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LOI CAM DOAN

T6i xin cam doan day 1a cong trinh nghién ciu cua riéng toi. Cac két qua
nghién ciru duoc trinh bay trong luan an la trung thuc, khach quan va chua

ting cong bd & bat ctr cdng trinh nao khac.

T6i xin cam doan rang moi sy gitp d& cho viéc thuc hién luan an da duoc

cam on. Cac thong tin trich dan trong luan an nay déu dugc chi rd ngudn goc.
Ha Nogi, ngay thang 7 nam 2017

Tac gia luan an

Lé Hoang Anh



LOI CAM ON

L&i dau tién, toi xin gui loi cam on chan thanh va sau sac nhat toi nguoi
huéng dan khoa hoc: PGS.TS. Nguyén Thanh Quang va PGS.TS. Hoang Viét
d3 tan tinh hudng dan, chi bao, dinh hudng va gitp d& tdi trong suét qua trinh
thue hién luan an ndy véi su tan tam, trach nhiém, sang sudt va khoa hoc.

Xin tran trong gui 101 cam on dén cac thay ¢, can bo caa khoa Co dién
va Cong trinh, phong Pao tao sau dai hoc truong Pai Hoc LAm Nghiép Viét
Nam di ¢ nhitng gop y, hd tro rat thiét thuc trong sudt qua trinh toi thuc hién
luan an.

Xin chan thanh cam on qui thay trong ban giam hiéu, cling nhu cac thay
trong khoa Co khi ché tao may truong Pai Hoc Su Pham K§ Thuat Vinh
Long da tao diéu kién, ung ho, giup d& tdi vé moi mit trong suét qua trinh toi
di hoc Nghién ctu sinh.

T6i rat cam on va tran trong su hop tac, hd trg cia Nha may co khi C6
loa, Cong ty c¢6 phan Cong nghé O td Viét Nam, Trung tam thi nghiém thuc
hanh Truong Pai Hoc Lam Nghiép, tao diéu kién vé phuong tién va trang
thiét bi thi nghiém gdp phan hoan thanh luan an.

Xin cam on cac nha khoa hoc, cac ban bé dong nghiép vi su gitp d& thiét
thuc cho luan an

Xin gui 10 tri 4n siu sac dac biét téi gia dinh toi, nhitng ngudi da ludn
bén canh t6i, chia s& nhitng kho khin va 1a d¢ong luc dé t6i hoan thanh luan an.

Ha ngi, ngay thang7 nam 2017
Nghién ctru sinh

L& Hoang Anh
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Ky hiéu | Pon vi Tén goli

Fx N Luc kéo tiép tuyen

G Kg Trong lugng cua xe

v Km/h | Van téc chuyén dong cua 6 to

f Hé so can lan

M, N.m M6 men X03n cla dong co

M, N.m M6 men xoan truc chu dong

My N.m M6 men xoan trén banh xe chu dong
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Ms N.m M6 men xoin trén banh ring ban tryc phai
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@, rad Chuyeén vi goc cua banh rang bi dong va vo vi sai.

®, rad Chuyén vi goc cia banh rang hanh tinh.

o, rad Chuyeén vi goc ciia banh rang ban truc tréi.

s rad Chuyeén vi goc cua banh rang ban truc phai.

Fu N Luc vong do médmen M; trén banh rang chu dong

M, N.m M6 men ma sat trén truc cha dong

r m Ban kinh vong 1an cta banh rang chu dong.

r m Ban kinh vong 1an cta banh rang bi dong
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M N.m M6 men ma st trén truc bi dong va vo vi sai
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M, N.m MO men ma sat banh rang hanh tinh va dém

M N.m MO men ma sat banh rang ban truc va vo vi sai
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Livsg Hé s6 ma sat banh rang hanh tinh va dém
L Hé s6 ma sat banh rang ban truc va vo vi sai
D, Hé s6 bam banh xe bén trai

Pon H¢ so bam banh xe bén phai
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TCVN Tiéu chuan Viét Nam

NCS Nghién cuau sinh
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MO DAU
1. Tinh cép thiét ciia van dé nghién ctiu

Chién luoc phét trién nganh 6 t6 dén nam 2025, tAm nhin dén nim 2035
va quy hoach phat trién nganh cong nghiép 6 t6 Viét Nam dén nam 2020, tim
nhin dén nam 2030 cua chinh pha néu 15 “Chi trong phét trién dong xe tdi
nhé phuc vu cho sdn xudt ndng nghiép”, nham dat dugc 100.000 xe vao nim
2020, dap (ng 78% nhu cau tiéu thy ndi dia.

Xe 6 to tai dd duoc san xuat lap rap trong nudc tir nhig nim 2000 dén
nay tai mot sb lién doanh 6 to v6i nudc ngoai (Hino, Mitshubisi, Mekong
Auto...) va hau hét cac doanh nghiép c6 100% von dau tu trong nude (trén 30
doanh nghi¢p: Truong Hai, Vinamotor, Veam...). Cac loai xe da dugc san
xut lap rap trong nudc co tai trong dudi 8 tan, loai tai trong cao hon hau nhu
duoc nhap khau nguyén chiéc tir nudc ngoai. Cac xe c6 tai trong dudi 5 tin
dugc cac nha san xuat xép vao nhom xe tai nho. Trong d6 loai xe tai nho cd
tai trong 3 tan c6 thi phan 16n & thi truong trong nudc.

Pé gop phan gitp cho nha san xuat dua vao san xuét thuc tién, can co
nghién ctru mo rong sau hon vé sy déng bo hda cum cau sau lip trén 6 t6 va
sir dung duoc trén nhiéu dia hinh khac nhau nham ting tinh ning sir dung ctia
xe: sir dung trong van tai nong nghi€p, trong lam nghiép, trong ngu nghi¢p, va
trong vén tai thuong mai. Mdi muc dich st dung déu c6 cac yéu cau ky thuét
khac nhau do diéu kién str dung, diéu kién dudng x4 khac nhau.

Nong - 1am nghiép 1a mot nganh kinh té ky thuat dac th, gt vai trd
quan trong trong viéc bao vé moi trudng va phét trién bén viing caa nhiéu
qudc gia trén thé gidi, trong d6 co Viét Nam. Pé thiic day nganh Nong - 1am
nghiép phat trién can phai phat trién cac phuong tién van chuyén nguyén vat

liéu, hang hoa... hoat dong trén duong ndng lam nghiép.



Puong Nong - 1am nghiép véi dic diém 1a thuong duoc xay dung ¢ mién
nui ¢6 dia hinh phac tap, 6 doc 16n, cé nhiéu goc cua, doi khi gap doan
duong xau 1a mat ¢at mém. Dé khac phuc hién twong nay can nghién ctu cai
tién co cAu vi sai dé nang cao hiéu suat truyén lyc vi sai, giam ma sat trong vi
sai gilp xe quay vong dé& dang va nang cao chat luong dong luc hoc vi sai khi
xe lam viéc trén mat dit mém, c6 hé sé bam khac nhau trén 2 banh xe.

Vi Iy do d4 trinh bay & trén, NCS chon dé tai luan an:

""Nghién ciru nang cao chdt lwong déng luc hoc co cdu Vi sai cau xe tdi
nhé s dung trong ndng lam nghiép™'.
2. Muc tiéu nghién ctru

Qua nhiing phan tich ¢ trén luan an dat ra muc tiéu nghién ciru nhu sau:

- X4c dinh anh huong cia md men ma sét trong cua co cau vi sai dén hiéu
suét truyén luc vi sai, nham nang cao tudi tho va chat luong dong hoc vi sai khi
quay vong.

- Xac dinh anh huéng cia md men ma sat vi sai dén tinh ning kéo bam
nham ting strc vuot cua xe, nang cao chat lugng dong luc hoc co cau vi sai
khi lam viéc trén duong néng 1am nghiép.

Tir d6 1am co so dé xuét thay doi thiét ké co cau vi sai nham mé rong pham
vi hoat dong cua xe tir duong giao thong sang duong ndng lam nghiép.

3. Poi twong nghién ciru

Péi twong nghién cau trong luan an 1a cum vi sai cau sau xe tai nho cé
tai trong 3 tn duoc san xuat va 1ap rap tai Viét Nam
4. Pham vi nghién ctru

Nghién ctu dong luc hoc vi sai cua cau xe tai nho 1a mot van dé rong,
trong dé tai nay chi giéi han cac noi dung sau:

4.1. Poi twong hoat dong cia vi sai

La dudng Nong - 1am nghiép véi cac tinh chat dic trung loai dudng nay.



4.2. Pia diém nghién cieu thuc nghiém

Luan an khong c6 diéu kién thir nghiém & nhiéu duong Nong - 1am
nghiép khac nhau, ma chi chon mot s dia diém dic trung nhat dé nghién cau
thir nghiém.

5. Noi dung nghién ciru

Vi pham vi nghién ciru da trinh bay & trén, dé dat dwoc muc tiéu nghién ciu
cua dé tai dit ra, luan an tap trung giai quyét nhiing néi dung sau:
5.1. Ndi dung nghién cieu ly thuyét

- Xay dung mo hinh dong luc hoc co cau vi sai xe tai nhe c6 xét dén md
men ma sat trong co cau Vi sai hoat dong trong néng 1am nghiép.

- Thiét lap cac phuong trinh vi phan mé ta dong luc hoc co cau vi sai
theo mo hinh da dugc xay dung.

- Thiét 1ap mo hinh Matlab Simulink dé khao sat cac yéu té dong luc hoc
ctia hé thong vi sai.

- Thiét lap cac phuong trinh tinh todn hiéu suét truyén luc cua co ciu vi
sai thdng qua cac ton that do ma sat. P& xuat phuong an giam ma sat trong co
cau vi sai, xay dung md hinh va lap trinh Matlab tinh toan hiéu suit theo
phuong an giam ma sat dé Xuat.

- Thiét 1ap mé hinh tinh toan, 1ap thuat toan va lap trinh Matlab dé khao
sat anh huong cua hé sé khoa vi sai K; dén tinh ning kéo bam cua xe tai nho
khi xe 1am viéc trén duong xau, c6 hé sé bam thap va khac nhau trén hai banh
xe, tir 46 dé xuat hé so khoa vi sai K; pht hop khi xe hoat dong trén duong
nong lam nghiép.

Cac noi dung nghién ctu ly thuyét trén co thé dugc tom tat trong bang:

Théng so dau vao Yéu té anh hwéng Théng sb dau ra




- M6 men x0&n trén truc
cac dang M;

- Hé s can loai duong hoat
dong (duong Nong - lam
nghigp).

- Théng sé ky thuat bo vi

sai.

- M6 men ma sat
trong vi sai:

M3"® = Mg +Mpiq
M;® = Mg,
Mg® = Mg},

- Hé sd khoéa vi sai
Ks.

- M6 men, van téc goc trén
ban truc trai M, w4 va md
men, van téc goc trén ban

truc phai Ms, ws.

- Hiéu suét truyén lyc vi sai.

- Tinh nang kéo bam.




5.2. Noi dung nghién ctru thuc nghiém

Po mo6 men tai cac vi tri truc cac dang, hai ban truc trai va phai trén xe
tai nho hoat dong trén duong ndng 1am nghiép, nham so sanh véi két qua
phan b6 md men trén hai ban truc do trén xe véi md men phan bé trén hai ban
truc caa mo hinh ly thuyét dong luc hoc vi sai c6 xét dén mé men ma sat
trong cac bo phan co cau vi sai.
6. Phwong phap nghién curu
6.1. Phwong phap nghién ciru Iy thuyét

Trong nghién cau ly thuyét, luan &n van dung phuong phap xay dung mo
hinh dong luc hoc vi sai trong d6 co xét dén cac yéu té can caa duong va mo
men ma sat trong vi sai dé xay dung mé hinh dong luc hoc cho xe tai nho,
thiét 1ap hé phuong trinh vi phéan, sau d6 khao sat hé phuong trinh bang phan
mém Matlab-Simulink.

6.2. Phwong phap nghién ctiru thuc nghiém
Trong nghién ctu thuc nghiém, luan an tng dung phuong phap do cac dai
luong khong dién bang dién, sir dung cac thiét bi do va phan mém do hién dai.
Viéc ap dung cac phuong phap nghién ctru néu trén s€ duoc trinh bay cu
thé & cac chuong tiép theo khi tién hanh nghién ctu tirng noi dung.
7.Y nghia khoa hoc va thuc tién cia luan an
7.1. Y nghia vé khoa hec
Két qua nghién cuu cua luan an da xay dung duoc phuong phap luan
nghién ciru déng luc hoc co cdu vi sai cau cha dong xe tai, tir d6 lam co s6

khoa hoc dé nang cao chat luong dong luc hoc cau chu dong xe tai nho khi sir
dung trong diéu kién ndng 1am nghiép.

7.2.Y nghia vé thuc tién



Két qua nghién ctu cua luan &n co thé s dung 1am tai liéu tham khao
cho viéc thiét ké, ché tao hé thdng vi sai cau sau 6 to tai nhe san xuét va lip
rap ¢ Viét Nam.

Chuwong 1
TONG QUAN

1.1. Tong quan vé pham vi hoat dong cia xe tai nhé

Nganh Lam nghiép Viét Nam dang quan Iy 15 triéu ha rimg va dat ring,
chiém 40% dién tich toan qudc, bao gom nhiéu vung kinh té Lam nghiép,
quéc phong quan trong [13]. Dé tan dung ngudn tai nguyén tir rirng phuc vu
cong cudc phét trién dat nudc can phai c6 sy dau tu dong bo, trong do van
chuyén nguyén vat liéu, hang hda ndng 1am nghiép... dong vai trd quan trong.
Can ctr vao thiét bi van chuyén, loai dudng van chuyén, ta ¢d cac hinh thic van
chuyén: Van chuyén bang duong 6 t0, bang duong thiy va bang duong sat...
Trong cac phuong thic van chuyén trén thi van chuyén bang 6 t6 la phuong thic
phd bién nhat hién nay nhd vao cac uu diém sau:

- O 6 la thiét bj van tai thdng dung hién nay trong van tai hang hoa, sin
c6 ¢ cac dia phuong trong ca nudc. Hé thong giao thong duong bo tir thanh
phd 16n dén cac ving nguyén liéu, cac khu tai nguyén rimg di duogc cai tao,
m& méi va nang cap.

- Xe 6 t 6 thé di chuyén sau vao trong cac khu khai thac dé van chuyén
lam san voi khéi lugng van chuyén da dang. Trong cac loai 0 t6, dong xe tai
nho (c6 tai trong dudi 3 tan) véi wu diém 14 gia phu hop, tinh co dong cao,
kich thuéc nho gon dé di chuyén sau vao trong cac khu khai thac Nong - 1am

nghiép nén cé thi phan cao.



1.2. B9 vi sai cau sau 0 td tai nhé nghién cieu
1.2.1. Cdu tao vi sai 6 to tdi nhé

CAu tao cua bd vi sai 6 t6 tai nho tai trong 3 tn san xuét va lép rap tai Viét
Nam theo [15], [21], duogc thé hién trén hinh 1.1.

o0 pU
o o’#
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S 2,
A \\
\ Bdnh rang ban truc
4)
1. Nita trong vo vi sal 5. Truc chir thdp
2. Nwa ngoai vo vi sai 6. Dém chong xoay
3. Banh rang ban truc 7. Bu léng

4. Banh rang hanh tinh
Hinh 1.1 Cdu tao chi tiét tao cum vi sai cdau sau xe 0 t6 tdi nho

B vi sai nam trong 1ong banh riang bi dong cua truyén luc chinh gom:
hai nira vo vi sai, hai banh riang ban truc, bon banh rang hanh tinh, truc chix
thap, cac ban truc dan ra banh xe bén phai va bén trai, cac dém tua lung cho
cac banh rang. Cac banh rang vi sai quay trén truc chir thap va quay cung vo
Vi sai.

Cac banh xe chu dong ndi véi cac ban truc (hoac nira truc) tai mdi ghép

then hoa va théng qua su dn khop cta bo vi sai 1am cho xe chuyén huéng.



bic tinh k§ thuat caa caa bo vi sai nghién ciu Iap trén xe tai nho tai trong 3

tan duogc thé hién trong bang 1.1.



Bang 1.1: C&c thong sb hinh hoc ciia banh ring hanh tinh va bén truc

] Ky Pon Gia tri
T Ten thong so hl:t.‘« vi Hanh tinh | Ban truc
1 S6 luong banh ring trong 4 5
cum vi sai
2 | Sorang Z 11 20
3 | Ty so truyén , it 1,4615
4 | M6 dun phap tuyen m 5
5 | Nura goc cbn chia ) do 28,8 61,2
6 | Goc an khop Olg do 20 20
7 | Chiéu rong banh ring b mm 32 23
8 | Heé sd dich chinh 3 mm - 0,224 0,224
9 | Chiéu dai dudng sinh con I mm 57,064 57,064
Duong kinh vong chia day
10 d. mm 55 100
Ion
11 | Ban kinh vong chia day 16n r mm 27,5 50
12 | Budc rang day lon ts mm 15,7 15,7
13 I?jlnrong kinh vong dinh day d, mm 80 136
14 | Chiéu cao rang day lon h mm 7,875 7,875
15 | Duongkinh vong chanrang ||y | 47,105 92,125
day 16n

1.2.2. Cac logi vi sai thwong gap
1.2.2.1. Vi sai doi xing
Bo vi sai nghién cau cua luan an 1a vi sai ddi xung, trén xe tai nho vi sai

thuong c6 bon banh ring hanh tinh va hop vi sai phai thao roi dugc (hinh 1.2).
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Hinh 1.2 Hai nwa hop vi sai cua cdau sau xe tai nho

V6 hop vi sai duoc ché tao bang gang rén, bang gang hop kim (crém-
niken) hoic biang thép C45.

Mt bich trén vo vi sai dung dé gan banh rang bi dong (banh ring vanh
chau) caa truyén lyc chinh (hinh 1.3).

Gitra cdc mat tya lung cua banh rang hanh tinh va vo vi sai thuong dat
c4c tam dém dong (hinh 1.4) dé giam ma sat va dé dat ding cac banh rang vi
sai. Cac tim dém duoc thay bang dém méi sau 35.000 dén 40.000 km dudng

chay. Nho cac dém dong tudi tho banh riang dugc nang cao.

0%

Hinh 1.3 Ldp banh rang vanh chdu vdao vo vi sai
Loai vi sai ndy ma sét sinh ra chu yéu la do sy an khép cua cac banh
rang trong qua trinh chuyén dong va ma sat giira truc, bac va 6 bi, dém tua
lung va c6 hé sb khoa vi sai: K, = '\Iclms =0.02+0.15

2

(1.2
Trong do:
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Ks - Heé sb khéa vi sai;
Mps - MO men ma sat trong vi sai;
M, - M& men trén vo Vi sai.

A

Hinh 1.4 Cdc bdnh ring vi sai, tam dém dong va truc chiz thap
1.2.2.2. Vi sai tang ma sat trong
a) Loai sir dung khép ma sat
Bo vi sai st dung khoa ly hop nhiéu dia lam khop ma sét [18]. Cac dia
rang ngoai lién két v4i vo vi sai, cac dia rang trong lién két voi banh ring ban
tryc. Cac dia duoc lap xen ké gitra dia riang ngoai véi dia riang trong, va bi ép
bai 10 xo dia dit nam canh vo vi sai.

Pia ma sat Lo xo dia

=
\.
.

L
I
!
—_—

Hinh 1.5 So do cdu tao bé vi sai ma sdt trong cao su dung hai khop ma sat
Khi c6 sy quay twong ddi giira vo vi sai va banh ring ban truc s& xuat
hién luc ma séat gitra cac dia nho vay bo ly hop nay co6 tac dung khéa vi sai

trong mot gidi han cé dinh.
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Néu sy truot gitta cac dia ma sat tang 1én, khép ma sét chi ting mé men
ma sét téi gigi han nhat dinh.

Véi bo khoa vi sai khi xe di trén dudng c6 chénh léch hé s6 bam 16n, kha
ning dong luc hoc & cac banh xe s& tét hon so voi loai vi sai ma sat trong
thap. Chat luong dong luc hoc phu thudc vao kha ning tao ma séat cua co ciu
khoa, néu gia tri ma sat 16n s& 1am han ché sy sai khac téc do goc cua céc
banh xe, néu gia tri ma sat qua nho thi khdng cai thién duoc chat luong dong
luc hoc cua 0 t0.

Loai vi sai ndy md men ma sat sinh ra do su tiép xuc cua cac dia ma sat
khi c6 su chénh léch téc d6 caa hai banh xe, trén xe cé thé bd tri mot hoic hai
khép vi sai dbi xtng, khoa banh ring ban truc véi vo Vi sai, loai nay co hé sé
khoa vi sai:

Mms

K,=—"=015+0.3 (1.2)

2
b) Loai sir dung banh rang tru

Cac banh rang ban truc va cac banh rang hanh tinh trong bd vi sai nay
déu 1a banh rang tru. Hai banh rang tru ban truc dn khop then hoa véi hai béan
truc trai va phai. B6 vi sai nay sir dung ba cap banh rang tru hanh tinh dat
cach déu nhau 120°. Mdi cip banh riang hanh tinh hai banh ring tru s& an

khép véi nhau va déu c6 truc quay lap trén vo bo vi sai.

Gia tri mé men ma sat trong bo vi sai banh rang tru ngoai phu thugc vao
su sai tbc cia cac banh riang ban truc con phu thudc vao goc nghiéng rang cia
banh rang ban truc va banh rang hanh tinh.

c) Loai sir dung truc vit — banh vit

Hai banh vit ban truc an khdp then hoa vaéi hai ban truc trai va phai. Bo

vi sai nay st dung ba cap truc vit hanh tinh dat cach d¢éu nhau 120°. Mdi cap

truc vit hanh tinh s& an khép véi nhau nho hai vanh rang try hai dau mdi truc
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vit. Trong mot cap truc vit hanh tinh cé truc vit bén trai va bén phai sé an
khép véi banh vit béan truc trai va phai. Céc cap truc vit hanh tinh déu cé truc
quay lap trén vé b vi sai.

Loai vi sai ndy md men ma sét sinh ra chu yéu do su an khop cua cac cap
truc vit hanh tinh va sy an khép gitra cac truc vit hanh tinh vai banh vit ban
truc, hé s khéa vi sai cua loai vi sai ndy nam trong khoang:

M
K, == =03+08 (1.3)

2

d) Vi sai cam

Loai vi sai ndy c6 hai ddy cac vau cam va con trugt. Vi sai bao gom:
Vanh cam ngoai, vanh cam trong, vong cach, cac con trugt va voé vi sai. Vong
cach 1a bo phan cha dong caa bo vi sai, n6 1ap véi banh ring vanh chau, 1a
nira bén trai vo vi sai, o than vong cach co gia cong hai ddy 156 thong dé lap
cac con truot. Mdi day 156 géom 12 18 huéng kinh va cac 15 trén hai diy duoc
dit so le voi nhau. Vanh cam trong cling gdm hai ddy cam, mdi day c6 6 vau
cam nhu nhau va hai diy nay ciing b tri so le nhau nira bugc. O moay o cua
vanh cam trong c6 then hoa d¢ ldp then hoa véi ban truc trai. Vanh cam ngoai
chi c6 mot ddy cam gom 6 cam 18m c6 hinh dang va kich thuéc nhu nhau.
Moay o cam ngoai c6 16 then hoa dé lap then hoa véi ban truc bén phai, 6 15
dau vao bdi tron cho vi sai.

Hai bon con trugt dugc lap vao hai ddy 16 cia vong cach, & mat trong
cua vong cach nguoi ta o dit vong chin dé chéng xoay cac con truot va giir
cho dtng trong 15 vong céach khi lap rap. Cac con trugt déu c6 mot dau ti vao
C4C Vau ciia vanh cam trong va dau ngoai ti vao vau caa vanh cam ngoai.

Vanh cam trong va vanh cam ngoai dong vai tro nhu cac banh rang ban truc
trai, phai, vong cach giéng nhu truc vi sai, cac con truot giéng nhu cac banh riang

vi sai.
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Khi xe chuyén dong thang hodc cac diéu kién can & banh xe nhu nhau
cac con trugt dong vai tro 1a vi sai, chung gitr cho vong céach, vanh cam trong,
vanh cam ngoai thanh mot khéi, md men xoan dugc phan déu ra hai ban truc.

Khi xe chuyén dong quay vong hoic cac diéu kién can & hai bén banh xe
khac nhau thi gitta vanh cam trong va vanh cam ngoai c6 chuyén dong tuong
d6i véi nhau. Cac con truot khi d6 ngoai chuyén dong quay clng vong céch
ching con dich chuyén tinh tién doc truc cua ching va truot 18n cac bé mat
cam cua vanh cam trong va vanh cam ngoai. Cac chuyén dong tuwong d6i do
lam phét sinh lyc ma sat gitra hai dau con truot véi vanh cam trong va vanh
cam ngoai. Banh xe bén cé luc can I6n s€ quay cham, bén cd luc can nho sé
quay nhanh. Lyc ma sat tac dung lén vanh cam quay cham cung chiéu vai luc
vong tac dung Ién ng, con luc ma sat tac dung lén vanh cam quay nhanh
nguoc chiéu véi luc vong tac dung 1én nd. Két qua 1a md men xoan truyén
dén banh xe quay cham dugc tang 1én va nguoc lai. Piéu nay giup ting kha

nang dong luc hoc cua xe.

Mo men ma sat caa loai vi sai nay co6 dang xung nhon, gia tri mé men
ma sat & dinh xung c6 thé dat ti 80% gia tri md men trén vo vi sai M,.
e) Khoa Vi sai

Két cau ding cac bo truyén ma sat trong cao thuong c6 gia thanh cao, vi
vay don gian hon c6 thé dung khoa vi sai trong mot thoi gian ngan. Khoa cing
hai b phan vai nhau: Khoa vo vi sai vai mot trong hai banh rang ban truc.
Loai nay c6 hé s6 khoa vi sai: K; =1

So dd nguyén ly cua bo khoa cting vi sai trén hinh 1.6.
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Hinh 1.6 So' do cdu tao va so dé nguyén 1y ciia bg khéa vi sai

Khi khda vi sai 1au dai véi didu kién can cua dudng & hai bén banh xe

khac nhau hoic khi vao quay vong s& gay nén hién twong tuan hoan cong

suat, do d6 khi vuot qua quang dudng xau phai mo co cau khoa vi sai, nham

tranh qua tai lau dai.

1.3. Tong quan vé duong 6 to 1am nghiép

1.3.1. Cac logi dwong 06 to lam nghiép

Puong 6 t6 1am nghiép dugc phan 1am 4 cap theo tai liéu [1], twong Gng

Vi 4 loai duong, cé&c chi tidu chinh dé phan cap duoc quy dinh & bang 1.2.

Bang 1.2: Phan cip cac loai duong 6 t6 1am nghiép

di(‘i)l’gg Lgﬁﬂ&é\;‘an Loai dwong Chire néing chinh
I Trén 45000 Puong truc | Puong van chuyén chinh caa mot
chinh khu vuc kinh té 1am nghiép.
I 2.000- 45.000 | Puong truc | Puong van chuyén chinh cia mot
phu lam truong, ndi cac dudng nhanh
chinh; xe chay duoc quanh nam.
Il 8.000-2.000 DPuong nhanh| Puong noi cac duong nhanh phu
chinh v&i cac duong truc; xe chay quanh
nam, trir Nhitng ngay mua i 16n.
IV | Duéi 800 DPuong nhanh| Puong ndi tir cac diém tap két go
phu trong khu khai thac (kho go I, béi
giao...), xe chay trong mua kho.




16

1.3.2. Yéu cdu ky thudt cita dwong 6 to 1am nghiép

Xuat phat tir nhitng dic diém cua duong 6 t6 1am nghiép, nén yéu cau
chung vé k¥ thuat caa mdi loai duong, cap duong déu phai dam bao duoc cac
chi tiéu cho phép nhu : mat do xe chay, tbc do xe chay téi da cho phép, do
déc doc tdi da cho phép, tam nhin tdi thiéu, sd lan xe chay, bé rong mat
duong, nén dudng cho phép, bé rong 1 dudng...cac chi tiéu nay duge qui dinh
cu thé cho ting loai duong va cap duong 6 td 1am nghiép theo tai lidu [1], sb
liéu cu thé dugc quy dinh ¢ bang 1.3.

