CHUONG IX

TRUYEN DONG DEN CAC BANH XE CHU DONG

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

Dung dé truyén mémen xodn tr truyén lwc chinh dén cac banh xe chi doéng.
Néu cau chl ddng 1a loai cau lién (di kém véi hé théng treo phu thudc) thi truyén
dong dén cac banh xe nh& cac nira truc. Néu cau chl déng la cau roi (di kém voi
hé théng treo doc lap) hodc truyén mémen dén cac banh dan hwéng 1a banh chi
doéng thi co thém khép cac dang déng téc.

1.2. Yéu cau:

v' V&i bat ky loai hé thdng treo nao, truyén déng dén cac banh xe chi dong
phai ddm bao truyén két mémen xoan.

v' Khi truydn médmen xodn, van tdc goc clia cac banh xe chi ddng hodc banh
xe dan hwéng vira la cht ddong déu khong thay dobi.

1.3. Phan loai:
1.3.1. Theo két cau cta cau chia ra 2 loai:
v’ Cau lién.
v' Cau roi.
1.3.2. Theo mirc dd chiu lwc hwéng kinh va e chiéu truc chia ra 4
loai:

v' Loai nra truc khéng gidm tai (Hinh 9.1-a). O loai nay bac dan trong va
ngoai déu dat trywc tiép 1én nlra truc. Lac nay nlra truc chiu toan bd céac lwc, cac
phan lyc tr phia dwdng va lwc vong cia banh rang chau.

v Loai ntra truc khéng giam tai & cac xe hién dai khéng dung.

v' Loai nta truc gidm tai mét nlra (Hinh 9.1-b). O loai nay bac dan trong dat
trén vo vi sai, con bac dan ngoai dat ngay trén ntra truc.

v Loai ntra truc gidm tai ba phan tw (hinh 9.1-c). O loai nay bac dan trong dat
|én v& vi sai, con bac dan ngoai dat trén vé cau va loéng vao trong moayo cla banh
Xe.

v Loai nta tryuc gidm tai hoan toan (Hinh 9.1-d). O loai nay bac dan trong dat
|én v& vi sai, con & bén ngoai gém cé hai bac dan dat gan nhau (c6 thé 1a mét bac
dan c6n, mot bac dan cau). Ching dwoc dat 1én dam ciu va léng vao trong
moayo’ cua banh xe.
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Hinh 9.1: So dé céc loai nira truc va céc luc tac dung.
a) Ntra truc khong giam tai.
b) N(ra truc giam tai mét nira.
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Hinh 9.1: So dé cac loai nira truc va cac Iy tac dung.
c)Ntra truc giam tai ba phan tw.
d)Ncra truc giam tai hoan toan.

1. TINH TOAN NUA TRUC THEO PO BEN:

2.1. Xac dinh cac lwc tac dung Ién ntra truc:

Pé tinh toan céac nlra truc, trwdc hét phai xac dinh dd I1&n cda cac lwc tac dung
lén ncra truc. Tuy theo tirng trwdng hop, cac nira truc céd thé chiu toan bé hay mot

phan lwc tac dung I&n cac banh xe cla ciu chd dong.

So d6 céac lwe tac dung 18n cau sau chi dong & trén hinh 9.2. Y nghia céac ky

hiéu trén hinh vé nhuv sau:

Z1, Z2 — Phan lyc thdng dirng tac dung I&n banh xe trai va phai.

Y1,Y2 — Phan Iyc ngang tac dung Ién banh xe trai va phai.

X1, X2 — Phan lyc cla lwc vong truyén qua cac banh xe chd déng. Lwc X1,X2
sé thay ddi chiéu phu thuéc vao banh xe dang chiu lwc kéo hay lwc phanh ( Xk

hay Xp). lwc X= Xmax trng vai luc xe chay thang.
m,G, — Lwc thang dwng tac dung l1én cau sau.
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Hinh 9.2: So’ do céc lurc tac dung lén cau sau chi dong

G2 - phan trong lwong cta xe tac dung 18n cau sau khi xe ding yén trén mat
phéng nam ngang.

m2 — hé sb thay dbi trong lwong tac dung 1én ciu sau phu thudc vao diéu kién
chuyén déng.

v Trwdng hop dang truyén lwc kéo: m, = my va co thé 1y theo gia tri trung
binh sau:

= Choxedulichhmy=12+1,4
» Choxetaiimy=1,1+12

v" Truwdng hop xe dang phanh: m, = my, va c6 thé 13y theo gia ti trung binh

sau:
= Cho xe du lich: m,, = 0,8 + 0,85
= Cho xe tai: mp, = 0,9 + 0,95

Y — Lwc quan tinh phat sinh khi xe chuyén déng trén dwdng nghiéng hoac dang

quay vong. Lwc nay dat & dd cao cua trong tam xe. O trang thai can bang ta co:
Y=Yi+Y;

Ngoai cac krc ké trén, nlra truc con chju udn bdi lwc sinh ra do ma phanh ép
|én tréng phanh. Khi lwc ép & trbng phanh bén trai va bén phai khdng déu nhau sé
sinh ra lwc phu lam tang thém (ho&c gidm) mémen ubn phu Ién nra truc. Khi tinh
toan ta bo qua lwc nay vi gia tri nho.

B — chiéu réng co s& cua xe (m)

Oux — trong Iwo’ng cua banh xe (N)

hy — chiéu cao cua trong tam xe (m)

rbx — béan kinh banh xe c6 tinh ca dd bién dang (m)

Khi xe chuydén déng trén dwdng thadng, mat dworng khéng nghiéng va véi gia
thiét hang hoa trén xe chat déu ca bén trai va phai, ta co:

7, -7, - szGz (9.1)

Khi xe chuyén ddng trén dwéng cong hodc mét dwéng nghiéng, 1ap tirc xuét
hién Iwc Y va luc nay Z; # Z,. Theo hinh 9.2, &u viét phwong trinh can bang
moémen tai F va E ta co:
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_ m,G, hg

Z, = +Y—

2 B 9.2)
Z,= m,G, _Yh_g

2 B

Ntra truc bén trai tai E’ chi chiu lwc: Z1t = Z1 - gbx
Ntra truc bén phai tai F’ chi chiu lwc: Z2t = Z2 - gbx
Trong do:
B — chiéu rong co sé& cla xe. Néu banh xe la banh déi & 1 bén thi B sé 1a
khoang cach gilra hai banh xe ngoai.
Pé tang dv tri» bén co thé tinh gan dung:

Liw=2y,Zn=2; (9.3)
Z, dat gia tri cwe dai khi Y dat gia tri Ynhax, ttrc 1a khi xe bi trwegt ngang:
Ymax = mZGZ(Pl (94)

Trong 4do: ' ’ ]
¢, — hé sb6 bam ngang gitra 16p va dwong, co thé 1y ¢, = 1 khi tinh toan
Thay (9.4) vao (9.2) ta co:

2h
Z, = m22G2 (1+ g(le

B
(9.5)
7 _ m,G, 1_2hg(P1
P2 B

Khi xuat hién lwc Y, dac biét khi Y = Y na (Xe truot ngang) thi cac banh xe
khéng thé truyén dwoc lwc vong X I&n. Sy phan bé lai trong lwong xe 1én cac cau
theo hé sb my=1 sé& xay ra khi cac banh xe cé lwc vong kha Ién. Cho nén khi Y —
Y max chling ta c6 thé thira nhan m, =1 dé tinh Z; va Z,:

2h
Z1 = G2 (1 + gq)l ]

2 B
(9.6)
22 — G2 (1_ 2hgq)1 J
2 B

Céc lwc Yy, Y, ti 18 thuan véi Z,, Z, va phu thudc vao hé sd bam ngang ¢
Y, =Z, ¢, =—H1+—F
1 1Py 3 ( B

Y, =7, ¢, =— 1(1_ -

(9.7)

2 B
Cac lwc vong Xy, X, chi dat gia tri cwc dai khi Y= 0. Céac lyc vong X; X, dat gia
tri Ximax, Xomax Khi c@u dang truyén lwc kéo hodc dang phanh.
Khi dang truyén lwc kéo ta cé:
Memax 'ih : i0

Xlkmax = X2kmax :T (98)
bx
Khi dang truyén lwc phanh:
lemax :Xmeax :w (99)
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Cac gia ti Ximax & (9.8) va (9.9) dugc tinh trong trwdng hop xe chuyén dong
thang va trong lwong phan bd déu trén 2 banh xe.

ng suét cuc dai trong cac ntra truc cla cau chd dong sinh ra do cac lwc vong
trén cac banh xe khi truyén lwc kéo hodc khi phanh.

Khi phanh xe cac phan lwc X1p va X2p rat Ién. Khi phanh dét ngdt banh xe cé
thé bj siét cirng va truot &t trén dwong (luc nay hé sé bam doc ¢ cé thé coi gan
bang 1). Khi truyén lwc kéo, ca khi truyén & sé truyén thap nhét ctia hop sb chinh
va phu lwc X1k va X2k van nhé hon X1p va X2p. Khi tinh na truc khi phanh chi
tinh v&i X1, X2, Z1, Z2.

