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Tém tit - Thiét bi bic ciu co gigi TMM-3M la mét trong cic
thiét bj bic cdu nhanh dién hinh hién dang bién ché trong Quan
doi ta, dugc st dung trong cac myc dich quan sy hoac myc dich
ctru ho ctru nan ngoai dén sy. Giai doan ha nhip 13 mét phén trong
tdng thé qua trinh trién khai thiét bj bic ciu co gidi TMM-3M,
déy 14 giai doan d& gay mét an toan nhit. Téc d6 ha nhip cau &
giai doan nay phy thudc vao tbc do quay cua tang cudn cap dugc
dan dong boi dong co. Bai béo trinh bay mé hinh dong lyc hoc co
chu cong tac cua thiét bi bic ciu TMM-3M trong qua trinh trién
khai & giai doan ha nhip, khao sat anh hudng toc do quay cua
dong co dén thoi gian ha nhip cau. Két qua bai bao cho biét dai
tbc do 1am viéc hop ly cua dong co, lam co s¢ dé thiét ké, cai tién
hé théng diéu khién co céu cudn cap.

Tir khéa - Ciu TMM-3M; cap; dong luc hoc; ciu quan su; tbe do
dong co.

1. Giédi thi¢u

Ciu co gi6i hang nang TMM-3M (Hinh 1) la mot
trong cac thiét bi bac ciu co gidi do Nga san Xuat tir
nhitng ndm 1960, dwa trén khung gam xe tai Kraz255B,
phan thung xe dwgc cai hoan thanh cum thiét bi cong tac
chinh 1a hé khung nang — nhip cau [1]. Trong quan su,
thiét bj bic cdu TMM-3M duoc sir dung dé béc cau nhanh
qua cac chudng ngai c6 khoang cach nham tao duong co
dong cho bo d6i va phuong tién nhu xe tang, xe boc thép,
0 t0... hodc hoac st dung cho muc dich dan su trong cong
tac clru ho ctru nan. Hién nay, trong Quan ddi ta van dang
bién ché cac bo cau nay va dugc khai thac sir dung thuong
xuyén, song song voi d6 1a qua trinh nghién ctru cai tién
dé nang cao tinh ning chién ky thuat cia bo cau. Qué trinh
trién khai cau co gioi hang nang TMM-3M gom bon giai
doan chinh theo thu ty la: Giai doan nang khung nang,
giai doan md& nhip, giai doan ha nhip, giai doan ha chan
try trung gian. Khung nang duoc dan dong bai hai xilanh
néng khung, qua trinh gap mé nhip hay nang ha nhip dugc
din dong boi co ciu cap nhan ngudn dong luc tir dong co
d6t trong.

Trén thé gidi ciing di co nhiéu nudc nghién ctru san
xuét, ché tao cac thiét béc cau co két cAu tuong tu bd clu
TMM-3M nhu My, Séc, Trung Quéc, Ba Lan [2-9]. Do
mirc do sir dung khong thong dung ngoai thuc tién nén cac
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cong bd khoa hoc vé cac thiét bi bic ciu nhanh noi chung
va cau co gi6i hang ning TMM-3M néi riéng c6 sb lugng
han ché. Cac nghién ctru trong nudc vé dong lyc hoc cua
céc giai doan ciing nhu téng thé qua trinh ha dat hodc thu
hdi cau TMM-3M ciing rat it [10, 11]. Khi nghién ctru vé
qua trinh trién khai cau co gi6i hang nang TMM-3M ¢ giai
doan ha nhip, ta thay c6 ddc diém gan gidng vai qua trinh
nang ha can trong can céu cap, hoic nang ha vat bang cap
trén can truc, cau truc. Pay 1a chii dé da dugc nhiéu nha
khoa hoc quan tdm nghién ctru, va c6 nhidu cong bd khoa
hoc chuyén sau [12-15].

