
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Hinh 3.9 Két qua md phong dé bén truc chit thdp cdc ding
3.3.7 Anh hwéng cia cac thong sé hinh hec dén @ng suit, bién dang
3.3.7.1 Anh hwéng ciia chiéu dai dén @ng suét, bién dang trén truc
So sanh két qua theo chiéu dai cho thay trén truc 1 c6 L1450x6mm s& co tong chuyén vi,
bién dang twong duong va tng suat twong duong 16n hon hai truc 2 va truc 3 c¢6 chiéu dai ngin
hon.

Trén truc chiéu dai 16n L1450x6mm bién dang tuong duong 1a 3.8589e-002 m/m va ung
suat twong duong 13 7.7178e+009 Pa 16n nhit so voi hai tryc ngan hon.
Truc kich thudc trung binh L1300x6mm c6 tong chuyén vi 16n nhéat. Nhu vay truc 1 s& co
dd bén thép hon hai truc 2 va truc 3.
Két qua khao sat trinh bay trén bang 3.14.
16



Bang 3.14 Anh hirong cua chiéu dai truc dén ing sudt, bién dang trén tryc

L1450x6mm L1300x6mm L1150x6mm

Téng chuyén vi (m) 5.4589e-003 5.6786e-003 3.978e-003
Bién dang twong dwong (m/m) 3.8589e-002 3.2706e-002 3.7625e-002
Ung suat twong duong (von- 7.7178e+009 6.2989e+009 7.5251e+009

Mises) (Pa)

3.3.7.2 Anh hwéng cia chiéu day than truc dén rng suit, blen dang
Chiéu day than truc c6 anh hudéng 16n nhit dén Ung suét, blen dang truc cac dang trong qua

trinh 1am viéc. Tir két qua khao sat nay ta xac dinh dugc s6 nat, sb phan tir ciia moi loai truc. Voi
chiéu day khac nhau thi s6 niit va sé phan tir trén mdi truc ciing khac nhau.

So sanh két qua theo chiéu day than truc rd rang ta thdy truc méng 4 mm sé& co cac thong sb
bién dang twong dwong va tmg suat trong duong 16n truc day 6 mm. Trudng hop nay cho két qua

tryc mong 4 mm c6 d6 bén thap hon truc day 6 mm.
Céac két qua khao sat anh hudng cua do day than truc dén Ung suat bién dang néu trong

bang 3.15.
Bang 3.15 Anh hirong cua chiéu day truc dén ing sudt, bién dang trén truc
Truc 1 Truc 2 Truc 3
1450 x 6 1450 x 4 1300 x 6 1300 x 4 1150 x 6 1150 x 4
S6 nit 428680 427772 424571 424429 420636 420176
S6 phan tir 243230 242214 241281 240611 239245 238549
Téng chuyén vi(m) | 5.4589e- 6.6223e- 5.6786e- 3.5592e- 3.978e- 5.2456e-
003 003 003 003 003 003
Bién dang tuong 3.858%e- 4.7135e- 3.2706e- 3.5592e- 3.7625e- 5.6015e-
duong (m/m) 002 002 002 003 002 002
Ung sut tuong 7.7178e+ | 8.8614e+ 6.2989e+ | 8.1948e+009 | 7.5251e+ | 1.1152e+
duong (von-Mises) 009 009 009 009 010
(Pa)

3.3.7 Phan tich dnh hwéng ciia thong so dong luc hec dén dd bén truc cac ding

Khao sat anh hudng cua céc thong $6 dong luc hoc truc cac dang gom do cung truc phu
thudc vao kich thudce chiéu dai, chi€u day truc va tan s6 dao dong, dang dao dong riéng cua truc
cac dang anh huong dén d6 bén cta cum truc cac dang. Ung dung phan mém ANSYS Workbench

cho cac két qua phan tich trén hinh 3.10 ddi véi truc c6 chiéu dai L

= 1450x6mm va hinh 3.11 doi

v6i truc ¢ chiéu dai L = 1300x6mm. Viéc khao sat hai loai truc ndy nham liy két qua so sanh véi

hai tryuc cung loai dugc stir dung trong thi nghiém.
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1) Bién dang theo phuong X (*10°mm), &= 1357.1 tai 374.73Hz
2) Bién dang theo phuong Y (*10°mm), &= 453.794 tai 374.73Hz
3) Bién dang theo phuong Z (*10°mm), &= 719.96 tai 374.73Hz
4) Chuyen vi tong (mm/m) Df = 518.435 tai 1295.9Hz

