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DONG LUC HOC THIET BI CONG TAC TREN CAU TMM-3M
KHI TRIEN KHAI HA CHAN TRU TRUNG GIAN
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TOM TAT

(4u co gidi hang nang TMM-3M la mat thiét bi bac cau nhanh do Lién X0 san xudt, dugc ting dung chti yéu trong linh vuc quén su. M6i xe cdu TMM-3M gom
thiét bi cong tac va xe co s& Kraz255B. Qua trinh trién khai bac cdu TMM-3M c6 bdn giai doan, trong do giai doan ha chan tru trung gian la giai doan cudi. Giai
doan nay, nhip cau rung ldc manh khi bat dau qua trinh ha chan try. Bai bdo trinh bay md hinh dong luc hoc thiét bi cong tac trén cau co gidi TMM-3M trong quéd
trinh ha chan tru trung gian, xem xét dén bién dang dan hoi cla day cap gilt nhip cau, anh hudng clia ma sat trong khdp quay dén qua trinh ha chan tru. Hé
phuang trinh vi phan m ta dao dong cia co hé dugc thiét [ap bang cdch st dung phuong trinh Lagrang loai I, va gidi bang md phong trén phan mém Matlab.
Két qua ctia bai bao da chira dao dong ctia chén tru, nhip cu va xdc dinh duoc luc cang cap trong qua trinh ha chan try, 1a co s6 d€ nghién ctiu téng thé qua trinh
ha chan tru, huéng dén muc tiéu ndng cao tinh ndng an toan cia bd cau va gidm thi gian trién khai bac cau.

Tirkhéa: Cau TMM-3M, ddng luc hoc, chdn tru trung gian, cdu qudn su; ddy cdp dan hdi.

ABSTRACT

The TMM-3M Sheavy mechanized bridge is a rapid-deployment bridging device produced by the Soviet Union, primarily used in military applications. Each
TMM-3M bridge vehicle consists of operational equipment and the Kraz255B base vehicle. The TMM-3M bridge deployment process has four stages, with the
final stage being the lowering of the intermediate support legs. During this stage, the bridge span shakes violently while lowering the support legs. This paper
presents a dynamic model of the operational equipment on the TMM-3M mechanized bridge during the lowering of the intermediate support legs, considering
the elastic deformation of the cables holding the bridge span and the impact of friction in the rotary joints on the lowering process. The system's differential
equations describing the oscillations of the mechanical system are established using Lagrange's equations of the second kind and solved through simulation in
Matlab software. The results of the paper indicate the oscillations of the support legs and the bridge span and determine the cable tension during the lowering
process, providing a basis for comprehensively studying the lowering process to enhance the safety features of the bridge system and reduce deployment time.

Keywords: TMM-3M bridge, dynamic, intermediate support legs, military bridge, elastic cable.
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1. GIGI THIEU mét cay cau tam, dang cau ciing gilp cac luc luong va

CAu co giéi hang ndng TMM-3M la mét thiét bibdccau  Phuong tién vuot qua cac chudng ngai la cac khe can
nhanh, 1 trang bi dién hinh ctia nganh Céng binh trong hoac séng sudi, hao chéng tang... Két cau ctia cau TMM-
Quan ddi ta. Chiic ndng cta né 1a nhanh chong trién khai  3M 96m xe co's6 va phén thiét bi cong tac. Xe ca sG la xe
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tai Kraz255B ba cau. Thiét bi cong tac gém khung nang,
nhip cau va chan tru trung gian. Khung nang dugc dan
dong nang ha bang xi lanh thuy luc, qua trinh nang va ha
chan tru cau dugc thuc hién bang cap, dan dong béi tang
cu6n nhan moé men ti dong ca théng qua hé truyén luc.
Chan tru trung gian dugc lién két véi nhip cau bang khép
ban |é. § giai doan cudi ctia qua trinh trién khai, chan tru
dugc ha khi nhip cau da dat mét géc nhat dinh so véi mat
dat va chiéu sau chudng ngai du dé ha chan tru (hinh 1).

