7% KHOA HOC CONG NGHE
" ISR Thang 4/2024 v .

MOt giai phdp hoan cai hé thong thly luc trén may xuc
phuc vu bai todn diéu khién tur xa
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TOM TAT: Trong diéu kién 1am viéc luén chiu su
rung l4c va dap manh, dé ting dé bén cho thiét
bi, cdc hdng sdn xudt may xuc thudng ché tao hé
théng thiy luc diéu khién bing tay co trén cabin.
Tuy nhién, tai nhiéu vi tri dia hinh dic biét nguy
hiém hay frong moéi truong lam viéc khic nghiét
va déc hai (frong hdm md, 16 dét nhiét d6 cao, do
bom min, vat liéu nd...) con ngudi khéng thé van
hanh truc tiép trén cabin. Do d6, can thiét nghién
ciu hodn cai hé théng thiy luc diéu khién co bang
tay sang hé théng thdy luc diéu khién bang tin hiéu
dién. Hé théng nay la tién dé dé co thé ap dung
céng nghé hién dai diéu khién may xuc tU xa, an
toan cho ngudi van hanh. Trong bai bao nay, tac
gid tap trung nghién cuiu, tinh toan, lua chon gidi
phap hodn cai hé théng thiy luc d&i véi may xic
cla hang Bobcat (Bobcat E20) ma khéng lam anh
hudng dén toan bd hé théng nguyén ban trén may.
Sau hodn cai, may xtc cé thé chay song song hai
ché d6, mot ché do diéu khién nguyén ban, mat
ché g6 diéu khién 1 xa.

TU KHOA: May xtc, hé théng thay luc, didu khién
U xa.

ABSTRACT: In order to enhance the equipment’s
longevity under harsh vibration and shock conditions,
excavator manufacturers typically incorporate
hydraulic systems with manual mechanical control
within the cabin. However, a lot of places (like mines,
high-temperature incinerators, mine detectors,
explosives, etc.) are extremely hazardous or have
unfavorable working conditions, making itimpossible
for people to operate directly inside the cabin. As
a result, it is essential to research and change
the hydraulic system that is manually operated to
one that is controlled by an electrical signal. From
there, the operator may securely and remotely
operate the excavator by utilizing contemporary
technology. The goal of this essay is fo investigate,
compute, and select a method for converting the
hydraulic system for Bobcat excavators without
compromising the original. In order to change the
hydraulic system for Bobcat excavators without

damaging the machine's entire original system,
this article will investigate, calculate, and select a
suitable alternative. Following conversion, there are
two operating modes for the excavator: remote
control mode and original control mode.

KEYWORDS: Excavator, hydraulic system, remote
control.

1. DAT VAN BE

M4y xuc Bobcat E20 la loai mdy xuc ¢& nho thuc hién
chtic ndng dao, xuc... trong linh vuc xay dung hodc c6 thé
dugc st dung trong mot sé linh vuc dac thi [1-2]. Mot trong
nhiing hé théng quan trong clia may xuc la hé théng diéu
khién [3] va hé théng thuy luc [4-5]. Khdo sat thuc té trén
may va tai liéu thiét ké clia hang san xuat [6] cho thdy, trén
may xuc Bobcat E20 c6 cac thanh phan céng tac can diéu
khién sau: Xy-lanh nang can, xy-lanh canh tay, xy-lanh gau
muc, dong co quay san, déng cc banh xich trdi, dong co
banh xich phai. Hé théng diéu khién trén cabin bao gém:
Hai tay trang thay luc diéu khién canh tay, 2 tay co thuan
tdy diéu khién di chuyén may, 2 bién trd tich hgp trén hai
tay trang dé diéu khién quay can phu va dudng cong téc
tuy bién (bua dap, bd kep, gdu ngoam...). Ngoai ra, con
mot s6 ndt nhan phu trg khac. So d6 nguyén ly va tay trang
clia may xuc dugc thé hién trén Hinh 1.1.
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Hinh 1.1: So dé nguyén ly cua tay trang va hinh dnh trong thuc té
Hé théng st dung 2 tay trang thuy luc dé diéu khién

