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MO PAU

1. Tinh cAp thiét ciia van dé nghién ciru

Nong - 1am nghiép la nganh kinh té ky thuat giir vai trd quan trong
trong viéc bao vé moi trudng va phat trién bén viing cua nudc ta. Bé nganh
Nong - 1am nghiép phat trién can phai c6 cac phuong tién van chuyén
nguyén vat li¢u, hang héa... hoat dong tot trén dwong ndng 1am nghiép.
Tuy nhién, duong ndng 1am nghiép c6 nhiéu goc cua va mot sé doan dudng
Xau c6 mat dat mém. DBé khic phuc hién twrong ndy can nghién ctu cai tién
co cdu vi sai dé nang cao hiéu suat truyén lec, giam ma sét trong vi sai gidp
xe quay vong d& dang va nang cao chat luong dong luc hoc vi sai khi xe
lam viéc trén mat dat mém, cd hé sé bam thap va khac nhau trén 2 banh xe.

D6 1a Iy do NCS chon va thuc hién dé tai: "Nghién cizu nang cao
chat lwgng dgpng luc hoc co cdu vi sai cdu xe tgi nhé si dung trong ndng
1am nghigép".
2. Muc tiéu nghién ciu
- Xac dinh anh huong cia md men ma sat trong co cau vi sai dén hiéu suat
truyén lyc vi sai, nham nang cao chat luong dong hoc vi sai khi quay vong.
- Xac dinh anh huéng ciia md men ma sat vi sai dén tinh ning kéo bam,
nang cao chat lwong dong luc hoc co cu vi sai khi 1am viéc trén duong
nong Iam nghiép.

Tir d6 1am co s& dé xuat thay doi thiét ké co cau vi sai, ma rong pham
vi hoat dong cua xe tir duong giao thong sang duong ndng 1dm nghiép.
3. N§i dung nghién ciru
3.1. Nai dung nghién ciru ly thuyét

X4y dung md hinh dong luc hoc dé khao sat dong lec hoc vi sai co
xét dén ma sat trong co cau vi sai hoat dong trong ndng 1am nghiép.



Thiét lap phuong trinh toan va lap trinh tinh toan hiéu suat truyén luc
Clia co cau Vi sai thdng qua c4c ton that do ma sat. D& xuat phuong an giam
ma sat dé ting hiéu suat truyén luc co cau vi sai.

Thiét 1ap md hinh tinh toan, 1ap thuat toan dé khao sat anh huong cua
hé sb khoa vi sai K; dén tinh ning kéo bam cua xe tai nho khi lam viéc trén
duong c6 hé s bam thap va khac nhau trén hai banh xe.

3.2. N9gi dung nghién ciu thec nghiém

Po m6 men tai vi tri truc Cac dang, hai ban truc trén xe tai nho hoat
dong trén duong ndng 1am nghiép. So sanh vai két qua phan bé mé men
trén hai ban truc do trén xe va bé thir véi mdé men trén hai ban truc tinh toan
theo md hinh Iy thuyét dong luc hoc vi sai co cau vi sai.

4. Y nghia khoa hoc va thuc tién caa luan an
4.1. Y nghia vé khoa hoc

Két qua nghién ctru di xay dung duoc phuong phéap luan nghién ciu
dong luc hoc co ciu vi sai xe tai, lam co s¢ khoa hoc dé nang cao chét
lwong dong luc hoc cau xe tai nho khi sir dung trong Nong - 1am nghiép.
4.2. Y nghia vé thuc tién

Két qua nghién ctru c6 thé str dung lam tai liéu tham khao cho thiét
ké, ché tao vi sai cau 8 t6 tai nhe san xuat va lap rap & Viét Nam.



Chuong 1
TONG QUAN
1.1. CAu tao vi sai 6 to tai nhé
1.1.1. Vi sai d6i xieng
B6 vi sai nghién ctu cua luan an nhu hinh 1.1
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1. Nika trong vo vi sai 5. Truc chir thip
2. Nita ngoai vo vi sai 6. Dém chéng xoay
3. Bdnh rang bdn truc 7. Buléng

4. Bdnh rang hanh tinh
Hinh 1.1 Cdu tgo chi tiét tao cum vi sai cau sau xe 8 td tai nhé
1.1.2. Vi sai tang ma sat trong

- Loai sur dung khap ma sét.
- Loai su dung banh rang try.
- Loai sir dung truc vit — banh vit.
- Vi sai cam.
- Khoa vi sai.
1.2. Pic trung cia dwong ndng 1am nghiép anh hwéng dén hoat déng
cua vi sai

- Puong ndng 1am nghiép & nudce ta ¢d nhiéu goc cua (hinh 1.2), xe
hoat d6ng phai thuong xuyén quay vong, vi sai khi hoat dong trén loai
duong nay s& 1am viéc nhiéu hon khi hoat dong trén duong giao théng, ma
st trong co cAu vi sai gay tén hao cong suat, giam hiéu suét truyén luc vi
sai, giam tinh ning quay vong ciia xe. Khi d6 can nghién ctru giam ma sat
trong vi sai.



a) Béo Ngoan Muc, Lam Déng b) Béo Phugng Hoang, Pak Lak
Hinh 1.2 Pwong nong 1am nghiép chup tir vé tinh tai khu viec mién trung
- Puong nong 1am nghiép mot s6 noi ¢6 mat duong mém, nhiéu viing
lay xe chuyén dong trén duong thuong bi truot, hinh 1.3. Méi quan hé vé su

phan bé md men & bo vi sai theo [4], [17] duoc tinh nhu sau:
M, = M, + Ms (1.1)
My = Ms + Mps (1.2)
Trong do:
M,, Ms - M6 men phan b dén banh xe bén trai va bén phai;
Mus - MO men ma sét trong cua bo vi sai.

