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Tom tat

May dao gdap bom diéu khién tir xa dwoc thiét ké
ché tao ¢ Viét Nam trén co sé nghién citu, thiét ké,
tich hop céac thiét bj lén mdy co sé Komatsu
PC130-6. Mgt trong nhizng thao tac quan trong
cua may la gap bom. O thao tac nay, cac yéu cau
vé dg chinh xac (vé luc kep, vé téc do tiép xic),
tinh an toan dwoc dat lén hang dau. Dé thyc hién
thao tac kep bom, may si dung co cdu kep gap
gom ma kep va gau xiic, dwoc dan dong bang hé
thong thuy liec gom bom diéu khién LS-PC va céc
van dién ty 1¢, van giam ap. Bai bao tdp trung vao
vigc xa@y dung hoan chinh mé hinh déng luc hoc
hé thang ddn dong co cdu kep. Trén co so do, thut
hién md phong, tinh toan @é dwa ra quy ludt thay
doi cua c&c thdng so dgng lirc hoc trong qua trinh
kep bom. Qua trinh diéu khién chinh xac luc kep
bom dwoc danh gid day du, tir @6 phan tich, dwa
ra cac khuyén céo can thiét cho qué trinh thiét ké,
ciing nhw dieu khién vdn hanh co cdu kep bom.
Tir khoa: Co cdu kep, hé thong thiy lwe, bom LS-
PC, van ty I¢, van giam &p.

Abstract

The remote controlled explosive disposal machine
is designed and manufactured in Vietnam on the
basis of research, design, and integration of
equipments on the Komatsu PC130-6 base
machine. One of the important operations of the
machine is the bomb gripping. In this operation,
the requirements of accuracy (about gripping
force, contact speed), and safety are put in the first
place. To perform the bomb gripping operation,
the machine uses a gripping mechanism
consisting of a gripper and an excavator bucket,
driven by a hydraulic system including an LS-PC
controlled pump and proportional electric valves
and pressure reducing valves. The article focuses

on building a complete dynamic model of the
gripping mechanism drive system. On that basis,
perform simulations and calculations to give the
law of dynamic parameters during bomb
gripping. The precise control of the bomb
gripping force is fully evaluated, thereby the
necessary recommendations are given for the
design process as well as for controlling the
operation of the bomb gripping mechanism.

Keywords: The gripping mechanism, hydraulic

system, pump LS-PC, proportional valve, pressure
reducing valve.

1. Pat vin dé

May dao gip bom diéu khién tir xa duoc Viét Nam
nghién cuu, thiét ké, ché tao trén co s& may dao thay
luc Komatsu PC130-6. May duoc tich hop cac chirc
nang mai dé phuc vu cdng tac xir Iy bom min nhu: Co
céu dao dat - kep gap bom, thiét bi Ra da xuyén dit,
thiét bi x6i bang tia nuéc ap lyc cao, bom hat nudc
tiéu ngap, bda thay luc va hé théng thay luc dwoc diéu
khién tir xa va tai chd. Cac bo phan chinh cua may
dugc thé hign trén Hinh 1.

May dao gip bom diéu khién tir xa cua Viét Nam
c6 mot s6 kha ning vuot troi khi so sanh véi cac xe
Cdng binh cua nudc ngoai (Ubim cua Nga, Wisent 2
cia Buc va Kodiak cua Anh) nhu: Kha nang didu
khién tir xa, kha nang ty do tim, kha nang xu Iy hé
dao,... Co cdu dao dat - kep bom vira c6 kha niang dao
dat, vira c6 thé kep gap bom va xoay dugc cac goc kep
gap khéc nhau.

Trong nghién ctru [1], t&c gia d& dua ra cac phan
tich dong luc hoc cua co céu dao dat - kep gap bom sir
dung hé thong dan dong thiy luc gom: Bom chinh c6
diéu khién LS-PC, cac van servo diéu khién tao tac
kep gép va xoay, sir dung phan hdi &p suit théng qua
cam bién &p suét tai khoang pit tong cua xi lanh kep.

