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TOM TAT

(du co gidi hang ndng la mt trong cac thiét bi bac cu nhanh, ty hanh. Day
la trang bi chuyén dung duoc st dung dé phuc vu ca muc dich dan su hoac quan
su. Bai bdo trinh bay md hinh dong luc hoc thiét bi cong tac trén cdu co gidi hang
nang trong qué trinh trién khai & giai doan mé nhip cau béng co cdu cap, trong do
6 ké dén bién dang dan héi cia cap. Trén co sé md hinh ddng luc hoc, cc tac gia
da thiét 1ap hé phuong trinh vi phdn md ta chuyén dong cla co hé bang cach sir
dung phuang trinh Lagrang loai ll, tién hanh khao sat qua trinh lam viéc cla thiét
bi cdng tac trong giai doan md nhip. Két qua nghién ciiu la co s dé thiét ké
phuong an diéu khién dan dong tang cudn cap nham ting toc do md nhip cau
trong khi van dam bao dugc dd 6n dinh trong qué trinh trién khai.

Tirkhoa: Cdu tam, cdp dan héi, dao ddng, cdu qudn su, cdu co gidi hang ndng.

ABSTRACT

The heavy mechanized bridge is one of the devices designed for the rapid
installation of a temporary bridge. This specialized equipment is used for both
civilian and military purposes. The article presents the dynamic model of the
operational apparatus on the heavy mechanized bridge during the deployment
phase, emphasizing the elastic deformation of the cable. Based on the dynamic
model, the author establishes a system of differential equations describing the
motion of the system using Lagrangian equations of the second kind. The study
examines the operational process of the working apparatus during the
deployment phase. The results of the article form the foundation for designing a
control solution for the cable winding drive to increase the speed of the bridge
opening phase while still ensuring stability during deployment.

Keywords: Temporary bridge, elastic cable, oscillation, military bridge, heavy
mechanized bridge.
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1. GIGI THIEU
Thiét bi bdc cau co gidi néi chung la thiét bi dac thu, ¢

thé sir dung cho muc dich quan su hoac dan sy, muc dich s
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dung dé trién khai nhanh cac cau ciing tam thdi, tao dudng
co dong cho phuaong tién, con ngudi vuot qua vat can la cac
khe can, song sudi, goi chung la cac chudng ngai cé khoang
cach. Thiét bi bac cau co gisi da dugc cac nusc My, Dan
Mach, Buc, Nga, Séc, Trung Qudc san xuat va st dung tu
nhing nam 1960 [10, 111. Day la céac thiét bi c6 kha nang tu
hanh, c6 thé di chuyén dén ndi trién khai, ha dat va thu hoi
cau. Xe cd sd clia cac thiét bi bac cau ca gidila banh [6p hoac
banh xich.

TMM-3M [a mét trong cac thiét bi bac ciu ca gidi dién
hinh do Nga san xuat tir nhiing nam 1960, con dugc goi la
cau co giéi hang ndng TMM-3M. Hién nay, trong quan doi
van dang bién ché céc bo cau nay [12] va dugc khai thac s
dung thudng xuyén, song song véi do6 la qua trinh nghién
cliu cai tién dé€ nang cao tinh nang chién ky thuat ctia bé cau.
Xe cd s& cla TMM-3M la xe tai Kraz255B, phan thung xe dugc
thay thé bang thiét bi céng tac la khoi nhip cau. M&i nhip cau
gém hai ntia nhip dugc lién két v6i nhau bang khép ban €.
Viéc dan déng qua trinh gdp ma va ha nhip cau bang co cau
toi cap, nhan nguén déng luc tir dong co dét trong théng
qua cd cu truyén luc. Qua trinh trién khai cau co gidi hang
nang TMM-3M g6m bén giai doan chinh theo thi tu la: Giai
doan nang khung nang, giai doan ma nhip, giai doan ha
nhip, giai doan ha chan tru trung gian.