Khi 1 trong 2 banh xe roi xudng viing liy thi md men bén dé xap xi
bang 0 (gia st Ms = 0). Theo (1.2) thi M,= M. D4i véi vi sai ddi xing thi
Mps €O gia tri nho, nén ngay banh xe trén phan duong tét da bam c6 M,
ciing khong du thang luc can dé xe vuot qua dwoc. Mudn xe vuot duoc thi
phai ting mé men ma sat M{Ts trocl_g cua bo vi sai lén.

i)

Hinh 1.3 Puong 1am nghiép ddt xau tai déo Ngoan Muc, Lam Pong
Két luin chwong 1
Nghién ciru cai tién co ciu vi sai cua dong xe tai nho théng dung co
thé sir dung t6t trong Nong - 1am nghiép dat ra mot yéu cau cap thiét, can co
nghién cuu chuyén sau hon.



Nghién ctru phan tich dac tinh ky thuat cua loai duong 6 td6 néng
1am nghiép anh huong dén hoat dong cua co ciu vi sai tir &6 can nghién ciu
lam rd anh huong cia md men ma sat cia vi sai dén kha nang lam viéc cua
xe tai nhoé trén duong ndng 1dm nghiép.

Chuong 2
XAY DUNG MO HINH PONG LUC HQC VI SAI CAU
XE TAI NHO

2.1. M hinh co cdu vi sai cau sau xe tai nhé

M6 men trén truc cta banh rang chu dong M; qua cap banh rang
truyén luc chinh va co cdu vi sai s& phan chia ra hai banh xe bén trai phai 1a
M,, M5. M& hinh nghién ctru dong luc hoc co ciu vi sai xe tai nho duogc
NCS dua ra trén hinh 2.1.
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Hinh 2.1 Mé hinh déng luc hoc cau sau va co cau Vi sai xe tdi nhé
1. Banh rang chu dong; 2. Banh rang bi dong va voé vi sai; 3. Banh rang

hanh tinh; 4. Banh rang ban truc trai; 5. Banh rang ban truc phai; 6. Truc

chir thap.
Trong do:

01, 02, 93, 04, @5 - Chuyén vi goc cia banh rang chu dong, bi dong,
hanh tinh, ban truc tréi va ban truc phai;

My, M,, M4, Ms - M8 men xo4n trén truc cha dong, truc bi dong, banh
rang ban truc trai va banh rang ban truc phai.

Str dung phuong phap Newton — Euler thiét 1ap hé phuong trinh vi
phan md ta dong luc hoc vi sai khi c6 xét dén ma sat trong co cu vi sai



2.1), (2.2).
Ml%—MCtr—M"‘s%—Mm%iZM?saQiMms (lai +2+| +2l az)¢4+(ﬂ+ 2 21a)g,  (2.1)

VRS VR VL. Mms;+2|\/|mﬂa\2¢|\/|ms—(1a1 z o1 pe (B +4+I+2Ia)¢5 (2.2)

2 2
Trong do:

Vi by, mm; o, me; ERVECH FRVECE |5,Mms|an lugt Ia md men quéan tinh
va md men ma sat trén truc chu dong, truc bi dong, truc banh rang vi sai,
truc banh rang ban tryc trai, phai.

2.2. Céc vi tri ma sat trong bd vi sai
2.2.1. Ma sat giira banh riang hanh tinh va truc chir thap

M6 men ma sat khi banh rang hanh tinh quay quanh truc chir thap Ia

bai toan ma sat trong khép quay [12], [43]. M6 hinh tinh toan dugc NCS

dua ra nhu hinh 2.2.

Hinh 2.2 M6 hinh ma sat khi banh rang vi sai quay quanh truc chir thap
T m hinh, thiét 1ap cong thie tinh md men ma sét gitta banh ring
hanh tinh va truc chix thap (2.3).

Mmms = M E (2.3)

ht/tr ct 2 t2
2 \/l"' e
Trong do:

Ly - HE $6 ma sét giira banh riang hanh tinh va truc chir thap;
r« - Ban Kkinh truc chir thap;
Fr. - Luc tac dyng lam quay tryc chirthap va F, =M, /2r, .
2.2.2. Ma sat giira banh rang hanh tinh va dém twa lung
M® hinh nghién cru ma sat gitra banh rang hanh tinh va dém tya lung

dua ra nhu trén hinh 2.3.