Hinh 1. Thiét bi bdc cdu co giéi TMM-3M [1]

5Téc d6 quay cia dong co c6 anh hudng tdi qua trinh
trién khai va thu hoi nhip cau. Khi toc d6 dong co qua
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cham, thoi gian trién khai nhip ciu s& 16n, khong dam bao
dugc tinh linh hoat, co dong ciing nhu kha ning tac chién
trong chién diu. Nguoc lai, néu toc d6 cua dong co qua
nhanh, mic du bao dam rat ngén thoi gian trién khai, nhung
bén canh d6 co thé xay ra mat an toan, cu thé co thé gay ra
tudt cap. V& khia canh nghién ciru anh huong cia toc do
dong co dén qua trinh ha nhip ciu TMM-3M, nhom nghién
clru mdi chi thay trong [10], tac gia da nghién ctru cac tham
s6 dong lyc hoc cua co cdu gip md nhip cau TMM-3M,
trong d6 c6 ké dén do bién dang cap nhung chua dé cap
dén hé s6 can nhét cua cap.

Chinh vi vay, van dé dat ra 1a can khao sat va xac dinh
dugc toe d6 quay cua dong co hop 1y trong qué trinh trién
khai ha nhip cau dé dam bao ca vé tinh co dong, lién tuc va
tinh an toan. Trong bai bao nay, nhom tac gia tién hanh
nghién ctru, khao sat anh huong cua toc do6 dong co dén
thoi gian trién khai bic cAu TMM-3M & giai doan ha nhip.
Két qua cua bai bao 1a co so dé tiép tuc nghién ctru dong
luc hoc tong thé vé cau co gidi hang naing TMM-3M trong
ca qua trinh trién khai, déng thoi 14 co so dé tim phwong 4n
t01 uu dan dong tang cudn cap nham giam thiéu thoi gian
tong thé khi trién khai bac cau.

2. M6 hinh ddng lwc hoc thiét bi cong tac ciia ciu co gidi
hang ning TMM-3M trong qua trinh trién khai & giai
doan ha nhip

2.1. M6 ta mé hinh dong luc hoc

Qué trinh ha nhip cau khi trién khai ciu co giéi hang
niang TMM-3M thyc hién trong diéu kién xe céu khong di
chuyen Trong qua trinh m¢ nhip, coi nhu xe cau dung trén
nén cing tuyét dbi, hai chan try phia sau dugc ha xu6ng nén
dé khic phuc do ddc ngang va dbc doc. O giai doan nay,
khung nang coi nhu lién két cimg véi than xe co so boi hé
thanh gidng chéo va xilanh nang khung, chan tru trung gian
lién két cimg vai nhip ciu trong qué trinh ha nhip, pht hop
vé6i diéu kién 1am viée thuc té. Dé xét bai toan co s& cho khao
sat téng thé qua trinh trién khai bd cau phu thudc vao tde do
dap chan ga ciia nguoi 14i, gia thiét bo qua dao dong ciia xe
co s6, bo qua khdi lwong cua day cap, ma sat gitra day céap
Vi cac pu ly va ma sét tai cac khop quay. Khdi luong m ciia
khdi nhip cau - chan try trung gian coi nhu tuyét dbi cimg va
dat vao trong tim G ctia khoi.

M6 hinh mé ta dong luc hoc thiét bi cong tac trén ciu
TMM-3M khi trién khai & giai doan ha nhip 1a mé hinh
phing (Hinh 2). Day cap dugc coi la dan héi véi hé s6 do
cimg va hé sé giam chan lan luot 1a &, b. Toan b co hé
duogc dat trong hé truc toa do cb dinh O,x,Y, ; tang cudn cap

nhdn mé men tir déng co qua hé tmyén luc dé dan dong
qua trinh ha nhip cau. Khdi nhip cau duge dan dong boi co
cAu cap quay quanh khop F lién két gitra nhip cdu va khung
nang. B qua tai trong gi6, ma sat trong cac khop quay anh
huong den qua trinh ha nhip. M6 men dn dong tir dong co
quy dan vé tang cubn cap dugc xdc dinh tir duong dac tinh
ngoai cua dong co Gmg voi tay s6 lui. M6 men quan tinh
khéi lugng cua khbi nhip cau dbi voi truc quay qua F' 1laJ,
md men quan tinh khéi lwong cta hé truyen lue quy dan vé
tang cudn cap 1a.J,. Ngoai cac thong s két cau thé hién truc
tiép trén Hinh 2, ky hiéu cac thong sb con lai nhu sau:
= INFG;a, = ZHFX,;d, = FG;d, = FH;d; = FN.