Hinh 1. Qua trinh bac cau TMM-3M & giai doan ha chén tru trung gian

Gan day da c6 moét s6 nghién ctu vé cau TMM-3M
nham muc tiéu cai tién nang cao hiéu qua st dung bo cau.
Giai doan nang khung khi trién khai bac cdu dugc nghién
ctu trong [1]. Khdo sat anh hudng ctia toc dd dong ca dén
qua trinh lam viéc cla thiét bi cong tac trén cau TMM-3M
trong giai doan ha nhip dugc cac tac gia nghién ctiu trong
[2, 3]. Nghién ctru dong luc hoc thiét bi céng tac cla cau
TMM-3M trong giai doan ma nhip dugc cac tac gid nghién
ctu trong [4]. Cac nghién ctiu vé bién dang dan hoi cla
cap trong qua trinh lam viéc clia can ciu banh xich, can
cau banh 16p cling da dugc cac tac gia quan tdm nghién
clru trong cac tai liéu [5-9]. Su bién dang cla cap trén cau
truc, can truc clng dugc nhiéu tac gid trong va ngoai
nudc nghién cdu [10-15]. Trong cac nghién ctu nay, day
cap gilt can hoac day cap nang vat dugc coi nhu métkhau
dan hoi c6 d6 cling va hé s6 dap tat dao déng, do bién
dang clia day cap nang can, nang vat hoac treo vat dugc
xac dinh bao gébm téng dé bién dang tinh va bién dang
dong.

Do tinh chat dac thu quan su, nghién cliu vé qua trinh
ha chan tru trung gian trén cau TMM-3M trong qua trinh
trién khai chua thay c6 cong bé. Trong bai bao nay, cac
tac gia tién hanh nghién ctu déng luc hoc thiét bi cong
tac cau ca gidi hang nang TMM-3M trong qua trinh trién
khai & giai doan ha chan tru trung gian. K&t qua cla bai
béo la co s& dé€ nghién clu téng thé qua trinh ha chan tru,
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hudng dén muc tiéu nang cao tinh nang an toan cta bo
cau va giam thai gian trién khai bac cau.
2. MO HINH PONG LUC HOC THIET Bl CONG TAC
2.1. M6 ta mé6 hinh

M6 hinh dong luc hoc thiét bi cong tac trén cau ca gidi
khi trién khai & giai doan ha chan tru duoc xay dung &
dang mé hinh phéng (hinh 2). Gia thiét trong qua trinh ha
chan try, tang cuén cap dugc bé cing, khoang cach tu
trong tdm cda chan tru dén truc quay la khéng déi. Toan
bé nhip cau dugc gilr bdi day cap trong qua trinh ha chan
tru. Khung nang dugc gitr c6 dinh véi than xe bai luc ddy
cta xilanh nang khung va stic cang cta thanh giang, xe
ca sG dugc coi nhu vat ran tuyét déi va gan cling vai nén.
Nhip cau lién két véi khung nang bang khép ban 1€ F,
chan tru lién két vai nhip cau bang khép ban & P. Day cap
gi nhip cau dugc coi la dan hoi véi hé sé dé ciing va hé
s6 giam chan lan luat la k., b.. Khéi lugng clia nhip cau va
chan tru lan lugt 1a my, my; Gy, G, tuang tng la vi tri khoi
tam clia ms, m,. Toan b6 co hé dugc dat trong hé truc toa
d6 c6 dinh O1x1y1 gan véi than xe ca s8. Bé qua tai trong
gio, ma sat trong khdp lién két nhip cau vai khung nang.

7

Hinh 2. M6 hinh dong luc hoc thiét bi cong tac trén cdu TMM-3M khi ha
chantru

1-Thén xe ¢ s6; 2- Thanh gidng; 3- Khung nang; 4- Nhip cau; 5- Chén tru

M6 men quan tinh khéi lugng clia nhip cau va chan tru
dé6i vai cac truc quay tuong tng la Jy, Jo. Cac théng s6 hinh
hoc dugc ky hiéu nhu sau:

Y, = £NFG,;y, = ZPFN;y, = ZHKt; v, = ZHFX,

d, =FG,;d, =FP;d, =PG,;d, =FH;d, =FN

Hé toa dé suy rong dé khao sat dong luc hoc thiét bi
céng tac trén cau TMM-3M trong qua trinh ha chan tru
gém hai thanh phan la:

w - goc lac ctia nhip cau quanh vi tri can bang (rad);
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8 - gbc quay xdac dinh vi tri clla chan tru trong hé toa
do tuong doi O,xay; (rad).
2.2, Hé phuong trinh vi phan dao dong
Dong ndng cua co hé:
Toa d6 trong tam clia nhip cau trong hé toa do c6 dinh
Oix1y; dugc xac dinh theo biéu thuc:
X, =d;cos(w—y
o (7w )
Yo, = sin(w—v;,)
Toa d6 trong tam clia chan tru trung gian trong hé toa
dé 6 dinh Oixqy; dugc xac dinh theo biéu thuc:
{sz =d, cos(w—y,)+d;cos(w+8-v,)

)
Y, =d,sin(w—y,)+d;sin(w+6-v,)

Téng déng nang clia co hé dugc xac dinh theo biéu
thuc:

T:l(m1d12 +1, )’ +lJ262

2 2
Jr%mZ [d;of +d2(0+8) +2d,d, cosé}

Thé nang cua co hé:

D6 bién dang cap Al trong qua trinh ha chan tru gém
d6 bién dang tinh Al; va d6 bién dang dong Alg, dugc xac
dinh theo biéu thuc:

Al=Al, +Al, (a)

Do luc lyc cang cap tinh F:cfja day cap tai thai diém
ban dau dugc xac dinh bang cach xét phuong trinh can
bang mé men clia nhip cau déi véi diém F. Goi wo, & 1a gid
tri ban dau cla cac toa d6 suy rong tuong Ung, ta co:
_1mgd, cos(w, —v,) )

+m, (d, cos(w, —y, ) +d, cos(w, +8, —yz))

(<

rC

Trong d6, rc la khodng cach ti F dén gia clia véc ta luc
cang cap tinh F: tai thai diém dau va xac dinh duoc luc
céng cap tinh theo biéu thuc:

r: d,dssin(y; —w,)

©Jd.+d.2~2d,d; cos(v, ~w,)
Do bién dang tinh dugc xac dinh theo biéu thuc:
Al, =% (7)

C

(6)

Do bién dang déng clia day cap trong qua trinh ha
chan tru dugc xac dinh theo biéu thic:

Al, =1/d,? +d;? -2d,d, cos(v, —w)

(8)

—\/d42 +dy” —2d,d; cos(y; —w, )
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Pt a=Al, —\/d42 +d,* —2d,d; cos(y; —w, ), d6 bién
dang téng cdng cta day cép la:

Al :a+\/d42 +d;” —2d,d, cos(y, —w) 9

Ta c6 biéu thic xac dinh thé ndng téng cong clia co hé
la:
d, sin(w—v,)

+lkcAI2 (10)
+dysin(w+8-y,) | 2

[=mgd, sin(w—y1)+mZg[

Ham hao tan ctia co hé:
Téng nang luong hao tan clia ca hé dugc xac dinh theo
biéu thuc sau:
2

(ID:—bC(AI4)2 1 —d,ds sin(v; —w)® a1

2| o a2 —2d,d; cos(y, —w)

Luc suy rong:

Trong qua trinh ha chan try, dao dong clia chan tru tat
dan do ma sét I6n trong khép quay. Mé men ma sat trong
khdp quay dugc xac dinh gan dung theo biéu thuc:

M., =frm,gsin(w+6-v,) (12)

Trong do6, f la hé s6 ma sat trong khép quay P, r la ban
kinh cia khép quay P. M6 men ma sat M ¢ chiéu thay
déi, ludn ngugc véi xu hudng quay dé can tré dao déng
lac clia chan tru. Luc suy réng tuong (ng vai cac toa do
dugc xac dinh nhu sau:

Q, =0;Q, =—Mms><sgn(8) (13)

Ap dung phuong trinh Lagrange loai Il dé viét hé phuong
trinh vi phan mo ta dao dong clia ca hé, ta c6 hé phuong
trinh vi phan mo6 ta dao dong ctia co hé gom hai phuong
trinh sau:

(m,d? +J, +m,d,” +m,d,? )& +m,d,’S

d, cos(w-y,) ]

+m,gd, cos(w—y1)+ng(+d cos(w+6-v,)
3 2

, 14
KAl —d,dssin(y; —w) (14)
Jd.? +dg? ~2d,d; cos(v, - w)

1Al —d,d,sin(y, —w) o
\/d42 +d,’ —2d,d, cos(y, —w)

m,d;%@ +(J, +m,d;? )5+ m,d,d, sind
: (15)
+m,gd, cos(w+6—-y,)=-M_, x sgn(é)

Thong s6 dau vao dé giai hé phuong trinh vi phan (14,
15) dugc cho trong bang 1.
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Bang 1. Thdng s6 dau vao d€ gidi hé phuong trinh vi phén dao dong

Thong s6 Gia tri Théng s6 Gia tri
m (kg) 4400 ds (m) 95
m; (kg) 600 Vi 7

Ji(kgm?) 40425 Va2 30

), (kgm?) 39 Vs 100°
ds (m) 5,25 ke (N/m) 2300000
d; (m) 10,6 be (Nm/s?) 500
d; (m) 14 f 0,57
ds(m) 6,8 r(m) 0,08

Diéu kién ban dau dé giai bai toan dong luc hoc nhusau:
11

[w, & :[g 5 Tild, 81 =[0 o
2.3. Luc cang cap trong qua trinh ha chan tru

Qua trinh ha chan tru & trang thai nhip cau dugc gitr &
trang thai treo bai day cép, luc cang trén day cap dugc xac
dinh theo biéu thuc sau:

F. =k Al+b Al (16)
TU (9), (11) va (16) ta co:
F. =kc(a+\/d42 +ds” —2d,ds cos(v; —w))

(17)