Hinh 2.3 M6 hinh khdo sdt ma sat gitta banh rang hanh tinh va dém
Cong thirc tinh mé men ma sét gitta banh rang hanh tinh va dém lung

2.4).
cos(d, +50)Sin(51—5o)—(51—5o)) (2.4).

M = r F. tanasingd
htid = Hitra e T2 ( sin(s, +6,)sin(3, — o))

Trong do:
Uy - HE $6 ma sat banh rang hanh tinh va dém;
- Ban kinh phan hinh cau cua lung banh ring hanh tinh;

Iht
o - Godc an khop;
0 - Nua goc con chia banh rang hanh tinh;

d1, d - GAc giGi han phan hinh cau ciia lung banh rang hanh tinh.

2.2.3. Ma sat giira banh rang ban truc va vo vi sai
M®& hinh khéng gian va mé hinh tinh todn ma sat gitra banh rang ban

truc va vo vi sai dua ra nhu hinh 2 4.

Hinh 2.4 M6 hinh khdo sat ma sat cia banh rang ban truc va vo Vi sai

Codng thire tinh mé men ma sat banh rang ban truc va vo vi sai (2.5).
3 3
R (A
Mg, :gﬂmvﬁz tanasméw (2.5)
3 (rlx2 - rtx]_)
Trong do:
My, - HE s& ma sat banh rang ban truc va vo vi sai;

& - Nua goc con chia ciia banh rang ban truc;



Foa, Mz - Bén kinh dinh nghia phan c6 tiép xdc giita banh ring ban
truc va vo vi sai hinh 2.4.
2.3. Anh hwéng ciaa cac thong sé két cau dén mdé men ma sét
2.3.1. Anh hwéng caa chiéu dai canh vat | trén truc chix thap
Trén tryc chir thap cua vi sai xe tai, vi tri lap banh ring hanh tinh c6
thé duoc vat di mot doan nham lam giam &p suét tiép xdc, hinh 2.5.

Canh vt

Hinh 2.5 Phuong an vat canh truc chir thdp

NCS dua ra cong thac tinh mé men ma sat truc chir thap va banh
theo kich thudc canh vat | (2.6):

M, = arcsin [LJ r, e p (2.6)

ct > t2
\/1"' Hine

T hinh 2.6 khi kich thudc vat truc | cang nho thi mé men ma sat
M, cang nhé. Khi tang | thi M, ciing ting theo va tang kha déu trong
khoang I/r, =(0.5+0.9). Trong khoang |/r, =(0.9+1) thi md men ma sét y

ht/tr

rang vi sai M/,

ct

Ia tuyén tinh, do d6 co
thé giam md men ma sat M, khi giam kich thuéc | nhung néu giam qua

tang nhanh hon. C6 thé thay quan hé gitra | va M5

muc thi dan dén truc bj yéu, khong dam bao do bén khi 1am viéc vi vay
trong luan &n chon gié tri 1=0.9 r.



Hinh 2.6 Quan hé lUrct va M,

2.3.2. Anh hwéng caa dién tich khoan 16 trén banh ring hanh tinh

Trén lung ctia banh rang hanh tinh dugc khoan 16 ¢6 kich thugc 5 mm
véi 8 15 khoan nham lam giam dién tich tiép xdc giira banh ring hanh tinh
va dém, (hinh 2.7).

L L J—y "u'u’l o |® °
o ehe I | |
}iL Y, «_J_i # \ . ®
T

Hinh 2.7 Phurong dn khoan 16 véi kich thuée, vi tri va dién tich S|" cia 16
khoan trén banh rang hanh tinh va dém
M6 men ma st banh ring hanh tinh va dém sau khi khoan 15 (2.7).

ms M .
Mitra = Higsa T Z—r:tan asind x (27)
€0s(S; +6,)sin(5, = 8,) = (6, = &) sh
Sin(50 +51)Sin(§o _51) ﬁrh% sin(5o +51)Sin(§0 _51)

Tir (2.4) va (2.7) ta c6 d thi quan hé gita md men trén truc chu dong
M;=[0+2000] N.m va mé men ma sat m, trong truong hop khi chura khoan
16 va khi c6 khoan 15 (hinh 2.8).
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Hinh 2.8 M6 men ma sdt banh rdang hanh tinh va dém khi khéng va c6 khoan 16
2.3.3. Anh huéng ciaa dién tich 16 khoan trén banh ring ban truc
Trén banh rang ban truc phan tiép xic vai vo vi sai dugc khoan 10 15
V6i va kich thudc 16 khoan 16 mm nham lam giam dién tich tiép xdc, hinh
2.9.