Hinh 2. M6 hinh déng luc hoc thiét bi cong tdc trén cdu
TMM-3M trong qud trinh trién khai o giai doan ha nhip
1- Than xe co so; 2- Thanh gidng chéo; 3 — Khung nang;
4- Khoi nhip cau
2.2. Thiét lgp hé phwong trinh vi phén dao djng
2.2.1. H¢ toa do suy rong
M0 hinh nghién curu 1a hé g6m 02 toa do suy rong doc
lap du la:
y (rad)— goc quay xéac dinh chuyén vi ctia khéi nhip cau;
¢ (rad) — gbc quay cua tang cudn cap.
2.2.2. Bong nang cua co hé
Téng dong nang cia co h¢ dugc xac dinh nhu sau:

1 1 1. .
T=-md’ 7 +=37"+=J.4° 1
M SIS N (1)

2.2.3. Thé néng cua co hé

Thé nang co hé bao gém thé ning trong trudng va thé
ndng dan hoi. Vi boi suat cua hé palang dan dong bang 1,
d6 bién dang tong cong Al cta cap trong qua trinh ha nhip
xac dinh nhu sau [15-16]:

AI:S_SO_RI(¢_¢O) 2)

Trong biéu thirc (2), S 1a chiéu dai doan day cép tir H
toi N tai thoi diém bét ki; Sy 1a chidu dai ban dau cua doan
day cap tir H t6i N; R, a ban kinh trung binh cua tang cudn
cap; do, yo twong tng 1a goc quay cua tang cubn cap va goc
xac dinh vi tri khdi nhip cau & thoi diém ban dau, cac dai
luong nay duoc xac dinh theo cac biéu thirc sau day:

S=,/d,? +d,” —2d,d, cos(y -z, ) 3)

Sy =40, +dy* —2d,d, cos(y, — ;) (4)
Biéu thirc xac dinh thé ning tong cong clia co hé la:
l_[:mgdlsin(;/—oel)Jr%kAl2 (5)

2.2.4. Ham hao tan cua co hé

Tong ning lugng hao tan cia co hé duge xac dinh theo
bicu thirc sau:

1 .2 1 . )
QD:Eb(AI) =§b(s—a¢) (6)
Trong biéu thirc (6), ta x4c dinh S 1a dao ham cua S theo
thoi gian nhu sau:
d,d,sin (7/—052 )7
S

S =

()
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2.2.5. Luc suy rong

~ Co cAu cap din dong qua trinh ha nhip cau trén thiét b
bac cau co gioi TMM-3M duogc trang bi mét phanh thu’(‘mg
dong c6 chie nang dam bao an toan trong qua trinh ha. Bé
dan ‘déng’ cho tang cgén hoat fiéng, mo men tor dong co
truyén dén quy dan vé tang cudn cap phai thang dugc stic
can cua mo men phanh trén tang [16].

Goi M4 13 tong mé men quy dan tir dong co va mé men
phanh trén tang, cong kha di ctia ngoai luc tac dung lén co
h¢ la:

SA=M,, 55 (8)

Véc to lyc suy rong twong (mg vdi cac toa do dugc xac
dinh theo biéu thuc:

[Q QT =[My 0] ©)

Ap dung phuong trinh Lagrange loai II dé viét hé
phuong trinh vi phan mo ta dao ddng cua co hé & dang [17]:

d(T) or o ad
o) =0 o

o, o, o4
Thé cac biéu thirc dong ning, thé niang, ham hao tan vao
phuong trinh (10) ta nhan dugc h¢ phuong trinh vi phan
md ta dong luc hoc thiét bi cong tac trén thiét bi bic cau co
giéi TMM-3M trong qua trinh trién khai & giai doan ha
nhip nhu sau:

3§ IR (88, =R (#-4,))-bR, (S -Rd) =M (11
(maz +2)7+b( - rg) eI es)
+k(s—so—Rt(¢—¢o))W+--- (12)

+mgd, cos(y —a,) =0

Diéu kién ban dau dé giai bai toan dong luc hoc nhu
sau: ¢y = 0; ,=80°; 7,=0; ¢, 1a tdc dd ban dau cua tang
cudn cap dugc trinh bay trong muc tiép theo. Thong sé dau
vao d€ giai h¢ phuong trinh vi phén (11-12) dugce cho trong
Bang 1 sau ddy. Trong Bang 1, tat ca cac don vi cua céc
thong so dugc lay theo hé don vi SI.

