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TOM TAT

Thu héi va tdi sir dung nang leong tir hé thong ndng ha can ciia may dao truyén déng thity
liee ginip tiét kiém ndang lwong ciing nhir giam phdt thai khi déc hai tir qua trinh lam viée ciia may.
pé qua trinh lam viéc cua hé théng dat dwoc hiéu sudt cao can cé hé thcfng diéu khién thong minh.
Trong bai bdo nay, hé thong thu héi va tdi siv dung ndang lwong dirge mé phong bang phan mém
Amesim, bg diéu khién mo (Fuzzy Logic Control) dwge sir dung dé diéu khién phéi hop nang heong
gitta bom va mady phat dién. Két qua mé phéng cho thdy hiéu sudt thu hoi nang heong dat xdp xi
57,1%, trong khi nang heong yéu cau dé dan déng bom chinh giam khodng 43,3%.

Tir khéa: Thu hoi nang lwong; Hé thong diéu khién théng minh; Piéu khién logic mo; Mdy
xuc lai.

ABSTRACT

Energy recovery and reuse from the boom lifting system of hydraulic excavators contribute
to energy savings and a reduction in harmful emissions during machine operation. To achieve high
system efficiency, an intelligent control strategy is required. In this study, the energy recovery and
reuse system is modeled and simulated using the Amesim software, while a Fuzzy Logic Controller
(FLC) is employed to coordinate energy management between the hydraulic pump and the electric
generator. Simulation results indicate that the energy recovery efficiency reaches approximately
57.1%, whereas the energy demand required to drive the main pump is reduced by about 43.3%.

Keywords: Energy Recovery; Intelligent Control System; Fuzzy Logic Control; Hybrid
Excavator.
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1. GIOI THIEU

May dao truyén dong thay luc thudc
nhém méy chii dao trong cong tac dat va khai
khoang. Trong lwong va cong suat 16n nén mirc
tiéu thu nhién liéu cia may ciing cao tuong
ung. Trong qué trinh may hoat dong, thé nang
cua bd cong tac trong qua trinh di xudng co6 thé
thu hoi, bién d6i va tai sir dung trong qué trinh
nang can. Ngudn nang lugng tai tao nay s& giup
giam nang lugng tiéu thu cua bom chinh trong
mach truyén théng [1]. Lin va cong su dé xuét
hé théng gdm binh tich ap va siéu tu dién dé
thu hoi va tai sur dung nang luong [2]. Xla cung
cong sy d& xuét st dung xylanh cé cdu tao 3
khoang dé thu hoi thé ning tir chuyén dong di
xudng cia bd cong tac [3]; Ge va Zhu cung sir
dung binh tich ap dé thu hdi va bién ddi thé
nang cua bd cong tac [4, 5]. Siéu tu di¢n cling
duoc Y.-X. Yu cung cong su st dung dé thu hoi
nang lugng, tir d6 nang cao hidu suat sir dung
ning lugng cua bom chinh [6]. Ac quy dién
dugc Do cung cong su sit dung dé mo phong hé
thong thu hdi ning lugng ctia cin may dao [7,
8]. Li cung cong su da str dung ic quy két hop
v6i binh tich ap dé dan dong moé to thuy luc,
nham téi wu héa nang lwong trong qua trinh lam
viéc cua bd cong tac [9]. Mac du cac nghién
ctru trude da dé xuat cac hé thong thu hdi va tai
tao nang lugng, tuy nhién chua nghlen ctru dén
viéc phdi hop hiéu qua cic ngudn ning lugng
nhit 13 trong hé thdng dién, trang thai nap cua
ac quy (SOC) thay doi trong qua trinh lam viéc.
Ngoai ra, SOC ciing quyét dinh dén cong suét
clia may phat dién. Dé khic phuc diém han ché
nay, bai bao dé xuat hé théng din dong can sir
dung tai tao nang lugng dang di¢n. Trong do,
b6 diéu khién Fuzzy duoc sir dung dé phdi hop
hoat dong gitta may phat dién va bom chinh
theo su bién ddi ciia SOC va tai trong tac dung
1én hé théng can.