Hinh 1. Thiét bi bac cau co gidi TMM-3M [12]
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Do tinh chat st dung khéng théng dung ngoai thuc tién
nén cac céng bé khoa hoc vé cau co gidi hang nang TMM-
3M ¢6 s6 lugng han ché, chu yéu la cac cong bé & dang
théng s6 ky thuat [5, 7]. Khi nghién ctiu vé qua trinh trién
khai cau ca gigi hang nang TMM-3M & giai doan m& nhip, ta
thay c6 dac diém gan gidng vai qua trinh nang ha can trong
can ciu cap, day la cha dé da dugc nhiéu nha khoa hoc quan
tdm nghién ctu va cé nhiéu cdng boé khoa hoc chuyén sau
[1,2,8,9]. Trong bai bao nay, nhom tac gia tién hanh nghién
ciu ddng luc hoc thiét bi cong tac cau co gidi hang nang
TMM-3M trong qua trinh trién khai & giai doan m& nhip &
dang don gian véi hai bac tu do. K&t qua cha bai bdo 1a co sé
dé ti€p tuc nghién cliu ddng luc hoc téng thé vé cau ca gidi
hang nang TMM-3M trong ca qua trinh trién khai béc cau.
2. MO HINH NGHIEN CUU DONG LUCHOC THIET BICONG
TAC CUA CAU CO GIGI HANG NANG TMM-3M TRONG
QUA TRINH TRIEN KHAI G GIAI DPOAN MG NHIP

Qua trinh m& nhip cau khi trién khai cau co gisi hang
nang TMM-3M thuc hién trong diéu kién xe cau khéng di
chuyén. Trong qua trinh m& nhip, coi nhu xe cau ding trén
nén cing tuyét doi, hai chan tru phia sau dugc ha xuéng nén
dé khic phuc d6 déc ngang va déc doc. & giai doan nay, nlra
nhip cau dau tién dugc lién két ciing véi khung nang bai gia
kep nhip. Khung nang lién két dang khdp ban 1€ véi than xe
0 s& va dugc day béi hai xilanh khung nang déng thaoi kéo
bdi hai thanh gidng, vi thé khéi khung nang - nira nhip cau
thé nhat dugc coi nhu lién két cling véi xe co s@, phu hgp véi
diéu kién lam viéc thuc té. D& xét bai toan co s cho khao sat
téng thé qua trinh trién khai bd cau, gid thiét bé qua dao
doéng cla xe co s& va cac cau xe. Khoi lugng m ctia khéi nira
nhip cau sau - chan tru trung gian coi nhu tuyét déi cing va
dat vao trong tam G cda khai.

2.1. M6 ta mo hinh nghién ctu déng luc hoc

M6 hinh mé ta déng luc hoc thiét bi cédng tac trén ciu co
gidi khi trién khai & giai doan ha nhip la mé hinh phang. Day
cap md& nhip cau dugc coi la dan hoi vai hé sé d6 cliing va hé
s6 gidm chan lan luot la k, b. Toan b6 co hé dugc dat trong
hé truc toa d6 c6 dinh Oxoyo; hé khung nang - nlta nhip cau
thd nhat gan cling véi than xe co sG va vai nén; khéi ndra nhip
cau sau - chan try trung gian thuc hién chuyén déng quay
quanh khép ban 1€ K lién két hai nlra nhip cau. tang cudn cap
nhan mé men ti ddng co qua hé truyén luc d€ dan déng qua
trinh m& nhip cau. Bo qua tai trong gié, ma sét trong cac
khop quay anh hudng dén qua trinh mé nhip. Coi mé men
dan dong tir dong co quy dan vé tang cudn cap la thanh
phan ngoai luc khong thé duy nhat, mé men nay dugc xac
dinh tu dudng dac tinh ngoai clla dong co Ung véi cac tay
50, sé dugc trinh bay & muc sau.

