Co sd li thuyét dé xay dung mé hinh dong hoc
cha can truc thap kiéu thap cé dinh, dau bang

Pit van dé.

Trong nhitng ndm vira qua, nhu ciu xay dung
cac cdng trinh c6 d6 cao 16n ngdy cang tang,
dic biét 1a ¢ cac thanh phd 16n nhu Ha Noi,
Thanh phd Ho Chi Minh. Trong qua trinh thi
cdng céac cdng trinh cao tang ndy, can truc thap
dong vai tr0 rat quan trong trong thi cong. PDé
van hanh can cau thap hiéu qua va an toan, can
phai nim duogc c4c van dé lién quan dén ung xur
dong hoc cua can truc thap khi hoat ddng.
Nghién ctru nay budc dau dua ra co so 1i thuyét
nham xay dung mé hinh dong hoc cua can truc
thap, dé tir 46, tién t&i giai quyét van dé 6n dinh
ciia n6 khi hoat dong. Chung ta xem can truc
thap nhu 1a mot r6-bét c6 bdn bac tu do (BTD),
két hop vGi bd phan bude cap, va vat nang, ro-
bot chuyén thanh mot hé dong hoc voi tong
cong tam BTD. Theo dac tinh vat 1i cua cap can
truc, nghién ctru ndy S€ rut ra cac phuong trinh
chuyén dong va xay dung céc thuat toan dé giai
cac phuong trinh d6 trong tirng khoang thoi gian
trong qua trinh hoat dong ctia can truc.

I. Xay dung bai toan

Can truc thap trong xdy dung cac cong trinh

g

Th.S Nguyén Anh Tuén
Bo mon May xay dung-Truong BDH Thuy loi

cao tang rat da dang va nhiéu ching loai, cu thé
nhu can truc thap loai can gat, can c6 dinh ndm
ngang, can truc thap di chuyén trén ray, can truc
thap cd thap cb dinh,... Trong nghién ciru nay,
chung ta xét bai toan dong hoc cua can truc thap
V6i thap cb dinh, loai dau bang. Trong trudng
hop can truc thap ndy, ta xét hé tam bac tu do
nhu sau.

- B6n BTD c¢6 thé duogc diéu khién boi ngudi
van hanh can truc 1a: sy quay can, chuyén dong
huéng kinh cia xe con, chuyén dong nang ha
cia moc ciu, chuyén dong quay cia moc so voi
cap. Bén BTD nay gay ra ngoai luc cho hé khi
ching chuyén dong.

- Bén BTD dong hoc khac duoc xac dinh boi
dong hoc ctia cap, moc, vat va cac phan tir duoc
treo & xe con. Chiing bao gém: sy quay ctia cap
song song Vai can, sy quay cua cap vudng goc
V6i can, sy quay ciia bd phan budc cap so voi
cap trong mit phang song song voi can, va Sy
quay cua bo phan budc cdp nang so voi cap
trong mat phang vudng goéc véi can. Bén BTD
dong hoc nay dugc s dung dé xdy dung céc
phuong trinh chuyén dong caa hé dong hoc.

Hinh 1. Tam bdc tir do ciia cdn truc thap
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Nhu biéu dién ¢ hinh v& 1, ¢ biéu thi goc
quay cia can, d, khoang cach giita thap can
truc va xe con, va d, biéu thi chiéu dai cta cap
nang tinh tir rong roc dén vat. Ngoai ra, ching ta
biéu dién ¢ 1a goc quay cia moc theo truc Z
(quay ngang). Trong hau hét cac can truc thép,
moéc dugc phép quay dé thuc hién cac nhiém vu
x@y dung khac nhau. Bac ty do nay thuong
duogc kiém soat boi céng nhan trén cong tru(‘mg
khi vét nang di chuyén t6i vi tri theo yéu cau.

0 vaé tuong ung 12 van tc goc va gia toc
goc, d va d tuong Umg 1a van tdc va gla toc
Cla xe con, d va d twong Ung 14 van toc va
gia toc cua cép nang ha vat.

