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TOM TAT

Ngay nay, xe lu banh 16p dwoc sit dung rong rdi trong xdy dung cong trinh giao théng. Céc
dong xe lu nay thuong cé tdi trong lom. Trong qud trinh hoat dong, chiing chuyén doi nhién liéu héa
thach thanh déng nang. Khi phanh ham, déng nang nay tiép tuc dwoc chuyén héa thanh nhiét ning
nhieng khéng dwoc thu héi, gay ra sw lang phi. Do dé, viéc nghién ciru gidi phép tiét kiém nhién liéu
va thu héi ndng lwong lang phi ndy c¢é y nghia quan trong. Bai bdo nay xdy dung mot mé hinh mé
phong hé thong truyén liec thu hoi nang lwong trén xe lu banh 16p bang Matlab — Simulink. Két qua
cho thdy kha néang thu héi ndng lwong trong qud trinh phanh ham cia xe, tiv @6 mé ra hudng vmg
dung cdi tién xe lu banh l6p nham giam tiéu hao nhién liéu va bdo vé méi trieong.

Tir khéa: Xe lu banh lop; Hé thong thu hoi nang liwong xe co gidi.
ABSTRACT

Nowadays, pneumatic tire rollers are widely used in the construction of transportation
infrastructure. These rollers typically have a large load capacity. During operation, they convert
fuel into kinetic energy. When braking, this kinetic energy is further transformed into thermal
energy but is not recovered, leading to energy waste. Therefore, researching solutions to save fuel
and recover this wasted energy is of great importance. This paper develops a simulation model of
an energy recovery power transmission system for pneumatic tire rollers using Matlab — Simulink.
The results demonstrate the ability to recover energy during the braking process, thereby opening
up applications for improving pneumatic tire rollers to reduce fuel consumption and protect the

environment.

Keywords: Wheel rollers, Vehicle energy recuperation system.
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1. PAT VAN PE

Trong boi canh gia nhién liéu ngay cang
gia ting va cac yéu cau khat khe vé bao vé moi
truong, viéc nang cao hi¢u qua su dung nang
luong trong cac phuong ti¢n thi cong co gidi,
dic biét 1a xe chuyén dung nhu xe lu banh 16p,
tré thanh mot nhu cau cip thiét. Xe lu banh
16p thuong hoat dong trong thoi gian dai, véi
cac chu ky ting giam tdc do va dao chiéu hoat
dong lién tuc. Trong qua trinh nay, mot lugng
16mn nang lugng co hoc, dac biét 1a trong cac pha
ham thuong bi thit thoat dudi dang nhiét ning
thong qua hé thong phanh.

Hé théng tai sinh ning luong (ERS) 1a
mot giai phap k¥ thuat da dugc 4p dung rong
rai trén xe co gioi [1, 2, 3, 4, 5, 6] cho phép
thu hoi mot phan ning lugng bi that thoat va
chuyén d6i thanh ning luong dién hay ap ning
thuy lyc dé sau do tai str dung. Viée tich hop
hé thong nay 1én xe lu banh 16p truyén thong
[7] khong chi gop phan giam tiéu hao nhién
li¢u, ma con mé ra hudng di madi trong viée cai
tién cac dong xe lu truyén thng, ciing nhu phat

trién cac dong xe chuyén dung tiét kiém nang
lugng va than thién véi moi truong.

Tuy nhién, viéc &p dung cong nghé tai
sinh ning luong trén xe lu banh 16p ciing dit ra
nhiéu thach thirc vé mat k¥ thuat, nhu: viéc bd
tri hé thong truyén dong thuy lyc nhu thé nao
va kha ning hoat dong ctia xe sau khi thay doi
hé thng truyén dong. Do d6, viéc nghién ctru
va phat trién mot hé thong tai sinh nang luong
phu hop voi dac thu van hanh ctia xe lu banh
16p 1a can thiét va mang tinh thuc tién cao.

2.MO HINH ERS TREN XE LU BANH LOP

2.1. CAu hinh so do hé théng ERS trén xe lu
banh 16p

Duya trén co sé hé thong truyén luc di
chuyén ¢ xe lu truyén thong [7], tac gia di xay
dung mdt so dd cAu hinh hé théng thu hoi dong
ning cho hé thdng truyén luc di chuyén cua xe
lu banh 16p (Hinh 1) va cac ché do hoat dong
cua xe lu dugc trinh bay trong Bang 1.