M6 men quan tinh khéi lugng clia khéi niia nhip cau sau
- chan tru trung gian dgi vdi truc quay qua K 1a J, mé men
quan tinh khéi lugng clia hé truyén luc quy dan vé tang cuén
cap la J.. Ta ky hiéu quy udc céc théng sé hinh hoc nhu sau:

B, = ZMKN;B, = /MKG;B, = ZHKt;d, =KG;
d, =KN;d, =KM;d, =KH
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Qua trinh mé& nhip cau gém hai thai ky. Thoi ky thir nhat,
day cap van ti vao puly c6 dinh tai M trén nlta nhip cau sau.
Thai ky thu hai, day cap tach khéi puly M, khi d6 doan cép
HN duéi thang. Su khac nhau vé vi tri ti€p xuc cla cap dan
t&i su thay d6i vé céach tinh toan dé bién dang cta day cap
trong hai thai ky. Mé hinh nghién cttu dong luc hoc thiét bi
cdng tac trén cau co gidi hang ndng TMM-3M trong thai ky
dau khi day cap van tua vao puly M dugc thé hién trén hinh
2 va trong thai ky sau, day cap tach khoi puly M thé hién trén
hinh 4. Hai thai ky néu trén 1 lién ti€p nhau, tao nén téng
thé qua trinh mé& nhip.

2.2. Thiét 1ap hé phuong trinh vi phan dao ddéng cta co
hé trong thai ky thi nhat

Cdc toa d6 suy réng:

M6 hinh nghién ctu la hé gom 02 toa do suy réng doc
ldp du la:

0 - goc quay xac dinh chuyén vi cda khéi nlta nhip cau
sau - chan tru trung gian;

@ - gbc quay cla tang cuén cap.

Hinh 2. M6 hinh dong luc hoc thiét bi cong tac trén cau co gidi hang ndng
trong qué trinh trién khai & giai doan m& nhip trong thai ky dau

Déng ndng ctia co hé:

Dong ndng clia co hé bao gém ddng nang khai nira nhip
cau sau (Ty), ddng ndng cua cac khéi lugng quay quy dan vé
tang cudn cap (T») va dugc xac dinh theo cong thuc:

T=T,+T, Q)
Téng ddng nang cla co hé dugc xac dinh theo biéu thic
nhu sau:

T:lmd1292 LT +lJt¢52 )
2 2 2

Thé ndng ciia co hé:
Thé nang ca hé bao gém thé nang trong trudng va thé
nang dan héi. Trudc tién, ta c6 dod bién dang cap nang Al
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trong qua trinh m& nhip & thai ky dau gém do6 bién dang
tinh Al va d6 bién dang ddng Alg;, dugc xac dinh theo biéu
thuc[1, 8, 9]:

Al =Al, + Al 3)

Luc cang cap tinh Fc xuat hién trén day cap thong qua xét
phuong trinh can bang mé men cta khoi ndia nhip cau sau
déi vai truc quay khdp K theo biéu thic sau:

> M(K)=F.r,,, —mgd, cos(6-B,)=0 (4)
Trong dd, ruw la khodng cach tir K dén gid clia véc ta luc
cang cap tinh E Ta xac dinh dugc luc cédng cap tinh theo
biéu thuc:
;L mgd, cos(G—Bz)\/d32 +d,? +2d,d, cos(6+B,)
‘ d,d,sin(6+B,)

D6 bién dang tinh dugc xac dinh ti luc cang cap tinh l6n
nhat Fomax Xudt hién trén day cap & giai doan chuyén tiép giira
hai thoi ky va dugc xac dinh theo biéu thuc:

chax

Alﬂ :T (6)

VGi boi sudt ctia hé palang dan dong bang 1, d6 bién
dang ddng Alg, cta cédp trong qud trinh mé& nhip & thoi ky
dau dugc xac dinh nhu sau:

A|d1 = 51 _Sm +Rt (¢_¢%) (7)