Hinh 2.9 Phurong dn khoan 16 véi kich thude, vi tri va dién tich Sft cua lo
khoan trén banh rang ban truc va vo vi sai
M6 men ma st banh ring ban truc va vo vi sai sau khi khoan 15 (2.8).
Mt;Tllfv = %/Ubt/vxbt EEZZ : rtle; - ;:[bt(/;?bt_sfztr;x (2'8)
tx2 tx1 tx2 tx1
Tir (2.5) va (2.8) ta ¢6 d6 thi quan hé gitra md men trén truc chu
ms

dong M;=[0+2000] N.m va mé men ma sat M, (hinh 2.10) trong truong
hop khi chura khoan 16 va khi c6 khoan 16:
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Hinh 2.10 M6 men ma sat banh rang ban truc va vo vi sai khi
khéng va cé khoan 16
Két luan chuwong 2
Xay dung mé hinh dong luc hoc vi sai va so dd thuat toan cé xét dén
hé sb can cua loai duong vi sai hoat dong va ma sat tiép xdc cua cac bo
phan trong vi sai.
Thiét 1ap md hinh tinh todn cac gia tri md men ma sat trong vi sai va
phuong 4n thay doi két cau vi sai nham giam md men ma sét.
Chuong 3
KHAO SAT PONG LUC HOC VI SAI CAU SAU XE TAI NHO
3.1. Co sé khao sat dong luc hoc vi sai cau xe tai nhé theo tén hao cong suit
Cung voi hop s, cau sau va vi sai dugc nghién ciru theo xu huéng
chinh: Kha ning truyén mé men 16n véi hiéu suat cao nhat va phan phéi ty
s6 truyén t6i wu nhat, do d6 hiéu suét vi sai 1a chi tiéu quan trong dé danh
gia chit luong co ciu vi sai.
NCS da thiét lap biéu thuc tinh hiéu suat vi sai (3.1):

1T s ] o
Trong do:
| = R _ ' i% (3.2)
ht/tr P Fohti/tr o ¢
2 3 P
Iht/d = m = I tan asin 5(005(51 +50)Sm(51 _50) - (51 _50) h% (33)

P, sin(6, +9,)sin(s, —4,) ¢,
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(—ra) Ae (3.4)

(rth - rtfl)'rlr (bz

3.2. Khao sét anh hwéng ciia ma sat trong vi sai dén higu suat vi sai ciu
xe tai nhé LF3070G1

Trén co s& hé phuong trinh vi phan mé ta dong luc hoc khi c6 mé

=%,um,V tan asin &

men ma sat trong co ciu vi sai (2.1), (2.2) va m6 hinh Matlab Simulink dé

khao sét liy cac thong s6 dau ra dé tinh hiéu suat truyén lyc vi sai.

3.2.1. Khao sat dong luc hec vi sai nguyén ban dé tinh hiéu suét vi sai

- Khao sét voi md men xoén trén truc cha dong M;=M.*i,= 320*2.45 N.m

- Truong hop 1 tai trong P=0; Truong hop 2 tai trong P=50% tai; Truong

hop 3 tai trong P=100% tai

- Gia str loai duong hoat dong duong ndng 1am nghiép c6 hé sé can lan bén

trai =0.14; hé sb can lan bén phai f=0.12.

- Hé sb ma sat cho tat ca vi tri ma st ©=[003 007 04]-

+ Trudong hep 1: Hiéu suét cua vi sai gié tri cao nhat Ia 7,=0.9895 khi

11=0.03, 1,,=0.9587 khi 4=0.07 va 7,s=0.9233 khi 1:=0.1.

+ Truwong hop 2: Hiéu suat cua vi sai gia tri cao nhat 1a 7,:=0.9852 khi

11=0.03, 17,,=0.9444 khi 4=0.07 va 5,s=0.8983 khi 1:=0.1.

+ Trwong hop 3: Hiéu suit cua vi sai gia tri cao nhat 1a #,:=0.9780 khi

11=0.03, 77,s=0.9200 khi 1=0.07 VA 7,s=0.8554 khi 4=0.1.

3.2.2. Khao sat dong luc hoc vi sai khi thay déi két cAu dé tinh higu suit vi sai
Biéu thirc (3.5) tinh higu suat vi sai khi thay doi két cau 77

k k k k
s zl_[lht/tr + e + Ibt/v:l (3.5)
PX (] o Aw
I:tltr = % =arcsin [_J'/’lht/tr Ll._ (36)
2 I L o
K P
I, =t = tan a:sin & x
ht/d P, Hhtr (3_7)

cos(&l+60)sin(51—50)—(51—50) _ Sltn &A_a)
sin(S, +9,)sin(8, —3,) 72 sin(S, +5,)sin(8, = 3,) ) 1, ¢,
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k

e bt
Il;(tlv M = Hyy, BN @SING [ T M)Z Ser J . (3.8)
PZ 3 tr( X2 txl) 27[rtr (rtxz txl) (/’2

Khao sét voi cac didu kién twong tu bd vi sai nguyén ban
Trudng hep 1: Hiéu suét cua vi sai gi tri 5 =09720 khi 4=0.1.