Hinh 1. Cdu hinh so do ERS gan trén xe lu banh lop
1 - Dong co dot trong (ICE); 2 - Bom thuy lyc chinh; 3 - Van 2/2; 4 - Bom thuy luc phuy, 5 - Van diéu chinh
dp sudt; 6 - Binh dau thity liwc; 7 - Puong dau a, b; 8 - Van 1 chiéu; 9 - Binh tich dp H (Gp sudt cao);
10 - Binh tich dp L (dp sudt thdp); 11 - Van thiy lwc 3/3; 12 - Van diéu chinh ap sudt; 13 - M6 to thity lyc;
14 - Bo truyén cokhi; 15 - Banhxe; V1, V2, V3, V4, V5, V6, V7, VS, V9 - Van 2/2.
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Bang 1. Bang trang thdi hoat dong cua cdc valve theo cdc ché do hoat dong cua xe lu

Cac valve dieu khién

Ché d6 hoat dong ciia xe

Tang toc hd tro tién

Tang toc hd tro i 1

A% V2 V3 | V4 V5 | V6 | VI | V8 V9
Di chuyén tién 1 1 1 1 0 0 0 0 0
Phanh khi dang tién 0 1 0 1 1 0 1 0 1
Di chuyén lui 1 1 1 1 0 0 0 0 0
Phanh khi dang lui 1 0 1 0 0 1 0 1 1
1 1 1 0 1 0 0 1 0
1 0 1 0 1 1 0 0

Trong do: 0 - Trang thai van dong; 1 - Trang thai van md

2.2. M6 hinh héa xe lu banh 16p sir dung ERS

a) Mé hinh héa xe lu chuyén dong trén
dwong nam ngang

Xe duoc gia thiét chuyén dong trén
dudng ngang, do d6 khong c6 thanh phan trong
lU:c theo phuong chuyén dong; dong thoi, cac
yéu t& nhu lyc nang, md men 1at va anh huong
cua gid ngang du:orc bo qua. Mo hinh chi xét
chuyen dong tinh tién mot chiéu theo phwong
nam ngang, khong xét dén chuyén dong quay
hay anh hudng ctia hé thong treo. Ta ¢6 phuong
trinh tong quat cia xe:

mS%—F(t) F-F (1)

Trong do:

v - Van tdc di chuyén cta xe [m/s], quan
hé gitra van tdc xe v, van tdc goc banh xe o, va
ban kinh banh xer, : v=o ., ;

m - Khéi lu0’ng xe [kg];

8 - 1a hé sd tinh dén anh huong cua cac
trong khdi chuyén dong quay cua xe; hé sb &
duoc xac dinh nhu sau:

Qe
o=1+-"-—— )

2
G

X

e - SO banh xe;
G - Trong luong xe, dugc xac dinh:

G =mg 3)

F - Luc tac dung tai banh xe tir m6 to
thuy luc [N];

(case : cruise)
(case : braking) 4)

engme
K=

regen

engine T Fregen (Case : accelerating)

engine ” Luc tac dong tir ngudn dong co
dét trong [N];
F e - Luc tac dong tur hé théng thu
nang luong (ddu + khi ting téc, dau — khi
phanh) [NJ;
F - Luc can lan ¢ banh xe [N], duoc xéac

dinh:
F =C.mg (5)
C, - H¢ sO can lan; g - Gia tc trong
truong (9,81 m/s?).

F_ - Luc can gio tac dong Ién xe, dugc
xac dinh:

1
F = E.pa.Cd.Af.v2 (6)
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p, - Mat d6 khong khi (kg/m?);
C,-H¢ s6 can khi dong;
A, - Di¢n tich can trudc (m?).
b) M6 hinh bom thiy luc
* Mo men cua bom thuy lyc Tp [N]

Theo bom thuy luc c6 mé men trén truc
duoc xac dinh theo bicu thie dudi day [8, 9]:

T =P (7)
Po2m,
Trong do:

D, - Luu luong riéng cua bom [m?/vong];
Ap, - Chénh 1éch ap suét giita budng
day voi buong vao ctia bom (N/m?):

Ap,=p,—P,, 8)

p.- Ap suét dau thiy lyc & budng ra clia
bom [N/m?];

p., - Ap suét dau thuy luc & budng vao
ctia bom [N/m?];

n, - Hiél} suét co‘khi c@a bom;

B - H¢ s6 ty I¢ diéu khién luu lugng (tur
-1 dén 1).