2. XAY DUNG MO HINH HE THONG
THU HOI VA TAI TAO NANG LUQNG

2.1. Céu tao va nguyén ly hoat dong

So d6 hé théng dan dong can co tich
hop thu hoi va tai str dung nang luong duoc thé
hién ¢ Hinh 1, gém hai hé: hé ban dau cua may;
hé tai tao nang lugng thé hién nguyén 1y thu hoi
va tai sir dung ning luong. O hé théng ban dau,
van chinh s& phan phdi dong dau tir bom dén
h¢ xylanh dan dong can. Trong khi hé thong tai
tao nang luong bién ddi gitra 4p ning va dién
nang voi thong so thé hién trong Bang 1. Trong
sudt qua trinh ha can, thé nang cua bo cong tac
duogc bién d6i thanh ap ning. Dau ap suit cao
tir khoang piston duoc thu hdi vé hé thong tai
tao nang luong, thay vi di vé hé thong ban du
so v6i nguyén ly lam viéc truyén thong. O hé
thong tai tao ning lugng, ap ning dugc bién d6i
thanh dién ning bang may phat, sau d6 ning
luong nay dugc tich trir ¢ ic quy dién. Trong
qua trinh nang can, nang lugng dién dugc tai
st dung ciing voi ning lugng duoc cép tir bom
chinh cua hé théng ban dau. Nhu viy, trong
qué trinh nang can, nang lugng do hai hé thong
cung cap. Chinh vi vy can c6 thuat toan diéu
khién su phdi hop hai ngudn niang lugng nay dé
toan bd hé thong dam bao on dinh voi hidu suit
cao.

NGl

W by b S

Hinh 1. Hé thong dé xudt c6 thu hoi va tdi sir dung
nang luong:
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1 - Béng co chinh; 2 - Bom thiy luc; 3 - Thiing ddu; 4 - Van chinh; 5 - Van an toan; 6 - Van mét chiéu;

7 - H¢ xylanh can; 8 - Van tdi tao nang luwong; 9 - Van mot chiéu; 10 - Bom/Mé to thuy lyc;

11 - M6 to/May phat dién; 12 - Ac quy.

Bdng 1. Tham s6 mé phéng cia hé thong.

Phin tir Tham s Gia tri Pon vi
Loai dau Co ban -
o Nhiét d6 dau 40 °C
Dau thuy lyc e =
Khoi lugng riéng 850 kg/m?
M6 dun dan hoi 17000 bar
; Luu lugng riéng 75 cc/vong
Bom thuy lyc PR . ,
Toc do 2000 vong/phut
Puong kinh xylanh 100 mm
Xylanh can Puong kinh can 80 mm
Hanh trinh di chuyén 0.7 m
Van an toan Ap sudt mo van 250 bar
. .. | Dong dién diéu khién van 40 mA
Van phan phoi — R - -
Luu lugng mo 16n nhat 250 Lit/phut

2.2. Cac cong thirc toan hoc md ta hé thong

Phuong trinh dong luc hoc cua hé
xylanh nang/ha can:

mxy+cxy=P, xA, ~P,xA,-mxg-F (1.1)

Trong d6, m 1a khdi luong twong duong
cta can, ¢ 12 hé s6 can nhét cia dau. Luu lugng
dau khoang piston cua xylanh xac dinh theo
cong thure:

1 dpP
Q,=VvxA, +EXVA Xd_'?

(1.2)

Trong d6, v 1a van tc di chuyén cua
can, P . vaP_laap suat dau khoang piston va
khoang can.

Ning lwong c6 thé thu hoi khi ha can
xac dinh theo cong thuc:
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E, = [(P, xQ,)dt
0

(1.3)

Trong do, A, va A, la di¢n tich 16n va
nho cua piston. Nang lugng thu hoi va tich trir

& ic quy tinh theo cong thirc:

E, = [ (uxi)dt

(1.4)

Hi¢u suat thu hoi nang lugng dugc xac

dinh theo cong thuec:

(1.5)

Ning lwong can thiét trong qua trinh

nang can dugc xac dinh theo cong thirc:

E =E +E
a P e

red
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Cong suit cia bom chinh xé4c dinh theo s

cong thure: 1 / ' .
E,=p,*Q, (1.7) /)(

Trong do, P, va Q, la ap suat dau va luu >
lugng dau ra cia bom. Cong suat yéu cau xac Trang thdi nap - SOC
dinh theo cong thuec:

LW LH

E =Fxv (1.8) | 7 //

req

Tir cong thie (1.6) d&én (1.8) c6 thé tinh \
duoc cong suat cua may phat:

Ege:F XV -p, * Q, (1.9) Tai trong - LOAD
Trong d6, F 1a lyc tic dung 1én hé
xylanh can.

FL Py -

3. THIET KE BQ PIEU KHIEN LOGIC MO

Duya trén nguyén ly suy ludn mo, hé
diéu khién Fuzzy xac dinh cong suit may phat
dién theo trang thai sac pin (SOC) va muc tai
(LOAD), trong d6 cong suét phat ting dan khi
SOC cao hoic tai 16n, va giam khi SOC thip va
tai nho. Cu thé, véi SOC thép hodc trung binh
két hop tai nho, may phét lam viéc & cong suat

Céng sudt mdy phat — Power
Hinh 2. B diéu khién Fuzzy.