Trong biéu thiic (7), S1 1a chiéu dai doan day cap tu H téi
M tai thoi diém bat ki; So: 1a chiéu dai ban dau cta doan day
cap tu H t6i M; R; la ban kinh cta tang cudén cap; o, 6o
tuang ung la goc quay clia tang cudn céap va goc xac dinh vi
tri nlfa nhip cau sau & thai diém ban dau, cac dai lugng nay
dugc xac dinh theo cac biéu thic sau day:

S,=4/d;? +d,? +2d,d, cos(8+B,) (8)

Sp=4/d;” +d,> +2d,d, cos(8,, +B, ) (9)
Ta c6 biéu thic xac dinh thé nang téng cong clia co hé
la:
1
I1=mgd, sin(6-B, )+ 2k(Aly + 5, ~So, R ($—dby))” (10)
Ham hao tdn cia co hé:

Téng nang luong hao tan cla cc hé dugc xac dinh theo
biéu thdic sau:

1. ,..2 1 4. N2

cD:Eb(Ah) =Eb(51 +R.4) (1)

Trong biéu thuic (11), ta xac dinh $1 la dao ham cua S,
theo thai gian nhu sau:

31 _—dd, sin(6+B,)6 12)
S1
Luc suy rong:

Cong di chuyén kha di cGa ngoai luc tac dung Ién co hé la:
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SA=M.54

Trong d6, M. Ia mé men quy dan tir dong co vé tang cudn
cap. Xe co s& Kraz255B sir dung dong co dét trong la IAMZ -
238, dudng ddc tinh ngoai clla ddng co va dac tinh lam viéc
cla tang da dugc trinh bay trong tai liéu [5, 6].

(13)

DE gidi bai toan ly thuyét, tir dudng dac tinh lam viéc clia
tang cudn cap theo [5] va co ché lam viéc thuc té clia qua
trinh mé& nhip cau, ta can xay dung dé thi biéu dién mé men
Me quy dan tir dong co vé tang cudn cap theo thai gian. Thuc
té trong qua trinh van hanh mé& nhip cau, ngudi diéu khién
dap chan ga dé tang t6c d6 ddng ca ti trang thai khéng tai
vGi téc d6 600 vong/phat dén téc dé dong co la 1400
vong/phut Ung v8i mé men xo0dn cuc dai, sau dé sé gilr
nguyén chan ga dé doéng co quay 6n dinh & vong tua nay.
Nhu vay qua trinh tdng toc clia dong co phu thudc vao ky
ndng ca ngudi van hanh. D& gidi quyét bai toan ly thuyét,
gia st quy luat tang téc clia ddng co la quy luat bac nhat, toc
do doéng co tang tir 600 vong/phut Ién 1400 vong/phut
trong thoi gian 10s. Khi d6 ta c6 quy luat cia M. dugc xac
dinh theo biéu thuc sau:

1 600+ 80t
. +1,3. >
2100 2100
(600+80t)’

2100°
79747 (t210)

1

1,4923.10%.

e

0<t<10
( )

D6 thi bién d8i mé men M. theo thdi gian dugc thé hién
trén hinh 3.
x10%

0 10 20 30
t (s)
Hinh 3. D4 thi M. phu thudc thoi gian
Véc ta luc suy rong tucong Ung véi cac toa dé dugc xac
dinh theo biéu thuc:
T i
|:Q¢ Qe} :[Me 0]
Ap dung phuong trinh Lagrange loai Il [3, 4] dé viét hé
phuaong trinh vi phan mé ta dao déng clia co hé & dang:
or ol od

d(T) o, _
dtlaq ) oq "aq " ag

(15)

Q ([i=1+2) (16)
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Thé cac biéu thic ddng ning, thé nang, ham hao tan ta
nhan dugc hé phuong trinh vi phan moé ta dong luc hoc thiét
bi cong tac trén cau co giéi hang nang TMM-3M trong qua
trinh trién khai thiét bi bic ciu & giai doan mé& nhip trong
thai ky thé nhat nhu sau:

J G+ R, (Al, +5, =Sy, +R (6~ b)) +b(5, +RH)R, =M, (17)

(J+md?)6+b(5, +Rt.)__O|3OI4 S'Sn(e +85)
1
+mgd, cos(6 -8, )+ ... (18)
—d,d, sin(6+B,)

+k(Al, +S, =S, +R, (=) =0

5
2.3. Thiét 1ap hé phuong trinh vi phan dao déng ctia co
hé trong thai ky thi hai

@ thai ky thit hai, day cap HN dudi théng, co hé dugc xét
van gém hai bac tu do ¢ va 8 (hinh 4). Pédng ndng cta co hé
dugc xac dinh theo biéu thurc (2).