Co cau cap dugc mod phong nhu hé con lic,
boi vi khdi lugng ciia cac phan tir xay dung 16n
hon rat nhiéu khdi lugng cua cap nén din dén

ung xir dong hoc tuong ty nhu con lic. Mat
khéc, trong hoat dong ctia can truc thap, bién do
dao dong ¢ tuwong ddi nho, thoa mén gia thuyét
cua li thuyét con lac.

Cap cua can truc thap dwoc md hinh bang
mot hé con lic hai BTD theo ca hai truc X va Y.
Trong mdi truc, hé ndy 14 t6 hop cua hai phan,
mot 1a tir xe con dén mdc va hai Ia tir moc dén
vat. Chling ta biéu dién 6,, va 6, 1a hé con lic
hai BTD theo truc X, va 6, va 6,, theo truc Y.
Véi tam thong sb ndy, ching ta cé thé hoan toan
miéu ta duoc dong hoc cua can truc thap.

I1. Thiét 1ap cac phwong trinh dong hoc va
cac bude giai.

Tiép theo ddy, chung ta s& di xdy dung
phuong trinh dong hoc ciia can truc thap.

m261(L1 +L12)+
m2(62 -81)L1

0
m101L1 o202
nJZéL(L1+ L2) + m2
Mg (02-61)L2

Hinh 2: Can bang déng hoc

O day chang ta bit dau tir viée rat ra cac hé
chuyén dong khong tat dan hai BTD trong cap
clia can tryc thap. Dang cua phuong trinh
chuyén dong hai BTD Ia:

|:mll m12 j||:91j| + |:kll k12 j||:91j| — |:0j| (1)
le m22 92 kZl k22 92 0

Pé don gian hoa qua trinh ndy, ching ta xét
mot truc trude, va tong quat hod trong khong
gian ba chiéu. Dé c6 phwong trinh chuyén dong
hai BTD, ching ta can dwa thém vao hai
phuong trinh can bang dong hoc. Pau tién,
ching ta pha bo lién két tai nit A, tong momen
tai A bang 0, ta co

> M, =0

|0, + M6, + k.0, + m gL, sin 6,

+ 1,0, + m0, (L, +L,)% +

+ mz(éz _él)LZ(Ll + L2)+ k2(92 _91)

+m,g(L,sind, +L,sinb,)=0

Tuong tu, pha bo lién két tai nat B, tong
mémen tai B ciing bang 0

> Mg =0

Iezéz +m, ((Ll + Lz )él + Lz (92 _él ))Lz

+k,(0, -6,)+m,gL,sin@, =0

Viét lai duéi dang ma tran, ta c6 ma tran do
ctrng va ma tran khdi luong nhu sau:

(2)

3)
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{mn m12:|:|:|G1+(m1+m2)Li m,L,L,
le mZZ mZ L1L2 IGZ + mZ Li
o kol kom0 )
k21 kzz _kz kz +ng|-2

Pé giai phuong trinh chuyén dong nay,
chiing ta can tach hé hai BTD nay thanh hai hé
mot BTD. Dé don gian cho viéc biéu dién, viét
lai phuwong trinh (1) dudi dang ma tran:

MO +KO =0 (6)

O day, M 1a ma tran khéi luong, K 1a ma tran
do cing va 6=[0, 6,] la ma tran chuyén vi.
Pé giai phuong trinh hai BTD, chung ta can
phép tuyén hoa cac ma tran M va K nhu sau

1. Tim gia tri riéng va véc-to riéng

Gia tri riéng la mot ma tran 2x2 nhu sau:

_ O
’= {¢21 ¢2j

2. Xac dinh ma tran q

Mot bd cac véc-to doc lap N bat ky co thé
duogc st dung lam co s& dé biéu thi véc-to khac
bat ky. Do d6, 0 co thé dugc biéu thi boi q nhu

sau:
ul; 9,0,
0=¢q= 8
# {¢21Q1 ¢22Q2} ©®

Phuong trinh (6) ¢ thé dugc viét lai dudi
dang ma tran:

MG + Kgq

3. Xac dinh ma tran chéo

Nhan trudc ¢'vai phuong trinh (8), s€ dat
dugc cac ma tran chéo M’ va K’

oM+ ¢'Kgg =0

MG+Kig=0 9)

Do M’ va K' la cac ma tran chéo, ching ta
c6 thé phan tich hé hai BTD nay thanh hai hé
phuong trinh vi phan tim thuong nhu sau:

M4d; + K0, =0

Mézqz + KézQz =0

} (4)

(10)

Céc ngoai luc ctua hé dong hoc nay duoc xac
dinh bang cac chuyén dong cia can truc thap.
Theo dinh luat 2 cua Newton, ching ta c6 thé
chuyén gia téc ctia chuyén dong xe con va
chuyén dong quay can thanh cac ngoai luc.

