CHUONG XllI
HE THONG LAl

|.CONG DUNG, PHAN LOAI, YEU CAU.
1.1. Cong dung.

Hé théng lai dung dé thay déi phwong chuyén déng cliia 6t6 nhd quay cac banh
dan hwéng cling nhw dé gitr phwong chuyén déng thdng hay chuyén déng cong
clia 6t6 khi can thiét.

Mudn quay vong 6td phai cd6 mémen quay vong. Mémen nay cé thé phat sinh
nh& cac phan lwc bén khi quay banh dan huéng.

1.2. Phan loai.
1.2.1. Theo cach bé tri vé lang chia ra:

v' Hé thdng lai wi vo lang bd tri bén trai (khi chiéu thuan chuyén déng theo
luat di dwdng la chiéu phai nhw & cac nuéc trong phe xa hodi chd nghia, cac nwéc
Phap, My v.v...)

v' Hé théng lai v&i vo 1ang dat bén phai (khi chiéu thuan chuyén déng 1a chiéu
tréi nhw & cac nwéc Anh, Nhat, Thuy Dién).

1.2.2. Theo két ciu cta co’ cau lai chia ra:

v Loai co khi gdbm ¢6 :
» Truc vit banh vit (v&i hinh ré quat rang hay con lan)
= Truc vit ddn quay (v&i mot hay hai ngéng trén don quay)
» Thanh khia
= Lién hop (truc vit écu va don quay hay truc vit écu va thanh khia — ré quat
rang).
v Loai thuay lwc

1.2.3. Theo két cau va nguyén ly lam viéc cta bd tro lwc chia ra:

v Loai tro lwc thay lye

v Loai trg lyc khi (gom ca cwdng hda chan khéng),

v' Loai tro lwc dién

v' Loai tro lwc co khi

1.3. Yéu céu.

Yéu cau ddi voi hé thong lai la: o ,

v" Quay vong 6t6 that ngoat trong mét thdi gian rat ngan trén mét dién tich rat
bé.

v' Léi nhe, trc 1 e can thiét dé quay vanh tay lai phai nho.

v' Bong hoc quay vong dung, cac banh xe cua tat ca cac cau phai lan theo
nhi*rng vong tron dong tam (néu dieu kién nay khéng dam bao I0p sé truot
trén dwdng nén chdng mon va cong suat sé mat mat dé tiéu hao cho lyc ma
sattrwot). . ]

v' Nguoi lai it ton strc, du cam giac dé quay vong tay lai va hé thong lai da stre
ngan can va dap cla cac banh dan hwéng Ién vanh tay lai (nguwoi lai d&
mét).

v O t6 chuyén déng thdng phai 6n dinh.
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v' Dat co cau lai trén phan duwoc treo (dé két cau clia hé thong treo banh trudc
khong anh hwédng dén dong hoc cua co cau lai).

1.Ti SO TRUYEN CUA HE THONG LALI.

Trong hé thdng lai cé cac ti sé truyén sau:
v' Tisb truyén cla co cau lai i,

v' Tis6 truyén cta dan dong 1ai iq.

v Ti so truyen theo goc clia hé thong lai iy
v' Ti sb truyén lwc cta hé thdng lai .

2.1. Ti s6 truyén cta co’ cau lai i,

Ti sb cha goc quay cla vé lang chia cho goc quay clGa don quay dirng. Tuy
theo co' cau lai i, co thé khong doéi hodc thay dbi. O loai co cau lai co ti s6 truyén
thay dbi, ti sb truyén cé thé tdng hay gidm khi quay vanh tay lai ra khai vi tri trung
gian.

Dbi v&i 6 t6 du lich can &ng dung loai co' cAu lai co ti s truyén thay dbi. Ti s
truyén nay co gia tri cwe dai khi vanh tay lai & vi tri trung gian. Nhw vay dam bao
dwoc 6 t6 chuyén ddng & van téc cao an toan hon, vi khi vanh tay lai quay di mot
géc bé s lam cho banh dan hwéng quay it. Ngoai ra khi 6 t6 chay & tbc do cao,
sw 6n dinh cla banh dan hwdng anh hudng dén hé thdng lai cao; ti sé truyén thay
dbi sé& 1am cho tay lai nhe nguoi lai d& mét.

