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TOM TAT
Bai bdo da xdy dung md hinh mé phong thu héi nang heong dw thira trén cac bg phan sie
dung cugn ddy nhu bobine danh lia, kim phun, relay va solenoid trén 0 t0. Bén canh do,
nghién ciu con md phdng viée thu hoi nang lwong theo cac chu trinh thyc nghiém nhu ECE
R15 va WLTP Class’3 nham danh gia viéc thu hoi nang lwong theo cac ché do chay khac
nhau trén duong. Ket qua md phang chi ra rang viéc thu hoi nang liwong trén bobine la lon
nhat so vdi cac thieét bi khac va nang luwong thu hoi dat cuc dai la 1a 1070 J tai toc do 3000
vong/phUt va dat gia tri nho nhat 1a 470 J 6 toc do cam chang. T |¢ nang lwong thu duot trén
thoi gian cua chu trinh ECE R15 Ién hon so véi chu trinh WLTP Class 3 do khoang toc do
dong co cua chu trinh nay nam trong khoang toc do toi wu nhat dé thu hoi nang lwong.

Tir khoa: Néng hegng dién cam; chu trinh thi nghiém; thu hoi nang heong.
ABSTRACT

The research has built a simulation model that simulates the recovery self-inductance
energy in primary coils for ignition system, injectors relays and solenoids in vehicles. In
addition, the paper also exammineted the effects of recovery energy according to the driving
cycles test as ECE R15 va WLTP Class. The simulation results show that the recovery self-
inductance energy in the primary has the largest value compared to the other devices and the
maximum value is about 1070 J at 3000 rpm and the minimum is 470 J at idle speed. The
recovery energy for ECE R15 driving cycle test is lager than WLTP Class 3 cycle because the
engine speed range of this cycle is suitable for the optimal speed to recovery energy.

Keywords: Self-induced energy system; Driving cycle; Energy recovery.

1. GIOI THIEU Hién nay c6 rat nhiéu cong trinh nghién
ctu viéc thu hoi niang luong trén 6 t6. Nhom
tdc Zhijun Guo ,Yichao Chen, Study and
Simulation of Electromagnetic Energy
Recovery for Semi - active Suspension [1] da
nghién ciru, xay dung mé hinh thu hdi ning
lwong va chuyén doi sang dang dién cam trén
hé thong treo, Nang lwong thu hdi dugc md
phong trén Matlab khi xem xét trang thai 0 t6
hoat dong ¢ tdc do 36 km/h-60 km/h. Két qua
md phong cho thdy ning luong dién cam thu
hdi tao ra dong dién khoang 1,4 dén 1,53A ¢
tdc d6 trung binh caa xe. Téc gia Edward B.
Rosa va Louis Cohen [2] nghién cuu viéc
tinh toan cac d¢ tu cam cua cudn day, nang

