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Tom tit

Xe swra chira - cuu kéo FPOM-IM duoc trang b
can cau tdi trong 20 tan dé thao dé cac bé phdn
trén cac phirong tién quan sw. Can cau thugce logi
May truc Véi co cdu nang dang can, tam véi xa
nhdt ciia can cau cd thé dat 5320 mm. Pé xdc dinh
duoc c&c tham sé dgng luc hoc cuia can cdu, can
phdi xay dizng md hinh vat Iy va thiét lgp phirong
trinh vi phan chuyén déng cia can cdu. Bai bao
nay tdp trung xay dung mé hinh khdo sdt déng luc
hoc can cdu, tir dé thiét ldp phirong trinh vi phan
chuyén déng cua can cdu dia trén nguyén ly
Lagrange.

Tur khéa: BPOM-1M, can cdu, mé hinh, phwong
trinh vi phén, nguyén ly Lagrange.

Abstract

The FPOM-1M is equipped with a 20-ton crane to
remove parts on tanks and armored vehicles. The
longest reach of the crane can be up to 5320 mm.
In order to determine the dynamic parameters of
the crane, it is necessary to build a physical model
and set up the motion differential equation. This
paper focuses on building a physical model of the
crane with the given assumptions and setting up
differential equations of motion based on the
Lagrange principle.

Keywords: 5POM-1M, crane, physical model,
differential equations, Lagrange principle.

1. Mé dau

Xe stra chira - ctru kéo BPOM-1M c6 nhiém vu ctru
kéo cac phuong tién chién d4u bi hu hong, bi mac ket
trong bun lay, mat kha niing hoat dong tir chién truong
dén cac diém sira chira, phuc hoi. Ngoai ra, xe c6 thé
phuc vu stra chita nho va bao tri cac phuong tién truc
tiép trén thuc dia [1].

BPOM-1M la xe banh xich dic biét, duoc trang bi
nhiéu thiét bi khac nhau, trong dé ¢6 can ciu tai trong
lén dén 20 tan, cho phép thdo d& thap phao cac cum
chi tiét trén cac phuong tién ma khong can sy chuan

bi dic biét. Can cau bao gdbm maot can mii tén véi hai
xi lanh nang can, gia d5, mam quay, co ciu xoay can
va hé théng cép treo. Can miii tén duoc ché tao bang
thép, mat cat hinh chir U, phia trong han thém hai dam
ngang dé tang d6 cing. O phan giita cua can c6 bdn
thanh ray dan huéng dugc han vao thanh trong chir U
dé cac con lan di chuyén doc theo can cau. B9 toi trén
xe duoc két hop vai bo rong roc gitp tang luc kéo cho
xe BPOM-1M.

7 N

Hinh 1. Can cdu trén xe BPAM-1M [1]

CAu tao cu thé cuia can cau duoc thé hién trén Hinh 1
bao gom [2]: Mdc treo 1 va 16, khéi pu-ly ¢c6 truc c6
dinh 2 va 19, dam ngang hd trg cho xi lanh nang vat
3, cap 4 (I = 1200mm), can miii tén 5, gia 1ip chdt
quay can 6, mam quay 7, xi lanh nang can 8, dam
ngang cho xi lanh nang can 9, khéi pu-ly c6 truc di
dong 10, khung xe day 11, xi lanh thu nha cap 12, mdc
kéo 13, pu-ly méc cap 14, cap 15 (I = 2600mm), méc
treo 17, day cap 18. Tam hoat dong cua can cau dugc
thé hién trén Hinh 2.

BPOM-1M la dong xe méi, ¢ Viét Nam, hién nay
chua c6 cac cong trinh nghién ctru, danh gia tinh nang
chién ky thuat ciing nhu dong luc hoc (PLH) can ciu
trén xe. Duya trén co s6 ly thuyét DPLH may truc co co
cau nang dang can, bai bao nay tap trung xay dung mo
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hinh tinh toan DLH va thiét lap phuong trinh vi phan
chuyén dong cua can cau trén xe BPOM-1M. Két qua
cta nghién ciru 1am co sé cho viéc khao sat danh gia
chat luong PLH can cau ¢ cac ché do hoat dong khéc
nhau. Ttr @6 xac dinh cac nguyén nhéan phat sinh tai
trong dong, tim dugc cac thong sé hoat dong téi wu
ctia can cau va dua ra cac khuyén cdo cho ngudi van
hanh thiét bi.