Bing 1. Théng s6 dau vio

M, ~M,~M, >0 (13)

Trong d6, Mp 1a m6 men phanh trén tang c6 gid tri b
dinh theo dac diem ket cau; M, va M, lan lugt 1a m6 men tai
tinh va m6 men quan tinh ctia nhip cau quy dan vé tang. Theo
tai liéu [16], md men phanh M, trén co cau cap néng ha nhip
cau duoc xé}c dinh theo mérmen tai tinh 16n nhat tac dung
Ién tang cubn cap voi hé s6 an toan 1a 1,25. M6 men nay
duoc x‘éc dinh & vi tri can bang tinh cua khQi nhip cau khi
nhip cau duoc ha hoan toan. Phanh khén cap trén co cau
cuon cap cua cau TMM-3M la loai phanh dai, mé men phanh
ch thé duoc dicu chinh thqo gia tri mong muép dua vao két
cau cua phanh [18-20]. Biéu kién (14) dugc viét lai nhu sau:
R (mgd, cos(y —a,)+J7)S

d,d, sin(a, —y)

Ngoai ra, do co tai trong dong trong qua trinh ha nhip,
luc cang trén nhanh céap F. cling khong dugc vuot qua gia
cho phép F, theo yéu cau ky thuat.

F<F, (15)

Theo thong $6 k¥ thuat cta bo cu TMM-3M, luc gjét
dut cap 1a 162000 N. Luc cang trén nhanh cap tai thoi diém
bat ki duwoc xac dinh theo biéu thirc:

~ mgd, cos(y—a,)S
© dyd,sin(a, —y)

>0 (14)

M, -

+kA, +b(S+Rg) (16)

Nhu vay, dé dam bao an toan trong qua trinh ha nhip 1a
phai thda man dong thoi ca hai di€u kién (13) va (15).

4. Két qua va thao luin
4.1. Khdo sdt thoi gian ha nhip theo téc dp vong quay
dong co

Trong qua trinh ha nhip, nguoi 1ai xe thyce hién thao tac
tang toc do dong co t&i mot gia tri nhat dinh, gitr 6n dinh chan
ga & toc d6 do, cai s6 hui trén hop sb va tir tir nha ly hop dé dan
dong toi cap. Ta xét didu kién 1y tuong, trong qua trinh ha nhip
céu tdc do dong co dugc gitr on dinh nho b didu toe. Do do,
toc dd quay cta tang cuon cap cling khong d6i. Goc quay nhip
cau s& giam dan tir 80° vé 0° khi két thiic qua trinh ha.

80
— — —-900 vip
--------- 1000 vip

70 |

60 |

1200 vip

1100 v/ip

1300 v/p
1400 v/p

Théng sb Gia tri Théng s6 Gia tri
m 6300 ds 9,5
J 40425 ar 50
Ji 12000 a2 950
R 0,1 2300000
di 525 500
d> 6.8 g 9,81

3. Piéu ki¢n an toan trong qua trinh ha nhip

Trong qua trinh trién khai ha nhip ciu, mbé men cua
phanh phai gitr dugc nhip cAu, nghia 1a m6 men phanh phai
théng tong mo men tinh va md men quéan tinh cua nhip cau
khi quay dé dam bao c6 thé dimg nhip cau bat ki lac nao
ma nhip cau khong bi roi, diéu kién nay duogc xac dinh theo
biéu thirc:

—— 1500 V/p
- 1600 v/p
1700 v/p
1800 v/p

50 |

0] 2‘0 4‘0 60 8‘0 100 120
o(s)

Hinh 3. Do thi bzeu dién goc quay ciia ‘nhip cau phu

thuéc toc dé quay ciia tang cuon cap

Ta tién hanh khéo sat thoi gian ha nhip Ung véi cac
truong hop tdc do vong quay dong co tinh theo don vi
vong/phut (v/p) lan lugt 1a: 900, 1000, 1100, 1200, 1300,
1400, 1500, 1600, 1700, 1800. Ung dung Matlab dé giai h¢
phuong trinh (11-12) ta dwoc két qua thé hién ¢ Hinh 3.
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Tir d0 thi trén Hinh 3, c6 thé thay thoi gian ha nhip cau
ti 1& nghich vai toc do quay ctia dong co. Thoi gian ha nhip
tuong ng véi cac toc do vong quay dong co 900 v/p,
1000 v/p, 1100 v/p, 1200 v/p, 1300 v/p, 1400 v/p,
1500 v/p,1600 v/p,1700 v/p, 1800 v/p lan luot la:
103,8 gidy; 93,5 giay; 85 giay; 77,9 gidy; 71,9 giay;
66,8 gidy; 62,3 gidy; 58,4 gidy; 55 gidy va 51,8 gidy. Toc
d6 dong co cang nhanh thi duong cong do thi cang ddc.