Vi nhiéu Iy do khac nhau (dich bénh, gia ca, thoi
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gian giao hang) y twong st dung van servo khdng thé
thuc hién duoc, do d6 nhom nghién ctru quyét dinh
chuyén huéng sir dung phuong an tich hop van giam
ap va van dién ty I¢ dé diéu khién thao tac kep bom,
thao tac xoay st dung van cho trén may dao co so.

Hink 1. Mdy dao gip bom PKTX
1. Téc mueoc 1,1m3; 2. Bom chim dat trong téc; 3. May phat
dien 7,5kW; 4. Camera giam sat 360°; 5. Ldp bdo vé Cabin

ldi; 6. Pdi trong can bang cho téc mude; 7. Co cdu bdo vé hé

dan déng bom, radar; 8. H¢ dan déng Radar chuyén dgng

tinh tién; 9. Co cdu quay gau; 10. Hé ddn dong bom bin

chuyén déng tinh tién; 11. Hai camera giam sét qué trinh
dao, gip; 12. Co cdu kep bom
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Hinh 2. So' @6 nguyén ly hé théng thiiy luc
ddn dpng xi lanh kep
1. Tay diéu khién dién; 2. B¢ diéu khién va khuéch dai tin
higu; 3,4. Xi lanh kep; 5. Khai van thiy luc; 6. Khéi bom.

So db nguyén Iy hé thdng thiy luc din dong kep
gap bom dugc thé hién trong Hinh 2.

Dé diéu khién chinh xac luc kep bom, hé thdng sir
dung hé théng thuy luc v6i bom chinh ciia may co s6,
khéi van thiy lec gdm 2 van phan phéi dién ty 1 va
van giam ap diéu chinh co khi. Tin hiéu diéu khién LS
dugc lay sau van phan phéi ty Ié dé diéu khién bom
chinh. Véi viéc xac dinh trudc loai bom can xu ly, s&
tinh toan duoc &p suit kep can thiét va cai dat van
giam &p vai gid tri phu hop.
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Ap suét trong khoang pit tdng cua xi lanh kep va
van téc dich chuyén pit tong can dat dugc quy luat nhu
trén Hinh 3. Khi bét dau tiép xdc voi bom, &p suét
trong khoang pit tdng dan dat gia tri cai dat, ddng thoi
van téc tiép xdc giam dan vé gia trj 0.
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Hinh 3. Do th ap sudt va vdn téc tiép xdc bom yéu cdu

2. M hinh dgng lwc hoe Co ciu kep bom - hé
thong dan dong

Khi tinh toan, mé phong dong luc hoc co cau kep
bom va hé théng dan dong can dwa céc gia thiét sau:

- Hé s6 luu lwong tai cac cira cong tac cua van |a
khong doi;

- Khéi lugng pit tdng servo ciia bom duoc coi la
nho so véi cac thanh phan lyc dan dong, c6 thé bo qua;

- RO ri dau qua céc khe ho hudng kinh cua con
truot van phan phdi va xi lanh cong tac dwoc bo qua;

- Ap suat duong dau hoi khong ddi va coi nhur bang
khéng;

- Khéi luong tay kep bom coi nhu khong dang ké,
khi chua tiép xdc bom, xi lanh chay khéng tai;

- L6p giam chan cua tay kep bom dugc coi nhu
mot co cau cd tinh dan nhot.

Theo [7], [8] d& xay dyng hoan chinh md hinh
dong luc hoc bom chinh, dugc thé hién trén Hinh 4.