Bing 1.3: Chi tiéu ky thuit chii yéu ciia dwong 6 to 1am nghiép

Cac chi tiéu k¥ thuat Cap dwong

| T i v
Toc do thiét ké (Km/ h)
+ Vung doi 30 25 20 10
+Vung ndi 25 20 15 10
Do doc doc toi da (%)
+ Ving doi 8 9 10 11
+VUng ndi 9 10 11 12

1.3.3. Quy dinh déi véi nén dwong ciia dwong 0 to 1am nghiép

Nén duong phai duoc 6n dinh, khéng bi In sut, mai ta luy khéng bi sat
l6. Pé dat dugc cac yéu cau trén, khi thiét ké can uu tién sir dung kiéu nén
duong dao, han ché kiéu nén duong dap hoic nira dao, ntra dip. D4i voi nén
duong dip, khong duoc sir dung dat ndng nghiép dé dap duong. Dat dap nén
phai dugc lu 1én nén chit co d6 nén chat K dé dam bao & 16p dat dip phia trén
(c6 chiéu sau 30 cm tinh tir mat dudng) phai c6 do nén chit K > 0,95, ¢ 16p
dat tiép theo co6 do nén chat K > 0,9. Po nén chat K duge dinh nghia theo tai
liu [3], TCVN 8730 :2012:
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D6 nén chat 1a ty sb gitta khéi lugng thé tich don vi dat khé, % (g/cm?)
cua dat dap dat duoc khi ¢Am nén tai hién truong va khéi luogng thé tich don
vi dat khd 16N nhat, 7% max (9/cm®) ctia dat d6 dat duoc khi thi nghiém dam chat

tiéu chuan ¢ trong phong, ky hiéu 1a K, khéng c6 thi nguyén, tinh theo cong

thirc:

Trong do:

(1.4)

% 12 khéi luong thé tich don vi dat kho cua dat dat duogc do dam nén tai

hién truong, g/cm?;

% max 12 Kndi lugng thé tich don vi dat kho 16n nhét cua dat do, xac dinh

duoc bang thi nghiém dam nén tiéu chuan & trong phong, g/cm®;

1.4. Tong quan vé dwong 6 td giao thong ndng thon

1.4.1. Cac cdp ky thudt ciia dwong 6 t6 ndng thon

Tuy theo cap thiét ké cua duong, chiéu rong tbi thiéu cua mat duong, I&

duong, chiéu rong nén duong theo [2] duge qui dinh ¢ bang 1.4.

Bang 1.4: Qui dinh vé chiéu rong toi thiéu ciia mit dwong, 1é duwong,

chiéu rong nén dwong ddi véi cac cip dwong GTNT

cap ky Toc do R n 5 .
L, Chiéu rong Chiéu rong Chieu rgng le,
thuat caa thiet ke, .
nen, m mat, m m
dwong Km/h
A 30 (20) 6,5 (6,0) 3,5 1,50 (1,25)
B 20 5,0 (4,0) 3,5(3,0) 0,75 (0,5)
C 15 4,0 (3,0) 3,0 (2,0) -
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D - 2,0 1,5 -

Tri s6 trong ngoic ap dung dbi vai dia hinh mién nui, dia hinh dong bang
dic biét kho khan hodc bude dau phan ky xay dung.
1.4.2. Y8u cdu kg thudt ciia dwong 6 td ndng nghiép

Yéu cau ky thuat cua tuyén duong GTNT bao gom céac yéu td: do dbc
doc 16n nhét, chiéu dai 16n nhat cua doan c6 dbc doc, chiéu dai tim nhin him
xe, chiéu dai tim nhin trude xe nguoc chiéu, ban kinh duong cong 16i, 16m téi
thiéu thong thudng, ban kinh duong cong 16i, 16m tbi thiéu gigi han va tinh
khéng théng xe.

Cac yéu té ky thuat cua duong tly theo cip thiét ké duoc qui dinh tai
bang 1.5.

Bang 1.5: Qui dinh vé cac yéu t6 ki thuit chinh ciia dwdmng ddi véi cac
cAp duwong GTNT

o Cap ky thuat cia dwong
Thoéng so ky thuat
A B C D
Do doc doc 16n nhat, % 9(11) | 5(13) | 5(15) -
Chiéu dai 16n nhat cua doan ¢
, 300 300 300 -
doc doc 16n hon 5%, m
Khoang khéng tinh (theo chiéu
4,5 3,5 3,0 -
dang), m

Tri s6 trong ngoac ap dung do6i vai dia hinh mién nui.
1.4.3. Quy dinh ddi véi mit dwong cia dwong 6 td ndng nghiép

Str dung céc loai vat liéu san c6 ciaa dia phuong dé lam mat duong nham
giam gia thanh xay dung duong nhu: d4 dam, cap phdi d4 dam, da thai tir cac
moé da, xi 10 c4c loai, da ché (d4 lat), gach 1at, gach v&, cudi soi, cat soi, dat

d6i 1an soi san (soi ong). Co thé két hop, phéi tron céac loai vat liéu trén day dé
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cai thién kha ning chiu lyc, kha ning 6n dinh cua I6p vat liéu mat duong
trudce tac dong cua thién nhién.
1.5. Pic trung duwong Nong - 1am nghiép anh hwéng dén hoat dong caa vi
sai

Puong Néng - 1am nghiép c¢o dic diém 1a duoc xay dung & mién ndi co
dia hinh phtic tap, phan bé cha yéu ¢ mién Trung va mién Bic nudc ta, c6 do
déc 16n va nhiéu goc cua (hinh 1.7, 1.8), trén khoang cach 1 km, duong Nong
- 1am nghiép tai déo Ngoan Muc (Lam Pong) c6 15 khic cua; Buong Néng -
1am nghiép tai déo Phugng Hoang (Pik Lik) c6 20 khic cua; Puong Nong -
lam nghiép tai déo Pha Pin (Son La) cO tdi 16 khuc cua va duong Lam
nghiép tai déo Nhau (Thai Nguyén) cé 11 khic cua... Vi thé xe hoat dong
trén duong Nong - 1am nghiép phai thuong xuyén quay vong, chuyén huéng
nén co cau vi sai s& 1am viéc nhiéu hon khi hoat dong trén duong giao théng
thong thuong. Khi d6 ma séat xuat hién sinh nhiét 1am néng cac chi tiét may,
gay mon bé mat va phéa huay céc chi tiét vi sai (hinh 1.9). Bong thoi ma sat gay
tén hao cdng suat, giam hiéu suat truyén luc vi sai, anh huong xau dén tinh
ning quay vong va on dinh cia xe. Trong trudng hop nay can nghién ciu dé
giam ma st trong co cau Vi sai, tir d6 giam hu hong céc chi tiét va tang hiéu

suat truyén luc vi sai, nang cao tinh ning quay vong va 6n dinh cua xe.

a) Péo Ngoan Muc, Liam Dong b) Deo Phuong Hoang, Pak
Lac
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Hinh 1.7 Duong NONg - lam nghiép chup tir vé tinh tai khu vuc mién trung

Measre the datarce between two ponts on the ground
e ek
\ Moo+ T BN berneen Tas NWTE a0 1 st . Map Length: 1.00 Miometers
Nt Largte 135 Geewies - . Ground Length: 1.00
Gond Lot L% WA Headeg: 84,05 degrees
L 1 133 segene
2 e Bt = = . ] Mouse Saagaren Save Cear

a) Peo Pha Pin b) Beo Nhau, Thai Nguyén

Hinh 1.8 Duong NONQ - ldm nghiép chup tur vé tinh tai khu viec mién bdc

BN — = B

Hinh 1.9 Céc dang héng bé mdt do ma sdt trong co cdu vi sai

Puong Néng - 1am nghiép mot sb noi cé chat lugng mit duong phac tap,
hinh 1.10. Khi xe hoat dong trén dia hinh ndy c¢6 mat duong khong bang
phang, mit dat mém tron 14y, Xe chuyén dong trén duong thuong bi truot (pa

ti né), lic nay can nghién ctu ting ma sat trong co cau Vi sai.
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Hinh 1.10 Puong ldm nghiép c6 mat ddt xdu tai déo Ngoan Muc, Lim Pong
Ngoai cong dung ma bo vi sai c6 vé mit dong hoc 1a truyén mé men quay
t6i cac béanh xe chu dong voi van tdc goc khac nhau, thi né ciing phat sinh mot
nhuoc diém kém theo vé mit dong luc hoc 1a giam (hodc mat mé men) khi mot
bén banh xe di ving dat xau. Méi quan hé vé su phan b md men & bo vi sai va
gitra 2 bén banh xe theo [5], [18] duogc tinh nhur sau:
M, = M, + My (1.5)
Ms = Ms + My (1.6)
Trong d6 M, 12 md men tir dong co truyén dén vo vi sai, con M, va Ms 1a
m6 men phan bé dén banh xe bén trai va bén phai, My, 12 md men ma sat
trong cua bo vi sai. Khi xe di trén duong khd tét thi mdé men tir dong co
truyén hét téi 2 banh xe lam xe chuyén dong binh thuong. Nhung khi mot
trong hai banh xe sa xuéng viing lay thi mé men bén d6 x4p xi bang 0 (gia st
Ms = 0). Khi d6 theo biéu thuc (1.6) thi My= My,. Ddi Vi vi sai ddi xting thi
Mus CO gid tri nho, nén ngay banh xe trén phan dudng tét c6 mdé men M, ciing
khong du thang stc can dé xe vuot qua duoc.
Mudn xe vuot dugc qua viing 1ay thi phai ting mé men ma sat My, trong
cua bo vi sai Ién. Tir d6 cac bo vi sai ting ma sat ra doi. Khi dung bo khoa
ctng Vi sai thi My = . LUc ndy néu Ms= 0 thi van c6 M, = M, xe vuot dugc

viing dat xau.
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1.6. Tong quan vé cac cong trinh nghién ctru trong nwéc va trén thé giéi
1.6.1. Cac cOng trinh di nghién ciru trén thé gidi

Céc cong trinh nghién ciru vé cau sau va vi sai 6 to thudng tip trung tai
cac hing san xudt, cac nha may, xi nghiép ché tao. Do vy viéc cong bd két
qua ctia cac cong trinh nghién ctru nay thudng bi han ché béi lién quan dén bi
quyét cong nghé, ban quyén va tinh canh tranh.

Nhitng nghién ciru co ban vé cau sau va vi sai 0 to trén thé gii duoc
cong bd thuong tap trung vao chuyén sau vé banh ring trong d6 bao gém cac
linh vuc: Tao phoi, tao hinh bé mit va nhiét luyén.

Cung v61 cum hop s6, cum cau sau va vi sai trén 6 t6 duoc nghién ciu
theo xu hudéng chinh: kha ning truyén moé men 16n nhat va phan phdi ty sb
truyén toi wu nhat.

Nhitng tién bo vé thiét ké va ché tao cau sau va vi sai :

- Kich thudc nho gon va truyén dugc md men lén. Giam trong luong,
tang khoang sdng gam xe, dung banh ring c6 mdé dun nhé hon, nhung c6 do
bén cao nhd céc tién bo vé cong nghé ché tao va vat liéu.

- Vo cau sau bang gang, thép duc duoc thay thé bang vé hop kim nhe
hon, dac biét dugc sir dung & xe tai nhe.

- Giam tiéng 6n nho cai tién bién dang banh ring an khép, sir dung phuong
phép thiét ké hién dai va cong nghé ché tao méi trén cac may cat rang CNC.

Trén thé gii ¢ nhiéu cong trinh nghién cau thiét ké ché tao cau sau va
vi sai, tiéu biéu la cac cong trinh : “Geared power Transmission Technology”
cuaa John.coy, NASA Lewis Research Center. Cong trinh “Gear Design” cua
A.J. Lemnski, The Boeing Co. Cong trinh “Fundamentals of Gear Stress/
Strength Relationships — Materials” cia Dale H Breen, Gear Research
Institute. Cong trinh “Computer Aided Design of Gear” cta giao su C.H. Suh
Ph. D University of Colorado Boulder Colo, USA, 1996 la nhitng cong trinh
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nghién cau thiét ké tiéu biéu trén thé gioi.

Do nhu ciu cua c4c nganh san xuat, cac nha khoa hoc trén thé gioi
nghién ctu ngay cang hoan thién hon cac tinh niang cua 6 t6. Bang nhiéu
phuong phap va mirc d6 khac nhau cac nha khoa hoc da quan tim hon khi
nghién ctru dong luc hoc co cu vi sai.

Trong nhitng nam 40 — 50 cua thé ky 20, do diéu kién nghién ciu con
nhiéu han ché, nén khi nghién ctru tinh ning k¥ thuat cua 6 t6, cac nha khoa
hoc chua c6 diéu kién di sdu vao nghién ctru dong luc hoc may, hoic phai dua
ra cac gia thiét. Thi du cho cac banh xe la tuyét doi cang va khong bi bién
dang, diéu nay khéng dang véi thuc té.

Pén nhimg nam gan ddy, vaéi sy phét trién cia khoa hoc cong nghé, ky
thuat do hién dai két hop véi cac phan mém may tinh hién dai, thi viéc nghién
ctru dong luc hoc xe néi chung va dong luc hoc vi sai kha sau sic. Pa xay
dung duoc cac phuong trinh nghién cttu tinh nang kéo bam cta 6 t6 1a co s&
cho viéc tinh toan hé théng truyén dong cua 6 to

Nghién ctu vé dong luc hoc vi sai 6 to trén thé giéi gan day thuong tap
trung nghién ctu cac thuat toan dé diéu khién ty dong bo vi sai hay con goi la
bo vi sai tich cuc (active differential) tiéu biéu c6 cac cong trinh:

Téc gia Marc Ollé Bernades véi dé tai: “Torque split between left and
right drive shaft over a front wheel drive differential” - 2012 [32], da nghién
ctru va dua ra mo hinh ton that md men do ma sét trén vi sai anh hudng dén
hé théng lai do su phan b khong déu md men trén ban truc trai va phai. Tuy
nhién cong trinh nay con han ché chi phan tich tinh hoc b vi sai, nghién ctu
thuc nghiém bo vi sai dugc gan chat trén bé thir, khong duoc thir nghiém trén
xe that do d6 han ché mot sb bac tu do va cac sé yéu té tac dong Ién né.

Cong trinh “Modeling of Active Differential Dynamics” Josko Deur

Hancock Assadian (2008), [36] cong trinh dua ra mo hinh toan hoc ctaa bd vi
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sai tich cuc dua trén thuat toan bond graph, thiét 1ap mé hinh mé phong ciing
nhu trinh bay cac két qua md phong cua mé hinh.

Cong trinh “Design of a Semi Active Differrential to improve the
vehicals dynamics” 2014 cua nhom tac gia Claudio Annicchiarico, Mirko
Rinchi, Stefano Pellari, Renzo Capitani, [29] d4 thiét k& va mé phong bé vi
sai ban chu dong SAD (Semi Active Differrential) sir dung hé théng thuy luc
dé diéu khién hé sé khoa vi sai trong diéu Kkién lai binh thudng nham nang cao
chat luong dong luc hoc khi xe vao goc cua.

Cong trinh  “Dynamics of vehicles with controlled limited-slip
differentials ” ctia Giordano Greco [38], d3 nghién ctu tng dung diéu khién tu
dong dé diéu khién ti wu sy phan phdi va 6n dinh mé men cua bd vi sai gioi
han truot dién tir (electronically controlled limited-slip differential) ap dung
cho xe thé thao.

Nhu vay trén thé gigi co nhiéu cong trinh nghién ctu vé dong luc hoc vi
sai cua 6 td, cac cdng trinh nay chua yéu tap trung nghién cau dong luc hoc vi
sai 0 td chay trén dudng va chua gan véi diéu kién dia hinh hoat dong cu thé,
dac biét khéng co cong trinh nghién ctru dong luc hoc vi sai cua 0 to6 hoat
dong phuc vu ndng lam nghiép.

1.6.2. Cac cong trinh da nghién ciru trong nuwoc

Trong san xuat Nong - 1am nghiép 6 t6 duoc str dung dé thyuc hién nhiéu
muc dich khac nhau, trong cac diéu kién dat dai rat phuc tap va da dang. Lich
st phat trién khoa hoc ly thuyét 6 to gan lién véi viéc nghién cau céc van dé
dong hoc, dong luc hoc cua timg co cau hoic cua toan may trong diéu kién su
dung khéac nhau.

Nhiéu chuyén gia nghién cau Iy thuyét tinh toan 6 t6 déu két luan rang,
sau tinh nang kéo bam cua 6 t6 thi dong luc hoc cua vi sai 1a mot tinh nang k§y

thuat quan trong cua 6 t6, can duoc quan tam nghién ciu mot cach day du.
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O nudc ta van dé dong luc hoc vi sai chwa thuc sy dugc quan tam va
nghién ctu day du. Vén 1au nay van st dung 6 t6 nhap ngoai, hoic ché tao
bang cach chép mau cia nudc ngoai. Tir nhiéu nam nay cic nha nghién cau
chi tap trung nghién ctu cai tién bo phan di dong (banh xe) nhim nang cao
tinh nang kéo bam cua 0 t6 khi 6 t6 lam viéc trén cac dia hinh khac nhau. Cac
nha khoa hoc cua Vién Co dién - Hoc vién N6ng nghiép Viét Nam, Truong
dai hoc Bach khoa Ha Noi va cac trudong khac da cong bd cac két qua nghién
ctru c6 ¥ nghia khoa hoc vé nhiing van dé trén. Nhitng van dé d6 1a céap thiét
nhung chua di. Pa dén Iic ching ta nhin thang vao hé qua cua viéc chua
quan tdm dung mc dén viéc nghién ctru tinh ning khac cua 6 t6. Mot sb loai
xe (cong ndng, xe lam...) do cac co s& tu nhan tu thiét ké, ché tao cac bo phan
nhu: cau chu dong, khung xe, hé thong lai cua céc loai xe tai coa Lién X0
(cli), Trung Qudc... ldp réap lai véi nhau ma bo qua cdng tac tinh toan. Nén
cac loai xe nay khong dat yéu cau k¥ thuat va da gay ra nhiéu tai nan.

Trong linh vuc thiét ké ché tao, dé tai NCKH cap Nha nuéc “Nghién cizu
thiét ké va ché tao cum cau sau si dung cho cac logi xe 6 to tdi nhé tdi trong
deén 3 tan” ma s6 KC05-22/06-10 thuc hién 1/2009 — 12/2010 cua Tang cong
ty May dong luc va May ndng nghiép Viét Nam [21], da thiét ké ché tao thur
nghiém hoan thién bd vi sai xe tai nhe 3 tan, két qua 1am co so cho ché tao
cum cau sau va bo vi sai 6 to trong nudc.

Céc cong trinh nghién ctru chuyén sau dong luc hoc va mé rong vé cum
cau sau khong nhiéu. Trong linh vuc co hoc c6 dé tai Nguyén Thi Hong Cam
[4], “T6i wu héa phdn phéi ti sé truyén cho hgp giam toc hanh tinh 2 cdp va
hdp vi sai kin”, Pai hoc K§ thuat Céng nghiép, 2012-2013. Dé tai nay han ché
& nhiing tinh toan 1y thuyét truyén théng doc lap cum vi sai néi chung.

Pé tai “Nghién cizu cai tien khoa vi sai cia mdy kéo MTZ 50 d@é 1am viéc

c6 hiéu qud trén déc ngang” tai Hoc vién Nong Nghiép Viét Nam (2005)


http://qlkh.tnu.edu.vn/Researcher/Details/590
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[27], dd xay dung co s& 1y thuyét dé thiét ké cai tién co cau khéa vi sai tu
dong 1am viéc trong diéu kién d6i doc va xay dung mé hinh toan hoc khao séat
qué trinh 1am viéc caa hop vi sai cai tién. Tuy nhién dé tai nay chua tinh dén
cac thdng sb anh hudng nhu hé sé6 bam ¢ 1a ham ngau nhién, tai trong may
kéo thay ddi, chua ché tao co ciu dé kiém nghiém trén thuc té.

Dé tai “Nghién cizu tinh chdr déng luc hoc cia hé théng vi sai va dnh
hwong cua hé so khod vi sai dén tinh ndng kéo bam ciia may kéo” tai Hoc vién
NOng Nghiép Viét Nam (2008) [7], da xay dung md hinh nghién cuu va
chuong trinh tinh todn, khao sat kha nang kéo bam vi sai ctia may kéo vai sy
tro gilip ctia phan mém Matlab. Tién hanh thi nghiém xac dinh mot sé thong
s6 dong luc hoc cua co ciu vi sai. Tuy nhién dé tai nay giéi han & céc thong
sb khao sat va dia hinh 1am viéc cta bd vi sai.

Pé tai “Nghién cizu chize ndng vi sai trong vin dé diéu khién dong luc
hoc 0 t6”, tai Dai hoc Bach khoa Ha ndi (2013) [28], da dua ra nhitng danh
gia vé kha nang diéu khién, cc bién phap ting tinh 6n dinh cta 6 t6 hién dai,
phan tich cac nguyén Iy 1am viéc, wu nhugc diém cua cac hé thong vi sai tich
cuc. Tuy nhién, tac gia chi méi dua ra cac nghién ctiru mang tinh tong quan.
Pé 6 thé danh gia day di hon cac bién phap nang cao kha nang 6n dinh cua 6
t6 khi sir dung vi sai co diéu khién tich cuc bang cac phan mém mé phong

hién dai.
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Két luan chwong 1

Cong cudc noi dia hoa 6 t6 dat ra nhitng nhiém vu 16n, tir nghién ctu tong
quan, tac gia luan an da xac dinh dugc nhiém vu, muc dich, phuong phap va noi
dung nghién ciu nham déng gdp vao cong cudc ndi dia hda nganh céng nghiép
0 t6 trong nudc, phuc vu cdng tac nghién ciu khoa hoc va dao tao.

Véi vai tro quan trong cua nganh Nong - 1am nghiép trong céng cudc
phét trién dat nudc. Viéc nghién cau cai tién co cau vi sai caa dong xe tai nho
thong dung c6 thé sir dung tét trong Nong - 1am nghiép dat ra yéu cau dit ra
cap thiét, can c6 nghién cau chuyén sau.

Nghién ctru phan tich dac tinh ky thuat cta loai duong 6 t6 Nong - l1am
nghiép anh hudng dén hoat dong cua co cau vi sai tir d6 can nghién ctu giam
ma sat dé ting hiéu suat truyén luc vi sai, nang cao tinh ning quay vong va
nang cao ma sat trong vi sai dé ting stc vuot cia xe khi lam viéc trong diéu
kién dudng xau.

Nghién ciu phan tich ciu tao, dac tinh ky thuat cua bo vi sai nghién ctu
cling nhu cac bo vi sai c6 ma sét trong phi hop nham lam co so dé xuat két
cau bo vi sai 1am viéc trong diéu kién Néng - 1am nghiép.

Dua vao céc tai liéu thu thap duogc, da phan tich cac cong trinh nghién
ctru dong luc hoc vi sai ciia cac tac gia trong nudc va trén thé giéi da cong bé.
Hién nay trén thé gi6i chua cé nhiéu cong trinh nghién cau vé dong luc hoc vi
sai cua 0 t6 va may kéo, cha yéu tap trung vao bo vi sai tich cuc nhung chua
c6 cdng trinh ndo nghién ctru co cdu vi sai trong diéu kién hoat dong cu thé,
dic biét 1a duong néng 1am nghiép. O Viét Nam cd rat it cac cong trinh
nghién ctru dong luc hoc vi sai cua o t, chu yéu tap trung vao may kéo va
chua c6 nghién ctru nao thuc hién nghién ctru dong luc hoc vi sai cua 6 t6 tai

nho hoat dong trong ndng lam nghiép.
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Chuong 2
XAY DUNG MO HINH PONG LUC HOC VI SAI CAU
XE TAI NHO

2.1. M6 hinh co ciu vi sai cau sau xe tai nho

Trong md hinh d6ng luc hoc co cdu vi sai cau sau xe tai nho ta khdng xét
dén hiéu suat caa ly hop, hop s, truc cac dang, chi xét md men phan bé dén
truc cha dong cua truyén luc chinh 1a M;. Nhu vay tir md men trén truc cua
banh rang chit dong M, théng qua cip banh rang hypoid cua truyén luc chinh
va co cau Vi sai s& dugc phan chia ra hai banh xe chu dong bén trai va bén
phai 1a M, Ms. M8 hinh nghién ctu dong luc hoc co cau vi sai xe tai nho

dugc NCS dua ra nhu trén hinh 2.1.

M
3|9s
“ 11
I
M — | S [ L L
@53
@,
2 M |
410,
M

Hinh 2.1 M6 hinh dong luc hoc cau sau va co cau Vi sai xe tdi nho
1. Banh rang chui dong; 2. Banh rang bi dong vavo vi sai, 3. Banh rang hanh
tinh;
4. Banh rang ban truc trai; 5. Banh rang ban truc phai; 6. Truc chir thap
Trong d6: ¢ - Chuyén vi goc ctia banh rang chi dong;
> - Chuyén vi gdc cua banh rang bi dong va vo vi sai;

3 - Chuyén vi goc caa banh rang hanh tinh;
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4 - Chuyén vi goc cia banh riang ban truc tréi;

s - Chuyén vi goc ctia banh riang ban truc phai;

My, My, My, Ms lan luot 12 md men xoan trén truc cha dong, truc
bi dong, banh rang ban truc trai va banh rang ban truc phai.
2.2. Phan tich lwc tac dung Ién cac chi tiét co cau vi sai
2.2.1. Luc tac dung trén banh ring chi dong

Luc tac dung 1én banh ring cha dong duoc thé hién nhu trén hinh 2.2.

F, M, M™

Fr

Hinh 2.2 Lyc tac dung lén banh rang chu dong
Trong do:
Fu - Luc vong, do m6é men M; trén banh rang chu dong;
M,™ - M0 men ma sat trén truc cha dong;
r, - Ban kinh an khép ctia banh rang cha dong.

Tir phuong trinh cén bang lyc trén banh ring chu dong ta co:

M, —For -M™ =1, 2.1)
I;: MG men quan tinh cta banh rang cha dong.
2.2.2. Luc tac dung trén banh rang bi dong
Luc tac dung 1én banh rang bi dong va vo vi sai duoc thé hién trén hinh 2.3.
Trong do:
Fw: luc do banh rang bi dong va vo vi sai dung Ién truc chit thap lam
banh rang hanh tinh quay quanh truc cua né

MJ*: M& men ma sat trén truc bi dong;
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r,: ban kinh an khép cua banh rang bi dong;
ry: ban kinh dat luc Fy, tir banh rang bi dong va vo vi sai tdc dung Ién
truc chir thap.

Tir phuong trinh cin bang lyc trén banh ring bi dong ta co:

Fohb—F. L —-M=1,0, (2.2)

I,: M6 men quan tinh cta banh rang bi dong va vo vi sai.

Fer

I
\M i

Hinh 2.3 Lyc tdac dung lén banh rang bi dong

2.2.3. Luc tAc dung trén banh ring hanh tinh

Luc tac dung 1én banh ring hanh tinh duoc thé hién nhu trén hinh 2.4.
Trong do:

Fiz, Fi: luc an khép cia banh rang hanh tinh véi banh rang ban truc phai
va trai;

M.™: M0 men ma sat trén truc banh rang hanh tinh;

rs: ban kinh an khép ciaa banh rang hanh tinh.
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Theo hinh 2.4 ta c6 quan hé:
F,=F;+F, (2.3)
Tir phuong trinh cdn bang lyc trén banh rang hanh tinh ta co:
Foly - Ryl —M;" =1, 0, (2.4)
I5: m6 men quén tinh cta banh rang hanh tinh.

“ Fy

Hinh 2.4 Lyc tac dung lén banh rang hanh tinh
2.2.4. Luc tac dung trén banh ring bdn truc

Luc tac dung 1én banh ring ban truc trai va phai duoc thé hién trén hinh 2.5
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Hinh 2.5 Luc tac dung lén banh rang ban truc trdi va phai
Trong do:
M ™, M- M6 men ma sat trén truc banh rang ban tryc trai va phai;
Mcy » Mgy - MO men cén trén tryc banh rang ban truc trai va phai;
rs, rs - Ban kinh dn khop cia banh rang ban truc trai va phai, ta co
F=I4=Is.

Tir phuong trinh cén bang lyc trén banh ring ban tryc trai va phai ta co:

Fuli =My —M" =1, 0, (2.5)
Ft3'r5_MCph_M5ms = |5(05 (2-6)

I4, Is - MG men quan tinh ctia banh rang ban truc trai va phai.