4 ‘\/1, Me

Hinh 4. M6 hinh dong luc hoc thiét bi cong tac trén cdu co gidi hang ndng
trong qua trinh trién khai & giai doan m@ nhip trong thdi ky sau

D6 bién dang tinh dugc xac dinh theo (6). D6 bién dang
ddng Alg, cia cap trong quad trinh mé nhip & thoi ky sau dugc
xac dinh nhu sau:

Aldz =S,-5, +Rt(¢_¢h2)

Trong biéu thic (19), S; 1a chiéu dai doan day cap tu H téi
N tai th&i diém bat ki; Se, 1a chiéu dai ban dau ctia doan day
cap tU H t6i N; @0y, 802 tuong ting la goc quay clia tang cudn
cap va goc xac dinh vi tri nia nhip cau sau & thai diém ban
dau va dugc xac dinh tuong Ung véi gia tri & cudi thoi ky thi
nhat. Ta co:

Sz :\/dz2 +d42 +2d2d4 COS(G_B1 +B3)

(19)

502 = \/d22 + d42 + 2dzd4 COS(eoz - B1 + Bs ) (20)

Biéu thic xac dinh thé ndng téng cong clia co hé & thai
ky thit hai la:
1
M=mgd, sin(e—BZ)+Ek(AIt2+Sz—Soz+Rt(¢—¢§2))2 21)
Téng nang lugng hao tan cla co hé & thdi ky thd hai dugc

xac dinh theo biéu thic sau:

2

® :%b(Alz) %b(Sz +Rg) (22)
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Trong biéu thuc (22), ta xac dinh $2Ié dao ham clia S;
theo thai gian nhu sau:
_ —d,d,sin(6-B, +B,)6
= 3

Thai diém bat dau thoi ky thi hai cing 1a thai diém cudi
thoi ky thi nhat. Mé men trén tang cudn cap quy dan tu
déng ca theo quy luat lién tuc, xac dinh theo biéu thic (14).

S, (23)

Ap dung phuang trinh Lagrange loai Il, ta c6 hé phucng
trinh vi phan mé ta dao déng clia co hé & thai ky thi hai nhu
sau:

J b+ KR (Al +S, =S, +R, (8-, )) +b(5, +R4)R, =M, (24)

—d,d, sin(6—-B, +B,)
5,

(J+md?)B+ b(S2 +Rt.)

+mgd, cos(6—B, ) +..

—d,d, sin(6-B, +B,)
S

=0

+k(Al, +S, =S5, +R, ()

2

Théng s6 dau vao dé gidi hé phuang trinh vi phan (17-
18) va (24-25) dugc cho trong bang 1.

Bang 1. Thong s6 dau vao dé giai hé phuang trinh vi phan dao dong

Théng sé Gia tri Théng sé Gia tri
m 3400 d, 18
J 7485 B 82
) 12000 B, 89’
R 0,1 B; 67°
d; 2,57 k 2300000
d; 4,29 b 500
d; 0,9 g 9,81

Trong bang trén, tat ca cac don vi clia cac théng sé dugc
lay theo hé don vi SI.