5) Goc xodn tong (rad) 0= 500 tai 1801.9Hz

Hinh 3.10 Pé th;i bién dang, chuyén vi, goc xodn téng trén truc L=1450 x6mm

1550 H
1350 H
1150 H
950
750 H
550 H—i—f
350 H
150 H

|12 3 4 86 7]

2 9 104112 131411516 17 1819 20}

50 |
1050
21250 H
1) Bién dang theo phuong X (*10°mm), &= 1566.75 tai 441.6 Hz
2) Bién dang theo phuong Y (*10°mm, 5 =1326.61 tai 441.6Hz
3) Bién dang theo phuong Z (*10°mm), &= 914.153 tai 441.6Hz
4) Chuyén vi tong (mm/m) Df = 875.35 tai 1451.6 Hz
5) Goc xoan tong (rad) 6= 973.6 tai 2007.8 Hz

50 dang riéng

Hinh 3.11 D6 thj bién dang, chuyén vi, géc xodn tong trén truc L=1300x6mm
O db thi trén ta co thé 1ap bang phan tich ket qua nhu trong bang 3.16. Ta thay rd trén truc
dai L = 1450mm bién dang theo cac phuong, tong chuyén vi va goc xoan lén hon trén truc co
chiéu dai L = 1300mm. Két qua nay s& duoc kiém ching trong thi nghiém.

Bdng 3.16 Két qua khdo sat bién dang, chuyén vi, goc xodn téng trén truc

‘ Biéndang | Biéndang | Bién dang q ’
Chieu dai A X theo theo theo Chuyén vi | Goc xoan
Dang | Tanso 2 X ,
truc x fién (H2) phuong x | phuongy | phuongz tong tong cua
6mm g (*10°3 (*10°3 (*10°3 (mm/m) | truc (rad)
mm) mm) mm)
L = 1450 9 374.73 1566.75 1326.61 914.153 - -
L = 1450 15 1295.9 - - - 875.35 -
L = 1450 20 1801.9 - - - - 973.6
L =1300 9 441.6 1357.1 - 719.96 518.435 -
L = 1300 15 1451.6 - 453.794 - - -
L =1300 20 2007.8 - - - - 500
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KET LUAN CHUONG 3

Xay dung thudt toan khao sat dong hoc, dong luc hoc truc cac dang cho thay anh huong
cta cac thong s6 hinh hoc cum truc nhu goc nghiéng truc, d6 dai truc va dg cimg chéng xoén (lién
quan den chiéu day than truc) dd anh huéng t6i dong hoc, dong luc hoc truc cac dang. Ung dung
phan mém Matlab Mupad va Simulink md phong khao sat dong hoc cua cac chi tiét, xac dinh moi
quan hé giira toc do truc vao, truc ra, truc gitta va anh huong boi goc nghiéng cua tryc trong nhing
truong hop « 12 0°, 10°, 20°, 300 400 dé thiy tn s6 dao dong ciia truc 16n khi s vong quay ting.

Xay dung thuat toan tinh toan do bén truc cac ding va xac dinh phuong phap PTHH dé mo
phéng. St dung phan mém chuyén dung Ansys Workbench dé giai. Két qiia mé phong chinh xac
do da xéac dinh kiéu phan tir phu hop.

Xéc dinh céc dang dao dong riéng ctiia cum truc cac dang trong 6 truong hop: (1) L1450 x
6mm, (2) L1450 x 4mm, (3) L1300 x 6mm, (4) L1300 x 4mm, (5) L1150 x 6mm, (6) L1150 X
4mm. Ket qua thay duoc cac dao dong udn va xodn truc cac ding trong mdi trudong hop cu thé lam
co s& s6 liéu thiét ké truc.