O nhiing truong hop dau, khi ting téc d6 dong co 1én
100 vong/phiit c6 thé rat ngén thoi gian tir 9 dén 10 gidy
nhung & nhimg truong hop cudi, tdc do dong co ting 1én
100 vong/phut thoi gian chi giam duoc khoang 5 gidy.
Buong cong db thi goc quay y khong phai la duong cong
tron déu ma c6 dang méap mo, diéu hoa véi bién do nho. bpé
thé hién sy bién thién nay ciia goc quay, ta tiép tuc khao sat
vén toc goc ctia nhip cAu nhu trong Hinh 4.

0.02 0.02

0

i (N.]d/s)
7 (rad/s)

0.04 0.04
0.06 0.06
0 50 100 0 50 100
t(s) t(s)
0.02 0.02

n=1100 v/ip n = 1200 v/p

@ o
< S
S -0.02 S -0.02
) =
= -

-0.04 -0.04

-0.06 -0.06

0 50 100 0 20 40 60 80

t(s) t(s)

n =1300 v/p 0

n = 1400 v/p

= =
= -0.02 5 -0.02
£ £
0.4 004
0.06 0.06
0 20 40 60 80 0 20 40 60 80

t (s) t (s)

n = 1500 v/p n = 1600 v/p

5 (radl/s)
7 (rad/s)

n=1700 v/p n =1800 v/p

-0.02 -0.02

4 (rad/s)
7 (rad/s)

-0.04 -0.04

-0.06 -0.06

-0'080 20 40 60 -0'080 20 40 60
t(s) t (s)
Hinh 4. B4 th; vén tac goc cia nhip Cd"u phu thugc tée dé quay
Cia dong co tir 900 vong/phut den 1800 vong/phut

Tir d6 thi trén Hinh 4 ta thdy, d6 thi biéu dién vén tbc goc
ctia nhip cau phy thudc tdc do quay ciia dong co co dang dao
dong tit dan, cho thay goc quay nhip cau bién thién manh
nhét ¢ thoi ky dau cia qua trinh ha va dan dan 6n dinh vao
cubi qua trinh. Téc d6 clia dong co cang tang thi van toc goc

ctia nhip cau ¢ dau qua trinh ha c¢6 bién d6 cang 16n va van
toc on dinh & cudi qua trinh ha ciing c6 gié tri tang theo.

Piac diém chung ctia cac dd thi van tdc gbc nhip cAu khi
khao sat v6i cac toc do quay khac nhau cua dong co 1a déu
bién thién voi bién d 16n (so véi tong thé do thi) trong
khoang 20 gidy dau tién ctia qua trinh ha. Dé tim ra dai toc
do lam viéc hop 1y ctia qua trinh ha nhip, ta tiép tuc khao
sat trong muc tiép theo.
4.2. Xdc dinh téc ¢ ha nhip hop ly

Khao sat didu kién (13) ta dugc cac két qua trén Hinh
5. Tur cac d6 thi trén Hinh 5, nhan thiy hiéu s6 giita md
men phanh va tong mé men gdy ra do qua trinh quay cia
nhip cau quy dan vé tang cudn cap c6 gia tri giam dan theo
thoi gian. Diéu nay hoan toan phi hop vi cang vé cubi giai
doan ha nhip, m6 men tinh cang tang 1én do vi tri trong tam
ctia nhip cdu cang xa truc quay.

g i
?i n= vip < n= vip
< S
< 4000 < 4000
| |
= 2000 = 2000
| |
) 2
= =
= =
0 0
0 50 100 0 50 100
t(s) t(s)
~ 6000 = 6000
=z Z
% 4000 = 4000
= =
| |
= et
= 2000 = 2000
| |
< &
= =
0 0
0 50 100 0 20 40 60 80
t(s) t(s)
T
Z =
= 4000 = 4000
=1 -
| |
= 2000 = 2000
| |
) 2
= =
= =
0 0
0 20 40 60 80 0 20 40 60 80
t(s) t(s)
6000 6000
g
= =
S 4000 3 4000
= =
| |
- -
= 2000 = 2000
| |
< &
= 0 = 0
0 20 40 60 0 20 40 60
t(s) t(s)
= 6000 = 6000
= _n =1700vip | | 2 _n = 1800 vip
3 4000 3 4000
- =
| |
< 2000 = 2000
| |
o &l
= o = 0
0 20 40 60 0 20 40 60