Theo [5], ta c6 cac biéu thic quan hé dong hoc trong hé thdng vi sai:

1
¢1:%(¢4+¢5) P, :E(¢4+¢5) D3 :a2(¢4_§05) (2.7)
Véi ay, a, 12 ty s6 truyén caa truyén luc chinh va cip banh ring hanh tinh
ban truc:
r2 r4 r5
= = a - —=_2
Gl : 2 Lo (2.8)

2.3. Xay dwng hé phwong trinh vi phan dong luc hoc cia vi sai
2.3.1. Phwong trinh tong qudt déng luc hec cia vi sai

Phuong trinh vi phan mé ta dong luc hoc cta co ciu vi sai duoc 1ap dya
trén phuong phap Newton - Euler, ta xdy dung duoc hé cac phuong trinh
(2.9) dén (2.13) 1a phuong trinh téng quat dong luc hoc co xét dén ma sét

trong co cAu Vi sai.
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Lo, =M, —F,r. —M™ (2.9)

@, =F.f,—F,f —M™ (2.10)
I, = Fouf,—Fr,—M™ 2.11)
I, gy =Fuf,~ Mg, —M™ (2.12)
I @5 = Fly — My, — M (2.13)

T biéu thuc (2.10), (2.11) ta c6:

M,a —F,.f, —Ma, —M* = (La’ +1,) o, (2.14)
Tu (2.3), (2.11) va (2.12) ta cé:

Fos M, —M™ e M™ =1, gt 1, 515

2% cir 3 o, 4 4Py 3(03-2r3 (2.15)

Tu (2.3), (2.11) va (2.13) ta co:
Fols Moy, ~M™ 5 M™ =1 g~ 10,25 (2.16)
2 Cph 3 -2r3 5 5 Ps 3¢’3-2r3 .

Tir (2.14), (2.15) ta c6 (2.17):

ms ms 1 ms ms * * - 1
Ml%_MCtr_Ml %_Mz E_Ms a,-M, :|4¢4+|3¢3a2+(|1a12+|2)¢25 (2.17)

Tur (2.14), (2.16) ta co (2.18):
ms ms 1 ms ms ° * ° 1
Ml%_MCph_Ml %_Mz E"'Ms a,-M; = |5(05_|3(03a2+(|1a12+|2)¢2§ (2.18)

2.3.2. Phwong trinh dong hoc ciia banh rang hanh tinh va bdn truc
Xét c4c biéu thue dong hoc tai banh rang hanh tinh:
Tir hinh 2.6, ta c6 cac quan hé van toc trén banh rang hanh tinh

V=Vt 1

. (2.19)
V; =V, —5 1
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Hinh 2.6 Quan hé vin toc trén banh rang hanh tinh

Trong do:
V=, 14
Vs =051 (2.20)
Vc = <02 rtr

So sanh (2.20) va (2.21) ta co:

Pyl =@, 1 T @315

. . . (2.21)
Psls =@, L —@3 1
Tu (2.22) rit ra:

; r—. r—2. r:>. —p,

Py ly —Ps Iy P33 = Q3 =@, or, 23 or,

= @, =(0,—05)a, (2.22)
.r+.r—2.r:>.—.r—“+.L 2.23
Puly T Ps 15 Poly = Py =Py or, Ps or (2.23)

Khi xe chuyén dong thang va sicc can & hai banh xe bang nhau ta c6:

@, =P, = Qs »;=0 (2.24)
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+ Truong hop banh riang ban truc bén phai dirng yén (banh xe bén phai bi bé

cting, banh xe bén trai quay vai toc do gap doi).

P, =20, P;=2¢,8, (2.25)

+ Trudng hop Vo vi sai ding yén, nghia 1a khi ¢, =0

Ps=—¢, P3=20,8,=-2¢52, (2.26)
2.3.3. Phuwong trinh dong luc hoc rit gen cia co cdu vi sai
Thé (2.22), (2.23) vao vé phai cua (2.17) va (2.18), vi vi sai ddi xng nén

I,=Is5 va chi xét cho mot banh rang hanh tinh, ta co:

|4¢)4+2|38.2 §04 lji Q.+ 4 (04 2'33-2 (Ps 121 Qs+ 4 (05 =
(2.27)
_(lal 4+| +2Ia)go4+(1a1 2z 21,82)
lg (/)5+2| az (/)5 121 (p5+Z(p5 21 az (04 1431 (/74+Z(P4 =
a1 2 . (2.28)
=(++ +Z_2| a )(P4 4+2|3a22)¢5

Thé (2.27), (2.28) vao (2.17), (2.18) ta duoc hé hai phuong trinh rat gon
(2.29), (2.30) biéu dién dong luc hoc cua vi sai.

Maz1 |\/|Ct,—|v|"“5""21 Mm5%+2|v|m5a EM™ = (121+4+| +21a)

(2.29)
(121 +Z—2|a)¢
Ma; |\/|Cph-|v|m“;1 Mm5%+2|v|m5a EM = (1"’11 42 21,8) 9,4

2.30
(1a1+4+l+2la2)(p (2:30)

Hé phuong trinh vi phan (2.29), (2.30) mo ta dong luc hoc vi sai khi co
xét dén ma sat trong co cau vi sai. Trén cd s& hé phuong trinh vi phan nay, ta

khao sat dwoc md men, chuyén vi va van téc goc phan b ra hai ban tryc.
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Ung dung phan mém MuPAD trong Matlab, giai hé phuong trinh (2.29),
(2.30). Ta c6 biéu thuc tinh luc kéo cua banh xe bén trai Py va bén phai Py,
(2.31), (2.32).

(MCtr + Mms _Nléal)A"'(Mms - Ivleh + Méai)B
(2.31)

rbx(Bz - AZ)

(MCtr +Mms _I\/lzlzii)B+(Mms _MCph +M)A

Ra=-1, B 2 (2.32)
bx

Véi:  ry la ban kinh banh xe
2
A:I%+IZZ+ I, +21.a

2

N

I2
+ 21,82
1 3%

2.3.4. Luc can trong truyén lwe chinh va co cdu vi sai
T hé phuong trinh (2.29), (2.30) ta thiy rang md men ma sat trong
truyén luc chinh va co cau vi sai chia thanh 2 nhém:

+ Nhém 1: M6 men ma sat Mg, do mdé men can trén cum truyén luc chinh

Ml%—M;“S%—M;‘S%:M% (2.33)
Mg : M6 men ma sat trén truc chu dong va bi dong
Cac md men ma sat nay bao gom:

- Masét trong 6 bi truyén lyc chinh;

- Ma sat trong an khép cip banh rang truyén lyc chinh;

- Ma séat do khudy dau trong cum truyén luc chinh.
+ Nhom 2: M6 men ma sat Mg, do m6 men can trén banh rang hanh tinh va
ban truc.

+2M™a, +M™ =M, (2.34)



38

Trong do:

+ Khi ¢, <0hogc F; > F, (2.35)

+M®a
: 2{— Khi ¢, >0hoacF, <F,

M;"a,: MO men ma sét trén truc banh rang hanh tinh;
a1, @,: Pugc dinh nghia trén cong thirc (2.8).
Cac m6 men ma sat trén banh rang hanh tinh:
- Ma sat trong an khop banh rang hanh tinh va ban truc;
- Masét do tiép xUc gitra banh rang hanh tinh va dém tya lung;
- Ma st do tiép xUc giita banh rang hanh tinh va truc chix thap;
- Masét do khudy dau boi tron.

M, : M0 men ma sat trén truc cac banh ring ban truc.
4 g !

(2.36)

_Khig, <g,hoicF, <F, mo

L {+Khi @, >@,hoicp; <O
- 4

Céc
men ma sat nay bao géom:

- Ma sét trong an khdp banh rang hanh tinh va ban truc;

- Masét do tiép x(c giita banh rang ban truc va vo vi sai;

- Ma sét do khudy dau boi tron.
2.3.5. Ma séat trong bg vi sai cdu sau xe tdi nhé
2.3.5.1. Cdc vi tri ma sat trong bo vi sai

Tu md hinh nghién ctru nhu hinh 2.1, khi truyén md men xoén tir truc

banh riang chu dong, mé men xoan M, sé& bi tén hao do ma sét trong truyén luc
chinh va co ciu vi sai, do d6 md men xo0an & banh xe cha dong s& nhé hon mo
men xo0an cua truc chu dong. Nhu vay, su thay d6i md men phan b ra cac
banh xe chu dong phu thudc vao gia tri mé men ma sat.

Tir hé phuong trinh vi phdn mé ta dong luc hoc hé vi sai khi co xét dén
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ma sét trong hé vi sai da thiét 1ap (2.29) va (2.30). Khi khong xét dén cac ton
that do dn khép ring cta cip banh rang truyén lyc chinh va vi sai, hao ton
trong mdi ldp ghép then, ma sat trong cac 6 bi ciing nhu ma sat do khudy dau.
Chi xét ma sat do tiép xtc trong cac bd phan caa co cu vi sai, tir d6 ta c6 ma
sat trong cac bo phan cua hé thong vi bao gdm: Ma sat giita banh rang hanh
tinh khi quay quanh truc chir thap m™, , ma sat banh rang hanh tinh va dém

tya lung m™,, ma sat gitra banh rang ban truc va vo vi sai M.

Y
2.3.5.2. Ma sét giita banh rang hanh tinh va truc chir thap

Banh rang hanh tinh khi quay quanh truc chir thap s€ chiu tac dung cia cac
lyc nhu hinh 2.7a. Lyc tac dung lam quay truc chit thap Fr, do md men xoan trén
banh rang vanh chau va vo vi sai M, gay ra va duoc tinh theo (2.37).

M
F,=—2
t2 or (2.37)
Trong cong thtrc (2.37), ry 1a ban kinh dat luyc Fy, nhu hinh 2.7b
'“'Fzz
Fu 1
a. Lwc trén banh rang hanh tinh b. Ban kinh dat luc Fyp

Hinh 2.7 Luc tdac dung va kich thudc hinh hoc trén truc banh rang hanh tinh
Mo hinh tinh todn m6 men ma sat khi banh rdng hanh tinh quay quanh
truc chir thap theo ly thuyét may [13], [44] 1a bai toan ma sat trong khép quay
dugc NCS md ta nhu hinh 2.8.



40

Hinh 2.8 M6 hinh ma sat khi banh rang vi sai quay quanh truc chit thap
Véi M; 1a mé men quay banh rang hanh tinh; b bé day banh ring hanh
tinh; Ap luc gitra bé mat truc chir thap va 15 truc banh ring hanh tinh sé tiép
xuc nhau theo cung tron 4. Gia sir 4p luc nay phan bé theo ham p(a) nao d6
trong cung S (hinh 2.9).

=

Hinh 2.9 Ap luc phédn bé trong tiép xiic bé mdt truc chir thdp va 6 truc
banh rang hanh tinh
Xét phan té dién tich tiép xuc dS chan cung da. Vi tri caa dS dugc xéac

dinh bang géc a so véi phuong cta luc Fy. e 12 ban kinh truc chir thap
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Ta co: dS=br da
(2.38)

Trén dS ap luc tir banh ring vi sai tac dung Ién tryc 1a dN .Do dS kha

nhod nén nén c6 thé xem nhu ap suit phan bd déu trén dS va co gia tri bang
p(a) do do:

dN = p(a)dS =br, p(a)da (2.39)
Do 4p suat déu di qua tAm O cua truc nén ap luc dN ciing di qua tam O.
Khi banh ring vi sai quay, trén dS xuat hién luc ma sat dF co chiéu

nguoc Voi chiéu quay cta banh ring vi sai. Ciing do dS kha nho nén co thé

xem dS 1a mot mit phang, theo dinh luat ma sat Coulomb ta c6:
dF LdN Va dF = g, dN = g, br, p(a)da (2.40)
Vi L4, 12 hé s6 ma st gitra banh rang hanh tinh va truc
M6 men ma sat trén phan bo dién tich dS:
dM™ =r,dF = 4 . brlp(a)da (2.41)
M™ md men ma sat gitra bé mat truc chit thap va banh rang vi sai:
Mo = [ M, dS =[ s, br3 p(@)de =t b1 [ p(a)da (2.42)
B B B

Cong thuc (2.42) mai chi cho ta quan hé gitta mé men ma sat m™

ht/tr Vé‘ é'p
suat p(a). Dé tinh M™ theo tai trong Fy, ta can xac dinh quan hé gitra Fy, va

(o)
Pit: dR=dN +dF (2.43)
Ta co:
AR =vAN? +dF? = JAN? + 22, AN? = dN\L+ 422, (2.44)
= dR =br, \1+ 143, .p(a)da (2.45)

Trong khi:
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tg(dR, dN) :g—; = 1t =100 (2.46)

= (dR,dN) =¢ (2.47)
Matkhac:  (dN,F,)=7—« (2.48)
= (dN,F,) = (dR,dN)+(dN,F,,) =g+ 7—«a (2.49)

Tur diéu kién can bang luc caa truc nhu hinh 2.9 ta c6:

F,+[dR=0 (2.50)
B

Chiéu biéu thirc 1én phuong cua luc Fy, ta co:

F, + [ dRcos(dR,Q) =0 (2.51)
B

= Ry + [br L+ 12, p(a)dacos(p+ 7 - ) =0 (2.52)
B

[ p(@)da
= Mr:rt]jt =Ty alll . F (2.53)
JL+ 12, | p(@)cos(p—-a)da '
;
Goi A 13 hé sb phan bd &p sut:
J ple)da
A=—->~
[pl@)coslp-a)da (2.54)
;
' it
o == —>— (2.55)
1+ zuﬁt/tr
= M:;jtr = rctlu;ﬂ/trﬂ“l:tz (2.56)

Khi khép chua mon nhiéu, ap suat tac dung 18n truc chit thap xem nhu
phan b déu trong cung tiép xuc P(a) = Py. Ap luc tong nam trén duong thang

d6i xtrng cung AIB = /2 nhu hinh 2.10.
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Hinh 2.10 Phén b6 dp lyc tiép xiic trén truc chiv thdp
Hé s6 phan b ap suat:

v
“—+

2
I p,da
Ty

T
A= : = (2.57)

T
“+o

2
j P, COs(¢p —a)da

T,
2 @

Ta ¢ biéu thac tinh mé men ma sét truc chit thap va banh ring hanh tinh

Mms

ht/tr
ms T !
M ht/tr — E Vet Lt i th (2-58)

2.3.5.3. Ma sét giita banh rang hanh tinh va dém twa lung
Mo hinh nghién ciru ma sat gitra banh rang hanh tinh va dém tua lung
dugc NCS mo ta nhu trén hinh 2.11.
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Hinh 2.11 Mé hinh 3D khdo sdt ma sét va vi tri tiép xiic giita banh rang
hanh tinh va dém twa lung

d
P

FIE Fy3

Hinh 2.12 Luc an khop trong cap banh rang hanh tinh va ban truc

Pé tinh todn mé men ma sét gitra banh rang hanh tinh va dém tya lung, ta
can thiét 1ap cac cong thuc tinh luc trong qua trinh an khép gitta banh ring
hanh tinh va banh rdng ban truc nhu hinh 2.12 thong qua cac phuong trinh can

bang luc:
Fe+FR,=F,
I:r3 = I:r4 (259)
(Fs+F,)tanasino = X,

Trong do:

Fu, Fis: Luc vong tiép tuyén; Fra, Frs: Luc hudng tm; Fag, Fas: Luc phép
tuyén; a: Goc an khop; §: Nira goc cdn chia banh ring hanh tinh nhu hinh

2.14; Xq: Hop luc trong qua trinh an khép cia banh rang hanh tinh tac dung
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1én dém tua, dudi tac dung cua luc X; dém tac dung 1én lung banh rang hanh
tinh &p luc p¢ nhu hinh 2.15.
Xt trong hé toa do cu (hinh 2.13) duoc tinh theo biéu thic (2.60).

2z
Ky = _[
0

V6i 1, & 1a goc gisi han phan hinh cau cua lung banh ring hanh tinh, 13

P! (0, ¢)r% cos@sin 6dod ¢ (2.60)

—

™

0

noi c6 tiép xdc véi dém:; ry 12 ban kinh cau trong ctia dém nhu hinh 2.14.

Hinh 2.13 M6 hinh khdo sat ma sat banh rang hanh tinh va dém trong toa do
cau
Ta c0 cong thic tinh mé men ma sat gitra banh rang hanh tinh va dém

lung (2.61).

271 0 27 0
M = [ [z (0. 9)rsin0dodg = [ [ ePs (0. 9)ssinododg  (2.61)
0 &, 06,

Trong do:
2(0,)=p,,-P¢ 12 &p luc tiép tuyén trén lung banh rang hanh tinh theo
dinh luat ma sat Coulomb nhu hinh 2.15, 4, 1a hé s6 ma st gitra banh ring

hanh tinh va dém.
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Fat

dy

Hinh 2.14 Kich thuoc hinh hoc cua cac banh rang bo vi sai

Hinh 2.15 Ap lyc phdp tuyén P va dp lwc tiép tuyén It ciia dém tdc dung
lén lung banh rang hanh tinh
Khi vong dém chwa mon nhiéu, c6 thé coi &p luc phap tuyén phan bé déu
trong hé toa do cauP; (6,4) =P} ta co:

€0s(20,) —co0s(20,)
2 )

Tu (2.37), (2.59), (2.61), (2.62) ta c6 cong thuc mé men ma sat banh
rang hanh tinh va dém (2.63).

Xy = 27Trh2t Ph‘: (

(2.62)
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M = gl o tanasin §(ECLEQSIHA 00~ (.= 00)
r, sin(d, +6,)sin(d, —o,)

(2.63)
2.3.5.4. Ma sét giita banh rang badn truc va vo Vi sai

M hinh khdng gian nghién ctru ma sat banh rang ban truc va vo vi sali
(hinh 2.16), theo ly thuyét may [13], [44] I bai toan ma sat khép quay chan
dugc NCS md ta nhu hinh 2.17, trong khép con méi ¢6 thé coi &p suat 1 phan
bd déu trong toan bo dién tich tiép xuc, gia tri &p luc 12 po.

Phan tich twong tu nhu treong hop ma sat gitra banh rang hanh tinh va
dém ta co luc ép lung banh rang ban truc vao vo vi sai:

X, =F,tanasind (2.64)

Trong d6: & la ntra goc con chia cta banh rang ban tryc.

Hinh 2.16 M hinh 3D khdéo sdt ma sat va vi tri tiép xiic ciia banh rdng bdn truc va

VO VI sai

Fec2
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Hinh 2.17 M6 hinh tinh todan ma sat banh rang bdn truC va Vo Vi sai
Tur hinh 2.17, ta xét phan t dién tich tiép xuc dS Ia hinh vanh khan ¢
ban kinh trong r, ban kinh ngoai r+dr, ta co:
dS=2zrdr (2.65)

Trén phan t6 dS, 4p luc dN va luc ma sat dF 1an luot bing:
dN = p,dS =2z p,rdr (2.66)
dF = 4, dN =24, 7 p,rdr (2.67)
ty, 12 hé 6 ma st gitta banh riang ban truc va vo vi sai.
M6 men cia luc dE doi véi truc quay:
dM > =rdF =2, 7 p,ridr (2.68)

Do d6 m6 men ma sat gitra banh rang ban truc va vo vi sai:

= My, = Idet/v = .[ 2714y, Por °dr (2.69)

fx1

ms 2
= My, = 3 ey, Po (rtfz - rtf1) (2.70)

Trong d6: Iy, My & ban kinh dinh nghia phan ¢ tiép xuc gitta banh rang
ban truc va vo vi sai nhu dinh nghia trén hinh 2.17.
Xét can bang cua truc ta co:
th
72Ty ~ o)

Thay (2.71) vao (2.70) ta cé cong thic tinh md men ma sat banh rang

Py = (2.71)

ban truc va vo vi sai (2.72).

2 (re, — o)
M ms _ & X tx2 txl
bty = 3 Mty Y2, —r2) (2.72)
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2.4. C4c yéu té anh hwéng dén md men ma sat trong vi sai
2.4.1. Anh hwéng ciia hé s6 ma sdt dén md men ma sat trong bg vi sai

Theo [20], hé s6 ma sat 1a mot dai lugng khéng thi nguyén, biéu thi ti s6
cua lyc ma sat nam giira hai vat luc tac dung dong thoi 18n ching. Hé s6 ma
s&t phu thuoc vao chat liéu 1am nén vat.

Hé s6 ma st 1a mot dai lugng thuc nghiém, dugce xac dinh trong qué
trinh 1am thi nghiém cht: khéng phai tinh toan. Nhiing bé mit thé rap c6 kha
nang tao nén nhing gia tri cao hon cho hé sé ma sat. Hau hét céc vat liéu kho
két hop véi nhau cho ta hé s ma sat nam trong khoang tir 0.3 dén 0.7. Cac
gia tri ngoai khoang nay thuong rat hiém gap, loai vat liéu Teflon c6 thé c6 hé
s6 ma sat thap véi gia tri 1a 0.04. Hé s6 ma sat co gia tri bang khong chi xuat
hién trong truong hop vat bay 1én nho ¢é tir truong. Cao su trén cac mit tiép
xtic khac nhau thudng c6 hé sé ma sat nim trong khoang tir 1,0 dén 2,0.

Trong mo hinh tinh todn cac md men ma sat trong co cau Vi sai co lién
quan dén cac théng s6 (unuir, tnvd, Hnuds et Firs Trt Fs, 0 1, J ...). Thi hau hét
cac théng s6 anh hudng 1a kich thudc hinh hoc caa bo vi sai nghién cau. Cac
kich thudc hinh hoc nay cua bo vi sai dugc cho trong bang 1.1. Con hé sé ma
s&t thi phu thudéc vao nhiéu yéu té nhu vat liéu, kiéu tiép xdc, ché do boi
tron,...Trén d6 thi 2.18 cho ta thay anh huong caa hé sé ma sat u dén hé sd

khoa vi saik, =M™/M, V&I M™=[M®, M™, M=®].

Mge | M,

MZ M,

M,

M

MM,

£


https://vi.wikipedia.org/wiki/Th%C3%AD_nghi%E1%BB%87m
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Hinh 2.18 Quan hé hé s6 ma sdt . dén Ko =M"IM,

Dua trén do thi 2.18, gi4 tri dong gop 16n nhat 1a md men ma sét giira
banh ring hanh tinh va tryc chir thap m™, , tiép theo 1a m6 men ma sét giira
banh rdng béan truc va vo vi sai M[,, cudi cing 1a mé men ma sat giira banh

rang hanh tinh va ¢ém m™

ht/d
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2.4.2. Anh hwéng cia c&c thdng sé Két cdu dén mo men ma sat
2.4.2.1. Anh huwong cua chiéu dai canh vat | trén truc cha thdp

Trén truc chir thap cua vi sai cua xe tai LF3070G1, tai vi tri Ip béanh
rang hanh tinh c6 thé duoc vat di mot doan nham lam giam 4p suat tiép xuc,
tir d6 c6 thé giam ma sat giita truc va banh rang vi sai nhu hinh 2.19.

Canh vdt

Hinh 2.19 Phuong an vat canh truc chir thap lam giam ma sat banh rang
hanh tinh va truc chir thap
Kich thudc canh vat | va nira cung tron tiép xdc /2 trong ma sét truc chi
thap va banh rang hanh tinh dugc dinh nghia nhu hinh 2.20.

Hinh 2.20 So dé phan bé ap luc tié’p xuc khi truc chir thap dwoc vat canh |
Trong d6 r la ban kinh cua truc chit thap.
Tur hinh 2.20, ta thiét 1ap biéu thac quan hé gitta kich thudc canh vat | va

nira cung phan bd ap suat:
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g = arcsin (Lj (2.73)

r

ct
Tir d6 ta tinh dugc hé s6 phan bd 4p suit trong cung /8 khi truc chit thap

dugc vat canh [:

I p,da
i
_ P _B
A=7, =5 (2.74)
_[ p, cos(p —a)da
iy

Cong thac tinh mé men ma sat truc chr thap va banh rang vi sai

M. theo kich thudc canh vat I:

ms H I !
M e = arcsin (r_j Pt Mg e P (2.75)

t

Anh huéng cua kich thuéc vat | ¢én mé men ma sat M, @ng véi mo
men trén truc chi dong M;=[0+2000] N.m duoc thé hién trong do thi 2.21.

Tu hinh 2.21 khi kich thudc vat truc | cang nho thi md men ma sat
m™ cang nho. Khi ting | thi m™ ciing tang theo va ting kha déu trong khoang
|/r,=(05+09). Trong khoang 1/r,=(0.9+1) thi md men ma sat M™ tidng nhanh
hon. C6 thé thay quan hé gitra | va m™, 1a tuyén tinh, do d6 c6 thé giam mo

men ma sat M=, khi giam kich thuéc |, nhung néu giam qua muc thi dan dén

ht/tr
truc bi yéu, khong dam bao d6 bén khi vi sai 1am viéc. Vi vay luan an chon

giatri 1=0.9 r.
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g ° 1-MION
.
. =500 N.m
! ] =
L3} 3 M1=1000
=
* 4 - M1=1500 MLm
5 « M1 =2000 M.m
-
1
[ 0.6 0.8 ] 1 1
L
Mms
ht/tr

Hinh 2.21 Quan hé l/rct va md men ma sat

2.4.2.2. Anh huong cua dién tich khoan 16 trén banh rang hanh tinh
Trén lung ctia banh ring hanh tinh c6 thé duoc khoan 16 nham lam giam
dién tich tiép xuc trong ma sat gitta banh ring hanh tinh va dém twa lung, tir
d6 c6 thé giam ma sét giira banh ring vi sai va dém m™,, phuong an khoan 16

véi kich thuéc va cach bd tri cac 16 khoan nhu hinh 2.22.
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Hinh 2.22 Phurong dn khoan 16 véi kich thwée va vi tri 16 khoan trén banh
rang hanh tinh va dém
Vi kich thudc 16 khoan 5 mm va vi tri 8 16 khoan nhu trén hinh 2.22,
theo phuong phap vé& 3D ta xac dinh dugc tong dién tich bé mit tiép xtc dugc

khoan trén banh ring hanh tinh hodc dém la S/"c6 gia tri nhu hinh 2.23.

Hinh 2.23 Phan dién tich tiép xiic dwoc khoan bé trén lung banh ring hanh
tinh theo phwong phap vé 3D

Ta tinh dugc tong ap luc ctia phan dién tich khoan 16:

X X Sht
t_ ht ©k
© ar2sin(8, +6,)sin(S, - 5,) (2.76)
M6 men ma sét ciia phan dién tich khoan 15:
M = Hhysa Ty X Sy (2.77)
© zr2sin(s, +6,)sin(S, - 5,) -
\Y/ TR &tan asin o x
2r;
cos(S, +8,)sin(8, = 5,) — (6, 8,) st (2.78)
sin(s, + 6,)sin(5, — 5,) 72 sin(o, + &,)sin(8, —8,)
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Tir (2.63) va (2.78) ta c6 d6 thi quan hé giita m6é men trén truc chu dong
M;=[0+2000] N.m va md men ma sat M=, (hinh 2.24) trong truong hop khi

ht/

chua khoan 10 va khi co khoan 19.

1 - MG men ma sat khi

B0 chira khoa Io 1
70 2 - WM& men ma sat khi
’é‘ khoan 18
60
: 2
Z
50
]
g3
g 40
30
20
10
0
0 500 1000 1500 2000 2500
J.MI CN.I]]}

Hinh 2.24 M6 men ma sat banh rang hanh tinh va dém khi khong va co khoan

~
A

6

Quan hé giita phan dién tich khoan 16 s va mé men ma sét giira banh
rang hanh tinh dém M™, duoc thé hién trén hinh 2.24.