O cac 6 td co6 kha ndng théng qua I&n ciing s& dung co cAu lai cé ti sb truyén
thay dbi nhwng gia tri cuc tiéu clia ti sb truyén lai trng véi vi tri trung gian ctia vanh
tay lai. BS tri ti s6 truyén nhw vay 1a hop ly nhat vi né dam béo cho tay lai nhe khi
6 t6 can chuyén déng linh hoat.

2.2. Ti s6 truyén cta dan déng lai ig.

N6 phu thudc vao kich thudc va quan hé cua cac canh tay don. Trong qua trinh
banh dan hwdng quay vong gia tri canh tay don clia cac don dan déng sé thay déi.
Trong cac két cau hién nay iy thay dbi khéng nhiéu 1am

g=0,85+1,1

2.3. Ti s0 truyén theo g6c cua hé thong lai iy.

Ty sb cta géc quay vanh tay lai Ién géc quay cta banh dan hwéng. Ti sb
truyén nay bang tich so cua ti sO truyén ctia co cau lai i, v&i ti sO truyén dan cta
doéng lai.

= o g (13.1)
2.4. Ti s6 truyén lwc cta hé théng lai i,.
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Hinh 13.1: So db tru dirmng nghiéng trong mét phdng ngang.

Ty s6 clia tong lyc can khi 6 t6 quay vong chia cho lyc dat trén vanh tay 14i can
thiet dé khac phuc dwoc lwc can quay vong.

. P,
==
PI
o Mo 5 M
. c r
O do:
M. — mémen can quay vong cua banh xe; ]
¢ —canh tay don quay vong, ttrc la khoang cach tir tam mat twa cua I0p
dén duwong truc dieng kéo dai (h.13.1) ;
M, — mdmen lai dat trén vanh tay lai;
r —ban kinh vanh tay lai.
Nhw vay: i, = M.r
cM,
M. _i, vadods
|
. r.
i, =", (13.2)
C

Ban kinh vanh tay lai & da sb 6 t6 hién nay Ia 200 + 250mm va ti sé truyén goc
ig khong vuot qua 25 vi vay iy khdng duoc chon I6n qua. Canh tay don ¢ cling
khéng nén gidm nhiéu vi glam nhiéu sé& lam cho & t& chuyén ddng khéng 6n dinh
vi banh xe nghiéng trong @ phang ngang nhiéu quda, i | hién nay chon trong
khoang ttr 100 + 300.

Néu ti sb truyén i doi héi phai I&n hon thi can thiét phai dat bo tro luc tay lai
trong hé thdng lai.

III.LKET CAU CUA HE THONG LAL.
3.1. So doé chung.

Trong trudng hop tdng quat hé thdng lai gdbm cé: co cAu lai, truyén déng lai va
bd phan tro' lwc. Trong moét s6 kiéu & t6 (6 t6 tai co tai trong bé, 6 t6 du lich cé
cong suat lit nhd va cdng suat lit trung binh) c6 thé khong dat bd tro luc lai.
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Hinh 13.2: So' db hé théng lai 6t6

Trén hinh 13.2 trinh bay & dd don gidn nhat cta hé thdng lai. Vanh tay lai 1
dwoc gan trén mot dau truc lai 2. Dau kia ¢6 dat truc vit 3. Truc vit 3 an khép voi
banh vit 4 (banh vit 4 Bm trén truc 14). B truc vit banh vit 3, 4 va v chra bd
truc vit, banh vit la co ciu lai. Truyén déng lai gém don quay dirng 13, thanh kéo
doc 12, ddn quay ngang 7, hinh thanh lai gém ba thanh 6, 10, 11 va cac cam quay
bén trai va bén phai 5, 9.

Vanh tay lai c6 nhém vu tao ra mémen quay can thiét khi nguoi lai tac dung
vao. Vanh tay lai c6 @ng vanh tron cé nan hoa bé tri déu hay khéng déu quanh
vanh trong cla banh lai. Mémen lai la tich sb cla lwc Iai trén vanh tay lai nhan voi
ban kinh cua vanh tay lai.

Truc lai thwong 18 mét don dai d&c hodc réng. Truc 1ai ¢ nhiém vu truyén
moémen lai xuéng co cAu lai.

Co cAu lai co nhiém vy bién chuyén ddng quay tron thanh chuyén déng goc
trong mat phdng thdng ding cha don quay dirng va gidm ty sb truyén theo yéu
cau can thiét.
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Hinh 13.3: Gidn db biéu dién quan hé giira ti sO truyén cta co cau lai va géc
quay cua banh xe. © e e ..
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3.2. Co cAu lai.
Co cAu lai 1a bd gidm téc ddm bao tdng mdmen tac déng cla ngudi lai dén cac
banh xe.