Sau cuing (rng suét trong ntra truc sé tang lén khi xe di qua cac 6 ga va khi mét
duwong 16i, 16m khéng bang phang. Khi d6 Z1, Z2 sé dat gia tri Z1lmax, Z2.max.

Nhw vay, khi xe chuyén dong, cac nlra truc, dam cau va vo cau co thé gép 1
trong 3 ché do tai trong dac biét sau. D6 la co s& dé tinh toan cac nlra truc, dam
cau va v cau:

2.1.1. Trwéong hop 1:

X leax, Y= 0 Zl = ZZ.
Khi truyén lwc kéo cuc dai:
Xl — X2 — Memaxlhlo
2,

Yi=Y,=0 (9.10)
Z =Z — mZKGZ
1 2 2
Khi dang phanh v&i lwc phanh cyc dai:
X, =X, = mZpGZ(P
1
2 Y=Y, =0 (9.11)
z,-7,- "0
1 2 2

O day:
o - hesobamdoc ~0,7+0,8
i, — ti s truyén cua hop sb
Néu xe chi cé hop sbé chinh thi: ih = ihl
Néu xe vira c6 hop sb chinh vira cé hdp sb phu thi ih = ihl. ip1

2.1.2. Trweeng hop 2:

Xi= 0, Y=Y max = MGy 01 5 Z1 # Z, (Xe bi trwot ngang )
Xi=X,=0

2h
Zl = G2 (1+ g(PIJ

2 B
o (9.12)
Z,= Gzz (1— E(Plj
y, =82 £1+ Zhg(plj
b2 B
o (9.13)
Y, = GZZ"Pl (1— £ j

O day:
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@1 — hé sb bam ngang, c6 thé 13y ¢, ~ 1
m, =1 khi xe bi trwot ngang.

2.1.3. Trwong hop 3:
Xi=0,Y=0, Zi= Zimax

X]_: X2 =0
Y=Y, =0
Zlmax = ZZmax = kﬁ % (914)

Trong do:
kd — hé sé déng khi xe chuyén déng trén dwdng 16i IBm va xe bj xé¢c manh
V@i xe du lich va xe buyt: kd ~ 2
Vé&i xe tai: kd =3+ 4
Tat ca cac lwc da néu & trén sé gay ra rng suat udn, xoén, nén, va cét trong
cac ntra truc. Nhwng vi trng suat nén va cat kha nhd nén chiing ta bd qua khi tinh
toan.

2.2. Tinh toan ntra truc giam tai mot nora:
So db ntra truc gidm tai moét ndra & hinh 9.1 — b
2.2.1. Trwong hop 1:

] Xi = Ximaxs Y=0;7Z,=2, X
Momen uon do X; X, gay nén trong mat phang ngang:
,Muxl :Muxz = le = XZb
Momen xoan do X; X, gay nén:
i Mx 1 :MXZ = Xlrbx = X2rbx .
Néu dat gilra bén ngoai r)l’fa truc va \(6 cau khéng phai 1 ma la 2 bac dan canh
nhau thi khoang cach b sé lay dén gitra 0 bi ngoai.
Momen udn do Z; Z, gay lén trong mat phang thang ding.
. IVluzl :Muzz = Zlb = ZZb
Khi truyén lyc keo cure dai: .
U'ng suat udn tai tiét dién dat bac dan ngoai v&i tac dung dong thdi cac lwe X1
va Z2 (twong tw nhw vay cho ntra truc bén phai)

'\/Mzuxl +M2uzl _ b\/X12 +221 _ b\/><22 +222

G, = 9.15
! W, 0,1d’ 0,1d’ (9-15)
Trong do: ]
d — dwdng kinh cua nira tryc tai tiét dién tinh [m]
X1, Xo, Z1, Z, tinh bang MN .
Thay céc gia tri X, Xo, Z1, Z, tr (9.10) vao bieu thirc trén ta c6 :
2
b \/ I 2
ng suét tbng hop ca ubn va xoan la:
Mth = 1 \/'vlu><12_'_'\/qulz-i_l\/lkl2 =

%0 = 01d° ~ 01d°

2
b Memaxi I Memaxl IO
= 0,2d3 \/(mszZ)Z +( rb h J +( b h ]

X
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Déi v&i niva truc bén phai cling tinh twong tw nhw nira truc bén trai

