NGHIEN CUU - TRAO DOI

TiNH TOAN KHA NANG PHANH TAI SINH TREN O TO DIEN
CALCULATION OF REGENERATIVE BRAKING FOR ELECTRIC CAR
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TOM TAT

o to dién co kha nangphanh tdi tgo nang lwong nhung viéc sir dungphanh tdi tao can dam bdo
dugc yéu cau an toan ciia hé thong phanh. Do viy can si nghién ciru dé danh gia kha nang phanh tai
tao dé dam bdo an todn va cé thé hap thu dwoc lyc phanh tai tao nham t6i wu luc phanh. T cac thong
$6 co ban cuia xe va véi cde vin toc, cuong do phanh khac nhau co thé xdac dinh dwoc luc phanh tai
sinh trén cdc cau so véi lwe phanh yéu cau doi voi timg chién lwoc thiét ké hé thong phanh. Viéc khdo
sdt danh gid trén xe Nissan Leaf cho thdy tai van téc nhé hon 20 km/h thi phanh tdi sinh dap iing dwoc
hoan toan lwc phanh ma hé thong phanh yéu cau & cueong dé phanh tir 0,1g dén 0,6g. Khi toc do lén 40
km/h, luc phanh tdi sinh van dap vng dwoc voi cuong do phanh lén t61 0,5 va khi [én 101 toc dé 60 km/h
thl cuwong do phanh ¢ 0,4g van dap vung dwoc khi su’ dung phanh tai sinh. Hiéu qua phanh tdi sinh la
rdt cao & tai cdc cwong dé phanh nhé, vi du & vin toc 20 km/h va cuong do phanh la 0,1g thi phanh tai
sinh c6 thé dap img len toz 1200% he phanh yéu cau. Tuy nhién, khi vdn toc cao thi livc phanh tdi sinh
gidm nhung tai van toc rat cao lén t6i 100 km/h va cueong d phanh 0,6g thi lwc phanh tdi sinh van ddp
ing dwoc 40% lwc phanh yéu cau. Liic nay, phanh ma sat chi can ddp iing 60% lyc phanh yéu cdu gitip
gidm dp lwc 1én hé thong phanh ma sdt.

Tir khéa: Phanh tdi sinh; O t6 dién; Hiéu qua phanh.

ABSTRACT

Electric vehicles are capable of regenerative braking, but the regenerative braking needs to
ensure the safety requirements of the braking system. Therefore, it is necessary to study to evaluate the
ability of regenerative braking to ensure safety and to be able to absorb regenerative braking force
to optimize braking force. From the specification vehicle parameters, and with different speeds and
braking strengths, it is possible to determine the regenerative braking force on the axle compared to
the braking force required for each braking system designed strategy. The scenario of evaluation of the
Nissan Leaf showed that at a speed of less than 20 km/h, the regenerative brake fully met the requirement
of braking force by the braking system at the braking strength from 0.1g to 0.6g. When the speed is up
to 40 km/h, the regenerative braking force is still able to meet the braking strengths of up to 0.5g and
when it reaches the speed of 60 km/h, the braking strength at 0.4g is still met the requirement when used
regenerative brake. The regenerative braking efficiency is tremendously high at small braking strengths,
for example at 20 km/h and braking strength at 0.1g, regenerative braking can meet up to 1200% of the
requirement of braking force. However, at high speeds, the regenerative braking force decreases, but at
extremely high speeds up to 100 km/h and braking strength at 0.6g, the regenerative braking force still
meets 40% of the requirement of braking force. Therefore, the friction brake only needs to meet 60% of
the requirement of braking force leading to reducing the pressure on the friction brake system.

Keywords: Regenerative braking, Electric vehicles, Braking effectiveness.
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1. GIOI THIEU

H¢ thong phanh trén xe dién khac véi
hé thong phanh trén dong co dot trong khi co
thém phanh tai sinh tai ciu dan dong. Viéc tin
dung md men phanh trén mé to di¢n vira co
thé giam ap luc cho hé thong phanh chinh vira
c6 thé tan dung moé men phanh nay thanh ning
lugng dién sac lai cho pin dién.