Xac dinh duoc cac tan sé cua dao dong diéu hoa cua lyc tac dung lam co so khao sat bén
cum truc va céc chi tiét trén truc phu thudc vao cac thong $6 dong hoc, dong luc hoc do bén truc
cac dang. Cac két qua nhan duoc dang bang s6, dang d6 thi 2D va mé hinh 3D dang tin cay.

Chuong 4
NGHIEN CUU THUC NGHIEM
4.1 Muc dich thi nghi¢m
Thi nghiém nham muc dich xac dinh m01 quan h¢ giira cac thong 5O dong luc hoc to1 do bén
tryc cac dang thong qua cac két qua do dugc gom: Gia tri m6é men xoan va bién dang trén truc khi
truc dang quay & nhiing ché do tai tuong tmg voi ché do lam viée cua xe thuc.
4.2 Poi twong thi nghiém
Péi twong thi nghiém 1a cum truc cac ding trong hé thong truyén lec 8 t6 tai co tai trong dén
3 tan LF 3070G1 duoc san xuat va lap rap tai Viet Nam.
4.3 Cic thong s6 trong thi nghi¢m
Céc thong s trong thi nghiém dugce mé ta trén hinh 4.1 gdm:
Thong sé di xac dinh trude gdm: S6 vong quay cua truc n (v/ph); Chiéu dai truc Leg (mm);
Goc nghiéng tryc a (d0).
Thong sé can do trong thi nghiém gom M6 men xoén trén truc cic dang Mea (Nm); Ung
sudt theo phuong X tai vi tri do ox (N/m?); Bién dang theo phwong X trén bé mit truc tai vi tri do

Ex (||||||).
@-"J( ;
2

a) Vi tri hai diém do 1 va 2 b) Hinh hoc hai diém do
Hinh 4.1 M6 hinh md ta céc théng s thi nghiém trén truc cdc dang
4.4 Xay dung so' dd thi nghiém

Trén hinh 4.2 trinh bay so dd thi nghiém do cac thong sé khi truc cac ding sé 1 dang quay
nhe md men dan dong Me, m6 men tai M. twong duong véi trang thai lam viéc cua xe thyc.

Tin hiéu thu duogc 12 dai luong co hoc mdé men, bién dang, s6 vong quay (dai lugng khong
dién) chuyén doi thanh dién ap Ae nho cam bién tenzo déan trén truc cac dang s 1 tai hai vi tri can
do. Str dung mach chuyén ddi dién ap 4e thanh song dién tir w truyén vao trong khéng gian. Ciing
str dung mach chuyén ddi séng dién tir thanh dién ap dé thu lai dua vao mach tiép theo 1a tin hiéu
s dwa vao may tinh c6 phan mém xur Iy 1ay ra két qua ban dau 12 md men, bién dang, s6 vong
quay trén tryc. Thiét bi c6 cac mach chuyén doi nay goi 1a bo thu phat khéng day sb 2 va sb 3, hinh
4.2a.
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Bo thu tin hiéu khdng day sb 3 duoc lap vao may tinh sé 4 qua cong COM. Tin hiéu dién ap
Ae nhan tir tenzo c6 dién &p thap <10mV truyén t6i may tinh, sau khi khuéch dai duoc chuyén doi
A/D (Analog/Digital) dé bo vi diéu khién thyuc hién cac xu ly, hién thi qua trinh do va ghi két qua
do thanh file luu trit dugc trén may tinh, hinh 4.2b.