Tu hinh 2.25 khi phan dién tich S' cang nho thi md men ma sat M™,

cang 16n, quan hé s"va M™, la ty 1& nghich . C4 thé giam hoic ting ma sat

M khi ting hodc giam dién tich S!*, nhung néu giam $"qua mic thi dan dén

pha v két cau, khong dam bao chat luong khi vi sai 1am viéc.
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Quan hé Sk va mé men ma sat banh rdang hanh

80 tinh va dém
80
4 ——1-M1=500N.m
70 —— 7 -W2=1000 Nm
o~
g % .3 ——3-M3=1500 Nm
& 50 4 -W4=2000 Nm
b
pd 40 |2
2 30

0.5 1005 2005 300.5 400.5 5005 0005
i 2
5.7 (mm?)

ht
Hinh 2.25 Quan hé gitra dién tich S va md men ma sat

ms
M ht/d
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2.4.2.3. Anh hwong cua dién tich 16 khoan trén banh rang ban truc
Trén banh ring ban truc phan lung tiép xdc vai vo vi sai co thé duoc
khoan 16 nham Iam giam dién tich tiép xuc, tir d6 giam ma sat giira banh ring

ban truc va vo vi saim™ . Phuong 4n khoan 10 1 véi va kich thuéc 16 khoan

16 mm nhu hinh 2.26.
_|_I:- o, / - —
| - W |
W = LR :“- ' Ra— T
T | - H]':n-"-‘: = -,
e A1y T \ B
I i i ——— | LT i |/ wal
= e | VA S 41 e
1 ~ I'!::. |:"L £:; = '-':FI l ] I|II].T [ ‘r'\.::;-u ] e _l":!' .-:'5' y ) |.-|‘
i - . h '{}:%—_ ) ™ -. .__ .. .| A 3
\x.__ﬁ x_h:', !J_“_ .:.—F'_TT“T"T-. -J
= |'. || / T ]
LA NS

Hinh 2.26 Phirong dn khoan 16 €0 kich thude va vi tri 16 khoan trén banh
rang ban truc
Tir phuong phap vé 3D, ta xac dinh tong dién tich bé mat tiép xtac duoc

khoan bo trén banh riang ban truc 1a S, nhu hinh 2.27.

Area 2010.62 mm

Hinh 2.27 Phan dién tich tié’p xuc dwoc khoan trén banh rang ban truc theo
phuwong phap vé 3D
Tir cong thic (2.71) ta tinh dugc tong ap lyc caa phan dién tich khoan 1:
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x Sbt
NS = ﬁ (2.79)
tx2 txl
M6 men ma sat caa phan dién tich khoan 15:
M! bt :ubt/vxbtsbt I~ (2.80)

( tx2 txl)
Iy 1 diém dit tong &p lue nhu hinh 2.28.

Hinh 2.28 Ban kinh ddt téng dp lec rix

M6 men ma sat banh ring ban truc va vo vi sai My, sau khi khoan 16:

bt
M ms 2 ( tx2 txl) lubt/vxbtS rtx
bt/v

= 5 Moty Nt
3 ( tx2 txl) ( tx2 txl)

T (2.72) va (2.81) ta co6 dd thi quan hé giita mé men trén truc cha

(2.81)

dong M;=[0+2000] N.m va mé men ma sat M,;;, (hinh 2.29) trong truong hop

khi chua khoan 16 va khi cé khoan 15:
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350
00 —— 1 - M& men ma sat khi
chwra khoan lo
250 2 - Mé men ma sat khi
khoan 15
a 200
&
~ 150
%__.'E
= 100
50
0
0 500 1000 1500 2000 2500
M (N.m)
Hinh 2.29 M6 men ma sat banh rang ban truc va vo vi sai khi khong va co
khoan [0

Quan hé giira phan dién tich khoan 15 S va mé men ma sat giita banh

rang ban truc va vo vi sai M™, duoc thé hién trén hinh 2.30.

Quan hé Sk va md men ma sat banh rang ban
tryc va vo vi sai

350
300 Fl —1-M1=500N.m
g 250 2-M2=1000 N.m
& 200 3 3-M3=1500 N.m
g__'h 150 2 4 - M1=2000 N.m
r-.‘_‘
100
1
50 \
0
0 1000 2000 3000 4000 5000 6000 7000
57 (mm?)

bt "
Hinh 2.30 Quan hé giira dién tich S va md men ma sat Moo

Khi phan dién tich s* cang nho thi mé men ma sat M™, cang lén, quan
he s va m™ laty 1& nghich. C4 thé giam hoic ting ma sat M™, khi tang hoac

giam dién tich s*, nhung néu tang s* qua muc thi dan dén pha v& két cau,

khong dam bao chat lugng co cau khi vi sai 1am viéc.
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2.5. Khao sat dong luc hoc vi sai 6 t6 tai nhé LF3070G1
Muc dich 1a khao sat dong luc hoc cua vi sai 6 td tai nho LF3070G1 khi

c6 mat cia md men ma sat trong co cau Vi sai thdng qua hé phuong trinh vi
phan (2.29), (2.30) da thiét 1ap. Tinh todn va hién thi dang dd thi cua cac
théng sé can khao sat bang Matlab Simulink.
2.5.1. Cac thong sé tinh toan khdo sat
2.5.1.1. Xe tai nho LF 3070G1 khao sat

Xe khao st trong luan an 1a xe tai nho LF3070G1 c¢6 cau sau chia dong,
mo men dong co Men,=320 Nm, cong suat 81 kW. Hop sb duoc str dung Voi
5 cap s truyén, véi cac ty s6 truyén & cac tay sé nhu bang 2.3.

Bing 2.1: Bang ty s truyén cic tay so

Ih1 Ih2 Ih3 Iha Ihs

7.31 431 2.45 1.54 1

Ty s6 truyén cua truyén lyc chinh io= 6.38

Cac thong s6 cua cum Vi sau cau sau da duoc néu trén bang 1.1 tai chuong 1.
2.5.1.2. B¢ vi sai khao sat

Déi twong nghién cau caa luan &n 1a cum vi sai cau sau xe tai LF3070G1
c6 tai trong 3 tan dwoc san xuat va Iap rap tai Viét Nam. Cac théng sé hinh
hoc ctia cum vi sai dugc dinh nghia trong bang 2.2.

Bang 2.2: Cac thong s6 k¥ thuét ciia bd vi sai nghién ciru

| —) r1=68.3/2/1000 (m)
l,= 0.002 (Kg.m?)

Fi
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r,=331/2/1000 (m)
1,=0.6 (Kg.m?)

r;=59.85/2/1000 (m)
1= 0.0003 (Kg.m?)

8, =2 = 4.8463
:

r,= rs=ry=103.84/2/1000 (m)
103.84/2/1000 (m)
1,=1s=2.0035 Kg.m"

a, =4 -1735
r3

rct=dtr/2=l4/1000 (m)
r,=73.7/1000 (M)
a=20°

((61+(12/60))* pi)/180

((28+(48/60))*pi)/180
((12+(10/60))* pi) /180

5
o
5
8, = ((22+(48/60))* pi) /180
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Fr3 2 2
Po 7
+dr|
,

Do

rx1=0.036 (m)
I'x2=0.059(m)

2.5.1.3. Loai dwong khdao sat

Tinh chét co 1y, trang thai caa mat duong, mic do bién dang cta duong

khi banh xe lan, cling nhu md men xoan va tai trong tac dung lén banh xe chi

d6ng anh huang truc tiép dén hé sb can lan.

Pic trung lyc can cua loai duong can khao sat 14 hé s can lin tuong

ng, do do ta chon khao sat mot sé loai duong thong dung cé hé sb can lin

tuong tng cho trong bang 2.4 14y theo tai liéu [24].

Bang 2.3: Hé s6 can lin twong wng véi mdt so loai dwong dwoc khio sat

Loai duong

Puong nhya tot

Duong nhya bé tong
Duong rai da

Puong dat kho

Puong dat sau khi mua
Duong cat

Pit sau khi cay

Hé so can lan f
0,015 + 0,018
0,012 =+ 0,015
0,023 =+ 0,030
0,025 =+ 0,035
0,05 + 0,15
0,1 +0,3
0,12

2.5.2. Chwong trinh mé phong trén Matlab Simulink

Chuong trinh md phong trén Matlab Simulink gom chuong trinh tinh

toan céc thong sé dau vao (.m file) va so dd khdi Simulink duoc thiét 1ap cho




63

hé phuong trinh vi phan khao st anh huéng cia ma sat dén phan b md men

va van téc gdc ra cac ban truc (2.29), (2.30).
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So d6 Simulink khao sat dong luc hoc vi sai cau sau xe tai nho LF 3070G1

mamen br bl dong

mome

n4

Phl1cham

Prild
0 man or o gang memen_4 "b -
> N [=] aln omegE 1
= = =
] : =
ol Pl 4 crem sl
tinhley § veE - - A -|1_| |1_| |- *
Mz " . ) 1 s " P 4 cham N il 4 "] Aad
g 108 e g e graio I P4
_’lTl ..r.‘:"‘\-.. :
] = " —_:| o> [ o omecs 2 |
ReBtbRal e R h L L= |
Operator il Add 12 e grato 2 phi 2
F Pimu N |-
- Em— | —=—E1]
L} -
wicen - Pl S cram PIS
Mimsd . Py K o Jd Pl 2
) s | erscmm T = fris "
> 11 e gt regaEn s phIS
- o x ) J
£ ey I I L=y L 5
Rebibral Mms_3 Produt " phl3 2 cham
Operatr : J L S
L -]
Suiract az e grEo Pl r:
finhEw 4 IEl_ » |:| [ 2 . I
: " > :
4’% Froducts momen_S = g * i
pmsd momens E} |—"+ e
: i—’ +
2 13 Mms3
il
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2.5.3. Két qud khdo sat

Truwong hop 1: Xét vi sai 1am viéc c6 mdé men can 2 bén ban truc bang
nhau. Cac théng sé khao sat cho trong bang.
Théng so6 dau vao Yéu té anh hwéng Théng so dau ra

- M6 men xoan trén truc | Ma sét trong cac bo | - MO men xoan trén ban
chu déng M;=Memax*in; | phan co cau vi sai: |truc trdi M, va ban truc

N.m. M =M, +M7, | phii Ms
M™ = g™ - S6 vong quay ban truc
4 " A a ban truc phai
M M tral ¢, \{a @5
- Van toc goc hai ban truc
Két qua:

- Gia tri mé men ma sat M,,s=0
- Gia tri md men tir truc chu dong phan bé ra hai ban truc bang nhau:
M, = Mg = 2557.45 N.m.
- S6 vong quay cua ban truc trai ¢, va ban truc phai ¢, bang nhau tai moi

diém nhu hinh 2.31.

« 10 D Bl Pyl o O Gl Pade B TPt il Il gy
3 T L] ¥ T T T

£ 1 L i L i L
[} 100 200 00 400 500 EO0 T00 BOD SO0 1000
Thaa gl | siconicdah



66

Hinh 2.31 Chuyén vi goc ciia ban truc trdi va ban truc phdi
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- Van tc goc cua ban tryuc trai va ban truc phai bang nhau tai moi diém nhu
hinh 2.32.

Db P vl I (0 sl Pl B Wl i Tl (i
T T T T T

y

g

Wan soc goe radda)

:

— B T 1
=== i Bl e el

L L 1 1 L L L L L
L] =] =] e L] i (et o0 LoH] K] g
Thad e | ssciorie )

Hinh 2.32 Vin téc goc ciia bdn truc trdi va ban truc phdi

Vi can hai bén ban truc bang nhau, bo vi sai khdng hoat dong nén khong
xuat hién m6 men noi ma sat, gia tri md men, s6 vong quay va van toc goc tai
hai bén banh xe s& bang nhau tai moi thoi diém khi cac diéu kién can mat duong
l1a nhu nhau.

Trwong hop 2: Xét vi sai lam viéc trén duong lam nghiép va c6 md men
can 2 bén ban tryc khdng bang nhau. Céc thdng sé khao sat cho trong bang:

Thoéng sé diau vao Yéu t6 anh hwéng Théng sé diu ra

- M6 men xoan trén tryc | Ma sat trong cac bo |- M6 men xoan trén ban

chi d6ng Mi= Memac®ing | phan co cau vi sai: truc trdi M, va béan truc
N.m MP* =M™ +M phai Ms
MI™ =M™ - S6 vong quay ban truc
M™ =M™ trai ¢,va ban truc phai
2

- Van toc goc hai bén
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truc

Két qua:
- Gia tri mé men ma sat M,s=252.84 N.m
- Gia tri md men tir truc chu dong phan bé ra hai ban truc khéng bang nhau:
M4 = 2431.03 N.m; Ms=2683.87 N.m.

- S6 vong quay cua ban truc trai ¢, va béan truc phai ¢, nhu hinh 2.33:

w1t Do hi o syt o Q0 206 i Bl P ‘ol T gdan
3 T T T T T T T

—— Bantuc vai ||

IS

Chuymn i gos jradis)
in v
T T

(=2 3

f . L L L L L . L
] 10 @0 0 400 SO0 600 700 BOD OO0 000
Thoi gian {seconds)

Hinh 2.33 Chuyén vi géc ciia ban truc trdi va ban truc phdi

- Van téc goc cua ban truc trai va ban truc phai nhu hinh 2.34.

Do thil vian o0 GO¢ oua hai ban e woi thoi gian
T T T T T

Wan e goc (radie)
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Hinh 2.34 Vin toc goc cua bdn truc trdi va ban truc phai
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Su phéan chia mé men ra cac banh xe chu dong phu thudc vao gia tri caa mod
men ma sat trong bo vi sai. Khi tinh ¢dén ma sat trong bo vi sai thi gia tri mé men
trén hai banh xe chi dong bang moét nira gia tri mé men trén banh ring bi dong
cua truyén luc chinh cong hoic trir gia tri cia md men ma sét caa bo vi sai (theo
chiéu quay cua banh ring hanh tinh). Trong khao sat khi cac diéu kién can cua
mat dudng khac nhau 1am cho vi sai hoat dong 1am xuat hién md men ma sat
trong cua Vi sai, gi tri md men ma sat tinh toan duoc nhé hon 0.05 14n mé men
trén vo vi sai, diéu nay ph hop véi ly thuyét cho rang vi sai d6i ximg (d6i tuong
nghién cau) 12 vi sai c6 ma séat trong thap. Khi c6 mé men ma sat nén ngoai gia
tri m6 men, chuyén vi va van toc géc phan bé ra hai bén banh xe ciing s& khong

bang nhau.
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Két luan chwong 2

Xay dung md hinh dong luc hoc vi sai c6 xét dén hé sé can cua loai dudng
vi sai hoat dong va ma sét tiép xdc cua cac bo phan trong vi sai. M6 hinh dong
luc hoc hé théng vi sai cau xe 6 to tai nhe trong truong hop tong quat dd mo ta
dugc day du cac thdng sbé anh huong dén hé thdng truyén luc chinh va vi sai
gém lwc cha dong, luc can, ma sat trong vi sai.

Thiét 1ap md hinh tinh todn cac gia tri md men ma sat trong vi sai bao gém
mO men ma sat gitra banh rang hanh tinh va truc chir thap, mdé men ma sat gitra
banh rang hanh tinh va dém tya lung va m6 men ma sat gitra banh rang ban truc
va Vo Vi sai.

Xay dung so d6 thuat toan trong Matlab Simulink dé giai va md phong bai
toan dong lec hoc vi sai. Tur khao sat mé hinh dong luc hoc co cau vi sai, tinh
toan dugc md men va sé vong quay phan bo ra hai ban truc khi c6 mé men ma
sat trong co cau Vi sai. Thong qua khao sét khi cac diéu kién can ciia mat duong
khac nhau, vi sai hoat dong 1am xuat hién mé men ma sét trong cua vi sai, gia tri
mo men ma st tinh toan duoc nhd hon 0.05 1an md men trén vo vi sai, phi hop
vé6i ly thuyét cho rang vi sai d6i ximg (ddi tuong nghién ciu) 12 vi sai c6 ma séat
trong thap.

Khao sat anh huong cta hé s6 ma sat x4 dén cac md men ma sat, thiét lap
cac phuong an thay ddi két cAu vi sai nham giam md men ma sat bao gém vat truc
chit thap (kich thudc canh vat 1), khoan 16 trén banh ring hanh tinh (dién tichs™),

khoan 16 trén banh ring béan truc (dién tich s™).
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Chuong 3
KHAO SAT PONG LUC HQC VI SAI CAU SAU XE TAI NHO

3.1. Hiéu suét truyén ddng cau xe tai nhé

Hiéu suat cau sau 6 t6 theo [12], dugc danh gi4 théng qua hiéu suat caa cip
banh rang truyén luc chinh va vi sai cau sau xe tai nho va duoc xac dinh boi
cong thtc (3.1).

il R (3.1)
R R

77:

P,, P, Ps - Cong suat trén truc cha dong, béan truc trai va phai
P, - COng suat mat mat trén bo truyén : P, = Ps + Py + Py
P, - COng suat mat mat do ma sat;
P, - COng suat mat mat trong 6 bi;
P4 - Cong suat mat mat do khuay dau boi tron.
3.2. Co sé khao sat ddng luc hoc vi sai cau xe tai nhé theo ton hao céng suat
Trong hé théng truyén luc, ciing vaéi hop s, cau sau va vi sai trén 6 t6 duoc
nghién ciru theo xu hudng chinh: kha nang truyén mé men 16n vai hiéu suat cao
nhat va phan phdi ty sb truyén téi wu nhat, do d6 hiéu suat vi sai 1 chi tiéu quan
trong dé danh gia chat luong co cau vi sai.
3.2.1. COng suat cia vi sai cau sau 0 to tai nhé LF 3070G1

Hiéu suit vi sai xe tai 72, dugc xac dinh boi biéu thic (3.2).

_P+R _M,p+M;0;

5 (3.2)

77VS
M, @,

Trong do:
P., Ps, P, - Cong suat trén ban truc tréi, phai va vo vi sai ;

My, Ms, M, - M6 men xo3n trén ban truc trai, phai va vo vi sai ;
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0., oo, ¢, - Van téc gbc ciia ban truc trai, phai va vé vi sai.

Cong suit cta banh ring bi dong P, lai dugc xac dinh boi ¢ong thic (3.3).
P, =P +R+FRy (3.3)

Ps- CONG suat mat mat do ma sat trong bo truyeén.

Khi vi sai 1am viéc, ta c¢d biéu thic quan hé van tc goc va mé men trong

bo vi sai:
PV =@, L @31 (3.4)
Ps =0, 1 —@3 1 (3.5)
M, =M, + M, (3.6)

Tu (3.4) va(3.5)tacd @,,0;:

_|_
, = ¢4 2€05 (37)
05 = (= 95) 2 = Aot (3.8)
] A 2r, '
Pit Ao=|p.— VA AM —|M, —M,| 14 sai l&ch van toc géc goc va md men

gitta ban truc phai va trai.

Tt (3.6), (3.7), (3.8), ta c6 biéu thic cdng suat ton hao do ma st Pp

AM A
Py = (3.9)
2
Tir d6 hiéu suét cua vi sai biéu thic (3.10).
P AM A
g =102 =1 == (3.10)
2 2M, o,

Theo (3.10) dé tinh toan hiéu suat vi sai ta can tinh céng suat tén hao do ma

sat P trong bo vi sai.
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Cong suét ton hao do ma sat Py, trong bo vi sai 1a tong cac ton that do ma
st trong cac bo phan trong co cu vi sai bao gom:

Prs = Rust + P + B + R (3.11)

Trong do:

Phuot - CONQ Suét ton that trong an khop cap banh rang ban truc va hanh tinh;
Phyr - CONG suat ton that do mé men ma sat gitta banh rang hanh tinh va
truc chir thap;
Phyg - CONQ suat ton that do md men ma sat gitta banh rang hanh tinh va
déem;
Pruw - CONQ SUAL ton that do mA men ma sat gitra banh ring ban truc va vo vi
sai.

Trong cac ton that anh huong dén hiéu suat thi ton that trong an khop trong
cac banh rang vi sai da dugc nghién cuau trong cong trinh [48], va theo nghién
ctru [32] ton that trong an khdp banh ring hanh tinh va banh ring ban truc chi
dong gop 6.2 %, nho hon nhiéu so véi cac ton that do ma sat tiép xuc cua cac bo
phan co ciu vi sai 1a 93.8%. Do d6 luan an chu yéu nghién ciu ma sat tiép xuc
trong céac bd phan co cau vi sai nham nang cao chat lwong dong hoc thong qua
gia tri hiéu suat caa vi sai va bo qua ton that trong dn khdp banh ring hanh tinh

va ban truc, chi xét ton that do ma sét trong cac bd phan trong co cau vi sai.

3.2.2. Cong sudt ton thét ma sdt banh ring hanh tinh va truc chii thip Py,

O phan tinh toan m6 men ma sat cac bo phan trong vi sai, ta da tinh toan
duoc gia tri mé men ma sat gitra banh rang hanh tinh va truc chix thap M}, dugc
tinh theo biéu thtc (2.59):

/A '
ms _/°
Mg = > Nt e Pz
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Tir d6 ta co biéu thirc tinh céng suat ton that ma sat cho 4 banh ring hanh
tinh va truc chir thap Phyy:

P =4Mjy -0 (3.12)

Thé (2.59) (3.8) vao (3.12) ta co:

oo,
P = 7oy 2_; M,Aw (3.13)

3

3.2.3. Cong suit ton thit ma sdt givva banh rang hanh tinh va dém Phyq
Ta da tinh toan duoc gia tri mé men ma sat gitra banh rang hanh tinh va
dém M5, theo (2.64):

M = fha b M. tan asin 5(003(51 +6,)8IN(6; — 6y) — (8 — &)
2ry sin(s, + 6,)sin(5, —,)

)

Ta c6 biéu thuc tinh cong suét ton that ma sat cho 4 banh ring hanh tinh va
dém Ppyq:
Pys =4M5, @, (3.14)
Thé (2.64) va (3.8) vao (3.14) ta co:

CoS(d, +,)sin(d, = &,) = (6, = 5,) I,
sin(d, +6,)sin(d, - ;) )r3A (3.15)

P =4Mu@, = p,,qM, tanasino(

3.2.4. Céng sudt ton thit ma sdt giiva banh ring bdn truc va vé Py,

Ta da tinh toan duoc gia tri mé men ma sat gitra banh riang hanh tinh va

dém Mg, theo (2.73):

2 (r3,—r)
M tr::?v == Ll Kot 75« tXZ g
3 ( tx2 txl)

Ta c6 biéu thuc tinh cong suat ton that ma sat cho 2 banh ring ban truc va
VO Vi sai Ppyy:

Pbt/v - 2Mtr)]t17v ACO (316)
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Thé (2.73), (3.8) vao (3.16) ta co:

P :Eﬂbt/sztanaSingMAw (3.17)
3 (he2 — o)

3.2.5. Cong sudt ton thét ma sdt giita banh rang bdn truc va vé Py,
Tir (3.11) ta c6 biéu thirc cong suét ton that do ma sét tiép xdc tong trong Vi
sai:

Prs = P T P + By (3.18)

. r
— ct
Pms - ﬂ-'ﬂhtltr M ZAa) +
3

+14,,,M, tan e sin §(COS(51_+5°)SIH(51__5°)_(51_50))hAa)+ (3.19)
sin(o, + o;)sin(o, — ;) r '
3 .3
+1ubt,vM2tanasin5_MAa)
3 (rtxz - r-txl)'rtr
Tir (3.10) va (3.19) ta c6 biéu thuc tinh hiéu suat vi sai 77, :
P,. P, P
=1— ht/tr+ ht/d + bt/v 320
Mos { PR P } (3.20)
bat:
P ., Aw
e = = = Ty 7o —— (3.21)
. 2 . 21, ¢,
P . cos(0, +6,)sin(o, —0,) — (5, = 6,) I, A
g :%:ﬂh“d tan asin 5( ( 1_+ 0) Sin( L o) — (9 o))ﬂ .a) (3.22)
2 sin(d, +a,)sin(6, — o) o
P 1 = (,-r)) Aw
Loy = 22 == 4, tanasin § — 22—t — 3.23
" P, 3 " (rtfz_rtfl)-rtr ®, ( )
= Tys :1_[Iht/tr + g + Ibt/v] (3.24)

Khi d6 [;=Pi/P, (i=ht/tr, ht/d, bt/v) 14 ti s6 ton that céng suat cua céac thanh

phanhao ton vai cong suat trén vo vi sai. Tir biéu thic hiéu suat cta vi sai cho
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thay ton that do ma sat chi xuat hién khi b vi sai hoat dong tic 1a ¢é sy sai léch
van toc gbc caa 2 banh xe khi d6 Aw>0.

Tur (3.21), (3.22), (3.23) cho thay hiéu suat cua vi sai phu thudc vao gia tri
Aol@,. Hinh 3.1 cho thay anh huong ctia tim hoat dong cua vi sai Aw/ g, =[0+2]
dén hiéu suat vi sai 7, thong qua day gia tri cua hé s ma sat cho tat ca vi tri ma

sat 4=[0.03 007 0.1].

il
(]
i
o
(=]
-]

Ao g,

Hinh 3.1 Anh huéng cual@! % g4n hiéu sudt vi sai

T hinh 3.1, khi sai léch véan téc bén trai va phai cang I6n khi hé s6 ma sat
tai tat ca vi tri ma sat bang nhau thi hiéu suét vi sai cang giam.
3.3. Khao st anh hwéng ciia ma sat vi sai dén hiéu suat vi sai cau xe tai nhé
LF3070G1

Trén co s& hé phuong trinh vi phan mé ta dong huc hoc khi c6 mé men ma sat
trong co cau Vi sai (2.30), (2.31) va md hinh Matlab Simulink (muc 2.5.2) dé khao
sét lay cac thong sb dau ra A/ ¢, dé tinh hiéu suét truyén luc vi sai.
3.3.1. Khdo sdt déng luc hec vi sai nguyén bédn dé tinh higu suadt vi sai

Truong hep 1: Xét vi sai [am viéc trén duong Nong - 1am nghiép c6 hé sé

can 2 bén ban truc khdng bang nhau. Céc thdng sé khao sat cho trong bang:

Thong sé dau vao Yéu t6 anh hwéng Théng sé dau ra

- M6 men xoan trén tryc chi | - M6 men ma sat trong | - Gia tri chénh
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dong M;=Me*iys= 320*2.45 | c&c bo phan co cau vi | léch van téc 2 ban

N.m sai: truc chia cho van
- Loai duong hoat dong M™ =M™ +M™ | toc Vo Vi sai:
duong Nong - 1am nghiép cd ™ _ygms Ao |@,— ¢l
) M,™ =My, — =12
hé so can lan bén trai =0.14; P, P,
M" =My,

hé s6 can 1an bén phai f=0.12 - Hiéu suat truyén
- Tai trong P=0 (2 tan tai) luc vi sai 7,
- Hé sb ma st cho tat ca vj tri

masat x=[0.03 0.07 0.]

Két qua:

- Gia trj ty s6 chénh léch van toc 2 ban truc va vo vi sai khi p=0.03:

Aw _ |¢4 _¢5|
P, P,

=0.3438

- Gi4 tri ty s6 chénh léch van téc 2 ban truc va vo vi sai khi p=0.07:

Aw _ |¢4 _¢5|
P, P,

=0.5779

- Gi4 tri ty s6 chénh léch van téc 2 ban truc va vo vi sai khi p=0.1:
Aw _ |¢4 _¢5|
@, @,

=0.7527

- Hiéu suat cua vi sai gia tri cao nhat 1a n,=09895 khi 1=0.03, 5,=09587 khi
11=0.07 va 5, =09233 khi 4=0.1.
Truwong hep 2: Xét vi sai 1am viéc trén duong Nong - 1am nghiép co hé sb

can 2 bén ban truc khdng bang nhau. Céc thdng sé khao sat cho trong bang:

Thong sé dau vao Yéu t6 anh hwéng Théng sé dau ra

- M6 men xoan trén truc cha | - MO men ma sat trong | - Gia tri chénh

dong M;=Me*i,= 320*2.45 | cac bo phan co cu vi| léch van tc 2 ban
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N.m sali: truc chia cho van
- Loai duong hoat dong M =M +M™ |tOC VO Vi sal:
duong Noéng - 1am nghiép co M ™ = Aw _|@,— @]

, 4 = Wihtlv . N
hé so can lan bén trai £=0.14; P, %)

, . M ms — M ms i z . .
hé so can lan bén phai f=0.12 5 o - Hi¢u suat vi sai
- Tai trong P=50% (2 tan tai) T

- Hé s6 ma sat cho tat ca vi tri

ma sat #=[0.03 0.07 0.1]

Két qua:

- Gi4 tri ty s6 chénh léch van téc 2 ban truc va vo vi sai khi p=0.03:

=0.4814

Aw _ |¢74 _(b5|
@, ?,
- Gia trj ty s chénh léch van tc 2 ban truc va vo vi sai khi p=0.07:

=0.7774

Aw _ |¢4 _¢5|
@, ?,
- Gi4 tri ty s6 chénh léch van téc 2 ban truc va vo vi sai khi p=0.1:

=0.9976

Ao _|¢— ¢
2 ?,
- Hiéu suat cua vi sai gia tri cao nhat 1a 7, =09852 khi 4=0.03, 1, =09444
khi 41=0.07 va 1, =0.8983 khi 4=0.1
Truwong hop 3: Xét vi sai 1am viéc trén duong Nong - 1am nghiép ¢6 hé sb can 2

bén ban truc khdng bang nhau. Céc thdng sé khao sat cho trong bang:

Thoéng sé diau vao Yéu t6 anh hwéng Théng sé dau ra

- M6 men xoan trén tryc chi | - M6 men ma sat trong | - Gia tri chénh

dong M;=Me*i,s= 320*2.45 | cdc bo phan co cau vi | léch van téc 2 ban
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N.m sali: truc chia cho van
- Loai dudong hoat dong M =M™ +M™ | toC Vo Vi sai:
duong Nong - 1am nghiép ¢ m g ms Ao |@,— ¢l
, M, =My, — =
hé so can lan bén trai £=0.14; P, %)
M;® =My,

hé s6 can lin bén phai f=0.12 - Hiéu suat vi sai
- Tai trong P=100% tai. Mhs
- Hé s6 ma sat cho tat ca vi tri

ma sat £=[0.03 0.07 0.1].