Trwong hop 2: Hiéu suat cua vi sai 7t =09636 ng voi ©=0.1
Trwong hop 3: Hiéu suat cua vi sai nt = 09508 ang voi ©=0.1

Thong qua 3 truong hop khao sat trén khi sir dung bo vi sai co thay
ddi két cau tng véi hé s6 ma sat #=0.1 thi hiéu sut vi sai ting 1én 16n nhit
la 11%.
3.3. Nghién citu nang cao chat lwgng déng luc hoc vi sai xe tai nhé
3.3.1. Co sé ly thuyét tinh toan higu suat kéo ciaa xe

Cong thuc tong quat xac dinh hiéu suat kéo cua o t khi chuyén dong
thang tren duong khi c6 hé sé bam khéc nhau gitta hai banh cha dong (3.9).

77 Tlhs 77vs 775) 100% (3 9)
Trong do:
1.~ Hiéu suat caa hop so ¢ so truyen dinh tinh va truyen luc chinh;

n,, - Hiéu suét truyén luc vi sai;
- Hiéu suét tinh dén truot ciia cac banh xe cha dong.
3.3.2. Hiéu suit kéo ciia 6 to khi cd hé sé khoa vi sai thap
3.3.2.1. Luc kéo cha dgng
- Lyc chu dong tinh theo md men dong co nho hon diéu kién bam caa
banh xe vé&i mat duong:

Pk M Il 77{ < P (pz (310)

rbx

Trong do:
M. - M6 men cta dong co;
ir - Ty s truyén céc tay s6 cua hop so;
e - Hiéu suét truyén lyc;

Ix_- Ban kinh banh xe chu dong;
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P, - Luc bam cua cac banh chu dong;

@ va Z - Hé s6 bam va phan luc phép tuyén cua cac banh chii dong.

- Lyc chu dong tinh theo diéu kién bam

Pv=2. @min- Z (3.11)
Trong do:

@min - H& 56 bam cuia banh xe c6 hé sb bam thap.

So sanh gia tri lyc chii dong Py tir (3.10) va (3.11). néu P, theo (3.10)
nho hon Py theo (3.11) ta chon luc cha dong cua xe theo (3.10), nguoc lai ta
chon Py tinh theo gié tri cta lec bam (3.11).
3.3.2.2. Xéc dinh ché dd lam viéc ciia dong co

Sau khi chon duoc luc chu dong cua xe Py, ta xac dinh dugc diém
lam viéc ctia dong co ¢c6 mo men M, dugc xac dinh theo (3.12).

M, = Dl (3.12)
.77,

Dua vao dudng dic tinh dong co, ta c6 sb vong quay cua truc khuy
ddng co n, twong tng vaoi M,. Van tdc goc cua xe w, (van téc goc trén vo vi
sai) theo cbng thuc (3.13).

z.n
_ZN, (3.13)
“2 = 304,

3.3.2.3. Xac dinh d9 trwot cha cac banh xe cha dong
- Trudng hop hé sé bam hai bén béanh xe bang nhau, ta c6 thé chon do

truot J theo cac nghién ciru thuc nghiém. ta chon 6=0.03.
- Truong hop hé sé bam gitra hai banh xe khéng bang nhau.
@1, opn - HE 56 bam ctia banh xe bén tréi va phi ¢, > ¢,
Phuong trinh can bang cong suét hai bén banh xe.
M,w, = M. o, (3.14)

Lo M aZihy ooy (Z,= 2,00, > 0) (3.15)
604 MS (pph'ZZ'rbx wph
Thé (3.15) vao phuong trinh dong hoc vi sai:
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o = 20,
w, + o, T @A+K) (3.16)
w,=——=
2 2Kw,
oy =
@+K)
Do truot cua 6 td khi chuyén dong thang, ta co:
S :Vlt _Vtt — K-1 (317)
V, K+l
Hiéu sut truot dugc tinh theo cong thirc
ns=(1-9) (3.18)

3.3.3. Hiéu suit kéo kéo cia 6 t6 khi c6 hé s6 khoa vi si sai cao
3.3.3.1. Luc kéo cha dgng
- Lyc chu dong tinh theo diéu kién bam (¢, > ¢,,)
R =202 + Ky (9, —0p)Z (3.19)
Chon luc cha dong twong tu truong hop trén.
3.3.3.2. Xéc dinh ché dd lam viéc ciia dong co

Néu phai tinh luc chu dong theo cong thic (3.12) thi mé men chu
dong trén vo vi sai My=P,,.r,. Tuong tu xac dinh w, theo céng thuc (3.13).

3.3.3.3. Xac dinh d9 trwot cia cac banh xe cha dong
- Khi hé s6 bam hai bén banh xe khdng bing nhau:
Ta c6 cac phuong trinh trong b vi sai ma sat cao

M; = (Pph-z-rbx (3,20)
M4 = (pph'z'rbx + Ka‘ ((ptr _wph)'z'rbx (321)
M, =P, =[20, + Ky (2 — )12, (3.22)
Mms =M4_M5= K(;((Dtr—(oph).z.rbx (323)
Tuong ty nhu trén ta co:
— 2(Dph

W, = .,

Zgoph + Kﬁ(wtr _wph) (3.24)

w;=21- Pon 0,
2¢)ph + Kb‘((otr _(Dph)

Do truot cua 6 to khi chuyén dong thang, ta co:
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s Vi Ve _ Kilow —op) (3.25)
Vi 204 +Ks(@ —9p)