« Lueu lwong thuee té ciia bom thiy lyc 0,

Luu lugng thuc té cia bom thuy luc,
theo ta ¢ luu luong thyc té ciia bom thiy luc
[8,9]:

Qp = [3.Dp.oap.nVp 9)

Trong do:

n, - Hiéu suit thé tich ctia bom;
o, - Tde d6 goc truc cua bom [rad/s].

¢) Mo hinh van mot chiéu

Van mot chiéu trén dudng dau thuy luc
muc dich chi dé cho dong dau thiy lyc chuyén
dong theo mot chiéu nhét dinh, tuy nhién anh
huong ctia van 1a lam giam &p sudt cua hé
thdng, day chinh 13 su t6n hao ap suat dau thay
luc, md hinh hoa van mdt chiéu duoc thé hién
thong qua phuong trinh [8, 9]:

2AP..
Qi =C4A; = (10)
p
inp
APV] = - A 1 1
2C3AZ, (1)

Alea.k ’ for.. p<= Perack
Avi (p) = Aleak + k(p _pcrack) for.. -Perack <p< Prax (12)
A aoforp>=p.

k = Amax _Aleak (13)
Pmax ~ Perack

Trong do:

AP - Ap suét giam cta van mot chiéu
thur 1;

AQ,, - Luu lugng di qua van mot chiéu
thur 1;

C,-H¢ s6 dong chéy’;

A .- Dién tich mdt cat ngang cua dong
chdy qua van i;

A_ - Dién tich mat cit ngang cua dong
chay qua van m¢ hoan toan;

A, - Dién tich ro ri dong chay cta van
khi dong van;

I Ap suﬁit r‘né van;

D, - Ap suat can thi€t € m¢ van hoan
toan.

d) M6 hinh dwdng dau thiy lyc

Tén that 4p suat cuc bo trén duong 6ng

thuy luc duoc xac dinh nhu sau: Tbn that doc &
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duong 14 ton that xay ra trén duong di chuyén
ctia chat 1ong, cha yéu 1a do ma sat. Ta c6 biéu
thire tinh ton that ap suit doc duong khi chat
long chay tang nhu sau [8, 9]:

2
Apy, :10~(7L1_i"‘§vi)ﬂ (14)
d 2g

Ton that cuc bo 1a tén that xay ra khi
dong chét 16ng chay qua céac thiét bi thuy luc
nhu van hodc do bién dang hay thay d6i huéng
van téc ciia dong chay. Tén that ap suét do luc
can cuc b duogc tinh theo cong thure sau:

2
Vg
Apy, =105 Pla

y (15)

Trong do:

p - Khoi luong riéng ctia dau [kg/m?];

g - Gia toc trong truong, g =9.81 [m/s?];

A - Hé s6 can phy thudc vao hé sb
Raynon (Re), truong hop chay tang:

64

A=— 16

- (16)

Re = Yad (17)
y7;

£, -H¢ s6 can phuy thudc vao dudng dng
thir 1;

€ -He s6 ton thét cuc bd, duge xac dinh
theo ting thiét bi thir i;

. - Chiéu dai dudng ong thtt i [m];

d. - Buong kinh 6ng dan dau tha i [m];

it - Do nhét dong hoc cua dau [m?/s];

v, - Van tbc trung binh cua dau cua
doan thtr i [m/s]:

4.Q

Va — T 2

T.d;

Trong do: Q - Luu lugng chay trong
duong dng [m?/s];

(18)

A - Tiét dién dudng dng (m?), sir dung
tiét dién ong tron.

€) M6 hinh mé6 to thay luc

Mb to thiy lyc 14 co cau chuyén doi
nang luong thé nang thuy luc thanh dong ning.