.. Vitricao nhat eta can céu
51y khinang hang 20 tan

Truc tam qua PR
ciachnoa Vi trf thép nhét eia c3n cdu

Khi nang hang

B
k, \
N
\g“

=
7
& Ternénakt

Hinh 2. Tam hoat dgng ciia cin ciu trén xe
BPIM-1M (2]

2. Pong lyc hoc may truc cé co cau niang
dang can

May truc la loai may lam viéc theo chu ky, moi
chu ky l1am viéc bao gém ba giai doan: khéi dong,
chuyén dong vai toe do déu va dirng méy. Trong thoi
ky qua d6 (khai dong hodc ham phanh), thuong phat
sinh tai trong dong tac dung 1én cac co cau [3]. Vi vay
dé nang cao d6 an toan va tin cay khi lam viéc, can
phai nghién ctru cac hién tugng dong luc hoc sinh ra
trong qud trinh khai thac, sir dung may truc.

Truyén dong may truc co co cau nang dang can
thuong bao gdm mét s6 bo phan cé khéi luong nhit
dinh dugc tinh nhu khdi lwong tap trung (khép néi, pu-
ly, bo phan cong tac,...) va cic b phan dan hdi (day
cép, xich, truc) [4]. D& don gian tinh toan, cac co ciu
cta may truc duoc dua vé cac so do dong luc hoc gom
mét s6 hitu han khéi lugng néi véi nhau bang céc lién
két dan hoi. Tly thudc vao loai co cau va yéu can tinh
toan ma khéi luong qui ddi trong so d6 ciing khac nhau.

Céc budc dé khao sat, nghién ciru dong luc hoc
may truc nhu sau [5]:

- X4y dyng mé hinh tinh toan DPLH cta co cdu va
can truc. M6 hinh tinh toan PLH dwoc xay dyng can
ctr vao két cu thuc ciia may truc va céc gia thiét hop
1y, dé nhan duoc so do tinh toan don gian hon nhung
van dam bao d6 chinh xac can thiét.

- Xac dinh céc tham s DLH cua mé hinh (khéi
lwong qui ddi, do clng, md men quan tinh,...).
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- Xac dinh tri s6 va dac tinh cua tai trong ngoai dat
vao co hé.

- Thiét lap phuong trinh vi phan mé ta sy chuyén
dong cua cac chat diém trong md hinh.

- Tién hanh giai phuong trinh vi phan chuyén dong
xac dinh c4c théng sé6 PLH ciia may truc.

C6 ba phuong phap chu yéu dé thiét lap phuong
trinh vi phan chuyén dong, d6 1a st dung phuong trinh
chuyén dong Lagrange véi co hé ¢6 sb hitu han bac ty
do, lap phuong trinh chuyén dong trén co so dinh luat
hai Niuton va 1ap phuong trinh chuyén dong trén co
S¢ nguyén ly Dalembert [6]. Hai phuong phép lap
phuong trinh trén co s dinh luat 2 Newton va nguyén
ly Dalembert sir dung don gian va hiéu qua véi co hé
c6 it bac tu do, cac chat diém chi chuyén dong tinh
tién. Trong nghién ciu nay, phuong trinh Lagrange
loai 2 duoc sir dung dé thiét lap phuong trinh vi phan
chuyén dong cua can cau [7].

dfaya o @
dt\ o, ) oa,

Trong d6: L- ham Lagrange co hé; n - s6 bac tu do
cua hé; gk - cac toa do suy rong:

| ey 6 =[q, g0, @
qk - e
an
Q- Céc luc suy rong twong tng véi cac toa do suy
rong, & dang tong quat co thé biéu dién dudi dang:

8y GT=[Q Q.Q] ©

Q=]

Q
Céc lyc suy rong nay duge xac dinh tir biéu thic tinh
cbng kha di cua céc lyc tac dung I&n hé. Trong truong

hop tong quat, luc suy rong Qi 1a ham cua toa do suy
réng, van toc suy rong va thoi gian. Luc nay gom luc co

thé Q! (), luccan Q¢ (q) vangoai lyc Fi(t).
Qk =Q|E (q)+ch(q)+ Fk (t) (4)
Luc co thé Qi(q)Vva luc can Q¢ (q) duoc xac

dinh tir thé nang I(q) vahamhaotancuahé o(q):

ar(q) cla :_aq)(q) (5)
6qk Qk (q) 6qk

Qi(d)=-

Luc Fi(t) co dugc khi tinh cdng kha di ctia ngoai luc.
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3. Xay dung mé hinh @dng luc hec cin cau
trén xe BPOM-1M
3.1. Céc gid thiét xay dwng mo hinh

May truc dang can bao gdm co ciu nang can, co
cAu nang vat, co cdu quay, co cau di chuyén va phan
két cAu co khi nhu can, thap hodc khung san xe co so.

NGOG CI0I6%

Hinh 3. Can céu lip trén xe BPAM-1M

So d6 cua can cau lip trén xe BPOM-1M duoc thé
hién trén Hinh 3, bao gdm: xe co s& 1, mam quay can
2, xi lanh nang can 3, cin nang 4, pu-ly di dong 5, xi
lanh nang vat 6, pu-ly cé dinh 7, pu-ly dau can ddi voi
co cau nang vat 8, pa lang nang vat 9, vat nang 10 [2].