3.2.1. Phan I&n cac yéu cau cua hé théng lai do co cau lai dam bao. Vi
vay co cau lai phai théa man cac yéu cau sau:

v’ C6 thé quay ca hai chiéu d& ddm bao chuyén déng can thiét én dinh cta 6
to.

v' C6 hiéu suat cao dé lai nhe trong d6 can c6 hiéu suat theo chiéu thuan (tw
vanh lai xuong banh xe dan hwdng) I16n hon hiéu suat theo chieu nghich (ngwoc
lai) mét it dé cac va dap tw mat dwong dugc gilr lai o co cau lai mot phan lon.

v' Dam bao gia tri thay doi cua ti sO truyén theo yéu cau can thiét khi thiét ké.

v Dieu chinh khoang hé an khép clia co cau lai don gian nhat.

3.2.2. Cac thong sé danh gia cla co cau lai la ti s6 truyén theo géc,
hiéu suat (thuan va nghich) va tri s6 khoang hé cho phép gilra cac chi tiet an
khép cua co cau lai.

v' Ti sb truyén cla co céu lai la:

i 90 _ o (13.3)
aQ O
O do:  do, dQ - géc quay phan tir clia vanh tay lai va don quay dirng
g, ®g - van toc géc quay twong (rng cla vanh tay lai va don quay
dwng.

Trong 5 I6n cac co cau lai i, 1a gia ti thay déi ; xac dnh chinh xac i, nhd

dwéng cong vi phan 0 = f(Q). Trong nhirng diéu kién binh thuwéng cé thé tinh i, du

chinh x&c theo biéu thirc i, = % va st dung dbd thj 6 = f(Q) (h.13.3).

v Hiéu suét thuan (theo chiéu thuan tirc 1a tir vanh tay lai xuéng banh dan

huwdéng) ny sé la :
N, —N N M,o, +M,0,
N, N, B M, o,
M, +M,,

Mlim

v Hiéu suét nghich (theo chiéu nghich tirc la tir banh dan hwéng 18n vanh tay

14i) 1, SE la:
N2—Nr:1_ _, Myo,+M, 0,

N, N, M,o,

N, =1-—tale T Ve (13.5)

n, =1- (13.4)

Trong dé:
N, —céng suatdan dén truc lai ;
N, - cong suat mat matdo ma sat trong co cau lai;
M, —tdng s6 médmen cac lwc ma sat trén truc 1ai (h.13.4);
M, —tdng sd mdmen cac lwc ma sat trén truc don quay ding ;
M; —mdmen ngoai lwc tac dung Ién vanh tay lai ;
N, —cong suat trén truc don quay dirng ;
M, —moémen ngoai lyc tac dung Ién truc don quay dung.
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IV.TINH TOAN HE THONG LAL.
4.1. Xac dinh lwc cua ngwei lai tac dung Ién vé lang.

Trén hinh 13.15 trinh bay so do lwc tac dung 18n hé thdng lai. Lwc tac dung 1én
vanh tay lai dia 6 t& sé dat gia tri cwc dai khi ta quay vong 6 t6 tai chd. Luc 4y
mémen cn quay vong trén mét banh xe dan hwéng M. sé bang tdng sb cla
moémen can chuyén dong M;, mémen can do cac banh xe truot 18 trén duwérng M,
va mdmen can can thiét dé 1am én dinh dan huwéng M; do canh tay don ¢ (h.13.1).
Khi xac dnh gia tri lwc cwc dai tdc dung I&n vanh tay 1ai P max, thi M3 c6 thé bd
qua. Khi can dd chinh xac cao thi phai tinh ca Ms.

M6émen can chuyén dong:

Ml = Gbx fc

Trong 4do:

Gpx — trong lwong tac dung 18n mét banh xe dan hwéng,
f —hésbcanlan: f=0,015,
c - chiéu dai canh tay don (h.13.15).