Hinh 4. So' do tinh todn bom pit tong hwong truc dia
nghiéng diéu khién LS-PC phdn héi co khi
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Hinh 5. M hinh tinh todn co cdu kep bom va xi lanh
dén déng

M6 hinh tinh todn qué trinh kep bom dugc chia
thanh 2 giai doan: Giai doan chua tiép xuc va giai
doan tiép xtc. O giai doan dau xi lanh chay khéng tai
va ap suét chi bit dau tang dan & giai doan tiép xuc va
tién dan dén gié trj cai dat.
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Hinh 6. M6 hinh tinh toan van giam &p

Theo [1], phuong trinh dong luc hoc co cau kep
bom ¢ dang Laplace nhu sau:

Fcy' pcy (S) - (mpi 'Sz+ kfri—cy 'S)'ypi (S) = I:)Io (1)

Trong do: m; - Khéi lugng pit tong; k Hé sb

fri—cy -

ma sat trong xi lanh; P, - Téi trong tac dung lén dau
can xi lanh.

Tai trong P, duoc tinh nhu sau:

K(Yy = Yo)+C.¥y Khi y, >,

= 2
0 khiy, <y, @

lo
Phuong trinh luu lwong di qua van giam ap c6
dang sau:

Qre = ka‘Xre + ka'(pp - pl) (3)

Trong d6: Ky, Ky, - C4C hé s6 tuyén tinh hoa; P,

Q0
- Ap sut bom chinh; p, - Ap suét sau van giam ép.

Phuong trinh dich chuyén ciia con truot van giam

ap (b6 qua khéi lugng con truot van):
P A=K.X, 4)
Trong do6: A - Tiét dién tac dung cua 4p suat diéu
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khién; k - D¢ cting 10 xo van.
M6 hinh toan van phan phéi ty 1é dugc thé hién
trén Hinh 7.

v P
Hinh 7. Mb hinh tinh toan van phan phai ty lé

Phuong trinh lwu lwong va dich chuyén cua con
trugt van bu 4p duoc biéu dién duéi dang sau:

Qcom = kal'Xcom + kal'(pl - pz) (5)
pZ'A:om = pcy'pkom + kcom'xcom (6)
Trong d6: ke, Ky, - Cac hé sb tuyén tinh hoa;

p, - Ap suit sau van bu ap; A, - Tiét dién tic dung

cua ap suat diéu khién; k_, - Do cting 10 xo van bu ap.
Luc quan tinh, cling nhu khéi lwong cua con truot
1a nho, c6 thé bo qua, khi d6 Iuc dan hoi cua 10 xo van
ty & can bang véi luc dién tir, tic 1a:
kX, =k i @)
Trong d6: i - Cuong do dong dién trong cudn day
diéu khién; ki- He sé suc dién dong; k, - Do cang 10
xo vanty I&; x, - Dich chuyén con truot van.
Luu luong qua van ty 1€ dugc xac dinh nhu sau:
Qv = kav'Xv + kav'(pZ - pcy) (8)
Luu lugng qua van bu &p va van phan phdi ty 18
bang nhau, d6ng thoi bang mot nira luu luong qua van
giam tir phwong trinh (3), (5), (8) ta c6:

kal'Xcom + kal'(pl - pZ) = kav'Xv + kav'(pZ - pcy) (9)

1
E(ka'Xre + ka'(pp - pl)) = kava + kav'(pZ - pcy) (10)
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Hinh 8. So' dé tinh todn co ciu kep bom va dédn dgng
diéu khién
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Hinh 9. Chuwong trinh mé phéng tinh toan trong LMS Amesim

3. Khao sat anh hwéng caa cac thong sé dén
diéu khién qua trinh kep bom

Dé khao sat qua trinh kep bom str dung phan mém
LMS Amesim cua hang Siemens, 1a mot phan mém
dugc str dung rong rai trén thé gidi trong nghién ciru
céc hé thong co - dién - diéu khién phirc tap.

Céc thdng s6 ban dau [1, 8, 10]:

Bom LS-PC: Téc d6 vong quay 1000v/ph, luu
lugng riéng 95cc/v; Puong kinh pit tdng servo chia
theo ty 1€ 1:2 twong trng 20:40 (mm); Budong kinh con
truot van LS, PC: 10mm.