Theo hinh 3, chling ta biéu dién gia toc cua
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xe con la d va gia toc goc cua can 13 6. Biéu
dién P, (t) 1a ham theo thoi gian cua ngoai luc
theo phuong X tac dung 1én moc va P, (t) 1a
ham theo thoi gian ctia ngoai lyc theo phuong X
cua vat treo. W, 14 tai trong gié theo phuong X.
Chang ta bo qua anh hudng cua gio6 1én méc, ma
chi xét tai trong gi6 1&n vat. Xét gia toc cua
chuyén dong xe con va lyc li tim do chuyén
dong quay:

Plx (t) ==

(11)

e | (7)
Pu(t)
Pol®)
X/ N\
[:A\t\ N P

—_——
~—~—
—_——
-
-_—

Hinh 3: Cac ngoai luc

Biéu dién P, (t) Ia ham theo thoi gian cua

ngoai lyc theo phuong Y t&c dung 1én mdc va

P,, (t) Ia ham theo thoi gian ctia ngoai luc theo

phuong Y ctia vat treo. W, la tai trong gi6 theo
phuong Y. Xét anh huong cua gid, gia téc goc
ctia chuyén dong quay can truc thap, di chuyén
xe con, ching ta c6 thé tim dugc cac ngoai luc
nhu sau:

Ply (t) = _mldlé:. (12)
P, (t)=-m,d,0 +W,

Bay gio chiing ta mé rong phuong trinh dao
dong tu do (phuong trinh 1) bang viéc dua vao
cac ngoai luc, va xét cac chuyén dong theo cac
phuong X va Y riéng r&. M, va K, la ma tran
khdi lwong va ma tran do cing theo phuong X,
va M, va K, la ma tran khéi luong va ma trén

do ctng theo phuong Y. Do d6 chung ta cé thé
rat ra phuong trinh (13) nhu sau:



MG +K,0 =P, V6i B, =[R,(t) Py(t)

M,6+K,0=P,V6iP, =R, () B,(t)| (13)

Theo qué trinh phan tich trong phan trudc,
chiing ta c6 thé biéu dién phuong trinh nay véi
cac ma tran do cing chéo va ma tran khdi luong
chéo vaéi cac ngoai luc:

M., + Ka, = 4,P =P

M ;qy + K;qy :¢>’/Py = Py’

bé tong két cac phuong trinh trén, giai cac
phuong trinh vi phan sau, sé tim dugc cac thong
sb dong hoc cua cép can truc:

Mllqux + Kllqux = ¢11x Plx + ¢21x sz

M 22xq2x + K22xq2x = ¢12x Plx + ¢22xP2x

Mllyqu + Kllyqu = ¢11y Ply + ¢21y sz

M ZquZy + K22yq2y = ¢12y Ply + ¢22yP2y

{lw +(m, +m,)L, (1)’

(14)

(15)

mL (L, umL;(ﬂB((?)H

Pua vao hé s6 can dé md phong bién do tit
dan. O day chang ta ky hiéu & 13 hé sé can. Néu
c6 hang s6 do cing K va hang s6 khdi lugng m,
ching ta c6 thé dat duoc hing sd can

c=2vkm.&.

I1l. Cong cu thuit toin dé gidi phuwong
trinh

Thuat toan dé giai phuong trinh chuyén dong
theo thoi gian cho can cau thap duoc phét trién
trong nghién ctru ndy c6 thé tinh toan goc quay
ciia Cap can truc bang cac thong sd hoat dong
ciia cau va lyc cua moi trudong. Viée giai cac
phuong trinh sau thuong khong thé thuc hién
dugc. Nghién ctru ndy str dung phuong phép s6
dé giai cac phwong trinh vi phan nay. Céc
phuong trinh sau can duoc giai:

. {kl +k, +(m, +m, )L, (t) 0 {exl(t)}cm{ —m,(d, (e () + a(t))} o
—k, k2+m2?L2 0,,(t) mzldl o (t)’+ W, (t)
R iien! P el Fed -

—k, k, +m,gL, || 0,,(t

NN

Cac phuong trinh (17) va (18) la cac phuong
trinh chuyén dong theo thoi gian. No6i cach
khac, thuat toan phai tinh va xay dung lai cac
ma tran khéi lugng, ma tran d§ cing, ma tran
can, ma tran ngoai lyc theo gia s6 thoi gian.