Trong qué trinh hoat dong, 6 t6 su dung
rat nhiéu cac thiét bi cuén day dé diéu khién
bo phan Chép hanh nhu: hé théng danh lua,
kim phun, cac relay va solenoid diéu khién
...Cac cuon day nay trong qué trinh hoat
dong toa ra mot nang luong nhiét gay ra su
qua nhiét cua cac cuon cam qua do lam giam
tudi tho hoat dong cua cac thiét bi nay. Vi
vay viéc thu hoi cac ning lugng du thira nay
vira 1am ting tudi tho cua thiét bi vira tich liy
lai mot lwong ning luong can thiét trén xe,
g6p phan tan dung lai ngudn ning luong tai
sinh vira tiét kiém ning lwong trong qua trinh
hoat dong cua xe.
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lwong duoc luu trit trén cac thiét bi cuon cam
cling nhu suét dién dong tu cam sinh ra trén
cudn day. Qua d6 co thé tinh toan duoc ning
lwong thu hoi caa céc thiét bi cuon cam. Téc
gia Ahmet Onur Kiyakli va Hamit Solmaz
véi cong trinh Modeling of an Electric
Vehicle with MATLAB/Simulink [3], nghién
ctu, m6 phong mo6 hinh déng luc hoc cua
mot chiéc xe dién theo chu trinh NEDC va
chu trinh WLTP v6i MATLAB/Simulink. Tac
gia b Quoc Am va cac cong su da nghién
ctru hé théng danh Itra hdn hop dién dung —
dién cam dé cap van dé thu hoi nang luong
trén 03 bobine cua hé thdng danh lira dién
cam dé tich liiy cho viéc danh lira dién dung
cua 01 xy lanh trong mét chu ky lam viéc [4].
Két qua nghién ciru chi ra rang viéc tich lity
nang lugng dién cam cua 03 xy lanh du danh
ltra dién dung cho xy lanh con lai, hé thdng
danh ltra hon hop dién dung — dién cam hoat
dong 6n dinh ¢ cac ché do hoat dong khéc
nhau trén xe. Mt cdng trinh nghién ctru khac
cta Huynh Xuén Thanh: xem xét anh hudng
cua hé thong danh Itra Hybrid dén dac tinh
ciia dong co nhu cong suat, suat tieu hao
nhién liéu va khi xa trén dong co [5]. Bai bao
cling da thuc nghiém cac dac tinh dong co
khi sir dung hé thng danh lira Hybrid & céc
ché do hoat dong khac nhau. Két qua chi ra
rang dic tinh cong suat dong co khong thay
d6i, trong khi giam suét tiéu hao nhién liéu
va khi xa trén dong co khi st dung hé théng
danh Ivra Hybrid.

Bai b4o su dung Matlab/Guide dé mo
hinh héa md phong viéc thu hdi nang lugng
trén cac thiét bi cuon cam nhu bobine danh
lra, kim phun, cac relay va solenoid diéu
khién cac bo chap hanh trén 6 t6. Dong thoi
nghién ctru cling mo phong, danh gia viéc thu
hoi nang lwong trén cac chu trinh lai xe khac
nhau twong ¢ng voi diéu kién van hanh trong
d6 thi va cao téc.

2. MO HINH HOAVA MO PHONG

2.1. Tinh toan niang lwgng dién cam trén
bobine

Nang luong du trit W;, 1a nang lugng
tich 1ty dudi dang tr truong trong cuon day
so cap cua bobine. Nang lugng tir tinh nay

phu thudc vao nhiéu yéu t6 khac nhau nhu
thiet ke cuon day (cau tao, vat liéu caa mach
tur,...) va hé thong diéu khién danh lua.

1

W, 2L,OIng
1, s T

W, = [ - ef)} (1)
2

Trong do:

- Wae: nang luong dy trt trén cudn so cap

()

!ﬂ,s?: cuong do dong dién qua cudn so
cap luc transistor cong suat ngat (A)

- Lp: 36 tu cam cudn so cap bobine (H)
- t, thoi gian ngadm dién (s)

- 7: hing s6 dién tir

- n,: tbc d6 dong co (vong/pht)

Céc ton that trong mot cudn diy danh
lra dugc xac dinh boi dién trd trong cudn
day, dién dung ton that va ton that do do tré,
cling nhu céc sai léch trong thiét ké mach tu.
Hiéu suét cua cudn day danh Itra bobine duogc
dinh nghia bang nang lugng sinh ra trén cudn
thir cp so voi nang lwong tich lily trén cudn
so cip bobine. Cac cudn day danh lira ¢ thé
hé méi dugc thiét ké dé co thé dat hiéu suat
lén dén 80%. Su chénh léch vé ning luong
nay chii yéu dugc chuyén thanh nhiét thong
qua ton thét trén dién tré trong cudn day va
ton that vé dong dién, dong dién 1a mot trong
nhitng nguyén nhan chinh gay ra sy sut ap
trén cuén thu cap. Dién ap cao & cudn thir
cap thuong bi gidi han boi sy han ché vé dién
ap so cap trong giai doan diéu khién danh
Itra, noi mot phan cua nang luong luu trix
trong cudn day bi tiéu tan dudi dang nhiét.