o B i

A A 3

a) So do thiét bi thi nghiém
MN/A Alw =W wD

b) Sor do truyén dan tin hiéu
Hinh 4.2 So dé thi nghiém
1. Truc cdc ding, 2. B phét tin hiéu, 3. B¢ thu tin hiéu, 4. May tinh, w. Song tin hiéu truyén dan
4.5 Thiét ké bé thir truc cac ding
Thi nghiém d thiét ké bé thu truc cac diang theo nguyén ly dong cong suat hd theo so dd
hinh 4.3. Trong d6 c6 dong co dan dong loai diesel IVECO 81kW, hop sé co khi 5 tay sb va truc
cac dang 1ap nghiéng trong mat phang doc c6 thé thay doi goc véi cac gia tri a twong duong voi
cac cum lap trén xe thuc, co cdu gay tai MP100S, bo phat tin hiéu khdng day gan trén truc cac

dang.
A True Céc dany R
Bing co k & Co cdu gly tai g Monitor
Diesel — MP100S
¥
(1n) v
5
Cc-2
0

————————————— —E& E%' 17 Arduino software
Hinh 4.3 So do bé thir truc cdc ding thi nghiém
Céc truong hop thi nghiém gom thay ddi cac thong sé goc nghiéng truc, chiéu dai truc va s6
vong quay tryc tai cac ché do tai twong ung véi ché do tai khi xe hoat dong thuc té trén dudng.
Nhitng vi tri C-1, C-2 dwoc dan tenzo theo cau do Wheastone dé lay tin hiéu dua ra bo thu phéat va
bo thu tin hiéu khdng day T va R va chuyén ddi sang tin hiéu md men va bién dang nho phép
chuan calip do trén may chuyén ding.
Str dung Tenzo bién dang loai FCA-3-11 (hinh 4.4) do cong ty Tokyo Sokki Kenkyjo cua
Nhat Ban san xuat c6 cac théng sé co ban: chiéu dai 3 mm, dién tré:120+0.5 Q.

Hinh 4 4 Tenzo blen dang su dung trong nghién cizu thuc nghi¢m
Trén truc can do md men x0an dan tryc tiép cac tenzo Ien bé mét dugc lam sach va danh
bong bing keo dan chuyén dung, ndi day cac cam bién thanh cau do rdi dua day ra ngoai. Tién
hanh dén tenzo Ién truc cac ding tai vi tri 2 dau tryc. Cau Wheatstone (bao gom 4 dién tré: R1, R2,
R3 va R4) st dung 1am mach do cho dién tré tenzo. Hai dau caa cau duoc néi voi ngudn dién nubi,
hai dau con lai dugc ndi véi thiét bi do, hinh 4.5.
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Hinh 4.5 Mach cau Wheatstone va dan tenzo 1én truc
Véi céc tenzo lam tir vat liéu kim loai, dién ap do Vour gan nhu ty Ié thuan véi bién dang cua
truc, bién dang nay lai ty Ié thuan vi md men xoan trén truc M, nén thiét bi do c6 thé coi 1a tuyén
tinh
Vout szt (41)

Trong d6 k 1 hé s6 ty &, Mt 1a md men xoén trén truc. May tinh va lap trinh phan mém:
May tinh c6 thé sir dung loai dé ban hoic loai notebook duoc cai dat phan mém lap trinh C# va
thiét ké giao dién hién thi trong Visual Studio. Céc tin hiéu do duoc ghi két qua, hién thi trén man
hinh va luu thanh file trén may tinh.

Thiét ké va ché tao bo thu phét tin hiéu khong day véi so d6 tong thé thiét ké va két qua ché
tao dat duoc:

GND vee =
= ModuleHXT11-1 3w Sour 2

1
: . SMD | | 10K-1
; T3 [Resistor 1/4W
1 100pF VCC  NeuonVTI
VCC  Header4 .