t(s) t(s)
Hinh 5. Biéu kién an toan phy thugc téc dg quay cia
dong co tir 1700 vong/phut den 1800 vong/phut
Khi ha nhip véi tbc d6 dong co tr 900 vong/phut den
1400 vong/phit, hiéu s6 mdé men vao cu01 giai doan van
nhén gia tri duong. Khi ha nhip voi toc do dong co tur
1500 vong/phut dén 1800 vong/phut, hidu s md men vao
cudi giai doan déu nhan gia tri am, diéu kién an toan (13)
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khong con dugc théa man. Mic di, tdc d6 ha nhip cau nhanh
hon, thoi gian ha nhip giam di dang ké nhung ¢6 nguy co
Xdy ra mat an toan cao khi phanh trén tang cudn cap khong
con du kha nang giir an toan trong moi tinh hudng.

Khao st lyc cang cap F. xuat hién trén nhanh cap nang
tai thoi diém bat ki dé kiém tra didu kién (15), ta thu dugc
céc két qua trén Hinh 6. Tir d6 thi trén Hinh 6, ta cd the thay,
luc cang cap tang dan theo thoi gian 1a do cang vé cudi giai
doan ha nhip, tai trong tinh cua nhip cau géy ra lyc cang cap
tinh trén dy cap c6 gid tri tang dan. Lyc cang cap bién thién
nhanh ¢ giai doan dau twong tmg véi sy bién thién ctia van
tdc ha nhip. Két qua thu duoc hoan toan phu hop véi dicu
kién lam viéc thyc té cta thiét bi bac cau co giéi TMM-3M.

9—X104 . . . . . -

st Toc do dong co (v/p)
= N 900 1400 | |
1000 1500
‘ 1100 1600
3 1200 1700 ||
" 1300 1800
) ]
0 20 40 60 80 100 120

t(s)
Hinh 6. Lirc cdng cdp theo téc do quay Ciia dong co

Vao cudi giai doan ha nhip, lyc cang cap vao khoang
83000 N trong cac truong hop tdc do vong quay dong co,
nhé hon nhidu so vé6i gia tri luc cing cap cho phép la
162000 N. Déng thoi, hé b tai trong dong dugce tinh toan
ra gia tri xap xi 1,25 thoa mén gia tri cho phép.

Tir céc két qua khao sat trén ¢ thé thay, tbe do vong quay
dong co tir 900 vong/phit dén 1400 vong/phut c6 thé dap
{mg cac diéu kién an toan. Tuy nhién, khi ha nhip véi tbe do
vong quay dong co thip dudi 1000 vong/phit, thoi gian ha
nhip lai dai hon va dong co hoat dong kém 6n dinh ¢ toc do
vong quay nay, dé xay ra hién tuong chét may. Do vy, qua
trinh ha nhip, ta nén Iya chon tde do vong quay dong co &
mirc khoang tir 1100 vong/phut dén 1400 vong/phit.

5. Két luan

Bai bdo da trinh bay moé hinh dong luc hoc va thiét 1ap
hé phuong trinh vi phan mé ta dao dong ciia nhip cau trong
qué trinh trién khai cdu co gi¢i hang naing TMM-3M ¢ giai
doan ha nhip. Trén co s6 mo hinh da xay dung, tac gia da
khao sat dao dong cua nhip cau theo cac toc do cua dong
co trong dai vong quay tir 900 vong/phit dén 1800
vong/phut. Két qua dat duoc ctia bai bao cho thay, khuyén
c¢40 nén ha nhip trong diéu kién téc d6 vong quay dong co
khoang tir 1100 vong/phut den 1400 vong/phit, trong Gmg
vé6i tbe d6 quay cia tang cudn cap la tur 8,16 vong/phut dén
10,4 vong/phit. Dong thoi, két qua cua bai bao c6 thé 1am
0 s6 cho bai toan thiét ké phuong an didu khién tang cubn
cap dé tang téc do ha nhip trong diéu kién van dam bao kha
nang lam viéc an toan va 6n dinh cia xe cau.
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