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Hop so tur dong dang duoc str dung rong réi trén 6 to, trong do kiéu
hop s6 sir dung banh ring hanh tinh véi cac cp so truyén c¢d dinh
dugc sir dung pho bién. Qué trinh diéu khién hop sb tu dong la mot
qua trinh phte phire tap, doi hoi mot thuat toan diéu khién phu hop
véi cac che d6 van hanh. Bai bao dé xuat mot thuét toan diéu khién
chuyén sb dua trén mirc 46 mo budm ga va van toc dai cua 6 t9, dong
thoi xdy dung mo hinh bo diéu khién chuyen sO bang phan mém
Matlab - Stateflow. Thuc hién m6 phong hé thong trén mo hinh 6 to
su dung hop s6 tur dong co bon cap so de danh gia thuat toan diéu
khién va mé hinh bo diéu khién chuyén sb.

Abstract
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Automatic gearboxes have been being used extensively in automobiles,
in which planetary gearboxes with fixed gear ratios are widely used.
The procedure of automatic transmission control is a complicated
process that requires a control algorithm that is suitable for operating
modes. The article proposes a control algorithm for gear shifting based
on the degree of wide open throttle and the long-run velocity of the
automobile, as well as a model of digital shifting controller by using
Matlab — Stateflow software. An automobile model simulation was
exected on a four-speed automatic gearbox to evaluate the control
algorithm and the model of digital shift controller.
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1. PAT VAN PE

Trén thé gi61, hop sO tu dong duoc lép dat phé bién trén xe 6 to con. Trong d6 hop sO tu
dong str dung cac cip banh ring hanh tinh van chiém da s6. Hién ‘nay, hop sO tu dong tiép tuc
duoc nghién ctru hoan thién theo hudng ting s6 cap, nang cao chit lugng dleu khién bang cac
thudt toan méi. Tuy nhién, viéc nghién ctru hop s6 tu dong ¢ trong nude van con han ché, dic
biét 14 cac thudt toan didu khién va bo diéu khién chuyén sd.
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Hop $6 tu dong trén 6 t6 co6 riéng mot bd diéu khién, hoat dong theo thuat toan diéu khién
phirc tap dwa trén nhiéu thong s6 déu vao khac nhau. Tuy nhién cic nha san xudt khong cong bd
chi tiét thuat toan diéu khién, do d6 viéc nghién ctru, tiép can v6i cong nghé diéu khién trén hop
s6 tu dong gap nhiéu kho khan.

Trong gi6i han nghién ctru, bai bao dé xuat mot thuat toan diéu khién chuyén sb trén hop
s6 tu dong kiéu co cip sb cb dinh (st dung cac cap banh rang hanh tinh) dua trén cac tin hiéu
muc do dap ga (d6 mé budm ga) va van tdc ctia 6 to.

Trong ndi dung nghién ctru str dung md hinh bo diéu khién chuyén sé trong hop s tu dong
dugc xay dung bang phdn mém mo phong Matlab — Stateflow dya trén thuat toan diéu khién da
dé xuat. Sau d6 két hop, ké thira voi cac md hinh mo phong dong co nhiét, m6 hinh hop s, bién
md, mo hinh 6 t6 ... tir Matlab dé dugc hé thong hoan thién. Tién hanh mo phong hoat /dong cua
toan hé thong nham danh gia thuat toan diéu khién va mé hinh bo diéu khién trén hop sb tu dong.

2. PE XUAT THUAT TOAN PIEU KHIEN CHUYEN SO

Giai thiét trudng hop chuyen s6 khi hop sb duoc dit 6 ché do chuyen so tu dong (s6 D —
Drive). Thuit toan chuyén sb dugc xay dung dua trén hop s6 tur dong c6 bbn cap 80, str dung tin
hi¢u muc do dap ga (do mo budm ga) va van tdc cia 6 to dé quyét dinh thoi diém chuyén sd.

Diéu khién tang s0:
Thuat toan di€u khién tang s6 dugc xdy dung

theo phuong phap so sanh diéu kién ding hoic sai cta
hai thong s6 14 6 mé budm ga va van tde cua 6 to véi
cac nguong da dugce tinh toan, dugc thé hién nhu trén
Hinh 1 [1].

Khi hé théng bit dau hoat dong s& cin clr vao
mirc 36 md budm ga thyc hién qua trinh diéu khién
chuyén sb. Trong truong hop d6 mé buém ga 16n hon
muc a% (vi du 80%), hé théng s€ tiép tuc can cur vao
van tdc dai cua 6 t6 dé thuc hién qua trinh ndy. Van
tdc cua 6 to ting dan, dén thoi diém van tdc 16n hon
murc vi, thi hop s s& chuyén tir s§ 1 1én s6 2, sau 1
thoi gian néu van toc 16n hon mirc vy, thi hop sb s&
chuyén tur s6 2 1én s6 3. Néu véi muc d6 dap ga do du
dé van téc vuot muc Vi, thi hop sO s& chuyén tir s6 3
1én sb 4 va giir & s6 nay.