Dé xay dung mo hinh DLH can cau, nghién ciru
dua ra cac gia thiét nhu sau:

- Can cua can truc duoc coi la cimg tuyét doi;

- Do 16n cua lyc dan hdi cua day cap ti 18 thuan
v6i do bién dang cua day cap (do cang cua day cap
khong doi);

- Vit nang chi dao dong trong mat phing thing
dung chira can.

- B6 qua ma st gitra cac khop quay, khop tinh tién,
ma st ciia cac pu-ly trong hé thong pa ling..

3.2. M6 hinh déng luc hec can cdu

Véi cac gia thiét trén, md hinh khao sat DLH can
ciu trén xe BPAM-1M duoc biéu dién trén Hinh 4.

Céc tham s cua mo hinh tinh toan bao gom:

m - Khéi lugng cua vat nang;

m. - Khéi luong cua can (khdi lugng me dugc ldy
bang khéi luvgng cua cin cong véi khéi lwong cia cum
pu-ly dau can);

Mpe - Khéi luong quy dbi v& dau can piston nang can;

My - Khdi lugng quy déi vé dau can piston nang vat;

Je - M6 men quan tinh cua can ddi vai khdi tam;

P - Luc do piston - xi lanh nang can tao ra;

P1 - Luc do piston - xi lanh nang vét tao ra.

| - Chiéu dai cua can cau;
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a - Khoang céch tir tam caa mam quay can dén tam
cua khop quay tai chan can;

b - Khoang céch tir chét quay chan can dén diém
dat chdt dau cén piston nang can;

C1, C2 - PO cing tuwong ung cua piston - xi lanh
nang can va cua cap nang vat;

a - Goc nghiéng ciia can so véi phuong ngang;

x - Dich chuyén ctia ¢au cén piston nang vat;

S - Khoang céch tir vat nang dén diém dau can mo
ta chuyén dich cua vat nang theo chiéu day cép;

So - Khoang cach tir vat nang dén diém dau can tai
thoi diém ban dau;

Ho - Khoang céch tir khop quay chan can dén nén dat;

u - Boi suét ctia paling nang vat;

0 - Goc lac cuia vat nang so véi phuong thing
dung;

Trong hé toa d6 O1XYZ, cac toa d6 suy rong dugc
chon gém: 6, S, a, X.

O X

Hinh 4. Mé hinh tinh todn PLH cin ciu xe BPIM-1M

4. Thiét 1ap hé phwong trinh vi phin chuyén
dong caa can cau
4.1. Xdc dinh tong déng ning ciia co hé

Tong dong ning cua hé la:
T=T,+T,+T,+T, (6)

Trong d6: T 1a ddng nang cua vat nang, T¢ 1a dong
nang cua can nang, T1 12 dong ning cua co cau nang
can quy dbi vé dau céan piston nang can, T 1a dong
ning ctia co cAu nang vat quy déi vé dau cén piston
néng vat.

Dong ning cua vat nang tai thoi diém dang xét
duoc xac dinh theo cdng thac sau:
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1 2
Ty =—mvy @)

2
) 2 . \2
voi: Vi =X )+ (W
Xm =1.cosa + Ssin0;

X =Ssin0+ SOcosO —
m

|d5in0c;
Ym =Isina—Scose+H0

Yy = lécosa — S cosO + SOsin 0
T do:
vﬁ] = §245%0% 11%62 - 2184 cos(8 - o) + 21S6sin(6 - )

Thay vao cong thirc (7) thu duge dong ning cua
vat nang:

T = 182 +5%6% +1262 — 2186.005(6 - 1) + 215665in(® - )]
2

8
Pong ning cuia can nang Ia:

1? 1

T:—(m TRE L ®)

TR |2
Vol —
J =(m—+1J,)
4
Pong ning ciia co cAu ndng can quy doi vé dau can
piston nang can:

T=1m 2 :%mpc(bd)z (10)

2 pc pc
Trong do6: Ve & van téc dich chuyén cua piston
nang can.
Pong ning cua co Ciu nang vat quy ddi vé dau can
piston nang vat:

T,= Invin g (11)

2 pvYpv 2 pv
Trong d6: vpy 1 van téc dich chuyén cua piston
néng vat.