LMI1L17

vce

10k_1 RAW-pA2 = fli-glﬂ .fﬁu\fn J:: :
._%m‘l’w _|_|_|_""""V"‘° GND Bkl g G?:D
W2 [T
ArduinoPFromini dun ini WirelessUART
Resistor 114W =T 1
J
A
GND _l__ Lai
= ModuleHXT11- S0 ;}
1 l” LEEES ) \_(‘(L NeuonVT2
— i ) . . 1 P
; Ardlinodfonini Acdibfokini vee = 1. Mach phat; 2. Mach thu;
VCC Headgy | k2 T 3. Ac quy (pln 313V)
Resistor 1/4W gt
10k 4 R
: S . Hinh 4.7. Anh bo thu phat khong day
TinhienVT2 5

TS I DA, duwoc thiét ké va ché tgo.
Hinh 4.6.50 do thiet ke tong thé cua mach thu phat khong
. . day do van toc, bien dang
So d6 tong thé bé thir sau khi lap dat va hiéu chinh hoan thién trinh bay trén hinh 4.8
I 2 3 4 3

1. Béng co dan dong; 2. Hop s6; 3.Truc cdc dang; 4. Bé phat; 5. Co cau gdy tai MP100S;
6. Bo thu; 7. May tinh; 8. Gia do
Hinh 4.8 B¢ thur thu thi nghiém truc cdc dang
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4.6 Hiéu chuin tin hiéu do

- Hiéu chuan bién dang do: dugc thuc hién trén may chuyén dung vai bo thu phat khdng day
dé phét va nhan tin hiéu.

Hiéu chudn mé men xodn trén truc cac ding theo cong thirc (4.2).

chl Pt.lei , . (4-2)
Dién ap do de (mV) va md men xoan trén truc Myer (Nm) 1a tuyén tinh, gan dung theo (4.3).
de sz.chI (43)

Trong do: km la hé s ty 18, Myl 14 md men xodn calip trén tryc.

Két qua da xac dinh dugc gia tri calip m6 men xoan la 25kgm/10mV

Hiéu chuin moé men xodn trén co cau gay tai MP100S: Khéi luong calip chuin 25kg, chiéu
dai canh tay don 1000mm, mé men xodn 250 N.m va hiéu chudn bo thu phat khong day ché tao.

So sanh két qua dat duogc thdy rang sai 1éch giira 2 bd thu phat 13 0,3% nén bo thu phat khong
day ché tao 1a tin cay.
4.7 Ché @6 thi nghiém

Cac ché do thi nghiém duoc thi nghiém néu trong bang 4.1 véi hai truc c6 chiéu dai khéac
nhau L1=1300mm va L, = 1450mm; Hai goc nghiéng truc: a = 10° va o = 15° Hai ché do tai
trong: trén thiét bj gay tai MP100S gom tai 1 = 100N.m va tai 2 = 200N.m (twong tng 50% tai va
100% tai cua xe).

Két qua hiéu chuan di x4c dinh duoc gia tri calip bién dang cua dién tro: ¢ (um)
0.1550mm/10mV.
Bang 4.1 Bang cac ché d thi nghiém

1. Ché d6 tai (N.m) 100 200
) ) 2. SO vong quay truc N 1000 2000
4 thong so (v/ph)‘
dau vao 3. Chieu dai truc Lt (mm): 1300/1450
4. Géc nghiéng truc cac diang: a1=0°, 0,=15°
Vi tri do bién dang 1/2 | Ky hiéu file két qua do | Ky hiéu file két qua do

tai vi tri 1, dau I tai vi tri 2, dau 1T
(1) &11, 821 (14,) BD -11.01 BD -21.02
(1) e12, &22 (p4y,) BD -12.01 BD -22.02
2 thong 0 | (1) e13, e23 (14,,) BD -13.01 BD -23.02
dau ra do
dong thei | (1) N, n21 (v/ph) n11.01 n21.02
(11) n12, n22 (v/ph) n12.01 n22.02
(1) nz3, n23 (v/ph) n13.01 n23.02

N, 6690

Str dung cac ky hiéu ddi vai file luu két qua: Chit “BD” twong tng véi bién dang; Chir “n” twong
g véi van tc goc; SO thir nhat “1,2” 1a vi tri do 1, 2 hoac I, 1I; S6 thir hai “1, 2, 3” thé hién luot do;
Chi s6 “0” — goc nghiéng truc cac dang; Chi s6 “1” tiép theo la ché do tai.