Két qua:

- Gia trj ty s6 chénh léch van toc 2 ban truc va vo vi sai khi p=0.03:

Aw _ |¢4 _¢5|
?, P,

=0.7173

- Gi4 tri ty s6 chénh léch van téc 2 ban truc va vo vi sai khi p=0.07:

Aw _ |¢4 _¢5|
P, P,

=1.1187

- Gi4 tri ty s6 chénh léch van téc 2 ban truc va vo vi sai khi p=0.1:
Aw _ |¢4 _¢5|
@, @,

=1.4184

- Hiéu suét cua vi sai gié tri cao nhat 1a 5, =0.9780 khi x=0.03, 7, = 0.9200 khi
1=0.07 va n,=08554 khi x=0.1.

Thong qua 3 truong hop khao sat trén. Khi tai trong cta xe cang Ion thi
hiéu suat coa vi sai giam di. Hiéu suat vi sai dat gid tri cao nhat
1, =0.9895, 7, =0.9852, 7,=09780 twong wng vai 0% tai, 50% tai va 100% tai vai gia tri

hé sb ma sét 4=0.03.
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3.3.2. Khdo sdt dong luc hoc vi sai khi thay déi két cdu dé tinh higu sudt vi sai

O phan phan tich anh huong caa cac thong sb két cdu dén mé men ma sat
(muyc 2.4.2), khi giam chiéu dai canh vat truc | thi c6 thé giam md men ma sat
gitta banh rang hanh tinh va truc chir thapM[, ; ting dién tichs! dé giam mo
men ma sét giita banh rang hanh tinh va démM™, va tang dién tich s* dé giam
m& men ma sét gitra banh rang ban truc va vo vi saim™ .

Do d6, c6 thé sir dung bo vi sai co thay doi vé két ciu nhu trén nham [am giam
m6 men ma sat trong cac bo phan co cau vi sai tir d6 c6 thé nang cao duoc hiéu suat

vi sai 7. Biéu thuc (3.25) tinh hiéu suat vi sai khi thay doi két cau 7% .

Pk Pk Pk
k =1— ht/tr + ht/d + bt/v 3.25
s { PP P } (3.25)
P (1Y) o Ae
|k = ht/tr _ arcsm[—j.u ] Lt._ (3.26)
ht/t P2 rct ht/t r3 ¢2
k I:)hi:/d i
I/ =p M tan asin & x
Lo . (3.27)
COS(S, + 0,)sin(S, —6,) — (6, = &,) S, I Ao
sin(s, +6,)sin(5, — J,) zr2sin(s, +6,)sin(s, —=3,) ) 1, @,
P T (WA S, Aw
ItIJ(t/v — _btiv = I, tanasm&( (txz2 txl)2 _ kztx ; . (3.28)
PZ 3rtr (rtxz - r-txl) 27[rtr(rtx2 - r.txl) ?,

= 7, :1_|:Irl1(t/tr + g + Itly(t/v:l (3.29)
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Trwong hep 1: Xét vi sai 1am viéc trén duong 1am nghiép c6 hé sé can 2 bén

ban truc khdng bang nhau. Cac thong sé khao sét cho trong bang:

Théng so6 dau vao

Yéu té anh hwéng

Thong so dau ra

- M& men xoan trén truc chu
dong M=Me*i = 320*2.45
N.m

- Loai duong hoat dong duong
Nong - 1am nghiép c6 hé sb
can lan bén trai £=0.14; h¢ s6
can lan bén phai f=0.12

- Tai trong P=0% (2 tan tai)

- Hé s6 ma sat cho tat ca vj tri

ma sat p=0.1

- M6 men ma sat
trong cac bo phan co
CAU Vi sai:

M;® =My + Migs

Mg =My,

ms __ ppms
MS _Mbt/v

- Gia tri chénh léch
van téc 2 ban truc
chia cho van toc vo vi
sai:

Aw_|¢4_¢5|

Py P,

‘A Lypoos o+ k
- Hiéu suat vi sal 7,

Két qua:

- Gi4 tri chénh léch van tc 2 ban truc chia cho van toc vo vi sai:

Aw _ |¢74 _(b5|

=0.3904

?,

?,

- Hiéu suét cua vi sai gia tri 7 =0.9720 khi 1=0.1.
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Truwong hop 2: Xét vi sai 1am viéc trén duong 1am nghiép c6 hé sb can 2 bén

ban truc khéng bang nhau. Cac théng sé khao sat cho trong bang:

Thoéng so6 dau vao

Yéu té anh hwéng

Thong so dau ra

- Md men xoan trén truc chu
dong M=Me*iz= 320*2.45
N.m

- Loai duong hoat dong duong
Nong - 1am nghiép c6 hé sd
can lan bén trai £=0.14; h¢ s6
can lan bén phai f=0.12

- Tai trong P=50% (2 tan tai)

- Hé sb ma sét cho tat ca vi tri

- M6 men ma sat trong
cac bd phan co cau vi
sai:

ms ms ms
M3 = Mht/tr + Mht/d

M;ns :Mms

bt/v

ms _ ppgms
M5 - Ivlbt/v

- Gia tri chénh léch
van téc 2 ban truc
chia cho van téc vo vi

sai:

Aw _ |‘/"4 —(P5|
P, P,

« a X “ . k
- Hiéu suat vi sal 7,

ma sat u=0.1.
Két qua:
- Gi4 tri chénh léch van tc 2 ban truc chia cho van toc vo vi sai:
R -
o _[0:=0]_  gogs
?, ?,

- Hiéu suat cua vi sai 7% =0.9636 ung véi 1=0.1
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Trwong hep 3: Xét vi sai 1am viéc trén duong 1am nghiép cé hé sé can 2

bén ban truc khdng bang nhau. Céc thdng sé khao sat cho trong bang:

Thoéng so dau vao

Yéu té anh hwéng

Théng sé dau ra

- M6 men xoin trén truc chu
dong M;=Me*ins= 320*2.45
N.m
- Loai duong hoat dong
duong Néng - 1dam nghiép cé
hé¢ s6 can lan bén trai
f=0.14; hé s can lan bén
phai f=0.12
- Tai trong P=100% (2 tan
tai)
- Hé sb ma sét cho tat ca vi

tri ma sat p=0.1

- M6 men ma sét trong
cac bo phan co cau vi
sai:

M =M, + M,

ms _ ppqms
MA _Mbt/v

ms _ pams
M5 _Mbtlv

- Gia tri chénh léch
van tbc 2 béan truc
chia cho van téc vé vi
sai:

ACU:|¢4_¢5|

P,

D,

- A X . - k
- Hi¢u suat vi sai 7,

Két qua:

- Gi4 tri chénh léch van tdc 2 ban tryuc chia cho van toc vo vi sai:

Aw _ |¢4 _¢5|

= 0.6875

?,

D,

- Hiéu suét caa vi sai 7 = 0.9508 ng véi 4=0.1

Thong qua 3 truong hop khao sat trén. Khi tai trong caa xe cang lon thi

hiéu suat cua vi sai giam di:

+ O truong hop xe khong chiu tai, khi hé s6 ma sat u=0.1 thi hiéu suat bo vi

sai nguyén ban Ia 5, =0.9233, hiéu suét bo vi sai thay ddi két cu 1a 7, =0.9720.
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+ O truong hop xe chiu 50% tai, khi hé s6 ma sat u=0.1 thi hiéu suat bo vi
sai nguyén ban laz, =0.8983, hiéu suat bo vi sai thay déi két cau 1a ) =0.9636.

+ O trudng hop xe chiu 100% tai, khi hé s6 ma sat p=0.1 thi hiéu suat bo vi
sai nguyén ban laz, =08554, higu suat bo vi sai thay déi két cau 1a n = 0.9508.

Vay khi sir dung bo vi sai thay doi két cu theo phwong an khao sat trén thi
hiéu suat vi sai tang 1én 16n nhat 12 11%.
3.4. Nghién ctru nang cao chat lwgng dong luc hoc vi sai xe tai nhé

3.4.1. Anh hwéng ciia co ciu vi sai dén tinh néing kéo bam

Trong 6 td, md men cua dong co truyén dén cac banh xe cha dong tao ra

luc kéo tiép tuyén dam bao cho 6 t6 chuyén dong.
+ Luc kéo tiép tuyén theo kha ning cua dong co:

p - M7,

- (3.30)
Trong do:

M. - MO men cua dong co;

it - Ty s6 truyén céc tay s6 cta hop so;

1 - Hiéu suét truyén lyc;

I'nx - Ban kinh banh xe chu dong.

+ Luc kéo tiép tuyén theo kha ning bam ta co:

R =P =p(2,+7,) (3.31)

Trong do:

@ - Hé s6 bam cua banh xe véi mat duong;

Z1, Z, - Phan luc phap tuyén cua banh xe bén phai va bén trai.
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Trong diéu kién 1am viéc & duong xau Py xac dinh theo kha ning bam vi xe
lam viéc & cac s truyén thap, con kha ning bam phu thudc vao hé sé bam ¢ va
trong luong bam.

Su bam gitra cac banh xe chu dong voi mit dudong xac dinh tinh chat kéo
t6i han cua 6 t6. Luc kéo toi han theo luc bam véi mit dudng thay d6i rd rét khi
trong hé thdng truyén e 6 vi sai va khdng c6 vi sai.

3.4.2. Hé s6 khod vi sai K

Hé s6 khoa vi sai dugc dinh nghia nhu cong thic (3.32).

M,-M M
K, =é s = Lo (3.32)
M,+M, M,

Khi khdng c6 ma sat trong vi sai My,s = 0 thi Ks= 0, trong trueong hop nay
luc kéo téi han theo diéu kién bam khong truot cua 6 to chi dat duoc khi hé sé ¢

dudi tat ca cac banh xe chii dong 1a nhu nhau.

Khi vi sai duoc hdm hoan toan M,,s = M, thi theo cbng thic (3.32) hé sé
khoa vi sai Ks= 1.

Tuy nhién dé sir dung hoan toan luc bam cua céc banh xe chu dong voi dat
ngay ca khi hé s6 bdm ¢ ting béanh xe rat khac nhau khéng can thiét phai khoa
vi sai hoan toan véi Ks= 1.

Trong truong hop, mot trong hai banh xe bj truot quay hoan toan (hé sé
bam cua hai banh xe véi mat duong la khac nhau) & t6 khéng chuyén dong
duoc. Trong mot truong hop dac biét, néu c6 mot banh xe & vi tri mat duong cé
hé s6 bam @ma VA Mot banh xe & vi tri mat dudng c6 hé s6 bam @nin. Truong
hop nay, goi Z, 1a phan lyc Ién mot banh xe & cau sau Va ry, 1a ban kinh lam viéc

cua banh xe ta sé co:
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Ms = 01522§0maxrbx
(3.33)

M, = 0,522§0minrbx
(3.34)

Khi ¢nax = 0,7 Va ¢nmin = 0,1 thay vao cdng thuac (3.32) ta co:

K - 0,52, (P = Pain) _ 0.7-0.1 0.75
) 01522rbx (¢max +¢min) 0.7+0.1

(3.35)

Véi gia tri Ky 16n hon nita ciing khéng 1am cho tinh chat kéo bam cua 6 t6
t6t hon. Thong thudng Vi CAC Gid tri @max VA @min KhONg khac nhau nhiéu nén K
= 0,3 = 0,7. Khi K4 16n s& kho ai, 16p s& mon nhanh va trén cac dudng tron co
thé 1am cho 6 t6 bi truot ngang.

3.4.3. Hé s6 gai vi sai
Hé s6 gai vi sai K;la ty s6 gitta md men cia banh xe quay cham véi mo
men cua banh xe quay nhanh, phuong trinh (3.36).

K,=—=2 (3.36)

Theo dinh nghia vé K;nhu trén thi quan hé gitta K;va K phuong trinh

(3.37).

(3.37)

Nhu vay khi Ksthay doi tir 0 dén 1 thi K; thay doi tir 1 dén .
3.4.5. Quan h¢ giira luc kéo va hé sé ham vi sai

Quan hé gitra luc kéo bén trai (banh quay nhanh) Py, bén phai (banh quay
cham) Py, va hé sb ham vi sai duoc xac dinh boi cong thirc (3.38) va (3.39).
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M

Po=57201-K,) (3.38)
2r,

R =2 (14K,) (3.39)
2r,

Trong do:
Fe=RithR.:= M, = M, + M, =0.5Z, (@nin + Proax)
bx rbx

74050

=O.5.T.0.8=l4810 N

M, =B, .r,, =14810.0.44 =6514.4 N.m (3.40)
Khi K_ =0,R, =P, =14810/2 = 7405N
Do thi biéu dién quan hé gitra luc kéo va hé s6 ham vi sai biéu dién trén

hinh 3.2.

Pkl!PkZ
2 <104 i
Py + Py

15k IR
(=]
o sz
o 1
5
—

05 F

Py

[] 1 1 I 1 1 L i 1 L
0 0.1 02 03 04 05 06 0¥ 08 039 1 Ko-

Hé s ham vi sai

Hinh 3.2 Pé6 thi biéu dién quan hé lyc kéo va hé $6 ham vi sai
Nhu vay Py, va P 13 ham sé bac nhat cia K_ . Néu biéu dién trén d6 thi thi
P, +P, =M, /r =const. Tai K. =0tacd Py =P, khi K_bién thién tir 0 dén 1
thi Py, giam va Py, tang. Phan bén phai d6 thi hinh 3.3 ta vé duong nét cham vi

doan nay biéu dién cac gia tri luc kéo véi ¢ > 0,75 qua I6n.
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Quan hé gitra luc kéo trén banh xe chu dong bén trai Py, bén phai Py, va hé

s6 gai vi sai dugc xac dinh bai cong thic (3.41).

1+ K
R, =R,
N (3.41)
Trong do:
P, :%%M :@0.1:1850N (3.42)

Do thi bi€u dién quan h¢ luc kéo va hé s6 ham vi sai bi€u dién trén hinh 3.3.

Pyy, Pra
x10%
2.5 T
2 Py1 max
. ,
15¢F ¥

Py.-max

05T . z
Ppamin= ?'@m[n

U L 1 A 1 1 1 I L A
0 0.1 02 03 04 05 06 0.7 0.8 0.9 1 K,

Hé sd ham vi sai
Hinh 3.3 Do thi biéu dién quan hé lyc kéo va hé $6 hdm vi sai theo hé so bam
khac nhau
Do thi 3.3 biéu dién anh hudng cua hé sé hdm K_déi vai tinh chat kéo cua
0 t0 trén nhung v&i cac hé s6 bam ¢ rat khac nhau (¢min = 0,1; @max = 0,7).
3.4.6. Quan h¢ giia luc kéo va mé men ma séat
Pé khao sat quan hé gitta luc kéo va mdé men ma sat trong vi sai, ta biéu
dién mdi quan hé giira luc kéo va mdé men ma sat dudi dang phuong trinh tham

s6 (3.43).
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Mms:MZKa

p=Mag k) 0<K_<0.75

kl_2rb o = "N — ¥ (343)
M

P,=—2(+K

k2 2rb( o‘)

Tu d6 xac dinh dugc do thi biéu dién quan h¢ luc kéo va mé men ma sat

trong vi sai, d6 thi hinh 3.4.

Py Pya
20000 . T T . T . T . .

18000 [ 1
16000 | Py + Py ]

14000 + .

12000 | Py et 1
10000 | L - |

Luc kéo

8000 p—" -

6000 | -
4000 | Py ]

2000 f 1
|

0 Mg

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Mé& men ma sat

Hinh 3.4 Do thi biéu dién quan hé lyc kéo va mo men ma sat
P, va Py 12 ham sé bac nhat cia mé men ma sat Mys. Néu biéu dién trén
d6 thi thi P, +R, =M, /r, =const.Tai My, = 0 ta 0 Py = Pyo , khi My bién
thién tir 0 dén oo thi Py, giam va Py, ting. Phan bén phai d6 thi 3.4 ta vé& duong
nét cham vi doan nay biéu dién cac gia tri luc kéo véi ¢ > 0,75 qua I6n.
3.4.7. Khdo sat quan hé giira luc kéo va hé sé bam
Goi ¢, P 1an luot 12 hé s6 bam va luc kéo can thiét tai banh bén trai, voi

e £0,7
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Goi gpn, Py 1an lugt 1a hé sé bam va Iuc kéo can thiét tai banh bén phai, véi

Py = 0,7

Phuong trinh tham s6 mé ta mdi quan hé cta Iyc kéo va hé sé bam (3.44).

Py =U
Pon =V
5 :Mztl_u—vJ 0<u<07
T or T usv 0<v<0.7 (3.44)
R, =2 (1+“_Vj
2.1, u+v

Tir d6 xéc dinh d6 thi biéu dién quan hé lyc kéo va hé s6 bam, do thi 3D hinh
3.5.

02
01 g4

Hinh 3.5 D6 thi 3D biéu dién quan hé gitta luc kéo va hé s6 bam
3.5. Co sé ly thuyét tinh todn hiéu suat kéo téng quat caa xe
3.5.1. Higu sudt kéo cia 6 t6 khi trang bj co’ cdu vi sai
O t6 khi hoat dong trén duong 1am nghiép, nong thdn khi co co cau vi sai
c6 ma sét trong thap, s& thuan tién khi xe thuong xuyén quay vong, nhung doi

khi gap duong xau, diéu kién bam cua duong khong tét, vi vay khi thiéu bam s&
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lam cho 6 td khdng c6 kha ning phat huy luc chi dong du 16n dé khic phuc luc
can, banh thiéu bam thuong bi truot, do d6 1am giam van téc chuyén dong, tham
tri & td bi truot quay hoan toan. Vi vay dé danh gia anh huong cua hé sé khda vi
sai dén kha niang kéo bam cua 6 t6, can tinh toan hiéu suat kéo cua 6 to trong hai
truong hop sau:

- O t6 ¢6 vi sai vai hé sb khoa vi sai nho

- O t6 c6 vi sai vGi hé sb khoa vi sai lon.

Hiéu suat kéo cuaa 0 td theo tai liéu [26], duoc tinh theo cdng thuc (3.45).

e = Thhs Tus s (3.45)

Trong do:

1. - Hiéu suat kéo cua toan xe ¢ ché do kéo (ché do xe chay dudi tac dung
ctia m6 men tir dong co dén banh chu dong) khdng phai ché do phanh;

1. - Hiéu suat co hoc cua hé thdng truyén luc cua hop sé & s6 truyén dinh
tinh va truyén luc chinh;

1. - Hiéu suat truyén lec cua vi sai;

1, - Hiéu suat tinh dén mat mat do truot cua cac banh xe cha dong.

3.5.1.1. Hiéu sudt cia hé thang truyén luc

Hiéu suat co hoc cua hé théng truyén luc [24] bao gdom cua hop sé & sb
truyén dinh tinh va truyén luc chinh.

Khi tinh & s6 truyén tay s6 3, c6 2 cip banh riang try an khép, 1 cip béanh
rang non cua truyén luc chinh, hiéu suit co hoc hé théng truyén lyc tinh theo

(3.50).

M, =0,97%.0,96 = 0,903 (3.46)
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3.5.1.2. Higu sudt truyén luc cia vi sai

Hiéu suat truyén luc vi sai ciing chinh 13 hiéu suat cua luc cha dong. Theo
tai lieu [18], Néu goi w., ws, -, 1a van tdc goc twong tng caa ban truc trai, phai
va cua vo vi sai. Khi co su quay tuong d6i giira hai ban truc, phuong trinh can

biang cdng suét caa hop vi sai la:
—,
M,.0, =M. .o +M,.0, +M__ (%) (3.47)
Hay cong suat dau ra cia co cau vi sai la.
2

M. +M,.0,=M,.0,—M__ (Mj (3.48)

Hiéu suat truyén luc cua co cau vi sai (3.49).

M,.0,—M__ (605_0)4)

n. = M..o,+M,.o, _ 2
® M,., M,.o,
NS
R =|1-— 2 (3.49)
" M,.o, '

Tir ¢ong thac trén, néu ws=ws thi mat mat cdng suat cho ma séat s& bang
khong, n,s=1; con khi ws# ©3, thi s& c6 mot phan cong suat mat méat do ma sat
trong hop vi sai nén 7,<1.
3.5.1.3. Higu sudt tinh dén truot ciia cic banh xe chu dong

Hiéu suit tinh dén truot cua cac banh xe chu dong 77, theo tai lidu [26], hiéu
suat nay duoc tinh bang cong thuc (3.50).

ns=0@0-9) (3.50)
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Véi 6 1a do truot caa o t6 khi chuyén dong thang, ta co:

5:‘% (3.51)

it
Trong d6 : V, lavan téc ly thuyét; V, = o, I,

V, 1 van téc thuc té; V, = @y in -l

V6i wpmin VAN tOC gAc cha banh khong truot

Gia sir banh bén phai c6 hé s6 bam nho thi banh bén phai s& bi truot quay,

wpmin 12 VAN goc banh bén trai.

5 _ Vlt _Vtt _ Cl)z.rbx _a)bmin'rbx :1_ a)bmin (352)
V, @,.I, @,

Sau khi tinh duoc d6 truot, hiéu suét trugt duoc tinh theo (3.53):

775 — (1_5) =1— (1_ a)bmin ) — a)bmin . (353)

W, W,

Tir (3.45), (3.46), (3.49), (3.53) ta c6 cdng thuc tinh hiéu suat kéo tong quat
cua 0 t0 (3.54).

s
2 | %m 100%  (354)

M,.», @,

Mk = s Ms M5 = Thhs+| 1—

Cong thie (3.54) 1a cong thirc tong quat xac dinh hiéu suat kéo caa 6 to khi
chuyén dong thang trén duong khi ¢d hé s6 bam khac nhau gitra hai banh cha
dong.

3.5.2. Hiéu sudt kéo téng quat cia 6 td khi c6 hé sé khoa vi sai thdp

3.5.2.1. Luc kéo chu dong cua xe tdi theo mé men dong co
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Luc cha dong tinh theo diéu kién cong suat (hay md men dong co) khong
thé 16n hon diéu kién bam cua banh xe véi mat duong:

M., .
R=—%L13% (3.55)
b

P =0Z=9p(Z,+Z,) (3.56)

Khi tinh lec cha dong theo md men ddng co theo cong thic (3.55), néu luc
nay 16n hon kha ning bam, ta can xac dinh lyc chu dong theo diéu kién bam cua
0 16 (3.56).

3.5.2.2. Xac dinh luc kéo chu dong cua xe

Véi vi sai c6 ma sat trong nho (K, =M, _ /M, =0.02+0.05), cd thé gia thuyét
M, = Ms, xét trong hai trueong hop.
- Trurong hop hé sé bam gizza hai banh xe bang nhau

Gia sir h¢ s6 bam cta banh xe bén trai ¢, va bén phai bang nhau g,
(puw=0pn), luc kéo cua banh xe chu dong bén trai Py, va bén phai Py, duoc tinh
theo (3.62)

Pu=Pio= ou. Z1= ®Pph- Z,
(3.57)

Khi @6 Iuc kéo cha dong caa xe Py.

Pk=2. Pk1=2.Pk2= 2. (S Zl= 2. ®Pph- Zg
(3.58)

So sanh luc Py tinh duoc tir cdng thac (3.55) va (3.58). néu Py theo (3.55)
nho hon Py theo (3.58), ta chon luc chu dong cua xe Py tinh theo (3.55), nguoc
lai néu Py theo (3.55) 16n hon Py tinh theo (3.58) thi ta chon luc chu dong clia xe
P« tinh theo gia tri cua luc bam (3.58)
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- Trurong hop hé sé bam gizza hai banh xe khéng bang nhau
Khi hé s6 bam cua 2 banh xe khdng bang nhau, gia st (py>@pn). Khi d6 luc
kéo chu dong cua xe Py bang hai lan luc bdm cta banh xe ¢ hé sé bam thap.
Pk=2.Pk2: 2. Pph- Zg
(3.59)

So sénh gia tri luc cha dong Py tinh dugc tir cong thic (3.55) va (3.59), ta

chon luc chii dong tuong tu nhu trudng hop hé sé bam biang nhau.
3.5.2.3. Xdc dinh ché d¢ lam viéc ciia déng co

Xac dinh diém 1am viéc cia déng co c6 md men M, duge xac dinh theo
(3.60).

P.r
:>Me: -k bx

P, = M. .7
rbx It T}

(3.61)

Dua vao dudng dic tinh dong co xe tai LF3070G1 (hinh 3.6), ta c6 sé vong
quay tuong ung cua truc khuy déng co n, tai gia tri M.

DUOMNG DAC TINH DOMNG CO XE LIFAN LF3070G1.
120 ------- oot oot Tt P T TTTT TTTTTTA T TTIT T TTTTe T TTTTT

Me[kGm], Me[ml]

0 i i i i
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
ne[w/ph]

Hinh 3.6 Duong dac tinh cua dong co xe tai LF3070G1

Van toc gac cua xe w, (van tdc goc trén vo vi sai) theo cong thic (3.62).
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z.n,

" 304,

@, (3.62)

3.5.2.4. Xac dinh do truot cua cac banh xe chu dong
Dbi vai cac banh xe 6 td, hién twong lin khéng truot chi I gia dinh, con

trong thuc té ludn xay ra hién tuong trugt caa cac banh xe. Do d6 nguoi ta dua
ra cac khai niém do truot 4. Do trugt & 14 mét trong cac thdng sd quan trong
dung dé danh gia tinh chat bAm cua béanh xe chi dong va tinh ning kéo bam va
tinh nang phanh cua 6t6. Ta tinh d¢ trugt trong hai truong hop.
- Trurong hop hé sé bam gizza hai banh xe bang nhau

Khi hé s6 bam hai bén banh xe bang nhau, ta c6 thé chon do truot 6 theo cac
nghién ctu thuc nghiém. Theo tai li¢u [5], [7], ta chon 6=0.03.
- Trurong hop hé sé bam giiza hai banh xe khéng bang nhau

Phuong trinh c4n bang céng suat hai bén banh xe.

M, 0, = M., (3.63)

O Mo ol oy

(Z,=2,,0,>0,) (3.64)
o, M, ¢ph-zz-rbx Pon Lo "

= a, =Ko,
(3.65)

Thé (3.65) vao phuong trinh dong hoc vi sai:

— 20)2
@, + @5 @ = (1+K)
©ETT 2K (3.66)
%= K)

Do truot cia 6 t6 khi chuyén dong thang, ta co:



98

5= v_“ t (3.67)
Trong do:
Vit = 3.
(3.68)
Vy=a0,5, = %-ﬁ)x (3.69)
Thé (3.68), (3.69) vao (3.67), ta tinh dugc d0 truot & .
s Va—Ve _K-1 (3.70)

V

It

K+1
3.5.3. Higu sudt kéo kéo tong quét cia 6 t6 khi co hé sé khda vi si sai cao
3.5.3.1. Xac dinh luc kéo chu dong cua xe

Luc kéo chu dong theo dong co va luc kéo theo diéu kién bam khi hé sb
bam gitra hai banh xe bang nhau duoc tinh tuwong tu nhu truong hop vi sai ¢6 ma

sét thap.