Diéu kién ban dau dé giai bai toan ddng luc hoc nhu sau:
(4, 6,1 =[0 01';[4, 6,1 =[0 oI
3. KET QUA VA THAO LUAN

Sau khi tinh toan trén phan mém Matlab dé gidi hé
phuong trinh (23) nhan dugc két qua thé hién & cac hinh 5-7.
200 :

0 5 10 15 20 25 30

t (s)
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40 +

— 30 -

¢ (rad

20

10t

0 5 10 15 20 25 30
t (s)
Hinh 5. Chuyén vi goc ciia nia nhip cau sau va tang cudn cap
0.3

0

10 15 20 25 30

t (s)

=)
t
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0.25

0) (rad/sz)

005 L S U E ]

t (s)

Hinh 7. Gia tdc géc clia nlfa nhip cau sau va tang cudn cap

Tu d6 thi hinh 5 + 7 ta rat ra nhan xét sau:

D6 thi trén hinh 5 thé hién goc quay clia nifa nhip cau sau
¢ xu hudng tang dan theo thoi gian nhung khéng tang déu.
TU thai diém ban dau dén thai diém 10,2s ta thdy goc quay
0 tdng cham. B4t dau tu thai diém 10,2s, géc quay nlfa nhip
cau 6 dao dong véi bién d6 nho, kéo dai trong khoang 5 giay
sau dé tang gan nhu déu. Bién dé dao dong nho clia goc
quay nay thé hién trén hinh 6 khi van téc goc 6 6 gia tri
khéng 16n va bién thién cham khi gia téc 6 nho, thé hién
trén hinh 7. Thai diém 10,2s chinh I thai diém chuyén tiép
gilta hai thai ky ctia giai doan mé nhip cau Ung vai géc quay
0 = 58°. Khi g6c quay 6 = 170° vao thai diém 27,1s la két thic
qua trinh mé& nhip, hai nta nhip cu dugc dubi thdng. Cang
gan vé cudi giai doan ma nhip, téc d6 quay ctia ntia nhip cau
cang tang Ién, nguyén nhan la do m6 men dan dong tir dong
@ truyén dén dugc gia thiét khdng déi theo (14) va canh tay
don cua trong luc tac dung l1én nlia nhip cau so véi tam quay
K giam dan dén m6 men can quay giam theo.

GAc quay cla tang cudn cap tang dan va déu tir 0 dén
xdp xi 39,5rad tuong duong vdéi 6,3 vong quay cla tang
cuén. Quy déi ra chiéu dai cap cudn vao tang khoang 3,9m.
Su bién thién clia géc quay tang ¢ tuong Ung véi vai bién
thién géc quay cla ndia nhip cau. G thai diém 10,2s, géc
quay tang @ ciing cé su dao ddng nhe, thé hién & van téc
goc ¢ trén hinh 6 c6 dao dong véi bién do rat nho. Khoang
1,55 cudi giai doan m& nhip, téc d6 goéc ¢ cla tang cudn
tang déu, diéu nay dugc thé hién trén hinh 7 khi gia téc &
giai doan cudi cé khuynh huéng gidm.Tuy nhién xét vé téng
thé qua trinh m& nhip, quy luat téc d6 goc cla tang cuén
cap gan dung theo quy luat tuyén tinh. Su tang nay phu hop
véi quy luat thay d6i mé men dan déng va mé men can quay
sinh ra bai trong luc tac dung Ién nlta nhip cau.

4, KET LUAN

Bai bao da trinh bay mé hinh dong luc hoc va thiét lap hé
phuong trinh vi phan mo ta dao déng cla thiét bi cdng tac
trén bd cau o gidi hang nang TMM-3M trong qua trinh trién
khai & giai doan ma nhip la mé hinh hai bac tu do tuong ting
véi hai thai ky clia giai doan m& nhip. Trén co s mo6 hinh da
xay dung, tac gia da khao sat dao déng clia co hé vai gia thiét
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cho trudc quy luat tang téc clia dong co. Két qua dat duac
clia bai bao cé thé lam co s& cho bai toédn tinh toan, thiét ké
phuang an diéu khién tang cuén cap dé tang téc d6 mé nhip
trong diéu kién van dam bao kha nang én dinh lam viéc cla
thiét bi.
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