Budc tiép theo 13 tach hé dong hoc. Céc véc-
to riéng ¢ S& dugc tinh bing viéc st dung
phuong phap ldp ngugc. Viéc sir dung céac véc-
to riéng ¢ cO thé chuyén sang hé dong hoc
trong hé toa d6 truc giao do d6 chung ta tim
dugc ma tran khdi lugng chéo [M ], hodc [M ]y,

ma tran do ctmg chéo [K ], hodc [K],, ngoai luc
twong tmg [P], hoic [P]

-
Sau khi tach hé chuyén dong, thuét toan thu
dugc boén phuong trinh vi phan tam thuong, va

4p dung phuong phip Newmark dé giai céac

= myd, (t)or(t)°
m,dy (ter(t)’ +W, (t)

phuong trinh ndy. Bén phuong trinh nay biéu
dién hé dong hoc cia cap can cau trong dang
dao dong thir 1 va dang dao dong thir 2 tuong
g theo cac truc X va Y. Cudi cling thuat toan
nay sé chuyén dang dao dong thir 1 va dang dao
dong thir 2 nay thanh cac géc quay cua cap

1. Thuit toan cia phwong trinh vi phan
tAm thuong.

Thuat toan ctia phuong trinh vi phan tim
thuong can dé giai bai toan mot BTD theo mdi
bude thoi gian. Phuong trinh chuyén dong 1a:

m()i(t)+c(th(t)+ k)= pt) (19)

Trong budc thoi gian t, thuat toan phai tinh
cac hing sd cac phuong trinh chuyén dong, bao
gom m(t),c(t) k(t), p(t)u(t)u(t) At, va tim

chuyén vi va van téc cta budc thoi gian tiép
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theo, bao gom u(t,,) va u(t,,)

Trong nghién ciru nay, phuong phap
Newmark, phuong phap budc thoi gian, duge ap
dung cho cac phuong trinh sau:

u(ti+1): u(ti )+ [(1_ V)At]u(ti )+ (VAt)U(tnl)

U(ti.) = u(t )+ (Athi(t)+ [(0.5)- platy fite,.)

+[plary i) -

Céac thdng s6 ¥ va S la bién so6 gia toc theo
budc thoi gian va xac dinh tinh chinh xac va
tinh on dinh cta phuong phap. Boi vi viée gia
dinh gia toc trong khoang t; Va ti+1 13 hang so,
chon y =0,5va $=0,25.

Cac budce cua phuong phap Newmark nhu sau:

- Buoc 1:

ift )= LPt)—cult) kit (e )]

’ mit,)

- Buée 2: Kk =k(t)+—L—c(t Y
ude 2: k =k(t, )+ Bt c(t; )+ Bty

“Bubc3: ao L va
Buéc 3: a= ot m(ti)+ﬁ0(t1)
va b:im(ti)+ Ati(L—le
2p 2p

- Budc 4: AP = Ap(t, )+ au(t, )+ bi(t,)

m(t,)

- Bude 5: Au :%

- Buoe 6: Au=-"—au —yu(ti)+At(1—7/JL‘j(ti)

pAt B 2p

- Bude 7:

u(t,,,)=u(t,)+Au, u(t,,)=u(t )+ Au

2. Thuat toan giai véc-to riéng.

Bai toan véc-to riéng, rat ra tir dao dong tu
do ctia mot hé khong co can c6 thé dugce biéu
dién & dang toan hoc Kgq=AMq. Ap dung
phuong phép lap ngugc dé tim véc-to riéng cta
ma tran khéi lugng m va ma tran do cung k. Céac
bude duge tién hanh nhu sau:

- Budc 1: Cho gi4 tri véc-to riéng ban dau x;
Va gia tri riéng ban dau A,

i+l

- Budc 2: Giai phép xdp xi cua véc-to riéng
- -1
X, = KTMX,

- Budc 3: Thuong sé Rayleigh dé tinh xap xi

oT
A . X:.,MXx.
gid tririéng AU+ = ZiH 70
)_(LIM)_(HI
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- Budc 4: Phép tuyén hoa ma tran khéi luong

X _ Xj+1
- 1

(xT MX; )5

j+l
-2

-Bude 5: Néu ——1
Aﬁl

< %9%6, quay tro lai

X;,1, hay thuc hign budc 2

3. So' d6 thuit toan va mat s6 hinh anh két
qua m6 phéng

System Library Preparation Site SettingUp Site Operation




(Gia toc goc, gia tc xe con, chiéu dai cap, tai trong

Céc thong sb

gi6 theo phuong X va Y)

v

Cho méi buéc thoi gian

i=X

¥ :

Thiét 1ap cac phwong trinh chuyén dong

Thiét 1ap [m];
Thiét lap [k];
Thiet 1ap [pli

Téch hé dong hoc

Tim véc-to rleng

Ma tran khdi luong truc giao [M];
Ma tran d cting truc giao [K];
Ngoai luc [P];

Giai cac phwong trinh vi phan tim thwong ™

- Dang dao dong thr nhat
- Dang dao dong thtr hai
Chuyén hai dang dao dong thanh hé dong hoc
Khit=x | Khii=y
\, /

* Phwong phap lap nguoc
** Phwong phap Newmark

Hinh 4. So do thudt todn

IV. Két luin

Trong thyc té, thuong khong
thé thuc hién viéc treo vt tai
mGC cau theo ding trong tam
cia ting bd phan, nén Xuat
hién cac dao dong trong vat.
Hon ntra, vat liéu xay dung
thudong 16n va ning, xuat hién
cac lyc quan tinh do sy thay
d6i van toc (gia toc) trong khi
can truc hoat dong. Do su tat
dan rat nho trong hé dong hoc
nay, cac dao dong d6 cod bién
do rat 16n va co thé kéo dai
nhiéu gidy hozc nhiéu phut.
Cac dao dong ndy rat nguy
hiém trong qué trinh van hanh
cau thap. Khi vuon t&i vi tri
cudi cting, phan tir két cau phai
dung yén hoan toan (khdng
Chuyen dong). Pé dat duoc
y8u cau ndy, can phai hiéu rd
dao dong cua cac by phén
trong qua trinh can tryc hoat
dong. Pay 1a mot van dé rat
phtic tap vé mit li thuyét ciing
nhu trong thyc té van hanh cau
thap boi vi khi hoat dong, can
truc chiu tac dong cua rat
nhiéu yéu t6. Nhiing yéu té
nay sé& gy ra su mat 6n dinh
cua can truc khi hoat dong. Két
qua cua nghién ctru nay budc
dau d4 xay dung duoc Ccéc
phuong trinh mo ta dong hoc
Cua can truc thadp cdt co dinh
va dua ra thuat toan giai cho
cac phuong trinh nay. Trong
cac nghién ciru tiép theo, viéc
nghién ctru sau hon nhe‘im tim
ra cac phuong phéap t01 ‘uu hon
dé kiém soat su mat 6n dinh
trong qué trinh can truc thap
hoat dong, dong thdi cho phép
tiép tuc phat trién va hoan
thién mot mé hinh mé phong
hoat dong cta can truc thap
nham hiéu biét & hon vé dong
hoc cua no.
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Abstract:
Theoretic fundamentals for building dynamics model
of flat top tower cranes

In recent years, demands of high buildings are increasing, especially in big cities of Vietnam
such as Hanoi, Hochiminh city. Tower cranes always play an important role in building the high
structures. The objective of the research is to get more knowledge of the dynamic behaviors of
tower crane. The research considers a tower crane as a four degrees-of freedom robot. Combined
with the rigging and piece, the robot translates to a dynamic system with a total of eight degrees of
freedoms. According to the physics characteristics of the crane cable, the research will build the
quotations of motion and develop a solver to solve these quotations in each time step during crane
operation.
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