3.4. Két qua khao sat

Xe tai nho LF3070G1 c6 ché do 1am viéc Mena,=320 N.m, & tay s6 3
(ins=2.45) va c0 ty sb truyén cua truyén lyc chinh i.=6.57.
3.4.1. Anh hwéng vi sai ma sat trong thap dén tinh niing kéo bam
- Hé s6 bam cua hai banh xe chi ddng khong bang nhau

Khi K;=0 (gia str 94=0.7, ¢pn=0.2), luc kéo P,=6000.1 N; M,=2640
N.m, M;=M5=1320 N.m; w,=9.54 rad/s, ws=33.4 rad/s, w,=21.47 rad/s; D0
truot ting manh 6=55.56% va hiéu suat kéo cua xe giam #,=40.13%.

3.4.2. Anh hwéong vi sai ma sat trong cao dén tinh ning kéo bam
- Hé s6 bam ciia hai banh xe chii ddng khéng bang nhau

Khi Ks=0.3; luc kéo P,=8250 N; M,=3630 N.m, M;=2310 N.m,
Ms=1320; w,4=15.14 rad/s, ws=26.49 rad/s, ®,=20.815 rad/s; Do truot giam
9=27.27% va hiéu suat kéo cua xe ting 7=60.78%.
3.5. So sanh hiéu suit kéo vi sai ma sét trong thip va cao

Tai ¢4=0.7, ppn= [0.1+0.7]. Ta co # cua vi sai khi co6 ma sat trong
thip va cao twong (ng vai cac hé sé khda K nhu trén hinh 3.1.

T e HIEU SUAT KEO GUA V1 SAI D TO VOI BANH BEN TRAI DU BAW PHI = 0.7

Km0 T

B >
# AT

HIEU SUAT KEO ETAK %

07 B3 04 05 06 07 08 81 0z 03 o4 05 05 07
HE SO BAM CUA BANH THEU BAM PP, Keeta=0 1 HE SO BAM CUA BANH THEEU BAM PHiP, Kéeoha=0.3

a) Vi sai ma sat trong K;=0.15 b) Vi sai ma sét trong Ks=0.3
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HIEU SUAT KEO CUA VI SAI 0 TO V0| BAHH BEN TRAI DU BAM PH = 0.7 HIEU SUAT KEO CUA VI SAI O TO VOI BANH BEN TRAI DU BAMPHI= 0.7
100

s a4 % H s SR

K5=045.57

HIEU SUAT KEO ETAK %
IEU SUAT KEO ETAK %
2

2

6z 03 04 06 06 0T 08
HE SO BAM GUA BANH THEU BAM PHP. Kslta=0.5.

50 oM Cun B T B P ket B
¢) Vi sai ma sat trong Ks=0.45  d) Vi sai ma sat trong K;=0.5
Hinh 3.1 Hiéu sudt kéo tong qudt vi sai ¢6 ma sat trong thap va cao

Khi xe tai nho 1am viéc trén duong xau, khi khdng c6 ma sat trong
cao thi van téc goc hai banh xe chénh léch nhiéu, banh xe bén cé bam thap
s& bi truot quay 1am giam hiéu suat kéo, khao sat khi hé sé bam bén phai
tang 1én thi hiéu suat kéo tang 1én. Khi c6 bo khoa vi sai hoat dong thi
nhitng nhugc diém néu trén dugc khic phuc, do truot cua banh xe thiéu
bam giam, hiéu suat kéo tong quét #, tang 1én. Truong hop K,;=0.3 thi md
men phan chia ra cac banh xe chu dong va sai léch van téc cua cac banh xe
on dinh nhat, hiéu suét kéo tong quét #, ting 1én 14%.

Két luan chwong 3

Thiét 1ap mo hinh va lap trinh tinh hiéu suat truyén luc vi sai théng
qua céc ton hao do md men ma st trong cua co cu Vi sai.

Khao st md hinh tinh toan hiéu suét vi sai thdng qua mé men ma sat
My trong bo vi sai c6 thay doi két cau, khi sir dung bo vi sai thay doi két
cau thi hiéu suat truyén luc vi sai ting 1én cao nhat la 11%.

Thiét 1ap md hinh tinh toan va lap trinh dé khao sat anh huong cua hé
s6 khéa vi sai K; dén tinh ning kéo bam co cAu vi sai.
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Chuwong 4
NGHIEN CUU THUC NGHIEM

4.1. Muc dich thi nghiém

Thi nghiém do m6 men tai cac vi tri truc Cac dang, hai ban tryc trai
va phai cua cum cau sau xe tai nho 3 tin LF3070G1 duoc san xuat ldp rap
tai Viét Nam khi xe tai hoat dong trén duong ndng I1am nghiép va trén bé
thir, nham so sanh véi két qua phan bé mé men trén hai béan truc do trén xe
vGi md men phan b trén hai béan truc caa mé hinh ly thuyét dong luc hoc vi
sai c6 xét dén ma sét trong cac b phan co cau vi sai.
4.2. Céc thiét bi va dung cu thi nghiém
4.2.1. Bé thir cau sau thi nghiém

Thi nghiém duoc sir dung bé thir cau sau la san pham cua dé tai
NCKH trong diém cip Nha nuéc KC.05.22/06-10, hinh 4.1.