4.8 Cac budérc tién hanh thi nghiém trén bé thir

Céc budc tién hanh thi nghiém duoc thyc hién theo trinh ty sau: Iép truc cac dang da dén tenzo,
Iap bo thu khong déy vao may tinh, calip mé men co cAu gay tai, tién hanh thi nghiém trén bé thir.
Két qua thi | nghiém dugc hién thi qua giao dién nhu hinh

V6i méi luot do thuc hién 3 1an Iy gid trj trung binh. Nhu vay ta c6 dugc s6 luot thi nghiém 1a cho
mdi truc 1a: 2 ché d6 tai (L00N.m va 200N.m) x 2 ché d6 sb vong quay (1000 v/ph va 2000 v/ph) x 2 ché
do6 goc nghiéng truc (0° va 15°) x 3 lugt do = 24 thi nghiém tuong tng véi 24 file két qua dit liéu duoc
luru. Thi nghiém trén hai truc L1350mm va L1400mm c6 48 file két qua dit liéu duoc luu trong may tinh.
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4.9 Mot s6 két qua thu dwoc trong thi nghiém

Ket qua trén hinh 4.9 cho thiy anh huong cua chiéu dai tryc t6i bién dang trén truc. Khi quay
cuing s6 vong quay va cung ché d6 tai, bién dang tai vi tri 2 trén tryc dai 1450 mm nhiéu hon bién
dang trén truc ngan 1300 mm. Tai day ta tinh dugc goc x0an:

Trén truc ngan L =1300mm: tgp, = @, = L 8 =0.002 (rad)
: %~ 900
A Sil — ) 215
Trén truc dai L = 1450mm: 9@, ~ Py = =0.0024 (rad)
‘ %~ 900

Goc nghiéng tryc va chiéu dai truc déu c6 anh huong lon bién dang trén hai dau tryc. Két
qua do hai gid tri bien dang ¢ hai dau tryc ta thay rd nét hon trén do thi hinh 4.10. Tur két qua do ta
tinh dugc bién dang trén truc ngan va truc dai:

Trén tryc ngan L = 1300mm: 190, = Py = 195(’)%3 =0.00177 (rad)
A ST - ) 3.522
Trén truc dai L = 1450mm: 9o, ~ @, = =0.0039 (rad)
C C 0
& 1072 (mm) AL, =100Nm £*10% (mm)  M,;=100Nm

a) Trén truc chiéu dai L = 1300mm b) Trén truc chiéu dai L = 1450mm
Hinh 4.9 Do thj anh huong cua ché do tai déen bien dang trén truc cdac dang
£ *102 fmm) & "104 fmm)
2 g o
a=I10
L1300 fmm) /™ . L1430 (mm) 4 7 —
0 \ . _}___,_r--" , A 2 o
1N ‘w5 6 7 t (s)

1 2 3 4 5 6 7 8 9 10

a) Trén tryc chieu dai L = 1300m b) Trén truc chidu dai L = 1450mm
Hinh 4.10 Do thi anh huong cua chieu dai va goc nghiéng truc den bién dang truc cdac dang

Tai khodng cach do nhu nhau L = 900mm, do chiéu dai dat md men tai ¢ hai truc khac nhau
nén bién dang cua hai truc khac nhau dan dén goc xoan tuong doi trén hai truc cling khac nhau.
bieu nay phu hop vai ly thuyét xoan trén truc ¢ trang thai tinh.

KET LUAN CHUONG 4

Str dung cam bién tenzo theo nguyén ly ciu do Wheatstone trén 2 dau truc cac dang cua hé
théng truyén luc 6 to tai co tai trong dén 3 tan. Thiét ké va ché tao bé thir nghiém dong cong suat
hé dap ung dugc yéu cau thi nghiém cua luan an.

Thiét ké, ché tao duoc bo thu phat khong day dam bao dugc yéu cau thi nghiém véi tinh
kinh té va hiéu qua va c6 do tin cay.