Truong hop d6 mé budm ga ¢ trong khoang 16n
hon mue b% (vi du muc 50%), nhé hon muc a%
(80%), hé thong s& tlep tuc can cir vao van téc cia 6
t6 dé diéu khlen chuyen s6. Neu van toc 16n hon mirc
vib thi hop s6 s& chuyén tir s6 1 1én s 2, sau 1 thoi
gian néu van tdc 16n hon mirc vy thi hop s6 s& chuyen
tir s6 2 18n s6 3. Néu voi muc d6 dap ga d6 du dé van
tdc vugt mirc va, thi hop sé s& chuyén tir s6 3 1én sb 4
va giit ¢ sb nay.

Twong ty nhu vy ¢ cac mirc d0 mé budm ga khac nhau (c, d, e, f...) s& co thoi diém ting
s6 khac nhau.

Mitc ga > a%

Ding biing

Hinh 1. So db thuét toan diéu khién
tang sO
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Céc nguong muc ga (a%, b%, ¢% ...) va ngudng van tdc dai cta 6 to (V1as V2a, V3a, Vibs Vobs
Vab ...) dé thuc hién diéu khién tang ) trong so dd thuat toan trén Hinh 1 duoc tinh toan cu thé tir
ban d6 cac diém chuyén sb.

Piéu khién giam so:

Thuét toan didu khién giam sé dwoc xdy dung
theo phuong phap so sanh diéu kién dang hodc sai cua
hai thong s6 1a d6 m¢é budm ga va véan tdc ciia 6 to véi
cac ngudong da dugc tinh toan, dugc thé hién nhu trén
Hinh 2 [1].

Truong hop d6 mé budm ga nho hon mire x% (vi
du 5%), hé thong s& tlep tuc can ctr vao van tdc cia 6 t0
dé thuc hién chuyen sO. Neu van téc nho hon mirc V3x
thi hop s s& chuyén tir s6 4 vé s6 3, sau 1 thoi gian néu
van toc giam nho hon mirc v, thi hop sb s& chuyén tir
s6 3 vé $6 2. Néu v6i mire do dap ga do du dé van tbc
giam quéa mirc v, thi hop sb s& chuyén tir s6 2 vé sb 1
va giit & s6 nay.

Truong hop d6 mé budm ga nho hon mire y% (vi
du 20%), 16n hon mirc x% (5%), hé thong s& tiép tuc
can cur vao van tc ciia 6 to. Neu van téc nho hon mirc
vy thi hop s6 s& chuyén tir s6 4 vé sb 3, sau 1 thoi gian
néu van toc giam nh6 hon mirc vay thi hop s s& chuyen
tir s6 3 vé s6 2. Néu véi muc do dap ga do du dé van toc
giam qua mirc viy thi hop sO s& chuyén tir s6 2 vé s6 1
va giit & s6 nay. ‘ ‘ q

Tu‘ovng tu nhu Véy & cac mic mo budém ga khac Hinh 2. So d6 thuat '[,Oél’l dicu khién

nhau s€ c6 thoi diém giam so khac nhau. glam so
trong mdi truong Stateflow cua Matlab dya trén mo
/Chuyen_So

[ Tang N o Tang_so G
Su 2 Gam 50 =3 |7 Gam s So=4;
phong hop s6 c6 bon cap so tien. g

[giam_th, tang_th] = ComputeThrashold(So, Ga);

Mo hinh bo diéu khién dugc xay dung thanh 2 | l
han, mot phan thé hién vi tri cac s6: s6 1, s6 2, s0 3, s0 4 Mowcgunsl  fgfas ), Moo g
) g v : ’ -

3. PE XUAT BQ PIEU KHIEN CHUYEN SO
Mb hinh bo diéu khién chuyén s6 dugc xay dung

/ fi N

va mt phan khéc thé hién diéu kién chuyén s6. Mirc do Ve T
mo budém ga duoc dua vao d€ ndi suy ra thoi di€m / T
chuyén so (thoi diém van toc dai cia 6 t0 vugt qua N L
nguong).

Mo hinh bd diéu khién chuyén sb trong hop sb tu | {Gon 5o 8 o 7o 2 ]
dong dugc xay dung nhu Hinh 3 [1].

Céac mo hinh dong co nhiét, mé hinh hop sb, bién  Hinh 3. M6 phong bd diéu khién chuyén
md, hé thong truyén luc, mo hinh 6 t6 ... dugc ké thira s6 bing Matlab - Stateflow
tir Matlab [5].