4 co cau chdp hanh: Xy-lanh nang céan, xy-lanh canh tay,
xy-lanh gau muc va déng co quay san. Ban chat tay trang
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thay luc nay la gém 4 van ty 1é &p suat diéu khién co (bang
tay), c6 chiic nang diéu khién canh tay may xuc c6 thé thuc
hién moi thao tac can thiét moét cach linh hoat. Ngoai ra, hé
théng sirdung 2 tay di chuyén kéo ca dé diéu khién 2 dong
co di chuyén va mot tay kéo co vai cong tac chuyén déi
cho xy-lanh nang ha lugi gat va xy-lanh m& réng banh. Bay
la 2 tay tac dong truc ti€p dén van phan phéi diéu khién
déng cothay luc ctia banh xich. Vé tdng thé, hé théng diéu
khién thay Iuc trén may xtc Bobcat E20 gém 9 van phan
phéi ty I& phuc vu diéu khién dong dau tir 3 bom divao cac
cd cau chap hanh, theo su thao tac cac co ciu diéu khién
trén cabin cla ngudi lai. Qua viéc nghién ctu so dé thay
luc va thuc té€ khao sat trén may, tac gia nhan thay 9 van
phan phéi nay la van phan phdi ty Ié loai 6 clra 3 vi tri (con
trugt 6/3), c6 gidm tai ranh gilia, dé trong ché dé nghi, dau
tir bam cép duoc giam tai vé thung, khong lam néng dau.
Trong d6, ¢6 6 van dugc diéu khién bai con truot ti [& véi tin
hiéu thay luc dugc cap vao cac dau chup con trugt.

Trong 6 con trugt nay thi c6 2 con trugt da dugc diéu
khién bai 4 van giam ap dién tilé cé sdn trén may. C6 3 van
dugc diéu khién béi con truct ti 1& véi tin hiéu 1a dang co
khi, kéo va ddy cac con trugt nay. Thuc té khai thac may
xtc cho thay, may xuc thudng phai lam viéc trong mot moi
truding khéng 6n dinh, chiu su rung lac, va dap manh, do
dé viéc diéu khién may xuc thudng dugc thuc hién bing
tay trén cabin théng qua hé théng thay luc. Tuy nhién,
trong thuc t&€ c6 nhiéu vi tri dia hinh dac biét nguy hiém
hay trong moéi trudng lam viéc khac nghiét va déc hai ma
viéc diéu khién truc ti€p bing tay b&i con ngudi la khong
kha thi, vi du nhu trong ham m¢, 16 d6ét nhiét dé cao hoac
khi do bom min, vat liéu nd [7]. Vi vay, viéc nghién cuiu
hoén cai hé théng thuy luc diéu khién co bang tay sang
hé théng thay luc diéu khién bang tin hiéu dién la mét bai
toan cap thiét. D& gidi quyét van dé thuc té cap thiét nay, &
phan ti€p theo, bai bdo nay tap trung vao viéc nghién cuu,
Iya chon gidi phap cai tién hé théng thay luc ctia may xdc
Bobcat E20 phuc vu bai toan diéu khién tur xa.

2. GIAI PHAP HOAN CAI HE THONG THUY LUC

D& c6 thé phuc vu bai toan diéu khién may xdc tu
xa, tdc gid da nghién ctu hai phuong an: Hoan cai phan
cdng sudt va hoan cdi hé théng diéu khién. Trong phuong
an hoan cai phan cong suat, cac van phan phdéi ty lé diéu
khién bang thay luc nguyén ban trén may xuc dugc thay
bang cac van phan phgi ty 1& diéu khién bang tin hiéu dién.
Tuy nhién, qua qua trinh khao sat tin hiéu thay rang cac
van phan phéi nay déu laloai 6 clra, 3 vi tri, c6 giam tai ranh
gi(ra va la loai ti I, nén khéng co6 cac van ti Ié cong nghiép
tuong duong dé hoan cai (cac van ti 1& cdng nghiép déu
la loai 4 ctia 3 vi tri). Do do, phuong an hoan cai cac van
phan phéi la khéng kha thi, nén chi ¢ thé tap trung hoan
cai trén phan tin hiéu diéu khién. Giai phap nay cho chi phi
thap haon, hé théng ré hon, ma van gil nguyén moi dac
tinh clia may da dugc nha san xuat thiét lap.

DaGi véi hoan cdi phan diéu khién, cac van phan phéi
ty 1& phan céng suat cda hé théng diéu khién thay luc trén
may xuc c6 con trugt thudc 2 dang diéu khién khac nhau:
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Diéu khién bdng tin hiéu ap suat ty 1& hoac diéu khién
bang co.