Nhing nim gan day, c6 nhiéu nghién
ctru nhu bai bao [1] néu ra phuong 4n dé thu
hdi t6i da luc phanh tai sinh, nghién ctu [2]
dé danh gia hiéu qua phanh tai sinh ddi véi
cac dong co dién khac nhau hay sach [3] néu
ra phuong phap dé diéu khién tan sb trong qua
trinh phanh tai sinh,... nhung céc tai li¢u va
nghién ctru trén chua két hop duoc lyc phanh
tai sinh v6i luc phanh yéu cau ciia hé thong
phanh dé dua ra phuong an diéu khién phanh,
nham dam bao duoc an toan cling nhu tan dung
duoc toi da luc phanh tai sinh tai cac van tde va
cuong do phanh khéc nhau.

Vay nén, trén co so vé Iy thuyét thiét ké
hé thong phanh va phén chia luc phanh dé xay
dung nén chién lugc thiét ké va phan bd luc
phanh téi sinh va ma sat nham dam bao an toan
va tan dung luc phanh tai sinh nay.

Trong bai bdo nay néu ra dugc cach
thirc va phuong phép xay dung duong phan
bd lyc phanh cung véi chién luoc phan bé luc
phanh tai sinh va phanh ma sat, sau doé khao sat
dé danh gia duoc hiéu qua cia chién lugc cling
nhu hiéu qua ctia hé théng phanh tai sinh.

2. PHUONG PHAP NGHIEN CUU

bé xac dinh dugc hi¢u qua phanh tai
sinh so v6i lyc phanh yéu cau, dau tién can xac
dinh duogc luc phanh yéu cau tai cac cuong do

phanh va van toc phanh khac nhau.

Dua vao sach Ly thuyét 6 to [4], khi
phanh xuat hién gia toc phanh j lam cho toa do
trong tam bi thay ddi. Khi d6, luc phanh yéu
cdu trén cau trude phai 16n hon cau sau do tai
trong cau trudc 16n hon dé cac banh xe khoa
cung mot luc. Céc luc tac dung khi phanh duogc
thé hién ¢ hinh 1. Trong do: F_, W 1a lyc phanh
va tai trong trén cg?lu trude; F,, W la lyc phanh
va tai trong trén cau sau.

Theo phuong thing dimg, ta c6 phuong

trinh:
W, +W =M.g (1)

N

Mj N
1 b 7 D
Mgy
Fuf o B F, kB ‘
A I, Ly, b
il T i W,

Hinh 1. Luc tac dung lén xe khi phanh
Theo phuong doc, ta c6 phuong trinh:
Fb: be + Fbr - MJ (2)

Ta ¢6 phuong trinh cin bang mo men
tai diém B:

Mjh +M.gL, - W.L=0 3)
Mg.L, a.h,
W, = 1
oW = =0+ 70 (4)
Suy ra
Mg.L j-h
W.=Mg—W, = 21— —&) (5
4 9= % L ( g.LEj()

Lai ¢, luc phanh trén tung truc béng
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tich hé sb bam va tai trong trén truc do:

j-h
14272
For _ Wy _ Ly~ gL, (6)
F, W. L, 1_j.hg
g-L,

Twr d6 xac dinh dugc duong luc phanh
1y tudng véi phan bo trén cac cau theo tai trong
Far _ - Far
Bf vy Br.
Jw_g M g

Khi da xay dung dugc duong luc phanh
ly twong, can xay dung chién luoc dé két hop
phanh tai sinh va phanh ma sit. V&1 mong
mubn lyc phanh trén céc ciu bam sat voi duong
luc phanh 1y tudng va tan dung ti da lyc phanh
tai sinh ma mo to dién co thé sinh ra thi can xac
dinh dugc lyc phanh ti sinh cyc dai ma mo to
dién c6 thé dap tmg duoc.