4.MO PHONG VA PHAN TiCH KET QUA

thap; khi SOC trung binh va tai trung binh hodc ®
nang, cong suat dugc diéu chinh tir trung binh -
deén 16n; trong khi d6, voi SOC cao, may phat Hé xylach sing hacin e

chu yéu hoat dong & cong suét 16n, ngoai trir
truong hop tai nang thi cong suat duge duy tri

& mirc trung binh nham dam bao hiéu qua va . ngr f
6n dinh h¢ thong. Cac ham thuge cua SOC (SL, -bpdd, mlm, =
SV, SH), LOAD (LL, LV, LH) va POWER (PL, B il 1
PV, PH) dugc minh hoa chi tiét trong Hinh 2. R : ?,
0. Khéidits khidn

SR e N S — D & Khoi tii t30 ning lwong

SRS Hinh 3. M6 hinh hé thong xdy dwng bang Amesim.

[ATAR] So d6 mo phong két hop giita phan

.

7 ' mém Amesim va phan mém Matlab dugc thé
Giao dién b diéu khién Fuzzy hién ¢ Hinh 3. Tur két qua mo6 phong ¢ Hinh 4
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c6 thé théy dac trung dong luc hoc cua hai h¢
thdng 14 twong dwong nhau. Hanh trinh t6i da
ctia xylanh nang 13 can 13 0,7 m; tc d6 nang/ha
can dat xép xi 0,2 m/s.

Trang thai lam viéc ciia Ac quy dién
dugc thé hién qua thong sé6 SOC ¢ Hinh 5. Ti
d thi co thé thiy, gia tri ban dau cua SOC la
70, d6 thi SOC di xubéng ¢ hanh trinh ning cén,
twong ung véi qua trinh x4 nang luong; nguoc
lai d6 thi SOC di 1én & hanh trinh ha can tuong
g voi qua trinh thu hoi nang lugng.

il Ban du s
fu| i 8wl [reju]
LE =

as
——y

[

a3

b)
Hinh 4. Do thi phan tich dong hoc cua hé xylanh
nang/ha can: a) Chuyén vi, b) Van téc.
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Hinh 5. Trang thdi nap cia Ac quy dién.
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a)

b)
Hinh 6. Hiéu sudt nang lwong: a) Thu hoi ndng
lwong, b) Tiéu thu nang lwong.

Hiéu suat thu hoi nang luong ciia hé
thong dugc thé hién & Hinh 6a. Trong d6, ning
luong cua khoang piston 13 nang luong c6 thé
thu hdi va ning luong tich trit & Ac quy dién
1a nang lugng thu hoi. Tir d6 thi c6 thé thay,

nang lugng thu héi duge nho hon so véi nang &~
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luong co thé hdi. Nguyén nhén 1a do ton thit
nang luong trén hé thong va hiéu suat lam viéc
clia may phat. May phat trong hé thong nay lam
viéc v6i hiéu suat khoang 70%. Ciing tir gia tri
ctia dd thi c6 thé thay hiéu suét thu hoi ning
luong cua hé thong dat xap xi 57,1%.

Nang lugng ti€u thu cua bom chinh
dugc thé hién ¢ Hinh 6b, trong d6 co thé thiy
ning luong & mach dé& xuit giam dang ké so
v6i ndng luong can thiét & hé ban dau. Ning
luong tiéu thy ctia bom chinh giam do c6 phan
nang luong dugc bu vao tir hé théng tai tao
ning lugng. Ning lugng nay dugc thu hoi tir
qua trinh ha can. Ty 1¢ giam ning luong dat
khoang xap xi 43,3%.

5. KET LUAN

Nghién ctru ndy da dé xuét hé thong dan
dong can ctia may dao co tich hop khdi thu hdi
va tai tao nang lugng. Nang lugng tir qua trinh
di xubng cua can duoc bién doi thanh dién ning
va dugc tai sir dung trong hanh trinh nang can.
Hiéu suét thu hoi nang lugng cuia hé théng dat
khoang 57,1%. Ngoai ra, nang lugng tiéu thu
ctia bom chinh ¢ hé thong dé xuat giam khoang
43,3% so v6i nang luong ¢ hé ban dau. Hiéu
qua nay dat duoc nho tich hop hé théng didu
khién Fuzzy trong khéi quan Iy nang lugng cua
hé théng.
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