Xét trudong hop hé sé bam giira hai banh xe khdng bang nhau. Gia sir hop vi

sai cO k,=M_ /M, =0,3, khi doM_ =0,3M,, dudi tdc dung cia md men ma sat

nay, banh thiéu bam c6 thé xem nhu bi phanh lai, dé banh du bam duogc ting
thém mot lugng md men chinh bang mdé men ma sét trong cua hop vi sai, nho
vay banh du bam sé& tao thanh lyc cha dong du Ion dé vuot khoi ving dat xau.
Ta can phai xac dinh mé men M5 nay dé xac dinh md men ma sat trong cua hop

vi sai qua hé sb khoa vi sai K, .
Khi mét banh thiéu bam, gia str khi khoa cung vi sai K;=1, thi luc bam
tong cua ca xe bao gom: luc bam bén banh thiéu bam cong véi luc bam cua bén

da bam. Nhu vay khi khéa cténg vi sai, néu ¢ luc bam bén trai da bam c6 hé sb
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bam 12 ¢y, cOn bén thiéu bam gia st 1a banh phai c6 hé s6 bam 1a gy, thi luc
bam tong s& l1a:
P =Py + Py =0,,.Z, +9,.Z, (3.71)

Gia sir hai banh c6 cing phan luc phép tuyén (Z,=Z,=2), va P>, CONG
thire trén c6 thé phan tich thanh:

P, =P + Py

7
= goph Z + qoph Z + (qotr - wph)'z
= 2quh Z + (@tr - wph)'z (372)

Nhu vay ta c6: Khi khéa cting vi sai, luc bam tong caa 6 td bang hai 1an luc
bam trén banh thiéu bam cong véi luc bam do chénh léch hé s bam gitra hai
banh, tic thanh phan (py - @u).Z, nghia 1a da tan dung dugc toan bo hé s6 bam
cua ca hai banh bén trai va bén phai, tao thanh luc chi dong. Nhu vay khi hé sb
khoa vi sai Ks=1, thi luc bam tong sé& bang luc bam cua hai lan banh thiéu bam
cong véi hiéu luc bam caa hai banh nhan véi phan lyc phép tuyén cua mot banh
Z. Khi Ky<1 ta s& c6 luc bam cta 6 td bang 2.¢pn.Z cong Vi Ks. (@ - ¢pn).Z. Nhu

vay ta cd lyc bam tong cia cau chi dong la:
Pga =B + Ry = ¢ph'z +[(Pph-z + K (o, _¢ph)z]
P, =202 +K(p, —¢,)Z (3.73)

T phan tich trén ta thiy M,s chinh 1a phan mé men dugc ting 18n toi gié tri
cuc dai ¢ thé khi mot bén thiéu bam, hé sé khoa vi sai K; duogc tinh theo phan

tram cua m6 men nay, nhu vay ta co:

Mvs = (gpmax o ¢min)z'rbx (374)
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O vi sai c6 mé men ma sat cao, ta c6 cac cong thirc mé men trén cac ban

truc, mé men ma sat va mo men trén vo vi sai nhu sau:

M; = @,,.2.1,

(3.75)
M, =@, 2.5 +K (@, —@,).Z.5, (3.76)
M,~-M,=M__ (3.77)
M = K (@ —@pn)-Z.1;, (3.78)
M, =P 1, =[2¢, +K;(®, —0,,)]1Z.1, (3.79)

Gia st px=0.7 , pp=[0.1+0.7]. Gia su ¢p,=0.2 thay vao (3.73), tinh duoc
luc bam tong cua cau cha dong.

So sénh cong thuc (3.55) vai cong thuc (3.73) va chon luc kéo chu dong
theo diéu kién mo6 men dong dong co hoic theo diéu kién bam nhu cac trudng
hop trén.
3.5.3.2. Xdc dinh ché dg lam viéc cia déng co

Khi so sanh lec cha dong vai luc bam, néu lec chu dong nho hon luc bam,
khi d6 ta c6 ngay diém lam viéc cua dong co theo cong thic (3.61) nhu trudng
hop Vi sai ma sat thap.

Néu phai tinh luc chi dong theo cong thirc 3.73 thi md men chu dong trén
VO Vi sai My=P,,.r. Thay tri $6 gy, @pn, Z, Iox VA0 (3.79) ta c6 My, xac dinh M, va
ne tr duong dac tinh dong luc hoc xe tai tur d6 tinh duoc w, theo cong thuc
(3.62).
3.5.3.3. Xac dinh do truot cua cac banh xe chu dong

Ta c6 cac phuong trinh trong bd vi sai ma sat cao
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M, =, 21, (3.80)
M, =@,.Z.56, + K (@, —@,).Z 5, (3.81)
M, =P, .t =[2¢,, + K; (¢, —9,)].Z.1, (3.82)
M, =M, —M; =K, (g, —9,.)-Z.5, (3.83)

Khi ¢6 su trugt cia mot banh xe thiéu bam, ta c6 cdng thuc sau:
M,0, =M,

Thay tri s6 md men cua hai ban truc tir cong thuc (3.80), (3.81) & trén vao

ta co:
[0+ Ks (@, —@)1 2.8 0, = @ 2.V, (3.84)
Thay ws=2w,-w4 vao (3.84) ta co:
[@pn + K (0 —@p0)) 0, = 9.2, — @)

= (¢ph + Ké‘ (@tr - (Dph) + qoph)'a)4 = (Dph '20)2

2¢ph
) 2¢ph + K(S ((Dtr _(Dph) ? ( )
Tu do ta co:
Pon
—Sw=2|1- P ) 3.86
’ { 2¢ph + K5 ((Dtr (Dph)J ’ ( )

Do truot cia 6 t6 khi chuyén dong thang, ta co:

s=2"Vu (3.87)

Trong do:
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Vit = 2.y
(3.88)
20,
V,=asl, = P @,.1, 3.89
o 2¢ph + K6 ((Dtr _¢ph) 27 ( )
Thé (3.88), (3.89) vao (3.87).
S = V|t _Vtt _ K§ (¢tr - @ph) (390)

Vi 2§Dph + K (o _¢’ph)

3.5.4. Phwong dan khdo sdat va chwong trinh tinh todn
3.5.4.1. Phuong dn khao sat

Trong luan &n tién hanh khao sét tinh toan hiéu suat kéo tong quat 7, cua xe
tai nho LF 3070G1 cé mé men ma sat trong vi sai nho (Ks; nho) va mé men ma
séat trong vi sai 16n (K, 16n). Tir d6 dénh gia anh huong caa co cau vi sai khi c6
m6 men ma sét trong thap va cao dén kha ning kéo bam khi xe hoat dong trén
duong Nong - 1am nghiép c6 hé sb bam 2 bén banh xe khac nhau va mét bén
banh xe c6 hé sé bam thap.

Trong qué trinh khao sat c6 nhiéu phuong an khac nhau tuy thudc vao cac
diéu kién dau va céac thong sé dau vao. Céac diéu kién nay duoc chia ra lam cac
nhom:

- Céc thdng sb cua xe tai nho LF3070G1: Trong lugng Xe, tai trong phan bd
ra cau chit dong, ban kinh banh xe, hiéu suat caia hé thong truyén luc, duong dac
tinh dong co cua xe...

- Céc thdng s bién d6i do mat duong: hé sb bam caa banh xe chii dong bén

- Céc théng sé dau vao: Ty sb truyén céc tay s6 caa hop s6, hé sé khoa vi sai

Ks...
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Cac thdng s6 dong luc hoc can ly ra dé 1am co s khao sat danh gia qua

trinh 1am viéc caa co ciu vi sai:
- Md men va luc kéo sinh ra ¢ hai ban truc: M, Ms, Py, Po.
- Van tdc goc cua hai ban truc va vo Vi sai: wa, ws, w;.
- M6 men va lyc chu dong cua xe: M, Py.
- b6 truot quay cua cac banh xe chu dong o.

- Hiéu suét kéo tong quat cua xe #.
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3.5.4.2. Luu do gidi thugt [ Bt dau ]

Chon phuong an khao
sat (nhap Ky)

Nhap cac sb liéu dau vao
va diéu kién dau

Tinh luc kéo theo

dong co Pyy va theo

Piac< Piy

[ Pi=Puqc ]

v

Tinh tOén W), Wy, Ws,

Tinh toan hiéu sut kéo

Két thac
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Hinh 3.7 So do gidi thudt khdo sdt

danh hwong Ko dén tinh nang kéo bam

3.6. Két qua khao sat

Gia thuyét xe tai nho LF3070G1 c6 ché do 1am viéc Men.,=320 N.m, & tay
s6 3 (in3=2.45) va c0 ty sb truyén cuaa truyén luc chinh i;=6.57. Cac thong sb ky
thuat caa xe tai nho LF3070G1 duoc cho trong bang 4.5 (chuong 4).
3.6.1. Anh hwéng vi sai ma sat trong thdp dén tinh ning kéo bim
3.6.1.1. Hé sé bam cua hai banh xe chu déng bang nhau

Khi Ks=0 (gia st py=¢pn=0.7), luc kéo chu dong dugc tinh theo kha nang
cta dong co P,=10571 N; M6 men tai vo vi sai My=4651.2 N.m; Khi d6 van téc
g6c cua hai ban truc bén tréai, bén phai quay bang nhau va bang van téc goc cua
VO Vi sai (w.= ws= ws=13.01 rad/s); M6 men phan bé ra hai ban truc bang nhau
(M;=Ms=2325.6 N.m); D¢ truot cua cac banh xe chi dong lay theo 1y thuyét
9=0.03 va hiéu suat kéo cua xe lic nay 1 7,=90.3%.
3.6.1.2. Hé sé bam cua hai banh xe chu déng khdng bang nhau

Khi Ks=0 (gia st ¢+=0.7, ¢,n=0.2), luc kéo chu dong dugc tinh theo kha
nang bam P,=6000.1 N; M6 men tai vé vi sai M,=2640 N.m; Khi d6 van toc goc
cua hai béan truc bén trai, bén phai khéng con bang nhau va cé gia tri chénh léch
kha Ion (w4=9.54 rad/s, ws=33.4 rad/s, w,=21.47 rad/s), su khac nhau cua van
tbc goc hai banh xe 1a do su khac nhau vé hé sé bam gitta hai banh xe, qua day
ta thay su can thiét cua bo vi sai dé nham giam sy chénh léch van téc goc hai
banh; Md men sinh ra tai hai ban truc trai va phai bang nhau (M,=Ms=1320
N.m); D¢ truot cua cac banh xe chi dong ting manh 6=55.56% va hiéu suét kéo
cua xe giam di ro rét 7,=40.13%.
3.6.2. Anh hwéng vi sai ma sdt trong cao dén tinh néing kéo bam

3.6.2.1. Hé s6 bam cua hai banh xe chii déng bang nhau
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Khi K;=0.3; Do bam hai bén banh xe bang nhau (py=¢p,=0.7) llc nay vi
sai khong hoat dong chi déng vai tro 1a cai nem luc, do d6 cac thong sb dong luc
hoc trong trudng hop nay gidng voi truong hop vi sai c6 ma sat trong thap; Do
truot cua cac banh xe chu dong 6=0.03 va hiéu suat kéo cua xe lGc nay la
n=90.3%.
3.6.2.2. Hé s6 bam cua hai banh xe chii déng khong bang nhau

Khi K;=0.3 (gia st 94=0.7, ¢n=0.2), luc kéo chu dong duoc tinh theo kha
nang bam P,=8250 N; M6 men tai vé vi sai M,=3630 N.m; Khi d6 van téc goc cua
hai ban truc bén trai, bén phai khéng bang nhau va cé gia tri chénh léch nho hon
trong truong hop ma sét trong thap (w,=15.14 rad/s, ws=26.49 rad/s, ©,=20.815
rad/s); M6 men sinh ra tai hai ban truc trai va phai khéng bang nhau (M,=2310
N.m, Ms=1320); D truot cua cac banh xe chu dong giam con 6=27.27% va hiéu
sut kéo cia xe tang 1én rd rét #,=60.78%.

3.6.3. So sanh higu sudt kéo vi sai ma sat trong thdp va cao

Khi banh xe bén trai du bam cd hé s6 bam 14 ¢,=0.7, banh xe bén phai c6
hé s6 bam thay doi nam trong khoang ¢,;=[0.1+0.7]. Ta c6 hi¢u suat kéo tong
quét #, cua Vi sai khi c6 ma sat trong thap va cao twong tng vai cac hé sé khoa
Ks nhu trén hinh 3.8.

HIEU SUAT KEO CUA VI SAI O TO VOI BANH BEN TRAI DU BAM PHI = 0.7 mH'EU SUAT KEO CUA VI SAl O TO VOI BANH BEN TRAI DU BAM PHI = 0.7
T T T T T T

HIEU SUAT KEQ ETAK %
HIEU SUAT KEO ETAK %

201 i i i i i | 7
0.1 02 0.3 04 05 0.6 0.7 0.8 0
HE SO BAM CUA BANH THIEU BAM PhiP, Kdelta=0.1 HE SO BAM CUA BANH THIEU BAM PhiP, Kdelta=0.3

i i
0.2 0.3 04 0.5 0.6 0.7 0.8

a) Vi sai ma sat trong K;=0.15 b) Vi sai ma séat trong K;=0.3
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HIEU SUAT KEO CUA VI SAl O TO YOI BANH BEN TRAI DU BAM PHI = 0.7 HIEU SUAT KEDQ CUA VI SAl O TO VOI BANH BEN TRAI DU BAM PHI = 0.7
00 100

HIEU SUAT KEO ETAK %
HIEU SUAT KEO ETAK %

1 i i i i i i i i i i
0.1 02 0.3 04 05 0.6 07 0.8 0.2 0.3 04 045 0.6 0.7 0.8
HE SO BAM CUA BANH THIEU BAM PhiP, Kdelta=0.45 HE SO BAM CUA BANH THIEU BAM PhiP, Kdelta=0.5

c) Vi sai ma sat trong K;=0.45 d) Vi sai ma sat trong K;=0.5
Hinh 3.8 Hiéu sudt kéo tong qudt vi sai ¢6 ma sdt trong thdp va cao

Tur két qua khao sét, ta thay rang khi xe tai nho 1am viéc trén duong xau, co
hé sb bam thap va khac nhau gitra hai banh xe, khi khdng c6 ma sat trong cao thi
van téc goc giita hai banh xe s& khac nhau nhiéu. Khi d6 banh xe bén c6 hé s6
bam thap sé& bi truot quay, din dén tinh ning kéo bam giam, giam hiéu suat lam
viéc, anh huong xau dén tinh 6n dinh cta xe. Khi hé s6 bam bén phai ting 1én
(duong tét hon) thi hiéu suat kéo ciing ting 18n, khi bén trai va bén phai bing
nhau (py=ppn=0.7) thi higu suat kéo cua vi sai khi c6 ma sat trong thap va cao

bang nhau.

Khi c6 bo khoa vi sai hoat dong thi nhimg nhuoc diém néu trén duoc khic
phuc dang ké, do truot ciia banh xe bén ving thiéu bam giam va gan bang do
truot chung cua 6 to, luc kéo tiép tuyén ting 1én nhiéu din dén duong hiéu suat
kéo tong quat ting 1én #, nhu hinh 3.8.

Khi khao sat cac gia tri cua K (Ks=0.15,0.3,0.45,0.5), truong hop K;=0.3,
md men phan chia ra cac banh xe cha dong 1a 6n dinh nhat, sai léch van téc cua

c4c banh xe bén trai va phai 6n dinh nhat, hiéu suat kéo tong quét #, ting 1én
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14%. Diéu nay ly giai vi sao 6 to ngay nay thuong st dung bo vi sai ting ndi ma
s&t véi gid tri khoa vi sai gan véi gia tri K,=0.3 dén 0,4.

Tang K; >0.3, mac du hiéu suat kéo c6 ting 1én nhung md men phan ra cac
banh xe chu dong bién dong nhiéu, xe mat 6n dinh khi 1am viéc.
3.7. Giai phap nang cao chat lweng dong lwc hec vi sai
3.7.1. Cac dang diéu khién tw déng vi sai

Yéu cau vé do an toan ciing nhu sy thudn tién khi diéu khién 6 t6 ngay
cang cao khi kha ning 6n dinh cta 6 t6 ngay cang giam do van téc xe ngdy cang
tang. O t0 ngay nay dugc ap dung cac hé thong tich cuc ting kha ning chong
truot khi xe hoat dong: TRC, TCS, ESP, ABS nham giam do mon khong déu
ctia 16p, ting tinh on dinh huéng chuyén dong thang hoic do tac dung cua gid,
6n dinh khi quay vong, khi phanh, khi tang tbc do co su phan bd lai tai trong ra
cac banh xe bang cach phan chia mé men hop Iy. Mot trong nhiing ing dung co
ban 1a diéu khién vi sai trén 6 t6. Cac dang diéu khién do truot banh xe pho bién

hién nay duoc trinh bay trén hinh 3.9.

Khi d3 c6 truot trén banh xe cha dong (Passive), st dung co cdu diéu khién
vi sai nham bl lai su truot do, truong hop nay 1a diéu khién bi dong (Locked
differential). Co ciu diéu khién vi sai nay c6 hai loai théng dung: Loai dia ma
sat (Limited slip differential) va loai truc vit (Torsen differential). Hai loai nay
thuong dugc sir dung trén mot s6 xe van tai ¢ 16n va trén cac may kéo nong
nghiép ¢ van toc chuyén dong thap. Loai vi sai dia ma sat c6 ma st trong cao
duoc hdng Armerican Thornton Axle ché tao nham han ché sy truot cua vi sai,
nguoi ta thiét ké cac dia ma sat giébng nhu mot ly hop, dia bi dong lién két voi
banh ring vi sai va dia chii dong lién két véi vo vi sai. Loai vi sai truc vit ¢ cac
rang 4n khop theo dudng xoan 6¢ cua truc vit. Vi sai truc vit c6 hiéu suat thuan

cao hon.
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Diéu khién d6 truot (Traction

Control System TRC, TCS)

T~

Diéu khién vi sai Piéu khién phanh hodc bam
(Differential) banh xe (Braking/wheel)

[oai binh Loai bi dong Loai chu Tang ma Tang do

thuong (Open (Locked dong (Active sat phanh bam cua

differential) differential) | | differential) banh xe
Loal dia ma sat Loal truc vit Tu d-;jng diéu

(Limited slip (Torsen khién

differential) differential) ECU, Sensor

Hinh 3.9 So @6 cdc dang diéu khién do truot banh xe

Ngay nay loai diéu khién chii dong vi sai (Active differential) duoc st dung
nhd tng dung manh mé& sy phét trién caa co dién tir va tu dong hoa. Céc tin hiéu
duoc thu nhan tir cac sensor tai cac banh xe truyén vé bo diéu khién trung tam
ECU phan tich xir Iy va diéu khién co cau chap hanh ciing tai cac banh xe. Khi
mot banh xe bat dau trugt quay thay doi luc kéo, sensor toc do s& nhanh chong
xac dinh gia téc banh xe va thdng bao cho bo xir ly ECU, may tinh s& xu ly
thong tin nay va tinh toan rang mot tri s6 do truot dé diéu khién van dién tir dong
m& dé dau s& dugce bom tir bom cung cap dau cho piston tac dong vao dia ép dé
ép cac dia ma sat voi nhau, phanh mot phan hay hoan toan banh rang hanh tinh
V6i Vo vi sai dé thuc hién chic ning khoa vi sai va khi d6 vo vi sai c6 kha niang

cap mot md men cho banh xe kia cho dén khi luc kéo duoc bl lai.
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Co cau diéu khién phanh hoic bam banh xe (Braking/wheel) ciing thudc
loai diéu khién chu dong. Khi mot banh xe nhan dugc mé men cha déng 16n
hon m6 men bam thi n6 c6 xu hudéng quay tron va banh rang hanh tinh tuong
ting khdng c6 kha ning truyén moé men cho banh rang dbi dién, md men truyén
cua banh xe ¢ hé sd bam cao ciing chi bang gia tri cia mdé men banh xe truot.
Pé khic phuc trang thai luc kéo bi giam khi hé s6 bam thap gay cho banh xe
chay cham do sy truot ta phanh banh xe dé tao ra md men duong trong vi sai dé

truyén mot nira md men ra vo Vi sai.

Dé c6 thé dieu khién luc kéo, bo diéu khién dién tir ECU, tiép nhan tin hiéu
tir sensor van tdc cac banh xe va biét banh xe nao c6 xu thé truot quay do giam
lyc bam, nhd su thay d6i dong dién trong cam bién téc 6 dugc ECU tinh toan
va gui dén van diéu khién luc kéo dé diéu khién phanh banh xe, cho dén khi
banh xe bj phanh c6 téc do hop ly.

3.7.2. Khoa vi sai tw déng Kiéu co hoc

Két cAu cua hop vi sai tu khod vé co ban gidng nhu hop vi sai don gian c6
khaop ma sat kép, chi khac la trong than hop vi sai khong dat 16 xo ép trudc. Truc
Clia cac banh rang hanh tinh 8 ché tao riéng va lap vai nhau nho ranh cat chir U
& gitra, dau cua céc truc 8 duoc cat vat tao thanh hinh chit V, hai truc hanh tinh
lip vai nhau tao thanh mot khap cé dang trac chit thap hinh 3.10 a, nhung khong
ndi cing vai nhau. Khi lap cac dau cat vat 7 caa mdi truc duoc dit nguoc nhau
Vvao cé&c 6 hinh chit V trén vo 6, cac 6 dat c6 mat vat nay ciing lam nguoc nhau
tuong ung.

Bén trong than hop vi sai c6 lap cac dia ma sat, cac dia chu dong 2 ring
ngoai, lién két véi than vi sai con cac dia bi dong 3 rang trong, lién két véi ban

truc, s6 luong cac dia chu dong va bi dong co tir 3-4 cip va co két cau giéng
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nhau & ca hai bén bén truc, khi lap nguoi ta Iap xen k& nhau. Long bén trong cua

C4C truc banh ring vé tinh cd hai coc ép 4.

Khi xe chay thing, hop vi sai quay kéo theo hai truc banh riang hanh tinh
quay theo, Néu luc can chuyén dong caa hai béan truc tic dong Ién hai ciap béanh
rang hanh tinh bang nhau, cic banh ring hanh tinh khong quay quanh truc cua
ching, ldc nay phan lec caa luc quay truyén trén cac banh riang ban truc cua hop
vi sai, day hai truc hanh tinh truot trén hai mat vat caa vo vi sai hinh 3.10 B, khi
trurot trén mat vat hai trac chit thap tach xa nhau ra, mi dau truc cia trac ty vao
coc ép ciia minh, ép cac dia ma sat chit voi nhau, va ca co cau hanh tinh lién két

thanh mot khéi. M6 men truyén dén hai ban truc bang nhau va bang M,/2.

Néu vi 1y do ndo d6, mot banh xe bi trugt (hodc khi quay vong), gia su
banh bén trai bi truot do thiéu bam, luc can quy dan vé ban truc trai giam,
w4> o5 khi d6 cac banh ring hanh tinh bat dau quay quanh truc caa minh, banh
rang hanh tinh kéo cho banh rang ban truc trai quay nhanh va lam cho banh rang
ban truc phai quay cham hon than vi sai, luc can tic dong 1én mét phia cua hai
cap banh rang hanh tinh khac nhau, truc cta cac banh rang hanh tinh c6 mat vat
bén phia banh ring ban truc trai tut xuéng ranh chir V trén than hop vi sai hinh
3.10 A, 1am cho dia ép 4 phia bén ban truc trai tach cac dia ma sat ra khoi nhau,
m6 men truyén dén ban truc trai giam di, trong khi d6 truc cta banh rang hanh
tinh bén ban truc phai van nim & trén mat vat cua vo, cac dia ma sat bén ban
truc phai (bén téc do thap) van ép vao nhau, vi vay mé men truyén dén ban truc
phai van khong thay d6i. Nhu vay ci khi 6t6 may kéo chay thang, hoac khi hai
ban truc co luc can kéo bang nhau, hop vi sai bi khda lai. Con khi may kéo vao
vong, Vi sai tu dong ly khai gitp cho viéc diéu khién va chuyén dong vao vong

cua 6 to may kéo dugc dé dang.
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a) Chac chiz thdp b) Puwrong truyén md men
A, B- Bau truc vat tut xuéng day va trieot 18n mat vat 6 dat. 1- Truyeén luc
chinh; 2- Pia ma sdt rdng ngodi; 3- Dia ma sdt rang trong; 4- Coc ép; 5-
Pia ép; 6- Than vi sai; 7- Dau cat vat cua tryc hanh tinh; 8- Truc hanh
tinh; 9- Puwong truyén md men
Hinh 3.10 Céu tao hop vi sai tw dong khoa co khi

B vi sai ndy duoc sir dung kha phd bién trén cac xe 6 td hang Chrysler,
trén cau trudc may kéo MTZ 52, MTZ 82 v.v...

Két cdu bo khoa vi sai kiéu co hoc ti dong trén day kha don gian vé cau
tao, va twong d6i ré va dé dang ché tao, c6 thé duoc sir dung dé cai tién hop vi
sai banh rang nén d6i xtmg ddi véi cac dong xe tai nho hiéu LF3070G1 dé sir
dung van chuyén g trén duong 1am nghiép, khi d6 s& cd kha niang 1am tang tinh
nang dong luc hoc cua 6 to khi thiéu bam, dong thai né tu dong giam hé s khoa
vi sai khi quay vong, nho d6 1am cho viéc lai xe thuan tién hon trong diéu kién

duong xau, duong doc va nhidu goc cua vong.
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Két luan chwong 3

Thiét 1ap md hinh tinh hiéu suat truyén luc vi sai théng qua cac ton hao do
mO men ma sat trong cuia co cAu vi sai va md hinh tinh toan hiéu suat vi sai khi
da thay doi két cau. Lap trinh bang ngdn ngir Matlab dé tinh toan hiéu suat vi sai
trong hai truong hop trén vai cac thong sé dau vao 1a két qua caa khao sat anh
hudng cua tai trong, hé sb can mat dudng va cdc md men ma sat trong vi sai
thong qua phuong trinh dong luc hoc vi sai di xac dinh duoc ti s6 Awlg, dé tinh
toan hiéu suat vi sai.

Két qua khao sat, trong truong hop sir dung bo vi sai nguyén ban, hiéu suat
dat gia tri cao nhat 5 =09895, 5, =09852, 5, =09780 twong (mg véi 0% tai, 50% tai va
100% tai.

Khao sat mo hinh tinh toan hiéu suat vi sai thdng qua mé men ma sat My,
trong bo vi sai c6 thay ddi két cau, két qua:

- Trudng hop xe khéng chiu tai, khi hé sé ma sat x=0.1 thi hiéu suat b vi
sai nguyén ban 1 7, =0.9233, hiéu suat bo vi sai thay doi két cau l1a 7t =09720.

- Trudng hop xe chiu 50% tai, khi hé s6 ma sat u=0.1 thi hiéu suat bo vi
sai nguyén ban lazn, =08983, hiéu suat bo vi sai thay d6i két cu la % =0.9636.

- Truong hop xe chiu 100% tai, khi hé sé6 ma sat u=0.1 thi hiéu suat bo vi
sai nguyén ban lan, =08554, hiéu suat bo vi sai thay doi két cau 1a 5 = 0.9508.

Nhu vay khi st dung bo vi sai thay doi két cAu so véi bo vi sai nguyén ban
thi hiéu suat truyén luc vi sai ting 1én cao nhét 12 11%.

Lap thuat toan va lap trinh Matlab dé khao sat anh huong caa hé s6 khoa vi
sai K; dén tinh ning kéo bam cua xe tai nho LF 3070G1 khi xe 1am viéc trén
duong xau, cd hé sé6 bam thap va khac nhau trén hai banh xe. Theo két qua khao
sét, truong hop K;=0.3 thi m6 men phan chia ra cac banh xe chu déng 1a 6n dinh
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nhat, su sai léch van téc cua cac banh xe bén trai va phai ciing 6n dinh nhét, hiéu
suat kéo tong quaét #, tang 1én 14%. Khi K; >0.3, mac du hiéu suat kéo co tang
1én nhung m6é men phan ra cac banh xe chu dong bién dong nhiéu. Mat khac hé
sb khoa K 16n s& anh huong dén tinh ning quay vong, mau mon 16p, kho danh
1ai, tang tai trong cho cac chi tiét trong hé thdng truyén luc va hé théng di dong.
Do d6 trong thuc té véi cac xe can kha ning co dong cao, nhu 6 to quan sy, 0 to
di duong rimg, dudng dat, thuong thiét ké hop vi sai ¢ hé sé tu khoa K;<0.5.
Théng qua khao sat anh huong cua hé sé khda vi sai K; dén chat luong
dong luc hoc co cau vi sai, luan an dé xuat cac giai phap vé diéu khién ty dong,
két cau cua co cau vi sai thong qua hé sé khoa vi sai K; phi hop khi xe hoat

dong trén duong ndng 1am nghiép.
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Chuong 4
NGHIEN CUU THUC NGHIEM

4.1. Muc dich thi nghiém

Thi nghiém do mo6 men tai cac vi tri truc cac dang, hai ban truc trai va phai
trén xe tai nho hoat dong trén dudng ndng 1am nghiép, nham so sénh vai két qua
phan b4 md men trén hai béan truc do trén xe voi md men phan bd trén hai ban
truc caa md hinh Iy thuyét dong luc hoc vi sai co xét dén ma sat trong cac bo
phan co ciu vi sai.