M6 men phanh tai sinh dugc xac dinh:

B ...60

max

—max 0T < 1500 w kit
27,1500 vong /phi

Mts'_'mﬂ.x = 'P-mﬂ.:t:'ﬁu (7)
.1 > 1500 vong /phit

2Zn.n

Luc phanh tai sinh dugc tinh béng:

F.=—= ' ®)

Tror}g do: M la md men phanh tai
sinh 16n nhat ma mo to tao ra;

P lacong suét cuc dai cua md to;

n 1a s6 vong quay dong co;

F. la 11_1(; tai sinh; ’

11a ty soO truyén giam toc;

1 12 hiéu sut truyén dong, lay n=0,9;

r, 1a ban kinh banh xe.

Nhan thay, md men phanh téi sinh phu
thudc vao van téc nén tai cac gia tri van tdc
khéc nhau thi lyc phanh téi sinh cuc dai 1a khac
nhau.

V61 mong mudn tan dung tdi da luc
phanh tai sinh va dam bdo lyc phanh trén céc
cau bam sat dudng luc phanh 1y tuong, ta c6
duoc chién luoc diéu khién hé théng phanh tai
sinh - ma sat v&i viéc uu tién tdi da su dung
phanh tai sinh va khi liuc phanh yéu cau qua 16n
thi két hop voi phanh ma sat.

Dé khao sat hiéu qua cua chién lugc va
kha ning thu hdi ning luong thi trong bai bao
nay s€ khao sat trén xe Nissan Leaf 2015 voi
cac thong sé co ban nhu bang 1:

Bdng 1. Théng so két cdu ciia xe Nissan Leaf

Pic diém Thong s6 | Pon vi
Chiéu dai co so 2700 mm
Khéi 1uq?ﬁ )1<h6ng tai 1486 ke
Chiéu dai L, 900 mm
Chiéu dai L, 1800 mm
Chiéu cao trong tdm hg 360 mm
Céu din dong Cau trudc
Cong suét (P) 80 kW
Bén kinh banh xe (r, ) 316 mm
Ty sb tI"l:lyénAbéll"lh rang 8.193
giam toc (1)

V6i cac thong sb co ban & bang 1, ta co
dugc duong phan bo luc phanh 1y tudng tai van
téc 60 km/h nhu hinh 2:
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=
- e .

T5 15 Iy phambs it s vl drgemg barymgs s (Fbeig)

Phiaah 14l sbubi

Fhaab tal s e 430 Flaah ma o4
T I e phaanhy citm (rimine vl drgnge lagmg ve (FLENTg)

Hinh 2. Chién lwoc diéu khién phanh tdi sinh va
ma sat trén xe tham khdo

Véi luc phanh tai sinh t6i da ma mo to
dién c6 thé sinh ra tai van téc 60 km/h va cuong
d6 phanh 1a 0,4g ¢ diém A thi voi cuong do
phanh ¢ diém B nhé hon gia tri nay lyc phanh
cau trude duge sir dung hoan toan 14 phanh tai
sinh. Tuy nhién, ¢ diém C khi cuong d phanh
16n hon 0,4g thi luc phanh yéu cau qua 16n so
v6i kha ning tao ra lyc phanh cia hé thong
phanh tai sinh. Lic nay, hé théng phanh ma
sat s& duoc kich hoat va két hop cuing hé thong
phanh tai sinh.

Tin hifu dhu vio (bin dp phaah,
i toc phanh, tic & binh xe,...)

Tihag lye phach, Fy

L]

Lure phanh trén cliu inade, Fur

l

L 3

Momen phamh 14 sinh Iim nhir:

Lipe phanh tii sinh, Fn

_ Hl'l_'ﬂu'ril'l
N Tax

|

Fis

Sai 0 Bing

Ci phanh ms sat
v pheansh 1 sinh

L |

Lyre phanh ma wit cin thidt
F,

'ma

b = Fnr =F,

Ag st thuy lye eln thids:

Fous by
P e il

Diéu khién dp sudt thuy e vt
th hoi nding lheomg tad sash

L
Lye phanh ma sit bing khéng,
Faypy =0

Ap st thuy lge bing khéng,
pr=0

L

Thu hii ndng lugng tii sinh

Chién luoc thiét ké va duong luc phanh
Iy tudng dugc xéc dinh tir d6 xdy dung duogc
thuat toan diéu khién:

Hinh 3. Thudt todn diéu khién dwoc xay dung

3. PHUONG AN KHAO SAT VA KET QUA

Do mé men phanh tai sinh phu thudc vao van tdc trong khi lyc phanh yéu cau lai phu thudc
vao cuong do phanh nén Két qua dugc khao sat trén cac dai tdc d6 va van toc khac nhau. Kich ban
khéo sat dugc lya chon tai cac van tde thép dén cao & 20 km/h va 60 km/h cung véi cuong do phanh
gi6i han & 0,6g phii hop voi qua trinh phanh trong thuc té.

Bang 2. Kich ban khao sat va két qua

Cwong do phanh
Van tbe (km/h) 0.1g 0.2g  03g | 04g | 0.5¢ | 0.6g
20 1200% | 589% | 385% | 283% | 223% | 182%
60 436% | 214% | 140% | 103% | 81% | 66% | &=
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Viéc khao sat s€ danh gia duogc hiéu qua
ctia h¢ théng phanh téi sinh trong dai van toc
va cuong do phanh, véi gia tri ty 1€ luc phanh
tai sinh v6i luc phanh yéu cau dugc thé hién ¢
bang 2 thi kha ning hap thy ctia hé théng phanh
tai sinh 1 rat 16n, dap ung dugc gan nhu hoan
toan yéu cau ctia hé thong phanh. Tuy nhién
chi khi cuong d6 phanh qué 16n thi can phai st
dung thém luc phanh ma sat bo sung nhu tai
van toc 60 km/h véi cuong @6 phanh 0,6g chi
dap tng dugc 66% lyc phanh yéu cau. Lic nay,
luc phanh ma sat chi can bd sung thém 34%
tong luc phanh.

Khio sat tai van téc xe 20 km/h

Xac dinh tong lyc phanh va lyc phanh
trén cac cau theo cudng do phanh:

Theo cong thue PT (2), ta xac dinh dugc
tong luc phanh theo cudng d6 phanh j:

F,=F,+F_ =M,j

Tir phuong trinh (6) xac dinh duoc ty s6

be/Fbr:
j.h
1+—%
By W _L VgL,
br % Lr.z 1 -'il'h-sif
g.L,

Tur phuong trinh (2) va (6) xac dinh
dugc F . va F,_ theo cudng d phanh.

Xac dinh lwe phanh tai sinh tai van téc 20
km/h

Tu van toc xe, ta xac dinh duoc van toc

gbc cua xe:

1
iy

= =—— =17,58 (rad/s
* 7, 3,6.0316 (rad/s)

Tu van toc goc, qua ty sO truyén cua
hop so xac dinh dugc van toc goe dong co:

®, = 8,193.17,58 = 144,04 (rad/s)

Tu van toc goc dong co, ta cd sO vong

quay dong co:
60.w 60.144,04 von
Ny = ——2 = = 1375,52 ( il )
2m 2m phit

Vi s6 vong quay nhé hon 1500 vong/
phut, theo phuong trinh PT (2.7) x&c dinh duogc
mod men phanh tai sinh cuc dai:

" _ P60 80000.60
tsmax = 9n 1500 2m.1500

= 509,31 (N.m)

Tu phuong trinh PT (2.8) xac dinh duogc
luc phanh tai sinh cuc dai:

M 509,31.8,193 .09
Fs =
r 0,316

x

ts max" L _

= 118845 (N)

Khi lyc phanh tai sinh nho hon luc
phanh yéu cau, thi lyc phanh ma sat can duoc
b6 sung vao nham dam bao lyc phanh yéu cau.
Luc phanh ma sat bo sung dugc xac dinh bang
be_ms - be - Fts'

Theo cudng d6 phanh tir 0,1g dén 0,6g
va van toc 20 km/h, ta c6 duoc bang 3:
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Bdng 3. Théng sé vé e phanh tai cac cuwong dé phanh ¢ van toc 20 km/h