Khi c6 Iwc ngang Y tac dung 1én banh xe, do sy dan hoi bén cta 16p, dién tich
tiép xuc gilra 16p v&i dwdng sé bi quay twong déi dbi véi mat phang banh xe.
Diém dat cla lwc ngang Y sé dich chuyén mét doan x nao dé phia sau déi véi truc
banh xe. Doan x dwoc thira nhan bang mot phan tw chiéu dai cia bé mat tiép xuc
gitra 16p v&i dworng. Nhw vay theo hinh 13.16 ta ¢o:

— 2 2
X=0,54r"—r;,

O day: r — ban kinh tw do ctia banh xe.
Néu thtra nhan r,, = 0,96r ta c6 x = 0,14r thi:
M, =YX = 0,14Gpp1f
O day:
¢, — hé sb6 bam ngang lay ¢, = 0,85
Téng mémen can quay vong & ca hai banh dan hwéng la:
Mq = 2(My + Mo)y = 2Gp,(fc + 0,140r)y (13.8)
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Suy ra:
M
leax = — (139)
] RI, I,
O day:
y  —hé sb tinh dén anh hudng clia M; gay rado ¢ 4u trwdc 6 t6 b nang léry = 1,07 +
1,15;

n: — hiéu suét tinh dén tiéu hao do ma sét & cam quay va céac khdp ndi trong truyén
dong lai, voi 6 16 chi cd ciu trudre dan hudng m, =0,50 + 0,70.
Céanh tay don cpi, thwdng xac dinh theo thwc nghiém, véi 6t6 tai loai thuwdng
Cmin = 30 =+ 60mm, 6t6 tai loai I&n ¢y, = 60 = 100mm.
R — béan kinh cia vanh tay lai trong khoang ttr 0,19m (ddi v&i 6 t6 c6 cong
suét lit bé) dén 0,275m (dbi v&i 66 tai ndng va 6 té buyt) khi tinh toan
véi 6 t6 tai nang va 6 t6 buyt (khéng c6 cudng hoa) 1ay Pimax = S500N.

Hinh 13.16: Dac diém luc ngang téc dung 1én banh xe khi quay vong
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Déi véi 6 t6 du lich, ti sb truyén i, 14y tr 12 + 20 va 6 t6 tai lay tir 16 + 32. Mubn
giam Pjmax thi tAng i,, nhwng goc quay banh dan huo’ng sé& gidm néu cung mot goc
quay cua vanh tay lai. Nhw vay thoi gian quay vong cua 6 to sé tang. Nhw vay dbi
v&i xe cao téc can quay vong nhanh phai chon i, bé. Néu chon i, trén co sé& &ng
v&i goc quay banh dan huéng 35° + 40° tir vi tri trung gian thi vanh tay lai sé quay
ttv 1,0 dén 1,75 vong (nhwng khdng Ién hon 2,0 vong) doi véi vi tri trung gian luc 6
t6 chay thang.

4.2. Pdng hoc cta truyén dong lai.
4.2.1. Bong hoc cua hinh thang lai:
cotgp - cotg GBE = % (13.19)

So sanh hai cong thirc (13.19) va (13.18) ta thay GBE = a.
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Hinh 13.19: So d6 xac dinh quan hé gilra géc quay cla céc bénh xe dan huéng

Céach chirng minh theo phwong phap hinh hoc trén day cho phép ta kiém tra
dwoc dd chinh x&c cla cac hinh thang lai sén c6 bang cach sau: V& co ciu hinh
thang lai theo mét ti 1& thu nhé trén gidy roi thay ddi vi tri ciia hinh thang lai dé tim
cac goc a va B twong ng khac nhau. Xong dat cac goéc a va B khac nhau trng
déi mot & vi tri nhw trén hinh 13.19. Giaodiém cla ching ndm cang sat duwéng
GC thi cang cieng té la hinh thang lai thiét ké ra 1a it sai v&i phwong trinh ly
thuyét (13.18), nghia 1a 6 té sé it trwot khi quay vong.

4.2.2. Thiét ké hinh thang lai:

Nhiém vu co ban khi thiét ké hinh thang lai Pantd |a xac dinh dung géc nghiéng
clia cac don bén 0 khi 6 t6 chay thang. Trén hinh 13.20 biéu dién so’ d6 hinh thang
lai Dantd. O vi tri trung gian clia cac banh xe, cac goc 0 gitra hai don nghiéng bén
va cau trwdc bang nhau. Nhiém vu chinh ctia ngudi thiét ké la chon dung géc 6, vi
chon 6 cang dung th khi quay vong cac banh dn hwéng cang it trwot. Thuc té
cho thdy khéng thé nao chon dung tuyét déi dwoc vi chi tinh toan gan ding bang
gidi tich cling da hét strc khé khan.
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Hinh 13.20: So db xac dinh géc ngiéng cua cac don bén cia hinh thang lai

Xac dinh kich thuwéc clia hinh thang 1ai gém cé xac dinh goc 0, chiéu dai m va n
cua cac don bén va don ngang.