* M6 men trén dau truc cua mo to thuy lyc T

V6i md to thiy luc, md men trén truc
cua mo to thuy luc lam viéc dugce xac dinh theo
bi¢u thirc dudi day [8, 9]:

T,=DAn, [N.m] (19)
Trong do:

d_ - Luu lugng riéng cia mo to (m*/vong);
7 Apm‘ - Chénh léch ap suit giira budng
day vdi buong vao ciia mo to [N/m?]:

A =P P (20)

P - Ap suit dau thuy lyc budng ctra ra
cua mo to [N/m?];

P - Ap sudt dau thay luc budng cta
vao cia mo to [N/m?];

n,, - Hi¢u suit co khi ctia mé to.

« Luwu lwong thiee té cung cdp cho mé to thiyy

luc Q

Luu lugng thuc té ciia mo to thuy luc, ta
¢0 luu luong thuc t€ ctia mo to thuy luc [8, 9]:

0 Dy
Qm = . (21)
Trong do:

n,,, - Hiéu suat thé tich ctia mé to thuy
luc;

- Téc do goc truc ctia mo to thity luc
[rad/s].
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Quan hé véi toe d6 mo to thuy luc, banh
xe va ty s0 truyen cua bd truyen co khii :
o =10 (22)

m o bx

g) M6 hinh van thuy luc

Luu luong dau thity lyc chay qua van
duoc xac dinh theo bicu thuc [8, 9]:

2(AP,|
Q, =C,A, .sign(AP,) (23)
p

Trong do:

A, - Ap suét giam cua van [Pa];

Q Luu luang di qua van [m?/s];

C, - H¢ s6 dong chay qua van;

A Dién tich mit cit ngang cua dong
chay qua van [m?];

p - Khéi lwong riéng cia dau [kg/m?].

h) M6 hinh binh tich ap thay luc

Binh tich nang thay lyc 1a co cau dung
dé luu trir ning luong dudi dang ap sudt cia
dau thay luc, hién nay binh tich ning thuy luc
dugc st dung kha nhiéu trong cac hé truyén
dan thuy lyc dé didu hoa ning luong thong qua
ap suat va luu luong cta chat 1ong 1am viéc.

Trong qué trinh thu va tai sir dung, néu
khi va méi truong khong du thoi gian truyén
nhiét & binh tich ning thi quan hé gitra thé tich
V, va ap suat D, phu hop véi qué trinh doan
nhié¢t. Ta gid thiét trong qua trinh thu va tai str
dung ning luong khong co sy trao d6i nhiét &
binh tich ning do d6 khi trong binh s& dién ra
theo qua trinh doan nhiét do vay ta c6 biéu thire
sau:

p,Vy =p,Va =C (24)

Trong d6: C - Hang sb;

k - Hé sb mil doan nhiét, chon khi ni to
k=1,4;

p, - Ap suét ciia khi khi bi nén [N/m?];

V Thé tich cua khi khi bi nén tuong
ung voi p [m3]

D, - Ap suét ban dau ctia khi nito [N/m?];

V., - Thé tich ban dau cta khi nito [m?].

{ m |
W= W [

Hinh 2. Trang thai khac nhau cua binh tich ap
thuy khi qua trinh thu

Néu thé tich chat 1ong nén vao 1a V,, thi
thé tich khi con lai la:

(25)

Khi d6, 4p suét trong binh duoc tinh:

— VO :
P =Pa| 3y (26)

Ning lugng thu hdi vao binh tich ap
thuy luc dugc xac dinh theo biéu thirc sau:

E,=[p,av, 27)
Vv

Trong do:

E - N'Elng luong binh tich nang [J];

p, - Ap suat thuy luc binh tich ndng [Pa];

V Thé tich dau thuy lyc dugc nén vao
binh tich nang [m’].

Ty 1 thu hdi ning luong:
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o= 28
mv’ Lol e Dpe 2%)
2 2
3. MO PHONG

Trén co s6 so do ciu hinh trén Hinh 1
cung cic phuong trinh mé hinh héa hé thong tir
(1) dén (27), tac gia da thyc hién mo phong hé
thdng tai sinh ning lwong gin trén xe lu banh
16p bang chuong trinh Matlab — Simulink [10],
sau khi nhdp céac thong s6 dau vao (theo Bang
2), ta c6 dugc mot s6 két qua duogc thé hién trén
Hinh 3,4, 5va 6.