DGi vai cac van phan phai ty 1é co con trugt dugc diéu
khién bang tin hiéu ap suat thay luc ty | ti cac tay trang
diéu khién thay luc tich hgp ngay trén cabin. D€ diéu khién
tu xa, can tao tin hiéu ap sudat thay luc diéu khién béi van
gidm ap dién ti I, & day, si dung thém 1 van shuttle (hay
van logic OR), cho phép hé théng diéu khién song song, c6
nghia la van diéu khién bang tay trang thay luc ctia may,
hodac diéu khién tir xa thédng qua viéc cap dién ti lé cho van
giam ap dién tilé.

Trong trudng hgp nay, bat budc phai st dung van
giam ap dién ti I, khong dung dugc van dién ti lé 4/3 bai
cac van 4/3 nay la van dién ti Ié luu lugng, ngay khi lugng
dau dién day vao chup con trugt. Ngay lap tuc, ap suat
trong chup con trugt nay sé bang vdi ap suat cap vao cdng
P cla van, diéu nay dan dén ngay lap tuic con trugt sé ma
hét toan bd hanh trinh, su diéu khién ti 1& cla con trugt
trén phan phéi ctia may xuc sé bi mat di, thay vao do tré
thanh viéc déng ma ON/OFF.

DaGi vai cac van phan phai ty 1é c6 con trugt dugc diéu
khién co (thudc van phan phdi diéu khién 2 dong ca banh
xich va xy-lanh lugi gat duéi) sé tuong déi khé khan, phai
tao ra tin hiéu thay luc dé tuong tac 1én tay cg, tao d6 maé
tay co tuong tu nhu khi ngudi lai thao tac tay co. Do mé tay
co sé phu thudc vao dé 16n vé ap suat clia tin hiéu thay luc
nay. Nhom tac gia da tién hanh do ludng luc tac dong lén
tay ¢, hanh trinh tay co, dé tir d6 lam dau vao luc phuc vu
tinh toan thiét k& moét xy-lanh tac déng hai chiéu, c6 16 xo
dinh tam, v&i hanh trinh xy-lanh t6i da vé mot phia ti 1é vai
hanh trinh con trugct.

Két qué khao sat thuc té may vai hai tay di chuyén, sé
ldp thém xy-lanh thuy lyc tai ngay vi tri cGla pe-dan diéu
khién, xy-lanh nay dugc diéu khién bai hai van giam ap
dién ti 1, véi hanh trinh cta xy-lanh phu thuéc vao dé
chénh ap clia hai van giam ap nay. Khi may khong & ché
dé diéu khién tu xa, hai khoang cla xy-lanh déu dugc néi
vé hoi, cho phép xy-lanh dao déng tu do theo tay co diéu
khién di chuyén clia may. Diéu nay cho phép diéu khién
bang tay co nguyén ban ctia may mot cach binh thudng.
Tuy nhién, luc tay diéu khién sé tang thém khoang 10%
sau khi tinh toan luc. D8i véi tay co diéu khién ludi gat
(hoac can phu) cling theo nguyén ly nhu trén.

Nhu vay, hé théng nay can 3 xy-lanh tac déng hai chiéu
dé thay thé cho tin hiéu diéu khién bdi tay co. DE diéu khién
3 xy-lanh nay can 6 van giam ap dién ti 1& va 6 van logic OR.
VGi 4 con trugt diéu khién xy-lanh can, xy-lanh tay, xy-lanh
gau, mo-to quay san sé can 8 van giam ap tilé va 8 van logic
OR, phuc vu cho viéc diéu khién song song bang ca trén
cabin 1an diéu khién tu xa.

May xuc Bobcat E20 la loai may c& rat nh, cac khong
gian may da dugc nha san xuat bé tri téi uu, do vay uu tién
st dung cac van gidm ap ti 1é kiéu cartridge, cac van logic
kiéu co chirT, dé gidm kich thudc hé théng. Cac dé 13p cho
cac van cartridge nay sé dugc thiét ké va ché tao tuy bién
riéng theo khong gian lap dat hién trang trén may. Nham
muc dich ¢6 gang khéng anh hudng dén tinh thdm my, my
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quan cla may, lam gidm gia tri cia may mdi, cac van nay sé
st dung loai coil ti 1, s dung véi dién ap DC24V, dac tinh
cla van nhu trén hinh vé, diéu khién b&i dong mA cap vao
van. Néu diéu khién bdi phuong phép diéu xung diéu réng
PWM thi tan s& PWM phai ndam & dai tir 100 -200 Hz, tan s6
cao hon tan s6 nay sé lam gidm tudi tho cda coil van.