Thi nghiém do ddng thoi cac thong s6 md men xodn, tng sudt, sé vong quay trén truc cac
ding dang quay voi cac ché d tai khac nhau theo nguyén 1y mach ciu wheatston, cac tin hiéu lay
ra str dung nguyén 1y thu phat song dién tir khong ddy truyén dén bo khuyéch dai xir Iy cho phép
giit nguyén trang thai thuc cia chi tiét va cac ché do tai tao ra phui hop voi ché do tai khi xe hoat
dong thuc té trén duong nén két qua dang tin cay.
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Két qua thi nghiém cho thiy truc c6 chiéu dai 1450 mm c6 bién dang 16n hon truc chiéu dai
1300 mm va tir d6 xac dinh duge didu kién cing cua tryc ngin thoéa min hon truc dai. Diéu nay
phu hop véi thuc té néu khoang cach qua 16n ta can sir dung truc cac ding kép dé truyén luc trong
hé thong truyén lyc cia 6 t6.

Két qua do phong phu va dang tin cdy. Trén co sé ndy cd thé do mé men xodn dong thoi
trén ba truc cua cac cum co khi khac va danh gia chat luong cau nham wng dung phat trién noi dia
hoa 0 t6 trong thuc tién.

KET LUAN CUA LUAN AN VA HUONG NGHIEN CUU TIEP THEO
Két luan

1. Xay dung dugc mé hinh khdng gian cum truc cac ding trong hé théng truyén luc 6 to c6
tai trong dén 3 tin bang phuwong phap dong hoc, dong luc hoc hé nhiéu vat phan &nh
thuc té trang théi 1am viéc cua truc cac ding trén 6 to;

2. Xac dinh phuong phap Lagrange - Dalember dé viét phuwong trinh mé ta chuyén dong
ctia cum tryuc cac dang; Giai PTVP chuyén dong va mo phong khao sat dong hoc caa cac
chi tiét bang Matlab Mupad va Simulink;

3. Sur dung phuong phap phan tir hitu han véi phan mém Ansys Workbench 1a cong cu méi
khoa hoc dé md phong khao sat bén cum truc cac ding;

4. Thiét ké va ché tao duoc bé tha nghiém dong cong suat hé véi céc thiét bi hién dai va
két qua phong ph, tin cay;

5. Thiét ké va ché tao bo thu phat tin hiéu khong day st dung nguyén ly phat song wiless
dé thu duoc tin hiéu trén truc cic dang dang quay; Gia tri bién dang tir viéc chuyen tir
tin hiéu khong dién, qua tin hiéu co dién, tin hiéu sé trong thi nghiém va calip chuan sé
liéu do cung trén bo thu phat khong day.

6. So sanh két qua tinh toan md phong va két qua thi nghiém:

P Bién dang (*10°mm) G6c xo0in tong cua truc (rad)
fr;‘:ﬁy daitruc Thi Saikhic | o [ Thi Sai khac
todn nghiém nhau (%) nghi¢m nhau (%)

L =1300 1357.1 1800 13 0.0015 0.0017 12

L = 1450 1566.75 2150 17 0.0031 0.0039 21

Trong bang so sanh két qua tinh toan va thuc nghiém khao sét bién dang, chuyén vi, goc
x03n tong trén truc thay ty & sai khac nhau giira két qua thi nghiém va tinh toan tur 12
dén 21%. Do su phuc tap trong md phong, tinh toén caa cum tryc cac dang nén véi sai
s6 trén ta chap nhan duoc.
Huwoéng nghién ciru tiép theo
Nghién ciru sinh dé ra huéng nghién ciru mé rong cac gia thiét ddi voi truc cac dang dé xét
cac anh huong d6 dén d6 bén cum truc cac dang nhu: do cing chéng xoan thay ddi trén sudt chidu
dai tryc cac dang, goc nghiéng truc cac dang trong mat phéang ngang, c6 anh hudng cta ma sat & 2
gdi d& 2 dau tryc cac dang hay mo men udn ngang tryc cac dang.
Tiép tuc c6 nhirng thi nghiém vén tdc va bién dang ctia cum truc cac ding nham bd sung
va hoan thién nhitng nghién ctru 1y thuyét.
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