Hinh 4.1 B¢ thur cdu sau
4.2.2. Tenzo

Sir dung Tenzo bién dang loai FCA-3-11 (hinh 4.2) do cong ty Tokyo
Sokki Kenkyjo (Nhat Ban) san xuat. Dan tenzo 1én 3 truc: truc Cac ding,
hai ban truc, ndi day cac cam bién thanh cau do ri dua day ra ngoai.

Hinh 4.2 Tenzo bién dang sir dung trong nghién citu thuc nghiém
4.2.3. B¢ thu dong thiiy ngén va thu phat khong day

Thi nghiém da sir dung bo thu dong tiép diém thay ngan dé lay tin
hiéu do tir truc Cac dang va hai bén truc ra thiét bj do, hinh 4.3.
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Hinh 4.3. Bo thu dong tiép diém thay ngan
Dé lay tin hiéu ra trén truc dang quay, thi nghiém Iap 01 bo thu dong
tiép diém thiy ngan loai TPAII-70 trén truc Cac dang va 02 bo loai TPAII-
50 lap trén hai béan truc phai va trai trén bé thir. Mot phuong an khac NCS
da str dung thiét bi c6 tinh ning twong tu bo thu phat tin hiéu khdng day
hinh 4.4,

4

Hinh 4.4 B4 thu phat tin higu khong day

4.2.4, May do DMC plus va Spider8

May do DMC plus va Spider8 1a thiét bj do tich hop c6 chtrc ning
tuong tu nhau cia haing HBM, CHLB Dirc, ding dé xtr 1y tin higu nhén tir
tenzo (Vou) c6 dién ap thip (<10mV), sau khi khuéch dai dugc chuyén ddi
A/D d& b6 vi diéu khién thyc hién cac xt 1y, hién thi qua trinh do va ghi két

qua do thanh file luu trir dugc trén may tinh, hinh 4.5.

Hinh 4.5 Mdy do DMC plus va Spider8
4.3 Hi¢u chuin s6 liéu do
Két qua hiéu chuan 1a quan hé tuyén tinh gita md men va bién dang
thong qua tin hiéu dién &p V.. Tién hanh hiéu chuin véi bo thu dong tiép



20

diém thiy ngan va thu phéat khéng day bang cach tao ra cac mé men xoén
trén truc da biét gia tri, hinh 4.6.

';'ﬁ

Y 5 T .ﬁ"' :
Hinh 4.6 Hiéu chudn tin hiéu do
Do nhay cua cac cam bién do mo men nhu bang 4.1.

Bang 4.1: Do nhay ciia cac khau do mé men sau khi hi¢u chuan

Dung thu dong thiy ngan Dung b$ thu phat khéng day
Khéu do , - ; ]
Mo men Ung véi Mo men Ung véi
Cac dang 750 daNm 2mVvVIiv 52 kNm v
Béan truc trai 368 daNm 2mVvVIiv 19 KNm v
Béan truc phai 612 daNm 2mVvVIiv 26 KNm v

4.4. Tién hanh thi nghiém trén bé thir

Trén truc Cac dang dan tenzo tai vi tri C-1, trén hai ban truc dan
tenzo tai vi tri C-2 va C-3. Qua cac bo thu dong tiép diém thay ngan T-1, T-
2 va T-3 tin hiéu tir cac cam bién duoc dua toi may do DMC, hinh 4.7.

I

’ - 7 7 ‘ A A \ 7
Hinh 4.8 Lap bg thu dong tiep diém thuy ngén trén truc Cdc dang va ban truc
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Hinh 4.9 M6 men xoan trén 3 truc

4.4.2. So sanh két qua thi nghiém trén bé va tinh toan mé phéng
Trén co sé md hinh dong luc hoc c6 ma sét & chuong 2 dé tinh toan
theo diéu kién thi nghiém trén bé thir. So sanh sai léch két qua do duoc
trong thi nghiém va tinh toan theo ly thuyét, bang 4.2.

Bang 4.2: So sanh md men do trén bé thir va tinh toan ly thuyét

Mo men do trén bé thir

M6 men theo ly thuyét

Sai léch (%)

Tai (N.m) (N.m)
M, M, M M, M, M 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 | 1794.42 | 2304.27 | 637.6 | 2086.54 | 2339.37 | 8.1% | 4.7% | 1.5%

Panh gia 1:

Do thi nghiém trén bé kha gan véi cac gia thiét khi tién hanh thiét lap

phuong trinh vi phan mo6 ta dong luc hoc vi sai nén céc gié tri do dugc so

véi ly thuyét c6 sai léch nho. Biéu nay chirng té mé hinh thiét lap da mé ta

gan dung vai cac qué trinh vat ly xay ra trong hé théng.