Muc dich ctia nghién ctiu thuc nghiém nham do thong sé dong huc hoc (mo
men) trong Vi sai cau sau xe tai nho.
4.2. Péi twong thi nghiém

Déi tugng thi nghiém 1a cum cau sau xe 8 td tai nhe 3 tin LF 3070G1 duoc

san xuat va lap réap tai Viét Nam, hinh 4.1.

Hinh 4.1 Péi tuwong thi nghiém cau sau xe tai LF 3070G1
Cau sau chu dong, hinh 4.1 dugc lp trén bé thir, trong cau sau gom cum
truyén luc chinh 1a cip banh rang hypoid c6 do léch hypoid E = 38 mm, banh
rang vanh chau (banh ring bi dong) c6 sb ring 41, banh ring qua dta (banh rang
cha dong) sé rang 6. Cac banh riang cum vi sai gom 4 banh rang hanh tinh va 2

banh ring ban tryc 1a banh ring con ring thang.
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Trén cac lung cta banh rang vi sai c6 cac dém lung céan chinh. Hai ban truc
phai va trai c6 kich thudc chiéu dai va duong kinh nhu nhau dugc 1ap véi banh
rang ban truc bang then hoa tam giac.

4.3. Thong sé do

Tir phuong trinh dong luc hoc vi sai 6 to tai da duoc thiét lap co xét dén ma
sat trong bo vi sai:

Ml%—M o E2M ™, £ M ™ = (%+%2+ 1, +2|3a22);p.4+(%+%—2|3a22);p.5

(4.1)
M, E_M,_ +2M™a +Mms—(ﬁ+l—2—2l az)" +(|1a12+|—2+l +2I az)“
15 3 %=Vs =17, 4 3y ) Py 4 4 e 3y ) Ps

Cph—

Hé phuong trinh (4.1) 1a hé phuong trinh vi phan mo ta dong luc hoc hé vi
sai khi c6 xét dén ma séat trong cac bo phan cia co cau vi sai. Tir hé phuong
trinh nay ta khao sat sy phan b6 md men ra hai ban truc thong qua truyén luc
chinh va co cau vi sai.

Thong sé do trong thi nghiém gdm: M6 men dau vao M trén truc cac ding
va md men phan bd trén ban truc trai va phai M, Ms, so sanh véi két qua cua
tinh toan ly thuyét tir 46 xac dinh tinh chinh xé&c ctua phuong phap nghién ctu.
4.4. Céc thiét bi va dung cu thi nghiém
4.4.1. B¢ thir cdu sau thi nghigm

Bé thtr thuc hién cac thi nghiém cho cum cau sau 6 t6 , nhu hinh 4.2 gom
c6 dong co dién 1, hop sé thay doi tbe do 2, hai cau sau sé 3, cac hop truyén
dong loai banh rang 4, 6; truc cac dang 7 va 8. Trén truc cac dang 8 co dat bo
gay tai 9. Bo gay tai 9 sé sinh ra nhitng mé men xoan khac nhau trong dong kin.
Hop truyén dong 4 dam bao cho céc truc cac diang 7 va 8 ¢ téc dd goc nhu nhau
va cac hop truyén dong 5, 6 dam bao cho cac ban tryc ¢ hai cau c6 toc do goc

nhu nhau.
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Hinh 4.2 So d6 bé thir cau sau kiéu dong cong sudt kin
Thi nghiém duoc st dung bé thir cau sau la san pham cua dé tai NCKH
trong diém cip Nha nudc KC.05.22/06-10 thuoc Tong cong ty May dong luc va
May néng nghiép Viét Nam, bé thir dat tai cong ty co khi Co Loa, Pong Anh,
Ha Noi. Hinh anh bé thur duoc trinh bay trén hinh 4.3.

Hinh 4.3 Hinh dnh bé thir cau sau sir dung trong thi nghiém

So db thiét ké cua bé thir cAu sau dugc mo ta nhu trén hinh 4.4.
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CAu sau thinghigm

Truc cac dang

Thanh xodn gay tai Khung bé thir

Hinh 4.4 So d6 thiét ké bé thir cau sau sir dung trong thi nghiém
Céac cam bién 1ap trén bé thir gdm cam bién do luc, cam bién do sé vong

quay va bo phan diéu khién bé thir, phan mém thu nhan tin hiéu do va xu Iy két

qua dugc trinh bay trén hinh 4.5.

e —
‘ BANG THU CAU CHU DONG |
T TG |
: “Thong so bang thu
| [ [T .-“-"‘\"-l
2l |

'E“}.l!.."'..@ Fnzsjrn. S81395.1

H. GIA TR ML . aaramms | [ e suar | 'M

(a) Hop diéu khién dién tu (b) Giao dién phan mém

(c) Cam bién do luc (d) Cam bén do téc do quay
Hinh 4.5 Cdc cam bién tiéu chudn ldp trén bé thir

4.4.2. Tenzo
Str dung Tenzo bién dang loai FCA-3-11 (hinh 4.6) do c6ng ty Tokyo

Sokki Kenkyjo cia Nhat Ban san xuat c6 cac thdng sé co ban: chiéu dai 3 mm,
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dién tro:120£0.5 Q. Trén truc can do md men xo0an, dan truc tiép cac tenzo 1én
bé miat duoc 1am sach va danh bong bang keo dan chuyén dung, ndi day cac cam
bién thanh cau do r6i dwa day ra ngoai. Tién hanh dan tenzo Ién 3 truc: truc vao

(cac dang), truc ra (ban truc phai va trai), hinh 4.6.

Hinh 4.6 Tenzo bién dang sir dung trong nghién cvru thuc nghiém
Cau Wheatstone (bao gom 4 dién tro: R1, R2, R3 va R4) sir dung lam mach
do cho dién tré tenzo. Hai dau cua cau dugc ndi voi ngudn nudi, hai dau con lai

duoc ndi véi thiét bi do, hinh 4.7.

Hinh 4.7 Mach cau Wheatstone va dan tenzo 1én truc

Véi cac tenzo lam tir vat liéu kim loai, dién ap do Vo gan nhu ty 18 thuan
véi bién dang cua truc, bién dang nay lai ty 1& thuan véi md men xoan trén truc
M;, nén thiét bi do c6 thé coi I tuyén tinh theo (4.3).

Vour ~ k.M, (4.2)

Trong d6 k 1a hé sb ty 1&, M, 1a md men xoan trén truc.
4.4.3. B¢ thu dong thuy ngan

Dé c6 thé nhan tin hiéu do tir truc dang quay sang may do dit ¢ dinh ta c6
cac giai phap: sir dung bo thu phét tin hiéu khong day, hoic bo thu dong tiép
diém thuy ngan.
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Tai mdi vi tri do can mot bo thu phat tin hiéu khong day (hoic bo thu dong
tiép diém thuy ngan), ba vi tri do can ba bo. Luan an sir dung ba bo thu dong tiép
diém thuy ngan do CHLB Nga san xuét [59], hinh 4.8, thuéc Trung tdm Giam
dinh May va Thiét bi - Vién Co dién Nong nghiép sau Thu hoach quan ly.

B6 thu dong thay ngan dugc vé sinh 1am sach va quét 1én bé mt rotor dung
dich HgNO; nham ting kha ning din dién véi stator nhu hinh 4.8.

Do dudng kinh cac truc do mé men khac nhau nén 1ap 01 bo loai TPAII-70
trén truc cac dang va 02 bo loai TPAII-50 trén d6 ga cua hai ban truc phai va
trai. Nguyén Iy 1am viéc cua thiét bi: rotor 1ap cé dinh va quay cuing truc can do
m6 men xoan, stator lap tu lya trén dd ga dugc ghép trén mat bich cua cac ban
truc va truc cac dang; Thuy ngan (Hg) long dugc bom vao khe hé gitra rotor va
stator. Thay ngan 1a kim loai dang long linh hoat déng vai tro 1a tiép diém noi
tiép gitra cac co gop cua rotor va stator s& truyén dan tin hiéu dang dién ap (Vou)

do duogc toi bo khuéch dai trong may DMC Plus.

|

Hinh 4.8 B¢ thu dong tiép diém thily ngdn va cong tac chudn bi ciia NCS
Str dung bo thu dong tiép diém thiy ngan do truc tiép cho két qua chinh
xac. Nhuoce diém cua bo thu dong tiép diém thiy ngan 12 hda chat doc hai d& anh
hudng dén sirc khoe ki thuat vién.
Trén hai ban truc, cic tenzo dugc dan trén bé mat truc tai vi tri 280mm tur
dau mit bich. Tai dau cac ban truc khoan 15 trén than truc dé dua day dan tr

trong ra ngoai nhu so do hinh 4.9. Tai hai mit bich lip moay o duogc thiét ké do
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g4 lap vai bo thu dong tiép diém thuy ngan hoic bo thu phat tin hiéu khong day.
Bo d6 géa phai du d6 bén va do cing vimg dam bao an toan cho xe va cho thiét

bi trong qua trinh xe van hanh & cac ché d6 van toc va tai trong thi nghiém.

Dén b thu ) '—,u
phét tin hiéU/ AJW f,; H]\e
% Ré [
[

20

[[252as_J

Hinh 4.9 Phwong én khoan 16 trong thin ban truc dé ldy tin hiéu tenzo
4.4.4. B thu phat tin higu khong day

Pé cb thé nhan tin hiéu do tir truc dang quay sang may do dit ¢ dinh ta c6
thém phuong an 1a str dung b thu phat tin hiéu khdng day. O thi nghiém trén bé
ther ta sir dung ba bo thu dong tiép diém thuy ngan. Khi thi nghiém trén bé thi
Vvéi dieu kién hoat dong tuong dbi ém 4i, thi bo thu dong thay ngan van hoat
dong tét, nhung khi thi nghiém trén xe chay trén dudng 1am nghiép véi diéu
kién rung lac manh thi bo thu dong thily ngan khong dam bao hoat dong tét, do
d6 dé co thé nhan tin hiéu do tir truc dang quay sang may do dat cd dinh ta phai
st dung bo thu phat tin hiéu khong day, hinh 4.10.
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Hinh 4.10 B¢ thu phat tin hiéu khong dady
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Khi dung bo thu phét tin hiéu khong day dé do, so dd mach lip rép thi
nghiém theo hinh 4.11.

Ang ten Ang ten
phat )) thu

Bo phat tin N - :
hiéu do }7 BD. :tllml,&tm
| hiéu do

W

5 SPIDEER.Z
—_— —
L
s
CPU — |

Hinh 4.11 So dé lap rdp cdc thiét bi do khi sir dung bg thu phdt tin hiéu khéng
day
1. Truc cac diang; 2. Cau tenzo tng suat; 3. B phat tin hiéu do; 4. Bo thu tin
hiéu do; 5. Bo khuéch dai tin hiéu do va may tinh
4.4.5. May do DMC plus va Spider8
Theo [38] may do DMC plus va Spider8 c6 chirc nang tuong tu nhau la
thiét bi thu, khuéch dai va chuyén doi A/D (Analog/Digital) cac thong tin do
ludng nbi ghép may tinh, dugc diéu khién bang phan mém DMC Labplus phién
ban P12a (hoic phan mém Catman) cia hang HBM, CHLB Brtc. Pién ap do tir
duong chéo do cua cau tenzo dugc khuéch dai rdi tir dang twong tu chuyén doi
sang dang s6, dén may tinh. Két qua do duoc hién thi trén man hinh may tinh va
duogc Iuu dudi dang file md ASCII. hinh 4.12.
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Hinh 4.12 Mdy do DMC plus va Spider8

May do DMC plus va Spider8 c6 nhiéu modul dugc ché tao theo cac kénh
véi nhiéu Kiéu khuéch dai, nhiéu dai tan khac nhau va co thé do duogc nhiéu dai
luong khac nhau, nhu nhiét do, dién thé, dién tro, ngudn &p DC, md men, toc do,
cong suit...

Phan mém DMCLab plus va catman dé diéu khién do luong va xu ly so
liéu do mo6 men trén cac truc quay.

4.5. Sai so thi nghiém xir ly sé liéu thi nghiém

Theo tai liéu [21], trong qua trinh thi nghiém tién hanh do, ghi cac thong sd
& céc thoi diém khac nhau nén cac két qua do c6 sy sai léch. Nhitng sai khac nay
la cac sai s6 cua két qua do.

Ngudn gbc phét sinh cua sai s6 trong hé théng do luong thuong rat da dang va
c6 cac dac tinh khac nhau. Tuy nhién c6 thé phan loai theo cac nhdm sai s6 chinh
nhu sau:

- Sai sb do dic tinh phi tuyén caa cam bién, do su gia hoa cua cac cam bién
do.

- Sai sb cua dung cu do: d6 1a cac sai s6 sinh ra do do khdng nhay cua dung
cu do, do dic tinh phi tuyén caa dung cu do, do d6 khong chinh xé4c cua thang

dung cu do hodc do do khdng chinh xac khi lay chuan 0, do d6 mon, xuat hién
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cac khe hé trong dung cu, do d6 khéng chinh xac ché do 1am viéc caa dung cu
do (dién ap cung cap, dong dién).

- Sai s do tinh khong 6n dinh: sai s6 khi thi nghiém, do diéu kién thuc té
cua thi nghiém khéac véi diéu kién chuan, do nhidu bén ngoai (anh huong cua
truong dién tir, cac dién dung ky sinh, thay d6i dién tro...) do anh huong cua
thay d6i nhiét d6 moi trudng trong qué trinh thi nghiém.

- Sai 6 do trinh do caa nguoi tién hanh thi nghiém.

Tir d6 ta co thé rdt ra cac quy tac thi nghiém va xir Iy sé liéu thi thi nghiém:

1. Néu sai sb cua phép do dugc xac dinh la sai s6 hé théng, nghia 1a néu tri
sb ctia N6 16n hon so vai tri s6 cua sai 6 ngau nhién kém theo phuong phép nay
thi phép do chi can thyc hién mét lan.

2. Néu sai s6 dugc xac dinh 1a sai s6 ngau nhién, thi phép do can phai thuc
hién mot s6 1an. Sé lan do duoc chon sao cho gia tri trung binh cua sai s6 ngau
nhién tré nén nho hon sai sé hé théng. Sai s6 cudi cling cua két qua do chinh 1a
sai s6 hé thng.

Nhu vay, s6 lan do can thiét dugc xac dinh boi quan hé gitra sai s6 ngau
nhién va sai s6 hé thong. Véi viée tang sb lan do, tri s6 cna sai s6 ngau nhién s&
tién toi sai s6 hé théng nhung khong bao gid dugc nho hon sai sé hé théng (tri
s6 sai s6 hé théng nho nhat chinh 13 sai s6 chinh cua dung cu do).

Sy thay doi cia diéu kién ngoai anh huong lén dén sai s6 cua phép do, dic
biét khi tién hanh thi nghiém lién tuc. Trong qua trinh van hanh 6 6, quy uéc
coi diéu kién van hanh 1a khong thay d6i. Cac nhan té van hanh lam anh hudng
dén két qua do thi nghiém 6 t6 1a nhiét do, ché do toc do, tai trong, ché do l1am
viéc cua dong co.

Trong nhiéu truong hop, dai lwong can do khong thé biéu thi truc tiép ma

phai tinh toan gian tiép bang cdng thic thdng qua viéc do truc tiép cac dai luong
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khac. Tong quét, cd F 1a ham cua nhiéu bién sé xi: F = F(Xy, Xo.... X,) khi do
cach tinh sai s6 cia ham theo cac quy tac sau:
- Sai s tuyét dbi cua ham bing téng cua cac tich sai sé tuyét dbi cua cac bién

v6i dao ham riéng cua ham d6i voi mdi bién thanh phan:

dF :i(dxlg+dx2%+ ....... +dx 2)'(:) (4.3)
2

- Sai sb tuong d6i cua ham F tinh theo cdng thuc:

dl:i ! x(dxla—F+dx2a—F+ ........ + 8F) (44)

F F(xy,x5...,x,) ox, X, ox,,

Bang 4.1: Mt s6 cong thirc tinh sai s6 dung trong thi nghiém

Sai so binh , ,
phwong trung | Sai so twong doi
binh

Cong thirc

Dai lwgng do tinh

Tong md men & céac banh P
T=Ty+ T, , fO'TZp +<7T2t LN T

xe chi dong - T

Téc do truot cua banh xe | Vi = Vi - Vit t+jor +o, I

Tbc d6 trung binh cua 6 to y=

~ |t

1, S2 2 2 2
T 720-5 +ITO't i 5'S+§'l‘

4.6. Tién hanh thi nghiém trén bé thir
4.6.1. Hiéu chuin cac khau do md men trén bé thir

Céc khau do mé men xoan (gom truc cac dang va hai ban truc di duoc dan
cac tenzo dién trd) can duoc hiéu chuan. Phuong phap chung dé hiéu chuan la
tao ra c4&c md men xoan truc di biét bang céch treo vat ning P 1én dau tay don
c6 chiéu dai | (m) dé gay md men xoén truc, hinh 4.14.

M, = P.I (4.5)

Tur do6 tim dugc d6 nhay cia khau do trong 2 truong hop: Khi dung bé thu

dong thuy ngan va khi dung bo thu phat khdng day.
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Ngoai ra can xay dung duoc quan hé tuyén tinh giira m6 men xoin cua truc

va bién dang thong qua tin hiéu dién trung gian 1 dién ap Vo khi treo cac tai

trong khéac nhau trong gigi han mé men Ién nhit can do & mdi truc.

Truc can do md men duoc cb dinh mot dau trén bé hiéu chuan, dau con lai
lap tay don dai | = 1 mét , du tay don treo cac khéi luong: 0 kg, 10 kg, 20 kg....,
100 kg (hinh 4.15). Khi truc chiu xoan voi cac tai khac nhau, cac 14 dién trg bi
bién dang, xuat hién trén dudng chéo do cua cau dién ap do ty 1& v6i m6é men
x0an dua téi DMC plus ndi ghép may tinh.

|1=10m

Y

% Tay don . A
Truc cac dang, Qua cén
ban truc i

Hinh 4.14 So d6 hiéu chuan thiét bi do mé men xodn trén truc cdc dang

Pé tang d6 chinh xéac hiéu chuan, mdi thi nghiém hiéu chuan duoc lap lai 3

lan. Hinh 4.16, 4.17 gigi thiéu vi du mot trong nhitng két qua hiéu chuan khau

do mo men.
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Hiéu chuan lan 2

Gia tri do mV/V
=)

4

Hinh 4.15 Gid tri do hiéu chudn khi treo khéi lwong 20 kg

Hiéu chudn 14n 3

2 4 (-] B 10 12 14 1le

Hinh 4.16 Gid tri do hiéu chudn khi treo khoi lwong 20, 40 kg

Trong khi thi nghiém hiéu chuan cac khau do méd men di tim duogc dic tinh
tuyén tinh gitta mé men quay va dién ap do; do nhay ciia cac cam bién do mé men

trong 2 trueong hop khi dung bo thu dong thay ngén va khi dung bo thu phat khéng
day, bang 4.2.
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Bing 4.2 D6 nhay cia cac khau do mé men

Khau do Dung thu dong thay Dung bé thu phat khéng
ngan day
M6 men Ung véi Mo men Ung véi
Cac dang 750 daNm 2 mVIV 52 KNm 10V
Ban truc trai | 368 daNm 2 mVIV 19 KNm 10V
Ban truc phai | 612 daNm 2 mVIV 26 KNm 10V

Véi két qua nay, cac khau do moé men di tro thanh cac cam bién do mo

men x04n & cac truc.

Mé men chudn tai (Nm)

0 50 100 150 200 50 300 350 400 450

Gié tri tin higu do (mv)
Hinh 4.17 D6 thi két qua hiéu chudn mé men xodn truc céc dang va gia tri do
hién thi trén thiét bi

Tir d6 thi hinh 4.18 ta xac dinh duoc hé sb k., biéu thi quan hé gitta md men

thuc trén truc cac ding va gi tri hién thi trén thiét bi do.
K.z = (400 - 200)/(3.97 — 2.12) = 108.1
(4.6)

Tién hanh tuong tu trén ban truc phai c6 hé s6 Ky, = 88.526 va trén ban truc

tréi ¢ hé s6 kyy = 86.835.
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4.6.2. So dé thi nghigm

Trén hinh 4.19 trinh bay so d6 tong quat lap céc trang thiét bi thi nghiém
trén bé thi. Trén truc cac dang dan cac dién tro tenzo tai cac vi tri C-1, trén hai
ban truc dan tenzo tai cac vi tri C-2 va C-3. Qua cac bo thu dong tiép diém thuy
ngan T-1, T-2 va T-3 tin hiéu tir cAc cam bién duoc dua téi may do DMC dé

khuéch dai va xir Iy.

c-2m
Monitor
S N 2
T r——)
5= ,_.‘\;_ - T-1 - ",-" N DMC 12V
3 %@5; ") Computer
=) g
e~ ’1 C-1 < x ]
. T-3 Software
{ )
&
C-3

Hinh 4.18 So do lcfp cdc thiét bi thi nghiém trén bé thu
4.6.3. Ché dé thi nghiém trén bé thi

Trén bé thir trong phong thi nghiém, céc thiét bi thi nghiém va qua trinh thi
nghiém dugc tién hanh theo ké hoach do trong bang 4.3.

Ché do thi nghiém: Toc dd dong co dan dong 2200 vong/phut, twong (g
véi van téc xe chay 40 km/h.

Pit md men can lan luot 1a: 765 N.m, 934.6 N.m va 1104 N.m, twong @ng
véi 0%, 50%, 100% tai trong (tai 100% tai twong tng véi 2 tin hang hoa); sé
thuc hién cac phép do mdé men dong thoi trén ca ba truc quay. Mdi phép do voi
ba lugt do cung téc do xe chay quy do6i 40 km/h & céc thoi diém khac nhau (lGc
bat dau, luc gitta va Iic két thdc cia mdi quéa trinh). Nhu vay c6 tat ca 9 thi
nghiém, bang 4.3, trong d6 ky hiéu TNP tuong ung véi thi nghiém trong phong
thi nghiém.
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Bang 4.3: Ké hoach do mé men 3 truc trén bé thir

Téc do dong co 1600 vong/phat | 2200 vong/phat | 3000 vong/phut
(Van toc xe) (20 km/h) (40 km/h) (60 km/h)
0 % tai TNP1.1 TNP1.2 TNP1.3
50% tai (1 tan) TNP2.1 TNP2.2 TNP2.3
100% tai (2 tan) TNP3.1 TNP3.2 TNP3.3

Céc budc tién hanh thi nghiém trén bé thir duoc trinh bay trén trén hinh 4.20.

L&p bo thu dong tiép diém thay ngan  Tién hanh thi nghiém trén bé thix

Hinh 4.19 Lép dat thiét bi va do trén bé thir

4.6.4. Két qud thi nghiém trén b¢ tha

Két qua thi nghiém do duogc 1 gia tri md men trén truc cac dang My, gia tri

md men trén ban truc trdi M, va gia tri mdé men trén ban truc phai Ms. Két qua

thi nghiém dugc thuc hién theo ché do thi nghiém trong bang 4.2.
TNP1.1 (tay s6 3: 0% tai, tbc do dong co 1600 vong/phit (20 km/h))
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Thi nghiém TNP1.1 duoc tién hanh véi trén bé twong tng véi 6 td khong
tai. Hop sé gitr & s6 3. Dat mé men can 1én hai ban truc khéng bang nhau véi md
men can dat 1én ban truc trai 787.5 Nm va ban truc phai la 765 Nm.
Két qua do duoc trinh bay bang db thi trén hinh 4.21.
3000 -
2500 |} 3——2 - M5 men truc cic
WWW]MM-‘UW e
2000 - S—MéTentrgcbén
£ 1500 -
1000

2
500 -

0

0 1 2 3 ) 4 5 6 7
Hinh 4.20 M6 men xodn trén 3 truc truong hop khéng tdi

Gia tri trung binh m6é men do duoc trén truc cac dang la M;=714.22 N.m,
md men trén ban truc trdiM,=2282.73 N.m, m6 men trén ban truc phai
Ms=2632.81N.m. Do md men can & hai ban truc khac nhau nén sy phan bé mé
men ra 2 bén truc khong déu nhau khi d6 vi sai lam viéc, phan bé md men ra hai
ban truc phu thudc vao md men ma sat trong vi sai. Biéu nay phi hop véi phan
ly thuyét da nghién ctu.

Tuong tu & c4c thi nghiém TNP1.2 va TNP1.3 véi cung cac diéu kién thi
nghiém, thi nghiém TNP1.2 twong ng toc d6 dong co 2200 vong/phut (van toc
xe 40 km/h), thi nghiém TNP1.3 twong tng téc d6 dong co 3000 vong/phut (van
téc xe 60 km/h). Ta c6 két qua do trong cac thi nghiém TNP1.2 va TNP1.3:

TNPL1.2: Gié tri trung binh m6 men do dugc trén truc cac dang M;=700.42
N.m, mbé men trén ban truc trai M;=2179.68 N.m, mé men trén ban truc phai
Ms5=2465.21 N.m.

TNPL1.3: Gia tri trung binh m6é men do dugc trén truc cac dang M;=686.6
N.m, mé men trén ban truc trai M;=2232.83 N.m, m6é men trén ban truc phai
Ms=2338.35 N.m.

TNP2.1 (tay s6 3: 50% tai, toc d6 dong co 1600 vong/phit (20 km/h)).
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Thi nghiém duoc tién hanh véi trén bé tuong tng vai 6 td chiu 50% tai.
Hop sb van giir ¢ s6 3. Pat md men can 1én hai béan truc khong bang nhau véi
md men can dat 1én ban truc trai 1090.4 N.m va ban truc phai 934.62 N.m.

Két qua do duoc trinh bay bang db thi trén hinh 4.22.

3000 -
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3 truc trai
2500 -
— 3 - MG men truc
2000 WWNW 1 s dine
3 - Md men truc
5500 | bén truc phai
1000 -
2
500 -
0 T T T T T T ]
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Hinh 4.21 Mé men xodn trén 3 truc truong hop 50% tdi (twong vmg 1000 kg)

Gid tri trung binh mé men do dugc trén truc cac dang M;=670.82 N.m, md men
trén ban truc trai M,=2062.21 N.m, md men trén ban truc phai Ms= 2435.97 N.m.

Tuong tu & cac thi nghiém TNP2.2 va TNP2.3 véi cung cac diéu kién thi
nghiém, thi thi nghiém TNP2.2 tuong ung toc d6 dong co 2200 vong/phut (van
tbc xe 40 km/h), thi nghiém TNP2.3 twong tng téc do dong co 3000 vong/phit
(van toc xe 60 km/h). Ta c6 két qua do trong cac thi nghiém TNP1.2 va
TNPL1.3:

TNP2.2: Gi4 tri trung binh m6 men do dugc trén truc cac dang M;=695.82
N.m, mbé men trén ban truc trai M;=2142.72 N.m, m6 men trén ban truc phai
M5=2471.3 N.m

TNP2.3: Gié tri trung binh md men do dugc trén truc cac dang M;=690.43
N.m, mé men trén ban truc trai M;=2116.56 N.m, m6é men trén ban truc phai
M5=2491.04 N.m.

TNP3.1 (tay s6 3: 100% tai, toc 6 dong co 3000 vong/phut (60 km/h)).

Thi nghiém dugc tién hanh véi trén bé twong tng véi & td chiu 100% tai. Hop
s6 van gitr & s6 3. M6 men can twong ung Vai xe 100% tai.

D3t m6 men can Ién hai ban truc khéng bang nhau, véi mé men can dat 1én
ban truc trai la 1288.28 Nm va ban truc phai la 1115.47 Nm.
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Két qua do duoc trinh bay bang db thi trén hinh 4.23.