Ning luong dé sinh ra tia ltra dién trén
bobine nam trong khoang 60120 (mJ), tly
thuoc vao thong sé bobine. Vi hé thong
danh ltra thong thuong nang lugng can thiét
dé danh Itra 12 30-50 mJ. Gi4 tri ning luong
c6 kha niang thu hoi 1a hiéu s giita ning
lwong du trit va nang luong can dé sinh ra tia
ltra dién va ton that nhiét.
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AW =W, —W; -W, ()
Trong do:
- W, la luwong nhi¢t toa ra trén cudn so

cap bobine.
W, 1a luong ndng luong du trix

- W, la lugng ning luong can dé sinh ra
tia Ira dién trén bugi

2.2. Tinh toan ning lwgng dién cam trén
kim phun

Tuong tu trén bobine, nang lugng c6 kha
nang thu hdi trén kim phun duoc tinh toan
theo cong thac (2) voi nang lugng tich ldy
trén cuon day kim phun:

‘ R
W, = [dW =[ L idi “Lip 1" (3)
0 0

Trong do:
W, : nang lugng tich Ity trén kim phun (J)
Ly, : d6 tu cam kim phun (H)
- 1:dong dién qua kim phun (A).

Ning lugng toa ra trong qua trinh nhac
kim phun:
W, = IZRkpt 4)
Trong do:

- W, : nang luong tda nhiét trén kim
phun (J)

- Ry, : dién tr¢ cam kim phun ()

- t: thoi gian nhic kim (s)

Ning luong can thiét cho qua trinh nhéc
kim:

W, =Fs (5)
Trong do:
- W, : ning luong can thiét dé nhac kim (J)
- F: Lyc tir nhac kim (N).

- 5: khoang cach tir dau ty kim dén b¢ khi
kim nhac hoan toan khoang 0,0001 (m)
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Tuong ty vi¢c tinh todn nang lugng cé
kha ning thu hoi trén relay va solenoid ciing
dugc tinh toan dua vao nang luong tich lay,
nang luong toa nhiét va nang lugng can thiét
cho qua trinh diéu khién cic cudn diy cua
relay va solenoid.

2.3. M6 phéng chu trinh thir nghiém

Dé mo phong chu trinh chay thir trong
moéi  truong Matlab/Simulink, hién nay
Matworks ciing da hd tro nguoi dung mot
thu vién mo rong Drive Cycle dugc tai tr
trang chu cua MathWorks.

Khéi Drive Cycle cung cap dir liéu cua
chu trinh chay thtr dugc st dung trong nhiéu
ing dung cua 6 to, dau ra la gia tri chuyén vi,
gia téc va van toc. Ngudi dung cé thé chon
nhiéu chu trinh chay thtr tir danh séch cho
truge. PE phi hop véi viéc danh gia kha
nang thu hoi niang luong dién cam, bai béo
nay str dung hai chu trinh phé bién 13 WLTP
CLASS 3 mb phong xe ¢ day téc do cao, dai
dién cho kha ning thay d6i van toc lién tuc
cia xe twong ¢ng voi ché do chay trong d6
thi Hinh 1 va ECE R15 md ta qua trinh duy
tri mot van téc nhat dinh trong khoang thoi
gian dai, ddc trung cho diéu kién chay trén
cao té¢ Hinh 2.
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3. KET QUA MO PHONG
3.1. Niing lwong dwoc thu hdi trén bobine