Cwong do phanh
0.1g 0.3g 0.4¢g 0.5¢ 0.6g
Théng sb

Téng luc phanh F, (N) 145628 | 291256 @ 4368.84 | 5825.12 | 7281.40 | 8737.68
Luyc phanh téi sinh F_(N) 11884.5 | 118845 | 118845 | 118845 | 11884.5 & 118845
Luc phanh céu truée F (N) | 990.27 201937 | 308731 | 4194.09 | 5339.69 | 6524.13

Phan trim ty 1& F/F, (%) 1200% 589% 385% 283% 203% | 182%

Luc phanh ma st cau trude 0.00 0.00 0.00 0.00 0.00

Fmsibf ([\I)

Tur lyc phanh yéu cau cau trude véi luc
phanh tai sinh cau trudc, ta c6 phan tram luc
phanh tai sinh so v6i lyc phanh yéu cau (F /F,):

i sinhwa

LG

389%

383%
Qe
3%
_3_.0 Ny197
Lidie -8'\:\_.'0
a9 02 04 0
02g 0.3z 04z 0.6z

.
03¢

=0
2
i
&
D

Lucphanh 0.z

véucin

Biéu do 1. Phan tram luc phanh tai sinh so voi lyc
phanh yéu cau tai van toc 20 km/h

Nhin vao biéu do, ta thay voi cuong do

phanh tir 0,1g dén 0,6g thi Iyc phanh tai sinh c6
thé tao ra vuot lyc phanh yéu cau. Véi cudng
d6 phanh nho thi lyc phanh tai sinh rat 16n va
voi cuong do phanh 1a 0,1g thi luc phanh téi
sinh gap 12 1an Iyc phanh yéu cau tai 20 km/h.
Do ¢ van toc thdp, md men phanh tai sinh ma
dong co dién tao ra 16n nén phanh tai sinh dap
g dugc yéu cau cua hé thong phanh.

Khio sat tai van téc xe 60 km/h

Khi téc d6 1én t6i 60 km/h thi luc phanh
tai sinh giam dang ké cho nén ty 1¢ luc phanh
tai sinh so voi luc phanh yéu ciu ¢ cau trude
thay doi. Tuong ty nhu khi khao sat tai van tde
20 km/h, ta c6 dugc bang 4:
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Bdng 4. Théng sé vé lec phanh tai cdc cuwong dé phanh ¢ van toc 60 km/h

Cuong do phanh
Thong s6 0.1g 0.2g 0.3g 0.4¢g 0.5¢ 0.6g
Téng lyc phanh F, (N) 145628 | 2912.56 | 4368.84 | 5825.12 | 7281.40 | 8737.68
Lyc phanh tai sinh F_(N) 4320.00 | 432000 | 4320.00 | 4320.00 | 4320.00 | 4320.00
Lyc phanh ciu truée F, (N) | 99027 | 201937 | 308731 | 4194.09 | 5339.69 | 6524.13
Phan tram ty 1¢ F_/F, (%) 436% 214% 140% 103% 81% 66%
Lyc pha‘ﬂb} ma ?;t)cau truoe 0.00 0.00 0.00 0.00 | 1019.69 | 2204.13
ms_bf

{=%

cau cau L

FPhan trim 13 16
Iy pha
&
= —
s =
5 o

T
1U5% 1%

1 ”
H 66%
04 0 0
04g 0.3g 0.6g

Lucphanh Qg 0.2g
véucin

Biéu do 2. Phan tram lyc phanh tdi sinh so voi lyc

phanh yéu cau tai vin toc 60 km/h

Véi cuong dd phanh nhé tai 0,1g, luc
phanh tdi sinh vin dam bao duoc t6i 436% so
v6i lyc phanh yéu ciu. Tuy nhién, khi cuong
do phanh tang 1én t&1 0,6g thi luc phanh tai
sinh khong thé dap tmg dugc yéu cu cua hé
thdng phanh khi chi dap tmg duoc 66%, luc nay
hé thong phanh ma sat bo sung thém 34% luc
phanh yéu cau.