4.2. Xdc dinh tong thé ndng ciia co hé

Tong thé nang cua hé la:

=11, +I1 +T1, +1I1, (12)
Trong do: I, la thé nang cua vat nang, Hclé

thé nang cua can nang, 17 14 thé ning dan hdi cua
g N g
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do su chiu nén cua dau thay lyc cua cap piston - xi
lanh néng can, [, Ia thé nang do su co gian cua
cap nang vat.
Thé ning cuia vat nang Ia:
1, =mgy, =mg(Isina—Scos0+H,) (13)
Thé ning ciia can nang la:

M, =mgy. =m.gClsina+ H) 14

Thé nang dan hdi do sy chiu nén caa dau thay lyc
cua cap piston - xi lanh nang can la:

= 2o (AL (19)
2
Trong d6: AL la dich chuyén cua dau can piston

nang can do tinh chiu nén cua dau thay luc.
Thé niang do sy co gidn cua cap nang vat la:

M =20, =Se b, +aLy (19

Trong do: AL, - d0 gidn tinh cua day cép néng vét,

AL,,- d6 gian dong cua day cép nang vat,

AL, =u(S-S,) (17)

4.3. H¢ phwong trinh vi phin chuyén dpng
Ham Lagrange cua phuong trinh vi phan chuyén

dong (1) dugc xac dinh nhu sau:

L=T-1=T,+T +T +T,-I1, —-II_—I1, —1II,

Ap dung phuong trinh Lagrange di voi toa do suy
rongo:

dfoL) oL, (18)
dtloa ) oa ¢

Thay céc biéu thirc vao cong thirc (18) thu duoc
phuong trinh vi phan chuyén dong tha nhit:

(ml* +m_b* +J")é —mlcos(0 —a)S +
+mISsm(e )0+ mlS cos(0 — 0.)6? +

+2mlsin(® — 0.)SH + (m +§mc)gl cosa = Pbcosa

(19)

Twong tw, phwong trinh vi phan chuyén dong thi
hai véi toa do suy rong .
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Isinf—a &+ P- 1 cOs(a ¢’y (20)
+2S0+gsiP= 0

Phwong trinh vi phan chuyén dong thir ba vai toa
d6 suy rong S:

mS —ml cos(® — a)é — mlsin(® — a)é.® — 1)
A2 aALm
—-mS0O? —mgcosO + ¢, (AL, +AL,,) s =0
Theo (17) thu duge: 98Ly _ | (22)
0S

Tir (21), (22), phuong trinh vi phan chuyén dong
tha ba c6 thé viét lai nhu sau:

mS —ml cos(6 —a)é —misin(d —a)a” —  (23)
-mS6? —mgcosO +c, (AL, +AL, Ju=0

Do d6 phuong trinh vi phan chuyén dong thir ba
c6 thé viét:

Phuong trinh chuyén dong thir tu 1a:
m, X+¢,(ALy +AL,)=R (24)

Két hop cac phuong trinh (19), (20), (23) va (24)
nhan duoc hé phuong trinh chuyén dong cua can cau:

* .
(mI2 + mpcb2 +J ) =mlcos(6 - a)S - mISsin(6 — a)0 -

. .. 1
-mlS cos(6 - (1)92 = 2mlsin(® - &)S0 - (m + —m;)gl cosa + Pbcosa
2

SB+250+gsind =1 cos(6 - Ot)dz ~Isin(0 - o)

. CoUAL
S —362 :Icos(e—a)d+lsin(6—a)d2 —u+ gcosf

m

mpVX‘ + czAL2 = P1

(25)

Giai hé phuong trinh vi phan chuyén dong (25)
trong cac diéu kién 1am viéc khac nhau s& thu nhan
duoc cac dac tinh BLH cua can cAu trén xe BPOM-1M.

5. Két luan

Bai bo nay tap trung xay dung mé hinh tinh toan
DLH va thiét lap phuong trinh vi phan chuyén dong
ctia can cau lap trén xe BPAM-1M. M6 hinh tinh toan
nay c6 tinh dén sy bién dang dan hoi cua cac bo phan,
bao gom mot s6 khéi lugng tap trung (vat can nang,
can nang, pu-ly) ndi véi nhau bang cac lién két dan
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hdi (day cap, piston - xi lanh).

Khi xay dung md hinh, néu tinh dén tat ca céac tinh
chat thuc caa co hé thi mé hinh sé& rat phuc tap, bai
toan khao sat DLH tré nén khéng kha thi, do d6 trong
nghién ctru ndy, tac gia da dua ra cac gia thiét dam bao
vira thé hién su 1am viéc thuc cia cin ciu trén xe,
ddng thoi cho phép xay dung cac phuong trinh khao
sat dong luc hoc va giai dugc cac phuong trinh nay
V6i d6 chinh xéac can thiét. Két qua nghién cau thu
dugc hé phuong trinh véi 4 phuong vi phdn mod ta
chuyén dong cua can ciu tuong tng vai 4 toa do suy
rong cua co hé. Pay 1a co sé dé khao sat va danh gia
chat lugng PLH, x4c dinh cac théng s t6i wu, dam
bao an toan va tin cay khi khai thac, sir dung can cau
trén xe BPOM.
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