Két qua mo phong niang luong ¢ kha
nang thu hdi trén 4 bobine duoc thé hién trén
Hinh 3. Trong viéc xem Xét anh hudng cua
viéc thu hdi ning lugng tir bobine thi téc do
dong co 1a mét yeu t6 quan trong. Khi téc do
dong co thay d6i s6 xung danh lra sinh ra va
thoi gian ting truong cua dong so cap thay
ddi 1am cho céc gi4 tri nang luong bi anh
huong. D6i véi d6 thi ning luong c6 kha
nang thu hoi trén 04 bobine cd thé nhan xét
dugc so bd Vé su anh hudng cua cac yéu to
ké trén ddi véi nang luong thu hdi duoc, qua
d6 danh gia dugc kha ning thu hdi ning
lwong t6i wu trén bobine & tiung thoi diém
khéc nhau.

1100
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800 [~

700 | /
600 [ / :

Nang luong(J)
—

500 [ /
|

400 L L L L L
0 1000 2000 3000 4000 5000 G000

So vong quay dong co (vong/phut)

Hinh 3. P6 thi néing lwong c6 kha nang thu hoi
0 04 bobine ¢ cac toc do dong co khdac nhau.

Két qua mo phong chi ra ring ning
lugng c6 kha nang thu hoi trén 04 bobine la
mot duong cong theo tdc do dong co vai gia
tri cuc dai dat 1a 1070 J tai toc do 3000
vong/phit, day 1a mot dai tbc do hoat dong
phd bién trén dong co xe 6 t6. O tdc d6 750
vong/phit, nang luong thu dugc 1a khé thap
chi khoang 470 J do & khoang téc do nay tuy
cuong d6 dong dién trén cudn so cap kha 16n
nhung khéng nhiéu s6 xung sinh ra dé diéu
khién danh lira. Khi tbc 6 dong co ting 1én
khoang 6000 vong/phlt, sé6 xung danh lira
sinh ra theo chu ky nhiéu song do thoi gian
ngam dién nho nén cuong d6 dong dién chi
tang truong dén mot gia tri nhat dinh va ning
luong thu dugc chi khoang 760 J.

Tur @6 thi va sd liéu tinh toan cho thay
duoc dé téi vu ning luong c6 kha ning thu
hoi trén bobine, can phai duy tri tbc d6 xe &
mot gia tri nhat dinh, trong trudng hop nay la
3000 vong/phdt, trong cac nghién ctru vé suat
tiéu hao nhién liéu trén xe 6 t6 & khoang téc
d6 2000-3000 vong/phdt xe tiéu ton nhién
liéu it nhat, diéu nay hoan toan phu hop voéi
diéu kién thtr nghiém thuc té trén xe.

3.2. Niing lwong dwoc thu héi trén kim phun

Tuong tu nhu nang luong thu hdi duoc
trén bobine, nghién ctru da xem xét kha nang
thu hoi nang luwong trén kim phun & cac toc
d6 khac nhau. Két qua md phong thé hién
trén Hinh 4. Két qua md phong cho thay rang
gia tri nang lugng thu dugc dat gia tri cuc dai
1a 15,2 J tai téc d6 khoang 2700 vong/phut va
sau d6 giam dan xudng 2,3 J khi toc do dong
co 1a 6000 vong/phut. Tir d6 thi, nhan thay
rang: nang lugng c6 kha ning thu hoi trén
kim phun nho hon rét nhiéu so vai bobine do
téc d6 ting trudng va gia tri cuong do dong
dién cuc dai cua kim phun kha thap chi
khoang 0,46 A so vai cua bobine 7 A ¢ cung
ché do hoat dong.

Nang luong(J)

| | | | I
o 1000 2000 3000 4000 5000 6000
So vong quay dong co(vong/phut)

Hinh 4. P6 thi ning lwong c0 kha nang thu hoi
0 04 kim phun ¢ cac toc dé dong co khéc nhau.