3.TINH TOAN, THIET KE HE THONG HOAN CAI

3.1.Thi€t ké hé théng hoan cai hai tay trang thay luc

Ban vé so d6 nguyén ly thuy luc hoan cai cho tay trang
tréi, tay trang phai dugc thé hién trén Hinh 3.1, Hinh 3.2 (git
nguyén tay trang trén cabin may xuc).
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Hinh 3.2: So d6 nguyén Iy hoan cai tay trang phai

Trong do: Prpv1, Prpv2 - Cac van giam &p dién ti lé diéu
khién con trugt quay san; Prpv3, Prpv4 - Diéu khién con
trugt gau muc; Prpv5, Prpv6 - Diéu khién con trugt gau;
Prpr7, Prpv8 - Diéu khién con trugt nang can; Shv1, Shv2,
Shv3, Shv4, Shv5, Shv6, Shv7, Shv8 - Cac van logic dang co
ch T (dé€ gidm tai khéng gian 13p dat).

3.2.Thiét ké hé théng hoan cai hai tay co di chuyén

So d6 nguyén ly hoan cai cho hai tay co di chuyén
(Hinh 3.3):

Xy lanh diéu khién con trugt co di chuyén trii
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Hinh 3.3: So' dé nguyén Iy hoan c3i cho hai tay di chuyén co
Trong dé: HCDA1, HCDA2 - Cac xy-lanh diéu khién
con trugt tay co di chuyén trai, phai; Prpv9, Prpv10,

Prpv11, Prpv12 - Cac van giam ap dién ti lé dang cartridge;
DH.Sub.04.KDRDE5K - Khéi dé chuyén dung lap 4 van gidm
ap ti lé dang cartridge.

Xy-lanh diéu khién dugc 1ap dat v6i 1 dau ga vao tay co
diéu khién nguyén ban qua chét tru. D€ thiét k& dugc hai
xy-lanh nay, trudc tién tac gia khao sat luc thuc té tai diém
dat va hanh trinh di chuyén nhu sau:

- Luc kéo va lyc day dé con trugt van phan phéi di
chuyén bat dau cat dugc dong dau gidm tai vé hoi la 120
N. Luc khi m& hét hanh trinh khoang 220 N.

- Hanh trinh tai diém dat (khi & trung gian) t&i khi mé
hét hanh trinh tién la 22 mm, & diém dat trung gian téi khi
ma& hét hanh trinh 1Ui 1a 24 mm. Téng hanh trinh la 46 mm.
Do vay, can chon hanh trinh xy-lanh I6n hon 46 mm, & day
tdc gid chon hanh trinh xy-lanh la 52 mm.

DE& déng bo diéu khién vdi tay co nguyén ban trén may
xuc, nhém tac gia thiét ké xy-lanh tac dong hai chiéu, cé
trg luc héi vi bang 16 xo & hai dau. G vi tri trung glan luc
bién dang cda hai 16 xo déi tri 1an nhau. Lo xo nay c6 do
cing K (K = 0,2 kg/mm), d6 dai 65 mm da dugc chon va
dugc 1ap vai do bién dang ban dau la 8 mm. Theo khéao
sat thuc té trén may xuc, 4p suat dé ma dugc con trugt di
chuyén dé cit dugc dong dau giam tai la 15 kg/cm?, day
la thai diém pit-tdng bat dau di chuyén. Trong nghién cuu
nay, tdc gid da chon dudng kinh pit-tébng la 10 mm, lam co
s& tinh toan dudng kinh ndng xy-lanh.

Luc tac dong tur dau xy-lanh 1&n tay co diéu khién phai
dat gia tri vira lam pit-tong di chuyén viia thdng dugc cac
luc can khé xac dinh, bao gém:

- Luc can ma sat & cac géi xoay;

- Luc can ma sat do phét lam kin cGia xy-lanh (bao gom
ca phdt pit-téng va phat can) (phu thudc ap suat va ca téc
do, gia toc clia pit-tédng).