4.5. Tién hanh thi nghiém trén xe
4.5.1. Xe thi nghiém
Xe thi nghiém la xe tai nho 3 tan LF3070G1 dugc san xuat va lap rap
tai Viét Nam, xe c6 mot cau sau chi dong, loai xe tai tw d6 hinh 4.10.




Hinh 4.10 Xe tdi nhe 3 tdn thi nghiém
4.5.2. So d6 thi nghiém trén xe
Trén tryc Cac dang dan tenzo tai T-1, hai ban truc dan tenzo tai 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 téi may do Spider8 khuéch dai va xt ly tin hiéu do.

Hinh 4.11 So @6 \dp rap céc thiét bj thi nghiém trén xe
4.5.3. Két qua thi nghiém trén xe tai nhe LF3070G1 ngoai hién truong
Lip céc thiét bi do md men cua truc Cac dang va hai ban truc 1én xe
nhu hinh 4.12.

A : i
Hinh 4.12 chj;dc.thié,t bi do mé men truc Cac dang va hai ban truc
DPuong thi nghiém 1a doan duong 1am nghiép tai nGi Ludt thuoc
truong Pai hoc Lam nghiép Viét Nam.
Két qua thi nghiém dg mod men trén xe nhu trén hinh 4.12.

350

100
s0 " | JW anad
| / |
% 200 ‘
50 il

15
100 |

Nm)

M

Hinh 4.12 Két qua thi nghiém do mé men truc Cdc déing trén xe
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4.5.4. So sanh két qua thi nghiém trén xe va tinh toan mé phéng

Trén co s& mo hinh dong luc hoc cd ma sat & chuong 2 tinh ton theo
diéu kién thi nghiém trén xe. So sanh sai léch két qua do duoc trong thi
nghiém va tinh toan theo ly thuyét (bang 4.3).

Bang 4.3: So sanh md men do trén xe va tinh toan Iy thuyét

M6 men do trén xe M6 men theo ly thuyét Sai léch (%)

Tai
M, M, Ms M, M, Ms M, M, Ms

0% 671.8 | 2124.73 | 2329.59 | 784 | 2431.03 | 2683.87 | 14.3% | 12.6% | 13.2%

50% | 620.73 | 1962.91 | 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:

Do qué trinh thi nghiém trén xe con c6 thém maot sé yéu té nhu xe
rung lac, anh huong do map mé mat duong, ddi doc doc va ngang... nén co
su sai léch 16n hon danh gia 1 trong phan bé mé men khi do va tinh toén 1y
thuyét, sai léch gitra gia tri do trén xe va tinh toan tir phuong trinh mo ta
dong luc hoc vi sai nho hon 15%, vi vay mo hinh déng luc hoc nghién ctu
14 phu hop.

Két luan chwong 4

Str dung cam bién tenzo theo nguyén ly cau do Wheatstone dé do mo
men 3 truc cua hé théng truyén luc xe tai nho. Thiét ké va ché tao bo do ga
dé I4p thiét bi trén 3 truc khi c&c truc dang quay vai toe do cao.

Thiét ké, ché tao bo dd ga dé thuc hién hiéu chuén thiét bj do m6 men
truge khi tién hanh cac thi nghiém.




24

KET LUAN

1. Xay dung mo hinh dong hoc, dong luc hoc vi sai c6 xét dén ma sat
trong vi sai, tinh toan cac mé men ma sat. Xay dung so d6 thuat toan dé
khao sat dong luc hoc vi sai, xac dinh cac théng sé dé tinh hiéu suat truyén
luc vi sai.

2. Khao sat cac trudng hop c6 thay ddi két cu vi sai dé thay doi ma
st trong Vi sai My, hiéu suat bo vi sai thay di két ciu nang 1&n 11%.

3. Luan 4n dé xuét giai phap giam ma sat trong vi sai bang thay doi
két cau vi sai. Nho su thay doi két ciu nay, chat luwong dong hoc vi sai cau
xe tang 1én, xe 6 t6 tai nho LF3070G1 van hanh tét trén duong nong 1am
nghiép khi xe thuong xuyén quay vong.

4. Thiét 1ap mo hinh tinh toan va lap trinh dé khao sat anh huong cua
hé sb khoa vi sai K; dén cac thong sé dong luc hoc co cdu vi sai khi xe lam
viéc trén dudng xau. Truong hop K;=0.3, hiéu suit kéo 7 ting 1én 14%,
nhu vay khi xe di thang trén duong xau thi chat lwong dong luc hoc vi sai
ciu xe ting lén.

5. Thi nghiém st dung cam bién tenzo theo nguyén ly cau do
Wheatstone, l4y tin hi¢u do dong thoi mé men tir 3 truc dang quay trén xe
tai nho bang bo thu dong tiép diém thay ngan va bo thu phat tin hiéu khong
day. Sai léch 16n nhét gitta két qua do trén bé thir va két qua tinh toan la
8.9%. Sai léch 16n nhit giira két qua do trén xe dang hoat dong va két qua
tinh toan nho hon 15%. Sai 1éch nay cho thdy mé hinh dong luc hoc vi sai
khi c6 ma sat c6 do tin cay chap nhan duoc.
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