Van an toan tong: Ap suit cai dat 350bar, luu
lwong 16n nhat 2501/ph.

Van giam ap: Ap suat cai dat dau ra py = 80bar;
Luu lugng 16n nhit qua van Qr = 38l/ph.

Van ty 1&: Dong dién diéu khién imax = 800mA; Ap
sut 1am viéc 16n nhit pmax = 350bar; Luu lugng 1on
nhat qua van Qmax = 23I/ph.

Xi lanh kep bom: Buong kinh pit tdng Dey=60mm;
buong kinh cén pit tong dey = 40mm; Hanh trinh xi
lanh s = 320mm.

Khoang céch dich chuyén khéng tai lo = 200mm.
Tinh toén khi gap qua bom I6n nhat MK-84 c6 trong
lugng 907kg, &p sut kep can thiét dugc tinh toan 1a
xap xi 80bar.

Theo cac Hinh 10, 11, 12, khi tin higu diéu khién
van phan phéi ty Ié thay ddi & cac mirc 200, 400, 800
mA, céac quy luat thay d6i cua dich chuyén, van toc

cua xi lanh kep khéac nhau. Két hop véi Hinh 13, c6
thé nhan thay, & cac tin hiéu diéu khién nho 200, 400
mA, xi lanh chi di chuyén dugc cac doan ngin va ap
suit kep khong dat yéu cau. Chi & muc tin hiéu 800mA,
gid tri &4p suat kep mai dat yéu cau dit ra. Diéu ny co
thé giai thich duoc, khi tin hiéu diéu khién nho, su
hinh thanh 4p suét trong khoang pit tong xi lanh kep
lam cho dong dau c6 xu hudéng hdi vé thung qua cira
T va &p sut kep khong thé tang dén gid tri yéu cau.
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Hinh 10. Tin higu diéu khién van gigm ap
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Hinh 11. Dich chuyén cia xi lanh kep ¢ cac dong
dién diéu khién khac nhau
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Hinh 12. Vén téc ciia xi lanh kep 6 cdc dong dién
diéu khién khéc nhau
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Hinh 13. Ap sudt kep bom & cdc dong dign diéu khién
khac nhau
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Hinh 14. Djch chuyén, vén téc ciia xi lanh kep khi
thay doi hé sé dan hoi

Theo Hinh 14, véi hé s6 dan hoi cua I6p giam chan
khac nhau, dich chuyén, van téc c6 sy thay dbi rd rét. Véi
do6 cang k = 10*+10°N/m, sau khi tiép xuc, xi lanh con
tiép tuc di chuyén mot doan kha dai 10cm, con voi do
cang k = 108N/m, d6 dich chuyén thém cua xi lanh chi
con 2cm va theo Hinh 13 khong c6 xung &p suat xay ra.

4. Két luan

Qua céc phan tich dong luc hoc & trén chi ra rang:

- Viéc sir dung van giam ap két hop van ty I¢ dem
lai két qua phu hop vé6i yéu cau dit ra vé ap suét kep
va tdc do tiép xtc bom. Tuy nhién, tin hiéu diéu khién
can dam bao yéu td, khi chua tiép xtic bom, diéu khién
& muc tin hiéu thap, khi bat dau tiép xlc can diéu
khién & mirc tin higu cao nhat nham d¢am bao kha ning
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dat dwoc &p suét didu khién can thiét.

- Viéc lap dat 16p giam chan can lya chon d6 cing
phu hop, theo nghién cau thi véi do cang k=10N/m
dap ung tot yéu cau dit ra.

- S0 Vi phurong an sir dung van servo két hgp cam
bién &p suat [1], ngoai viéc gia thanh ré hon thi viéc
sir dung van giam ap két hop van ty Ié khong c6 su
hinh thanh cac xung ap suét trong qué trinh kep.
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