3500 ~

e ] - MG MEN
bén tryc tréi
3000 -
— 2 - M men
2500 4 3 truc cac dang
-1 3-Md men
gOOO b tryc ban truc
z phai
1500 -
1000 -
2
500 W VT | u L " "
0 T T T T T T 1
0 1 2 3 t(s) 4 5 6 7

Hinh 4.22 M6 men xodn trén 3 truc truong hop 100% tdi (twong g 2000 kg)

Gia tri trung binh m6é men do dugc trén truc cac dang M;=720.52 Nm, mo
men trén ban truc trai M;=2275.23Nm, md men trén ban truc phai Ms= 2478.81
Nm.

Tuong tu & cac thi nghiém TNP3.2 va TNP3.3 véi cung cac diéu kién thi
nghiém, thi thi nghiém TNP3.2 twong ung toc d6 dong co 2200 vong/phut (van
téc xe 40 km/h), thi nghiém TNP3.3 tuong (ng téc do dong co 3000 vong/phit
(van toc xe 60 km/h). Ta c6 két qua do trong cac thi nghiém TNP3.2 va
TNP3.3:

TNP3.2: Gié tri trung binh m6 men do duoc trén truc cac dang M;=690.35
Nm, mbé men trén ban truc trai M,=2007.792 Nm, md men trén ban truc phai
Ms=2509.9 Nm

TNP3.3: Gié tri trung binh m6 men do dugc trén truc cac dang M;=713.82
Nm, md men trén ban truc trdi M;=2043.63 Nm, md men trén ban truc phai
Ms=2537.79 Nm
4.6.5. So sanh két qud thi nghigm trén bé va két qud tinh toan mé phéng

Pé kiém ching mo hinh dong luc hoc co xét dén md men ma sat trong vi
sai nghién ctru, NCS di str dung md hinh dong luc hoc ¢6 ma sat ¢ chuong 2 dé
tinh toan theo diéu kién thi nghiém trén bé thir. Ché d6 so sanh duoc lua chon 1a

tay s6 3. Tuwong &g véi 0%, 50% va 100% tai. So sanh sai léch két qua do duogc
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trong thi nghiém va tinh toan theo ly thuyét 1a khong qua 16n, bang 4.4. Voi
nhitng gia thiét da chap nhan khi xay dung mé hinh thi sai léch nay c6 thé chap

nhan duoc.
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Bang 4.4: So sanh md men do trén bé thir va tinh toan ly thuyét

M6 men do trén bé thir | M6 men phan bé theo ly Sai léch (%)
Tai (N.m) thuyet (N.m)
M, M, Ms M, M, Ms M, M, Mg
0% |714.22 |2282.73 | 2632.87 | 784 |2431.03 |2683.87 {8.9% | 6.1% | 1.9%
50% |670.82 | 2062.31 | 2435.97 | 726 |2258.83 |2511.31|7.6% | 8.7% | 3%
100% | 585.96 | 1988.42 | 2304.27 | 637.6 | 2086.54 | 2339.37 | 8.1% | 4.7% | 1.5%
Danh gia 1:

Khi tién hanh do m6 men trén bé thir. Do trong qué trinh thi nghiém trén bé
kh& gan véi cac gia thiét khi tién hanh thiét 1ap phuong trinh vi phan mé ta dong
luc hoc vi sai c6 ma st nén cac gia tri do dugc so véi Iy thuyét co sai léch nho.
Piéu nay chiing to mo hinh thiét lap da mo ta gan dung véi cac qua trinh vat ly
xay ra trong hé théng va vi vay md hinh nghién cau la phd hop. Tuy nhién qua
trinh thi nghiém trén bé thir gan nhu 14 ther nghiém tinh, NCS tién hanh tha
nghiém trén xe chay trén duong lam nghiép dé cé thé c6 nhitng danh gia chinh
xac hon.

4.7. Thi nghiém trén xe
4.7.1. Xe thi nghi¢gm

Xe thi nghiém 12 6 td tai nho 3 tin LIFAN 3070G1 duoc san xuat va lap rap

tai Viét Nam, hinh 4.24.
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Hinh 4.23 Xe tdi nhe 3 tan thi nghiém

Xe tai nho 3 tan ky hiéu LF3070G1 lip rap trong nudc duoc st dung trong
nghién ctru, xe c6 mot cau sau chu dong, loai xe tai tu d6. Thong sb ky thuat cua
Xe néu trong bang 4.5.

Bang 4.5: Thong s6 ky thuit cia 6 t6 tai tw d6 LF3070G1

Kiéu loai LF3070G1
Kich thudc toan b (dai x rong x cao) mm 5990 x 2190 x 2540
Chiéu dai co s& mm 3350
Vét banh trude mm 1640
Vét banh sau mm 1630
Tu trong ctia xe kg 4230
Tai trong cua xe kg 2980
Trong lugng toan bo kg 7405
Van toc 16n nhat km/h 75
Cong suat max./sd vong quay Kw/rpm 81/3000
M6 men xoan max./s6 vong quay N.m/rpm 320/2000-2200
Hop $O 5 s0 tién, 1 0 Iui
Ty sO truyén cac tay s0/ cau sau 7.31; 4.31; 2.45; 1.54;

1.00; R-7.66/ 6.57
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4.7.2. Hiéu chudn tin hiéu do thi nghi¢m trén xe
Muc dich cta viéc hiéu chuan tin hiéu do mé men nhu da trinh bay ¢ thi
nghiém trén bé thir. Khi tién hanh thi nghiém trén xe, ta st dung bo thu phat tin
hiéu khdng day thay cho bo thu dong thuy ngan. Khi d6 cau do trén truc céc
dang va hai ban truc duoc hiéu chuan qua bo thu phat khong diy nhu hinh 4.25



139

Hinh 24 Hiéu chudn tin hiéu do khi sir dung b thu phat khong day
Thuc hién twong tu nhu khi hiéu chuan cho thi nghiém trén bé, ta xac dinh
duoc hé sb k., biéu thi quan hé gitra md men thyc trén truc cac dang va gia tri hién
thi trén thiét bi do, k.;=50, ban truc phai c6 hé s6 kyp = 22 va trén ban truc tréi c6 hé
$6 ko =20.5.
4.7.3. So' dé thi nghigm trén xe
Trén hinh 4.26 trinh bay so db tong quét lap cac trang thiét bi thi nghiém trén xe
6 t6, tuong tu nhu 13p rap trén bé thir. Trén truc cac dang gin cam bién do van toc
goc S1 va dan cam bién tenzo tai cAc vi tri T-1, trén hai ban truc ciing gan cam bién
do van toc goc S2, S3 va dén tenzo tai c4c vi tri T-2 va T-3. Qua cac bo thu phat
khéng day W-1, W-2 va W-3 tin hiéu tir cac cam bién dugc dua t6i may do Spider8
dé khuéch dai va xt Iy tin hiéu do.
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Hinh 4.25 So dé lap rdp cdc thiét bi thi nghiém trén xe
4.7.4. Ché dé thi nghiém trén xe
Tuong tu nhu thi nghiém trén bé thi, cac ché do thi nghiém trén xe duogc
néu trong bang 4.6, ki hiéu TNX tuong tng véi thi nghiém trén xe thuc.

Bing 4.6 Ché a9 thi nghiém trén xe

Van tdc xe 20 km/h 40 km/h 60 km/h

0 % tai TNX1.1 TNX1.2 TNX1.3
50% tai (1 tén) TNX2.1 TNX2.2 TNX2.3
100% tai (2 tén) TNPX.1 TNX3.2 TNX3.3

4.7.5. Tién hanh thi nghigm trén xe
Lip céc thiét bi do mdé men cua truc cac dang va hai ban truc 1én xe nhu

hinh 4.27
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H‘inh 4:26 Ld'p cdc thiét bia”o mo Men truc cac dang va hai ban truc lén xe thi
nghiém
Puong thi nghiém 1a doan duong 1am nghiép tai ndi Ludt thudc truong Pai
hoc Lam nghiép Viét Nam. Buong thi nghiém va qua trinh thi nghiém véi su cé

mat cua cac chuyén gia nhu hinh 4.28
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Hinh 4.27 Doan duong thi nghiém va qua trinh thi nghiém cung vadi cdac
chuyén gia thi nghiém tai hién truong
4.7.6. Két qud thi nghiém trén xe tdi nhe LF3070G1 ngoai hién truong

Két qua thi nghiém theo ché do thi nghiém cho trong bang 4.3. Két qua thi
nghiém do mo6 men 3 truc trén xe nhu trén hinh 4.29, 4.30, 4.31.
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Hinh 4.28 Két qud thi nghiém do mé men truc cdc déing trén xe
250

200
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Hinh 4.29 Két qud thi nghiém do mé men bdn truc tréi trén xe
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Hinh 4.30 Két qud thi nghiém do mé men bén truc phdi trén xe

Tuong ty nhu thi nghiém trén bé, két qua do (trung binh) cac ché do thi

nghiém trén xe dugc néu trong bang 4.7.

Bang 4.7: Két qua do md men trén 3 truc theo cac ché d thi nghiém trén xe

Van tc 20 km/h 40 km/h 60 km/h

xe | M M., Ms | My | Mg | Ms | My | My | Ms
0%tai | 671.8 |2124.72 | 2329.59 | 657.96 | 2005.3 | 2356.4 | 640.2 | 1944.5 | 1305.4
50% tai | 620.73 | 1962.92 | 2187.35 | 643.25 | 1945.7 | 2286.3 | 631.54 | 1902.6 | 2267.6
100% tai | 543.23 | 1775.72 | 2009.51 | 637.13 | 1903.8 | 2249.1 | 625 |1908.4|2204.2

4.7.7. So sanh két qud thi nghigm trén xe va két qud tinh toan mé phéng

Pé kiém chimg mo hinh dong lyc hoc ¢c6 mé men ma sét trong vi sai

nghién ciu, NCS da sir dung md hinh dong luc hoc 6 ma sat & chuong 2 dé tinh

toan theo diéu kién thi nghiém trén xe. Ché do6 so sanh duogc lya chon 14 tay sé 3.

Tuong Gng Vi 0%, 50% va 100% (2 tAn) tai. Khi thi nghiém, nguoi l4i gitr ban

dap ga ¢ 70%. Dya trén dac tinh cuc b cia dong co, tuong ung voi do mo

buém ga 70% ta c6 mé men xoan cuc dai 12 320 Nm va sé vong quay 1600

vong/phat (20 km/h). So sénh sai léch két qua do duoc trong thi nghiém va tinh
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toan theo ly thuyét 1a khong qua Ion (bang 4.8). Véi nhitng gia thuyét da chap
nhan khi xay dung mé hinh thi sai léch nay c6 thé chap nhan duoc.

Bang 4.8: So sanh mé men do trén xe va tinh toan ly thuyét

M@& men phan bé theo ly Sai léch (%)

M6 men do trén xe ,
Tai thuyet

M, My Ms M; My Ms M, My Ms
0% | 671.8 | 2124.72 | 2329.59 | 784 |2431.03 | 2683.87 | 14.3% | 12.6% | 13.2%
50% |620.73 | 1962.92 | 2187.35| 726 |2258.83|2511.31|14.5% | 13.1% | 12.9%
100% | 543.23 | 1775.72 | 2009.51 | 637.6 | 2086.54 | 2339.37 | 14.8% | 14.9% | 14.1%

Danh gia 2:

Khi tién hanh do m6 men trén xe, do trong qua trinh thi nghiém trén xe con

c6 thém mot sé yéu t nhu rung 1ac, anh huong do map mé mit dudng... nén co

su sai léch 16n hon danh gia 1 trong phan bé mé men khi do va tinh toan 1y

thuyét, sai léch gitra gia tri do trén xe va tinh toan tir phuong trinh mé ta dong

luc hoc vi sai 6 ma sat nho hon 15%. Piéu nay ching t6 md hinh thiét lap da

mo ta gan ding voi cac qua trinh vat |y xay ra trong hé thong co cau vi sai va vi

vay mo hinh dong luc hoc nghién cau la phu hop.
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Két luan chwong 4

NCS st dung cam bién tenzo theo nguyén ly cau do Wheatstone trén 3 truc
cua hé thdng truyén luc 6 td tai nho. Thiét ké va ché tao bo dd ga dé lap bo thu
dong thuy ngan va thu phat khong day trén 3 truc khi céc truc dang quay véi tc
d6 cao cling voi banh xe, dam bao an toan cho thiét bi khi xe chay.

Thiét ké, ché tao bo dd ga dé thuc hién hiéu chuan thiét bi do mé men trudc
khi tién hanh cac thi nghiém.

Két qua do ddng thoi md men trén ba truc cac ding va hai ban truc duoc so
sanh véi tinh toan theo ly thuyét dé kiém chiing mirc d6 chinh xac caa mé hinh
dong luc hoc vi sai khi c6 xét dén ma sat trong co cdu vi sai duoc thiét 1ap theo
phuong phap 1y thuyét.

Két qua nghién cau thuc nghiém va két qua tinh toan bang ly thuyét co sai
léch 16n nhat khi thi nghiém do trén bé thir va tinh toan ly thuyét 1a 8.9%, chang

t6 mo hinh dong luc hoc vi sai khi c6 ma sat thiét lap theo ly thuyét la phi hop.

Két qua sai léch 1on nhat giira két qua do trén xe thuc khi dang van hanh
trén duong Néng - 1am nghiép va két qua tinh toan theo Iy thuyét nhé hon 15%,

sai léch nay c6 thé chap nhan dugc mé hinh dong luc hoc vi sai khi c6 ma sat.

Két qua do phong pht va dang tin cdy. Trén co s& nay c6 thé do mé men
x0an dong thoi trén cac truc dang quay cua nhiing cum co khi khac ma khong
phai pha hay chi tiét nham danh gia chét lugng cau sau, tng dung vao ndi dia

hoa 6 t6 trong thuc tién san xuat.
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KET LUAN VA HUONG PHAT TRIEN

Xay dyng mé hinh dong hoc, dong luc hoc vi sai co xét dén ma sét trong Vi
sai, tinh todn cdc md men ma sat bao gdm mo men ma sét giira banh rang hanh
tinh va truc chir thap, gitra banh rang hanh tinh va dém tua lung, gitra banh rang
ban truc va vo vi sai. Xay dung so dd thuat toan trong Matlab Simulink dé khao
sat dong luc hoc co cau vi sai xe tai nho LF3070G1. Thdng qua khao sat khi cac
diéu kién can cua mat dudng khac nhau, vi sai hoat dong 1am xuét hién mé men
ma st trong cua Vi sai, gia tri mé men ma sat tinh toan duoc nhd hon 0.05 1an
md men trén vé vi sai, bo vi sai xe tai nhoé LF3070G1 (ddi twgng nghién cau) 12

vi sai c6 ma sét trong thap

Luan 4n da dé xuat giai phap thay doi két cau dé giam ma sét trong vi sai
bang cach khoan 15 trén lung cac banh ring ban truc, banh ring hanh tinh va vat
truc chir thap tai vi tri 1ap ghép cua banh ring hanh tinh. Thiét lap md hinh tinh
toan hiéu suét vi sai trén co s& ton hao cdng suat do ma sat trong trudng hop bo
vi sai nguyén ban va bo vi sai thay doi két cau. Tién hanh khao sat mé hinh dong
luc hoc vi sai lay cac thong sé dau vao dé tinh toan hiéu suat truyén luc vi sai
két qua:

- Truong hop xe khong chiu tai, khi hé sé ma sat =0.1 thi hiéu suat b vi
sai nguyén ban la 5, =0.9233, hiéu suat bo vi sai thay doi két cau 1a ; =09720, hiéu

suat nang lén 5.3%.

- Truong hop xe chiu 50% tai, khi hé s6 ma sat £=0.1 thi hiéu suit bo vi sai
nguyén ban lan, =0.8983, hiéu suat bo vi sai thay doi két cAu 1a % =09636, hiéu suat

nang lén 7.3%.
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- Truong hop xe chiu 100% tai, khi hé s ma sat 4=0.1 thi hiéu suat bo vi
sai nguyén ban lan, =0.8554, hiéu suat bo vi sai thay doi két cau 1a 7* = 0.9508, hiéu

suat nang 1én 11%. Nhu vay khi thay doi két cau thi hiéu suat vi sai déu tang 1én.

Nho su thay d6i két ciu nay dd giam moé men ma sat trong co ciu vi sai,
chat luong dong hoc Vi sai cau sau ting 18n, xe tai nho LF3070G1 van hanh tot

trén duong Nong - 1am nghiép khi xe thuong xuyén quay vong.

Lap thuat toan va lap trinh dé khao séat anh huéng cua hé s6 khoa vi sai K
dén tinh ning kéo bam cua xe tai nho LF3070G1 khi xe lam viéc trén duong
Xau, 6 hé sé bam thap va khac nhau trén hai banh xe. Theo két qua khao sét,
truong hop K,;=0.3, hiéu suat kéo tdng quat 7 (c6 tinh dén truot trén banh xe
cha dong) ting 1én 14%, nhu vay khi xe di thang trén duong xau thi tinh ning

kéo bam cua xe tang 1én.

Hé sb khoa cao K thi kha ning kéo bam cua xe tai nho cang dwoc nang
cao, tuy nhién hé s6 khoa vi sai chi thuc sy hiéu qua va can thiét khi hé s6 bam
hai banh chit dong chénh Iéch 16n, khi hé sé khoa K 16n s& anh huong xau dén
tinh ning quay vong, mau mon 16p, khé danh 14i, ting tai trong cho céc chi tiét

trong hé théng truyén luc va hé thong di dong.

Trong nghién ctu thuc nghiém, ludn an do mé men phan bd tir truc Céc
dang ra hai ban truc bang céch st dung cam bién tenzo theo nguyén ly cau do
Wheatstone lay tin hiéu tir cac truc dang quay trén co sé thiét ké, ché tao bo do
ga dé gé lap cac thiét bi trén bé thir va xe dang chay trén duong. Két qua thi
nghiém duogc so sanh vai tinh toan 1y thuyét dé kiém chang mac d6 chinh xéc
ctia mo hinh dong luc hoc vi sai khi c6 ma sat. Sai léch I6n nhat gitra két qua do
trén bé thir va két qua tinh toan 1a 8.9%. Sai léch 16n nhat gitra két qua do trén
xe thuc va két qua tinh toan nho hon 15%. Sai 1éch nay cho thay mé hinh dong

luc hoc vi sai khi c6 ma sat co d6 tin cay chap nhan dugc.
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Trén co s& thiét bi thi nghiém nay, c6 thé tng dung do mé men xoin dong
thoi trén cac truc dang quay ciia cac cum co khi khac va danh gia chat luong cau
sau trén bé thir nham ung dung phét trién noi dia hoa 6 td trong thuc tidn san

XUA.
Hwéng nghién cieu tiép theo

Khi thay d6i két cdu vi sai bang cach khoét 15 chira dau trén than ty tua
lung ctia cac banh rang ban truc, banh rang hanh tinh véi vo vi sai, vat truc chix
thap tai vi tri 1ap ghép cua banh rang hanh tinh hoac két ciu khoa vi sai co hoc 1a
bién phap diéu khién vi sai bi dong. NCS hudng téi diéu khién vi sai chi dong
(Active Differential) c6 ung dung co dién tir nham dién khién tu dong nang cao
chat tinh hién dai caa phuong phap nghién ctu.
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RINH MATLAB TiNH TOAN MO MEN MA SAT VI SAI

r
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clear all

clc

%Ban kinh (m)
r1=68.3/2/1000;
r2=331/2/1000;
r3=59.85/2/1000;
r4=103.84/2/1000;
r5=r4,

rtr=rs;
r_chuthap=14/1000;
r_sa=73.07/1000;

r sa_mm=73.07;%mm
r1_1=0.036;

r2_1=0.059;

rb=0.5;

%He so a

al=r2/rl

a2=r4/(2*r3)
Sk_ht=161.668; %mm~2
Sk _bt=2012.632;
%momen quan tinh (kg.m"2)
11=0.002;

12=0.6;

13=0.0003;
14=3.5e-3+1.884;

15=14;
A=11*(al"2/4)+12/4+14+2*13*a2"2;



B=11*(al1/2/4)+12/4-2*13*a2"2;

%trong luong tac dong len banh xe(N)

G=(2550/2)*10;

%Goc banh rang (rad)

alpha=20*pi/180;

delta_bt=((61+(12/60))*pi)/180;

delta_ht=((28+(48/60))*pi)/180;

delta_ht0=((12+(10/60))*pi)/180;

delta_ht1=((22+(48/60))*pi)/180;

%Hieu suat truyen luc

hieu_suat_chinh=0.95;

%he so ma sat

mu=0.2;

% Luc chu dong

M1=320*2.45;

M2=M1.*al;

% Ft1=M1/r1;

Ft2=M2./(2*r4)

X_bt=Ft2.*(tan(alpha)*sin(delta_bt));

%Luc ma sat

Mms31_2=Ft2*r_chuthap*(mu/sqrt(1+mu”2))*(pi/2)

Mms32=(mu*r_sa.*(M2./(2*r5))*tan(alpha)*sin(delta_ht)).*((cos(delta_ht1+del

ta_ht0)*...
sin(delta_ht1-delta_ht0)-(delta_ht1-delta_ht0))/...
(sin(delta_htl+delta_htO)*sin(delta_ht0-delta_ht1)))

Mms4=((2/3)*mu*X_bt.*(r2_1"3-r1_173))/(r2_1/2-r1_1"2)



Mms32_bo=(mu*r_sa.*(M2./(2*r5))*tan(alpha)*sin(delta_ht)).*(cos(delta_ht1+

delta_ht0)*...
sin(delta_ht1-delta_ht0)-(delta_htl-delta_ht0)-(Sk./(pi*r_sa_mm”2)))/...
((sin(delta_ht1+delta_ht0)*sin(delta_htO-delta_ht1)))
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CHUONG TRINH MATLAB TiNH TOAN HIEU SUAT VI SAI
clear all
clc
r1=68.3/2/1000;
r2=331/2/1000;
r3=59.85/2/1000;
r4=103.84/2/1000;
r5=r4;
rtr=rs;
r_chuthap=14/1000;
|=0.8*r_chuthap
r sa=73.07/1000;
r sa_ mm=73.07;%mm
rl_1=0.036;
rl 1 mm=0.036*1000;
r2_1=0.059;
r2_1 mm=0.059*1000;
rtx=47/1000%mm
rb=0.45;
%He so a
al=r2/rl
a2=r4/(2*r3)
%momen quan tinh (kg.m"2)
11=0.002;
12=0.6;
13=0.0003;



14=3.5e-3+2;

15=14;

A=(11*al"2)/4+12/4+14+2*13*a2"2;

B=(11*al"2)/4+12/4-2*13*a2"2;

%trong luong tac dong len banh xe(N)

G=(2550/2)*10;

%Goc banh rang (rad)

alpha=20*pi/180;

delta_bt=((61+(12/60))*pi)/180;

delta_ht=((28+(48/60))*pi)/180;

delta_ht0=((12+(10/60))*pi)/180;

delta_ht1=((22+(48/60))*pi)/180;

hieu_suat_chinh=0.95;

%he so ma sat

mu=0.1;

M1=320*2.45;

M2=M1.*al;

Ft2=M2./(2*r4)

X_bt=Ft2.*(tan(alpha)*sin(delta_bt));

%Luc ma sat

Mms31=Ft2*r_chuthap*(mu./sqrt(1+mu.*2))*(pi/2)

Mms31_khoan=asin(l/r_chuthap)*Ft2*r_chuthap*(mu/sgrt(1+mu.”2));

Mms31_giam=Mms31-Mms31_khoan

|_ht_tr=pi*(r_chuthap/(2*r3))*(mu./sqrt(1+mu.”2))*0.7527

Mms32=(mu.*r_sa.*(M2./(2*r5))*tan(alpha)*sin(delta_ht)).*((cos(delta_ht1+de

Ita_ht0)*...
sin(delta_ht1-delta_ht0)-(delta_htl-delta_ht0))/...



(sin(delta_ht1+delta_htO)*sin(delta_htO-delta_ht1)))
|_ht_d=((mu*(r_sa/r3))*tan(alpha)*sin(delta_ht))*((cos(delta_htl+delta_ht0)*...
sin(delta_htl-delta_ht0)-(delta_htl-delta_ht0))/...
(sin(delta_ht1+delta_ht0)*sin(delta_htO-delta_ht1)))*0.7527
Mms4=((2/3)*mu.*X_bt.*(r2_173-r1_173))/(r2_172-r1_1"2)
|_bt_v=(1/3)*mu*tan(alpha)*sin(delta_bt)*(((r2_1"3-r1_173))/((r2_1"2-
rl_1°2)*rtr))*0.7527
Hieu suat vi_sai=1-(I_ht _tr+l_ht d+l bt v)



PHULUC9
CHUONG TRINH MATLAB TiNH TOAN HIEU SUAT VI SAI THAY POI
KET CAU

clear all
clc

%Ban kinh (m)
r1=68.3/2/1000;
r2=331/2/1000;
r3=59.85/2/1000;
r4=103.84/2/1000;
r5=r4,

rtr=rs;
r_chuthap=14/1000;
|=0.8*r_chuthap
r_sa=73.07/1000;

r sa_ mm=73.07;%mm
rl_1=0.036;

rl_1 mm=0.036*1000;
r2_1=0.059;

r2_1 mm=0.059*1000;
rtx=47/1000%mm
rb=0.5;

%He so a
al=r2/rl
a2=r4/(2*r3)

Sk=161.668; %omm"2
Sk_bt=2010.62;%mm"2

%momen quan tinh (kg.m"2)
11=0.002;

12=0.6;

13=0.0003;

14=3.5e-3+2;

15=14;
A=(11*al"2)/4+12/4+14+2*13*a2"2;
B=(11*al"2)/4+12/4-2*13*a2"2,



%trong luong tac dong len banh xe(N)
G=(2550/2)*10;

%Goc banh rang (rad)
alpha=20*pi/180;
delta_bt=((61+(12/60))*pi)/180;
delta_ht=((28+(48/60))*pi)/180;
delta_ht0=((12+(10/60))*pi)/180;
delta_ht1=((22+(48/60))*pi)/180;

%Hieu suat truyen luc
hieu_suat_chinh=0.96;

%he so ma sat

mu=0.1;

M1=320*2.45;

M2=M1.*al;

Ft2=M2./(2*r4)
X_bt=Ft2.*(tan(alpha)*sin(delta_bt));
%Luc ma sat

Mms31=Ft2*r_chuthap*(mu./sqrt(1+mu.*2))*(pi/2)
Mms31_khoan=asin(l/r_chuthap)*Ft2*r_chuthap*(mu/sgrt(1+mu.*2));
Mms31 _giam=Mms31-Mms31_khoan

|_k_ht_tr=asin(l/r_chuthap)*(r_chuthap/r3)*(mu./sgrt(1+mu.”2))*0.390

Mms32=(mu.*r_sa.*(M2./(2*r5))*tan(alpha)*sin(delta_ht)).*((cos(delta_ht1+de
Ita_ht0)*...
sin(delta_ht1-delta_ht0)-(delta_htl-delta_ht0))/...
(sin(delta_ht1+delta_htO)*sin(delta_htO-delta_ht1)))

|_k_ht_d=((mu*(r_sa/r3))*tan(alpha)*sin(delta_ht))*((cos(delta_htl+delta_ht0)

sin(delta_ht1-delta_ht0)-(delta_ht1-delta_ht0))/...

(sin(delta_htl+delta_htO)*sin(delta_ht0-delta_ht1))-
((Sk)./(pi*r_sa_mm~”2*sin(delta_htl+delta_ht0)*sin(delta_ht0-
delta_ht1))))*0.3904



Mms32_khoan=-
1*(mu*r_sa.*(M2./(2*r5))*tan(alpha)*sin(delta_ht)).*((Sk)./(pi*r_sa_mm”2*sin
(delta_htl+delta_htO)*sin(delta_ht0-delta_ht1)))
Mms32_giam=Mms32-Mms32_khoan

Mms4=((2/3)*mu.*X_bt.*(r2_173-r1_173))/(r2_172-r1_1"2)
Mms4_khoan=(mu*X_bt.*Sk_bt.*rtx)./(pi*(r2_1_mm”"2-r1_1 mm"2));
Mms4_giam=Mms4-Mms4_khoan

|_k_bt_v=mu*tan(alpha)*sin(delta_bt)*(((r2_1"3-r1_173))/((r2_1"2-
rl_172)*(3*rtr))-(Sk_bt*rtx)/(2*rtr*pi*(r2_1_mm~2-rl_1 mm~2)))*0.3904
Hieu suat vi_sai_k=1-(I_k_ht tr+l_k ht d+l_k bt v)

PHU LUC 10
MQT SO HINH ANH THINGHIEM