Hinh 13.21: So db hinh thang lai véi goc 61a goc giika don nghiéng bén va
duwong song song vaoi truc doc cua 6té

Puwong dam nét trén hinh 13.21 14 vi tri banh dan huéng lic 6 t6 chuyén déng
thadng; dworng nét dirt 1a Iic quay banh dan hwéng, tire la luc 6 t6 quay vong. Luc
4y don BL quay di 1 géc a, don AF quay di goc p. T L’ v& dwdng song song Vo
AB, ta c6 doan IH. T F’ vé dwdng vudng goc v&i AB gap IH tai N; ta sé tim duoc
quan hé hinh hoc gitra B, 6 vaa :

IH =b=1IL + LN + NH
LN =b—IL'- NH =b —msin (6 + ) —msin (6 - B) (13.20)
Mat khac

LN = VLF2—FN? = JLF?—FN? =

= J(b-2msin®)’ —[mcos(d —B)—mcos(0 + o)’ (13.21)
So sanh hai cong thire (13.20) va (13.21) ta duoc:

b—-msin (0 +a)-msin (0 -p) =

= J/(b—2msin6)* —[mcos(d —B)—mcos(6 +a)f’
Qua mot bién ddi trung gian ta c6 :
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mcos (0 + a) . m—Dbsin (0 +a)—2msin® 0 + 2bsin®
_ - arcsin
b—msin(6+0) Jm? cos? (0 + a) + [b—msin (0 + )]’

Theo phwong trinh (13.22) néu cho trwdc mét géc 0 thi tng véi 1 tri s cha p ta
sé& ¢6 tri s6 cua a twong rng, nghia 1a: B = f(0,0).

Nhw vay néu cho mot gia tri 0 ta s& cé mdt dwong cong. Trén hé toa dd (a, B),
cho mat sb tri s6 cia 6 ta 8 co mdt sd dwong cong (h.13.22). Mat khac theo
phuwong tinh (13.18) ta ing sé& vé dwoc duwong cong ly thuyét. Cton 6 cla
duwéng cong nao nam sat dudng ly thuyét nhat (trong cac goéc thudng quay cla a
la tlr 0° +45°) dé thiét ké. Sy sai léch Aa trén hinh 13.22 phai bé hon 1°, néu I&n
hon 1° s& gay mon 16p nhanh.

=6+ arctg (13.22)

(0

e

A
B khi Rmin @

Dal

O
Hinh 13.22: B4 thj dé chon géc nghiéng cta cac don bén cua hinh thang Iai

Khi thiét ké hinh thang lai thi b, L da biét, con m thwong lay theo kinh nghiém
m= 0,14 + 0,16b. D& c6 co' s& chon 6 ban dau cho nhanh va sat gan véi duong 6.
(ly thuyét) ta chon so bd 6 <35°. C6 6 ta tinh dwoc n.

n=>b-2msin 6

Chon céac thdng sb hinh thang lai hop ly thi goc quay thwe té cac banh xe chi
sai léch
3 + 5% so v&i goc quay ly thuyét.

Trén hinh 13.22 dwdng dam la dwdng cong ly thuyét chi rd quan hé chinh xac
gilra o va B con cac dwdng cong 0, va o, ...... biéu dién quan hé thyc té gilra cac
goc a va B khi ta cho cac gia tri 64, 0, ... khac nhau. Lap nhw vay co thé thyc hién

véi cac tisd I, % khac nhau. K&t qa la ta sé xac dinh dwoc cac gia tri hop ly
n

5 n . 5 X b . m
cua 0 = 0y, phu thudc vao ti s6 cua . va —.
n
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Hinh 13.23: D4 thi bidu dién quan hé 6 phu thudc vao ty sé %Vé -

Trén hinh 13.23 trinh bay &t qla tinh toan cho ba gié tri % nhw \ay dd thi
trén hinh 13.23 cho gia ti thuan loi nha t ctia 6 phu thudc theo ti sb % & cac do

dai % khac nhau. Bb thj lap trén co s& gia thiét 1a hinh thang lai Pantd dat sau

cau trwdc (h.13.21). DO thi nay chinh xac voi nhitng goc quay Ion nhat clia banh
xe ngoai bé hon 40° (40° — géc quay gan gia tri cwc dai).
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