Khi truyén lwc phanh cuc dai:

ng suat ubn duoc xac dinh theo phwong trinh (9.15). Thay cac gia trj tir
(9.11) vao (9.15) ta co:

bmsz2 5 )
o =——"4/1+ MN/m 9.18
= 0nd 0 [ ] (9.18)

2.2.2. Trwong hop 2:

Xi=0; Y = Ymax = MaGogy (xe bi trwot ngang; my = 1; ;. = ,1) )
Luc nay ntra truc chiu udn, nén va kéo. Nhwng vi (rng suat nén, kéo twong doi
nhé, nén khi tinh toan ta bd qua. Ntra truc bén phai sé chiju tong so hai moémen
uon sinh ra do lwc Z,, Y,. N(ra truc bén trai sé chiu hiéu s6 hai mémen udn sinh ra
do Zq va Y,
Mul = Y]_rbx — Zlb (919)
Mu2 = erbx + Zzb (920)
Trong do: ]
Mul — M6men udn cla ntra truc bén trai tai vi tri dat bac dan ngoai.
Mu2 — Mémen udn cla ntra truc bén’phéi tai vi tri dat bac dan ngoai.
Thay cac gia ti Y1, Y2, Z1, Z2 tir cac biéu thrc (9.12) va (9.13) vao (9.19) va
I3 ~ > X M V- SPRY
(9.20). Sau dé lap ti so M—”l dé tim xem My, > My, hay My; < My,
u2
Néu M,; > M, thi nira truc sé tinh toan theo My;. Nguoc lai néu My, < My, thi
nlra truc sé tinh theo M.
I\/Iul _ B+2h9(p1 . @1 lx —b
Muz B_Zhg(pl (plrbx +b
Vi g1~ 1 nén:
M, _ B+2hg 1, —b
M,, B-2h, r, +b
Trong thye t& b rat nhd so vai ry va hy. Bdi vay dé dang thay rang:

My 1M
Mu2
Cho nén & tredng hop nay ta tinh theo My;:

> M,

ul

o = M, _ Y, -7Z,b _ Zl((Plrbx _b)
A 0,1d* 0,1d* (MN/m?) ©0.21)
m .
_ G 1+ 2h, 9, (¢,1,, —b)
0,2d° B e
2.2.3. Trwong hop 3:
Xi= 0, Y =0 2= Zinwe = Ky 22
Lac nay cAc ntra truc chi chju udn:
G
Mul = Mu2 = Zlmax.b = kd sz (9.22)

ng suét udn tai tiét dién dat bac dan ngoai:
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G,b
10,2d°

ul

G =
o0,1d?

2.3. Tinh to&n ntra truc giam tai ba phan tuw:

[MN/m?] (9.23)

So d6 nira truc gidm tai ba phan tw & (hinh 9.1 — ¢)

Trwérng hop nay tiét dién nguy hiém cla nlra truc & dau ngoai gan véi moayo
banh xe. Khodng cach tir tiét dién nay dén diém dat phan luvc Ry, R, cta bac dan
trong la c.

2.3.1. Trwong hop 1:
Xi = Ximaxs Y =0;Y,=0; 2, = 7,

Luc nay cac lyc tac dung Ién banh xe bén trai va phai la nhw nhau, nén chung
ta chi can tinh toan cho ntra truc bén trai.

Khi truyén lwc kéo cuc dai:

Momen udn tai tiét dién nguy hiém bén trai Mul do R1 gay nén. Vay trudc hét
phai tinh R1. Lwc R1 dwoc tinh nho diéu kién can bdng mémen tai vi tri dat bac

dan ngoai:
Ra=X,’+Z > b=R, _b X +z} [MN]
a

M, = Rlc=E X2+2°
a

ng suét ubn tai tiét dién nguy hiém:
M, bc [ 2
c,=—%= X +7Z 9.24
" 01d® 01d%at T (9:24)
Thay cac gia tri X;, X, & (9.10) vao (9.24) ta co:

2
bc M ihi 2 2
= £l m, G MN/m 9.25
o, 0.2d% \/[ [ j +(m,G,) [ ] ( )
Tai tiét dién nguy hiém vira chiu &ng suat udn vira chiu rng suét xoén, nén
trng suat tong hop oy, S€ la:

Mth — \/Mu12 + 'vlkl2 — \/(Rlc)z + (Xlkrbx )2

Oun = 3 3 3
0.1d 0,1d 0.d
Thay céc gia tri X;,Z; & (9.10) vao biéu thirc tinh oy, ta c6 :

.. \2 .. 2
e \/(mZKGZ)Z{Memw'h'oj+(Memax'h'°aj [MN/m?]  (9.26)