Bdng 2. S6 liéu nhdp vao chwong trinh

Ki 'l Gigoj | DOM

STT Tén goi hi¢u vi

1 | Khéi lugng xe m 9240 kg

o |Bankinhbanh 1 g 5000, )
xe lam viéc bx
Luu lugng riéng .y
3 | max cua bom Dp 55*%10° von
thay luc £
Luu lugng riéng
max cua mo to
4 thity Iyc (tinh D_ | 3x1000 | cc/rev

cho 3 md to)

Ap suat thay
5 | lyc ban dau cua
binh tich ap

P, 29.5 bar

M6 men quan i
tinh banh xe I, | 1425 | kgm

S6 luong banh
Xe

Vehicle :.I||-|'i_‘llll,;|_-: |
L oW N b @
—
— _'_'__
I__‘—l_
—

= LL= = 80 oL F ] e
Time (Sac)h

Hinh 3. Vin toc cia xe lu trong qud trinh
hoat dong

|
| |

= w0 150 1 P - ama o
Tima {s&c]

Hinh 4. Thé tich dau thity lyc thu/xa trong qua
trinh xe hoat dong

Vihdd(le)

1.1

1

i
&

:

Pressure Accumulator (bar)
i B

W
L

- = - = = = = - 2
L sn ] = ] F WD =0 E

Time {sh
Hinh 5. Ap sudt binh tich dp trong qud trinh hoat
dong cua xe lu

-----

DD |

[t

DD §

2000 | |
0 150 ot ] x50 NCw0

i

Enegy (Jun)

wo | am
Tima sk

Hinh 6. Nang lwong thu dwoc cua binh tich ap
trong qud trinh hoat dong cua xe lu
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Két qua trinh bay trong cac H1nh 3,4,
5 va 6 cho thiy 5 sy thay ddi cta van tdc xe,
luong dau nap vao binh tich ap ning, ap sut
trong binh tich ap, cling nhu nang lugng thu
dugc. Dién bién cu thé nhu sau: xe bat dau di
chuyén tién va tang toc tir 0 km/h d&én 9 kmv/h
(2.5 m/s). Tai thoi diém T = 180 s, xe thuc hién
phanh, diu thay luc dwoc ddy vao binh tich
ning, dat thé tich 3,445 lit. Ap suit trong binh
tang tr 29,5 bar 1én 43,1 bar va nang luong thu
dugc 12 14.850 J vao thoi diém T = 185,4 5. Khi
d6, xe dimg lai. Sau dé, xe tiép tuc hanh trinh
theo huong 1ui; dau trong binh tich ap duoc xa
hét, ap suat glarn vé mire ban dau 1a 29,5 bar.
Xe lu di chuyén Iui va tiép tuc ting téc dén van
toc 9 km/h. Dén thoi diém T = 300 s, xe lai
thyc hién qua trinh phanh, binh tich ndng duoc
nap lai, 4p suat ting 1én 43,1 bar, dau thuy luc
duoc nap vao binh dat 3,445 lit, va nang luong
thu dugc tiép tuc dat 14.850 J tai thoi diém T
= 304,8 s. Sau do, xe lai tang tdc theo hudéng
tién dén van toc 9 km/h; binh tich ap xa hét
dau va ap suit tr& vé mirc ban dau 1a 29,5 bar.
Dién bién két qua nay hoan toan phu hop véi
quy luat vat Iy va cho thdy sy twong dong rd
rang giita cac chu ky van hanh. Két qua ciing
cho thay ty 1é thu hoi ning luong dat duoc 1a:
14850/30107*100% = 49%.

4. KET LUAN

Két qua mo phong hé thong phanh tai
sinh nang luong tich hop trén xe lu truyén thong
cho thay r& kha ning van hanh cua xe, ciing
nhu hiéu qua thu hdi va tai sir dung ning luong
ctia hé théng. Tuy nhién, dé cac két qua nay co
gi tri thyc tién cao hon, can dugc kiém ching
thong qua nhirng nghién ctru thuc nghi¢m.
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