Tir cac van téc va cudng do phanh khéc
nhau, ta thu dugc kha nang dap tng cua phanh
tai sinh theo ty 1¢ F, /F . nhu sau:

Bdng 5. Hiéu qud phanh tdi sinh tai cdc vin toc va cwong dg phanh khdc nhau

Cwong do phanh
) 0.1g 0.2g 0.3g 0.4¢g 0.5¢ 0.6g
Van toc (km/h)
10 12.00 5.89 3.85 2.83 2.23 1.82
20 12.00 5.89 3.85 2.83 2.23 1.82
30 8.72 4.28 2.80 2.06 1.62 1.32
40 6.54 3.21 2.10 1.55 1.21 0.99
50 5.23 2.57 1.68 1.24 0.97 0.79
60 4.36 2.14 1.40 1.03 0.81 0.66
70 3.74 1.83 1.20 0.88 0.69 0.57
80 3.27 1.60 1.05 0.77 0.61 0.50
90 291 1.43 0.93 0.69 0.54 0.44
100 2.62 1.28 0.84 0.62 0.49 0.40
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Khi d6, phanh tai sinh dap ung rat tot
& dai toc do thap duéi 30 km/h va giam dan
khi van tdc ting va cuong d6 phanh ting. Vi
cuong do phanh dudi 0,3g thi co thé thdy luc
phanh tai sinh dap Gmg duoc véi dai van toc
1én toi 80 km/h. Qua bang trén ciing thiy duoc
rang, viéc tan dung phanh tai sinh ciung voi
phanh ma sét gitp giam tai cho hé théng phanh
ma sat rat nhiéu, khi ma tai véan tdc rat cao &
100 km/h va cuong d§ phanh 16n ¢ 0,6g thi
phanh tai sinh van dép tmg duoc 40% yéu cu
ctia hé thong phanh.

4. KET LUAN

O céc van toc va cudng do phanh khac
nhau thi lyc phanh tai sinh dap trng duoc khac
nhau. Va dé dam bao duogc yéu cAu cua hé
thdng phanh thi van phai sir dung phanh ma sat
& cac dai toc do cao do luc phanh tai sinh ty 1€
nghich v&i van tdc. Viée khao sat trén xe dién
cong suat nho nhu Nissan Leaf cho thy ring,
tai cuong d6 phanh thap thi lyc phanh tai sinh
c6 thé dap tmg duoc hoan toan yéu ciu cta hé
thong phanh ngay ca tai van toc 60 km/h va
cuong d6 phanh 0,3g thi lyc phanh tai sinh van
c6 thé dap tng 18n t6i 140% luc phanh yéu cau.
Tuy nhién, khi cuong do phanh 16n lam cho luc
phanh yéu cau qua 16n, cing v6i d6 néu van
toc 16n 1am giam lyc phanh tai sinh dan t6i luc
phanh tai sinh khong dap tng duogc yéu cau cia
hé théng phanh. Vi duy, véi van tdc 60 km/h va
cuong do phanh la 0,6g thi phanh tai sinh chi
c6 thé dap tmg duoc 66% luc phanh yéu cau,
dan t6i phanh ma sat phai dugc kich hoat cling
phanh tai sinh dé dam béo lyc phanh yéu cau.

Viée lwa chon chién luoc két hop luc
phanh ma sat va phanh tai sinh bam sat duong
luc phanh 1y tudng, cing voi tan dung toi da
duoc luc phanh tai sinh ma mé to di¢n cé thé
cung cép tai van téc xac dinh, lam cho hé théng
phanh vira dam béo an toan ciing nhu thu hoi
duoc luc phanh tai sinh 16n nhét co thé tai cac
cuong do phanh khac nhau.

Qua viéc khao sat con nhan thiy rang,
banh ring giam toc gop phan 16n dé tang luc
phanh tai sinh. V&i cong suat mo to dién nho thi
viéc str dung banh rang giam tdc 1a rat hidu qua.
Tuy nhién, ngay nay thi phuong 4n dugc Ung
dung 13 ting cong suat ciia mo to, voi cong suat
mo to cao cho phép tao dugc mo men phanh tai
sinh 16n dong thoi co thé loai bé hop sb giam
tdc gitp giam trong luong va khong gian xe. <
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