°n =0,2d% I bc

Khi truyén lyc phanh cyc dai:
Ung suat uon luc nay van duoc tinh theo cong thirc (9.24), nhwng X1 va Z1
dwoc thay bang cac gia tri tinh theo bieu thirc (9.11):

bcmsz2 5 5
=—= -1 MN/m 9.27
o= VIO [MN/m?) (9.27)

2.3.2. Trwéong hop 2:

Xi=0;Y = Ymax = MGagy1; Z1 # Z; (Xe bi trvot ngang ; my = 1; @1 » 1)
Luc nay momen &n tai tiet d ién nguy hiém bén trai do Ry gay nén, con bén
phai do R, gay nén. Bé quyét dinh cac ntra truc tinh toan theo R; hay R,, ching ta
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phéi xac dinh duwoc R; > R, hay R; < R,, Ry duwoc xac dinh nhe diéu kién can
bang mémen tai vi tri dat bac dan ngoai bén trai:

Yr,, —Z,b
Ra=Yr, ~Zb=R, = ox 210
a
Twong tw nhw vay cho bén phai:
R,a=Y,1, +Z,b=R, = Y2 t 2D
a

Chung ta 1ap ty sé:
R, Yr,-Z2b B+2hg(Pl @l —b

X X N R s .z . M > \ > - > > N >
Dé thay rang R—‘ co gia tri nhw M—”l o trwdng hop nwra truc giam tai moét nwra.
2 u2

R R . . R . s
Lap luan nhw trwdctaco —L->1 tcla R; > R,
2
Vay trng suéat ubn duoc tinh theo R,
Mu _ Rlc _ (erbx _Zlb)c

“Tw, 01d® 0.1d%a (9.28)
Thay cac gia tri Y1,Z; i (9.12) va (9.13) vao (9.28) ta c6 :
G,C 2h,¢
c, = 0,2(213a (1+ é lJ((plrbx ~b) [MN/m?] (9.29)

Khi & méi bén la banh don, thi diém dat ciia cac phan lwc tir mat dwong & gitra
bé& mat tiép xuc gitra banh xe v&i dwdng.

Trwérng hop méi bén 1a banh déi, thi diém dat cia cac phan lyc sé & gitra bé
mat tiép xuc clia banh xe bén ngoai véi mat duwong.

2.4. Tinh toan ntra truc giam tai hoan toan:

So db ntra truc gidm tai hoan toan & hinh 9.1 — d.

Trwdng hop nay cac ntra truc chi chiu mémen x03aN My = X1ilbx VA Mo = Xoylox

U'ng suét xoan sé la:

T= Mkl — Mkz — Xlkrb;( — Memaxlhr;axlo [MN/mZ] (930)
W, W, o02d 0,4d

Hé sb dy trir bén ctia cac nira truc trong diéu kién chuyén dong & tay sb6 1 va
V&I Memax Clia dong co' lay tir 2 dén 3.

Céc tinh toan trén day &u tinh véi diéu kién tai trong tinh khéng thay dbi theo
dai lwong va chiéu.

Trong thwc t& chi c6 mémen xoén 1a dung véi diéu kién trén. Con mdmen do
lwc kéo Xik va mé men do Iwc ngang Yi cling nhw do tai trong clia xe gay ra trong
ntra truc (rng suét déi chiéu. Cho nén, khi tinh véi mémen tinh thwéng phai lay dw
trir bén lon.

V& phuwong dién thiét k& ché tao phai tranh nhirng chd cé thé tap trung (ng
suét dbi chiéu.

2.5. Vat liéu ché tao cac nira truc:

Nira truc dwoc lam bang thép thanh hay thép rén. ¥t liéu thwong 1a thép
cacbon, thép hop kim cacbon trung binh, thép 40X, 40XHM hay thép cacbon 35;
40. Sau khi thi'ng hoa phéi dwoc toi trong dau réi ram. D6 clrng cua nira truc
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ché tao bang thép hop kim phai bao ddm HB 350 + 420, cia thép hop kim cao
cap crom — mélipden phai c6 HB 440 va cac nlra truc nay dwoc gia cong trén cac
may cong cu.
U'ng suét cho phép clia cac niva truc nhw sau:
Khi nira truc chiu udn va xoén, thi (rng suét tbng hop cho phép sé la:
[6w] = 600 + 750 MN/m?
Khi nira truc chi chiu xoan thi (rng suat xoan cho phép la:
[x] = 500 + 650 MN/m?
GAc xoan trén 1m chiéu dai cia nlra truc 1a 6 = 9° =+ 15°.
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