Cac luc can nay khéng do dugc trong thuc t€ ma dugc
danh gia dua trén kinh nghiém. Trong bai bao nay, tac gia
danh gia gia tri luc can xap xi 25 N. Do d0, luc can tac dong
Ién tay co nguyén ban la:

F=120+25=145 (N) 1)

Luc can cla 1o xo (Itc nay 16 xo bién dang la 11 mm va
8 mm, luc bién dang ban dau, 16 xo déi xtiing da gian hét va
khéng tao luc) do bién dang la:

F_,=0.2x19=3.8 (kg) = 38(N) )
Luc do &p suat trong xy-lanh can tao ra la:
F,=F+F,, =183 (N) 3)

Mat khac, luc tac déng Ién dau xy-lanh nay ciing dugc
tinh toan dua trén kich thudc xy-lanh va ap suat dau vao

theo (4):
E = {%J x15 (N) (4)
Trong do: d yiann ~ PUONG kinh xy-lanh; dpmm - Budng
kinh pit-tong.
VGid . =10 mm, dé dang thu dugcd . =16 mm.

xyla lanh ™~

Sau khi thu dugc dudng kinh xy-lanh, tac gia kiém tra
luc tao do xy-lanh tai vi tri cudi hanh trinh, tic tai noi ma ap
suat trong xy-lanh 1a 26 kg/cm? theo (4):

F,=318(N) (5)

Luc can do 16 xo (10 xo bién dang khi di hét hanh trinh la
32 mm, |0 xo d6i xting da gian hét, khéng gdy giam luc can):

F,,=0,2x32=6,4 kg=64 N (N) (6)
T6ng luc tac dong do xy-lanh va I xo:
F, :F -F,, =318 - 64=254(N) (7)

Luc tdc ddng nay I6n hon 220 N, theo danh gia ban
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dau, gia tri nay can thiét dé bu vao céc luc kho kiém soat
va khéng 6n dinh nhu da néi trén. Téng luc nay dam bao
dé xy-lanh di chuyén hét hanh trinh gitp may xdc hoat
déng binh thudng nhu trong ché dé diéu khién truc tiép
trén cabin.

4. KET QUA THU'C NGHIEM

Cac tam dé van giam &p ty & va xy-lanh dugc thiét ké
trén phan mém Solidworks, két qua gia cong dat dugc nhu
Hinh 4.1-4.3.

Hinh 4.2: Thiét k& xy-lanh diéu khién tay co di chuyén

Hinh 4.3: Thiét k& 3D va I3p dit thyc t&'xy-lanh diéu khién tay co
di chuyén
Badng 4.1. Téc dé di chuyén thap nhat cua cac co cdu

Téc do thap nhat dat dugc (mm/s)
Cabin may xuc Cabin diéu khién tirxa
Lan1 | L4n2 |Lan3 | Lan1 | Lan2 | Lan3

Tén co

STT ,.,
cau

1 |Gauxuc| 2,33 245 | 235 | 200 | 215 | 212
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2 |Canhtay| 0,67 0,70 | 0,68 | 0,50 | 0,52 | 0,55

3 |Canmay| 1,00 1,20 1,15 | 0,85 | 0,80 | 0,90

4 |Quaysan| 3,6 3,6 34 3,0 3,2 33

5. KET LUAN

Bai bdo da dé xuat mot giadi phap hoan cai hé théng
thay luc trén may xac phuc vu bai toan diéu khién tu xa.
Sau hoén cai, may xuc c6 thé chay song song hai ché do,
moét ché do diéu khién nguyén ban va mét ché do diéu
khién tirxa. Déng thdi, luc nay hé théng cac van phan phdéi
ty & phan cong suat dugc diéu khién bang &p suat ty 1é tu
dau ra cGa van giam ap ty lé. Ap sudt nay dugc diéu khién
bai tin hiéu dong dién 0 -750 mA véi budc nhdy 1 mA. Do
vay, hé théng diéu khién thiy luc mdéi giap van hanh céc
€0 cdu canh tay dat do chinh xac cao hon, min hon so véi
hé théng diéu khién bang tay ¢ trén cabin. Thuc nghiém
cho thay, hé thong thay luc sau khi céi tién cho phép thuc
hién diéu khién tr xa cac thao tadc co ban may xuc. Két
qua nghién cliu c6 thé ing dung trong khi may xdc phai
lam nhiing nhiém vu dac biét, nhu viéc do tim vat liéu né,
trong hdm mé hodc trong cac diéu kién nguy hiém cho
ngudi van hanh.
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