—d,ds sin(y; —w)w

+b,
\/d42 +ds” —2d,ds cos(y; —w)

D& dam bao diéu kién an toan, theo théng s6 tir nha
san xuat, luc cdng cap déng sinh ra trong qua trinh trién
khai bac cau khéng dugc vugt qua gia tri cho phép la
16200N. Nhu vay diéu kién an toan dugc xac dinh theo
biéu thuc:

F. <16200

3. KET QUA VA THAO LUAN

Hé phuong trinh vi phan phi tuyén (14, 15) dugc giai
bang phuong phap mé phong trén phan mém Matlab.
Xét trudng hgp khi goc quay xac dinh vi tri nhip cau so vai
phuong ngang la 30° va tién hanh rat chét toi tay dé ha
chan try, nhan dugc két qua thé hién & cac hinh 3, 4.

T hinh 3 cho thay, dé thi chuyén vi va van téc goc clia
nhip cau cé dang dao dong tat dan. thoi gian dap tat dao
dong vao khoang 12 giay. G giai doan bat dau ha chan try,
gbc quay w cla nhip cau bién thién manh, bién d6 dat gia
tri 16n nhat xap xi 0,04 rad tuong (ng véi 2,3° nhung su
bién thién manh chi xay ra trong khoang thai gian 4 giay
dau tién. Tuong ung véi chuyén vi, van téc géc cla nhip
cau cling c6 quy luat bién thién tuong tu va phu hgp véi
chuyén vi goc cla nhip cau. Trong 5 gidy dau tién, do tai
trong thay déi doét ngét nén nhip cau rung ldc manh nhat.

(18)
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Hinh 3. Chuyén vi va van téc gdc clia nhip cau
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Hinh 4. Chuyén vi va van téc gc clia chan tru trung gian

Hinh 4 thé hién dao déng ctia chan chu trung gian c6
dang tat dan vi mat nang lugng do ma sat I6n trong khép
quay. Dao dong clia goc quay & c6 dang tat dan va phu
hop véi cach chon hé truc toa dé trong mé hinh khao sat
hinh 2. Thoi gian dap dat dao dong vao khoang 8 giay.
Trong 2 gidy dau tién ké tu khi rat chét toi, goc quay &
nhanh choéng tang dan va dat gia tri cuc dai khoang 5,1
rad. Trong thoi gian nay ciing la lic nhip cau rung lac
manh nhat, quy luat ctia 8 va w la hoan toan phu hgp. Su
rung lac manh cutia nhip cau tao ra su bién thién manh vé
luc cang dong trén day cap, dac biét la & giai doan dau.
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Dé kiém tra diéu kién an toan khi ha chan tru trung gian,
ta khao sat luc cang cap dong xuat hién trén day cap. b6
thi lyc cang cap déng xuat hién trén day cap gilr vat dugc
thé hién trén hinh 5.

4
15 > 10

ot

0 5 1‘0
t (s)

Hinh 5. Luc cang trén day cap gt nhip cau

D06 thi luc cang céap Fc c6 quy luat tat dan tuong ty nhu
goc lac cta nhip cau va chan tru trung gian. Gia tri luc
cang cap xuat hién dat gia tri cuc dai khoang 14900N &
thai giai doan dau cdia qua trinh ha chan tru. Theo d6 diéu
kién an toan (17) dugc bao dam. Trén thuc té, diéu kién an
toan khi ha chan tru khéng chi cé viéc xem xét dén luc
cang cap ma con cac yéu té khac nhu diéu kién chong lat,
diéu kién an toan cia mé men phanh khan cap trén nhip
cau. Cac diéu kién nay sé dugc trinh bay & nghién cuu tiép
theo vé tong thé thiét bi bdc cau TMM-3M trong qua trinh
ha chan tru trung gian.
4, KET LUAN

Bai bao da trinh bay mo hinh déng luc hoc va thiét lap
hé phuong trinh vi phan mo ta dao dong cla thiét bi cong
tac trén bd cau co giéi hang nang TMM-3M trong qua
trinh trién khai & giai doan ha chan tru trung gian. Mé
hinh da xem xét dén d6 dan hoi clia day cap va anh huéng
cla ma sat trong khép quay lién két gilra chan tru véi nhip
cau. Két qua bai bao da chira quy luat dao déng ctia nhip
cau, chan try trung gian va quy luat bién thién cua luc
cang cap xuat hién trén nhanh cap git nhip cau khi tién
hanh ha chan try, kiém tra diéu kién an toan déi véi day
cap gilr nhip. Nghién ctu nay la co s& dé tién hanh cac
budc khado sat dao dong téng thé cla thiét bi bac cau
TMM-3M trong qua trinh ha chan tru trung gian.
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