3.3. Ning lwong dwoc thu hdi trén trén
relay va solenoid

Nang luong c6 kha niang thu hoi trén
relay va solenoid phu thugc chi yéu vao sé
relay va solenoid trén 6 t6 duogc tién hanh
khao sat ciing nhu sb 1an dong ngit cua cac
thiét bi trén trong mot khoang thoi gian nhat
dinh. Trong bai b&o nay qua khao sat su dong
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ngét caa relay va solenoid trén 6 td khoang
thoi gian mot phat thay doi tir 100-500 lan
trong qua trinh van hanh cua 6 t6. Khi tang
s6 lan dong ngat cua relay va solenoid trén xe
thi ti 18 thuan véi ning lwong thu hoi. Két
qua thu hdi ning luong trén relay va solenoid
trén 6 td duoc thé hién trong Bang 1

Bdng 1. Nang lwong thu hoi trén relay va

solenoid
S6 lan déng | Relay W,, | Solenoid W,
ngat (lan) ) Q)
100 0,46 1,23
200 0,91 2,45
300 1,37 3,68
400 1,82 4,91
500 2,28 6,14

3.4. Ning lwong thu hdi theo chu trinh thir

nghiém

Dé xem xét viéc thu hdi ning luong cua
xe chay trén duong. Nghién ctu da thuc hién
md phong chay trén cac chu trinh thir nghiém
theo tiéu chuan Chau Au bao gom ECE R15
va WLTP Class 3 twong @ng véi cac ché do
chay trén cao toc va thanh phd, két qua mo
phong duoc thé hién trén Hinh 5 va Hinh 6.

hiigan (5)
D4 thi; Chu trinh ECER1S

Hinh 5. Nang luong c6 khd nang thu hoi va
toc do dong co theo chu trinh thir nghiém
ECE R15

Duya vao db thi trén ta thay dugc sy thay
ddi cua niang luong theo toc do dong co, toc
d6 dong co cang thap thi nang luong thu
dugc cang cao nho vao thoi gian tich lay
nang luong trén cudn so cap dai. Gié tri nang

luong thay ddi trong khoang 0,5-1,6J, tong
nang lugng thu duoc trong chu trinh nay la
472].
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Hinh 6. Nang luwong c6 kha nang thu hoi va
toc do dong co theo chu trinh thir nghiém
WLTP CLASS 3

Chu trinh thtr nghiém WLTP Class3 m6
phong theo tiéu chuan Chau Au véi dai toc
d6 dong co 16n tir 0-6000 vong/phut, thay doi
mot cach lién tuc theo nhiéu ché do khac
nhau: cam chimg, ting tdc, giam téc. .. trong
thoi gian 3600 gidy. O khoang toc d6 dong
nay gia tri ning luong thay doi trong khoang
0,1-1,9 J, tong ning lwong thu dugc trong
chu trinh nay la 3145 J.

4. KET LUAN

Bai bao da xay dung md hinh thu hdi
ning luong ty cam trén cac thiét bi bobine,
kim phun, céc relay va solenoid trén 6 t6 ¢
c4c toc do khac nhau. Két qua mé phong cho
thdy rang viéc thu hoi ning luong trén cac
thiét bi cudn day phu thudc vao toc do dong
co. Nang luong thu héi duoc trén bobine
danh lta 13 16n nhéat so véi cac thiét bi dién
cam khac: nang lugng dat gia tri cuc dai la
1070 J tai s6 vong quay 3000 vong/phit va
dat gia tri nho nhat 1a 470 J ¢ téc d6 cam
chtng. Bén canh do, nghién ctu cling xem
xét sy thu hdi nang lwong & cac chu trinh thir
nghiém khac nhau. Ti 1€ nang lugng thu dugc
trén thoi gian cua chu trinh ECE R15 l6n hon
so véi chu trinh WLTP Class 3 do khoang téc
d6 dong co cua chu trinh nay niam trong
khoang toc d6 t6i uu nhat dé thu hdi ning
luong va chu trinh nay cling phu hop véi
diéu kién thuc té thir nghiém trén xe.
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