Bai bao két hop mé hinh bd diéu khién hop sb tuy dong vao cac mo hinh trén dé co mot hé
thong hoan chinh, tir d6 tién hanh khao sat dé danh gia hoat dong ctia by diéu khién chuyén sb
trong hop s tu dong.
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Mb hinh mé phong toan bo hé thong
nhu so d6 trén Hinh 4.

Ban d6 cac diém sang sd dugc thé
hién nhu trén Hinh 5 [5]. Thoi diém chuyén
sb phu thugc vao muc d0 mo budém ga va
van toc cua 6 6. Khi tang tdc, néu mic do
mé buém ga cang 16n thi thoi diém chuyén
s6 cang mudn (van tdc cua 6 to cang cao).
Vi dy, thoi diém chuyén tr s6 1 1én s 2
duoc thuc hién & cac diém:

Néu d6 mo budm ga & mirc 25% thi sé
chuyén tir s6 1 1én s6 2 khi 6 to dat van tdc
10 km/h;

Néu d6 mo budm ga & mirc 50% thi sé
chuyén tir s6 1 1én s6 2 khi 6 to dat van tdc
20 km/h;

Néu d6 mo buém ga & mirc 90% thi s&
chuyén tir s6 1 1én s6 2 khi 6 to dat van tdc
40 km/h;

Thoi diém chuyén sb tir s6 2 vé sb 1
duoc thuc hién tai cac diém:

Néu d6 mo budm ga & mirc 90% thi s&
chuyén tir s6 2 vé sb 1 khi 6 to giam vén tdc
xudng dudi mire 30 knv/h;

Néu d6 mo budm ga & mirc 50% thi s&
chuyén tir s6 2 vé sb 1 khi 6 to giam vén tdc
xudng dudi mirc 5 km/h;

Truong hgp mic d6 mo budm ga khac
cac gia tri trén thi thoi diém chuyén sb dugc

ndi suy theo ban d6 chuyén s6 nhu trén hinh 5.

Thoi diém chuyén tir s6 2 1én s6 3, s6 3
1én s6 4 va nguoc lai dugc thuc hién theo quy
luat tuong tu, dugc thé hién trén ban do
chuyén sé

Ga

Ga

Tin higu nguoi ki
Kétqud
Mé hinh & t5
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Hinh 5. Ban db thé hién cac diém chuyén s6

Tién hanh mo _phong hoat dong cua bo diéu khién chuyen s6 trong hop s6 tu dong dya trén
thuat toan chuyén sé da dé xuat voi xe khao sat ¢ cac thong s6 nhur sau.

Bang 1. Thong so clia xe khao sat

TT Thong sb Gia tri

1 Kich thudce tong theé xe (mm) 3,595 x 1,595 x 1,490
2 Chiéu dai co s (mm) 2385

3 Banh xe 175/50 R15

4 Khoi lugng toan bg khi day tai (kg) 1340

4. KET QUA MO PHONG

Thyc hién m6 phong véi tin hiéu d6 mé budm ga dugce gia lap bang tin hiéu tfr‘khéi “signal
builder” trong Matlab, van toc cua 0 t6 tai thoi diém bat ddu mé phong (t = 0 gidy) bang 0 km/h.
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4.1. Truwong hop do mé buwém ga dwoc giir ¢ mire khong ddi

Thuc hién md phong truong hop: d0 mé buém ga €00
khong doi & muc 50% ngay tir thoi diém bt dau mo £ _
phong (t = 0 gidy). Két qua mé phong nhu cac do thi trén é
Hinh 6. p , 8 0o 5 10 15 20 25 30
Két qua mo phong cho thay, sau khoang 1,6 gidy, Tho gian (s)
van toc cta 6 t6 dat dén ngudng 20 kmv/h, bo diéu khién £,
thyc hign chuyén 6 tir s0 1 1én s6 2. g
Hop s6 duy tri ¢ s6 2 dén thoi diém 4,2 gidy. Khi 2"
d6 van toc cua 6 to dat den ngudng 40 knvh, bo didu = o s w0 5w = =
khién thuc hién chuyén so tir s6 2 1én s6 3. ThelgiEn ()
Hop s6 duy tri ¢ s6 3 dén thoi diém 8,6 giy. Khi = oo} —
do van toc cua 0 to qdat’dén ngudng 60 km/h, b dicu E _ _—
khién thyc hién chuyén so tir s6 3 1én s0 4. -
Sau do hép Sé) duy tri & Sé) 4 téC d6 cua dél’lg CO' % 5 10 15 20 25 30
tiép tuc tang dan theo mirc d6 mo budm ga nén van tde fheteEn
ctia 6 to tiép tuc ting dan. a |
4.2. Truong hgp do mé buwém ga ting L
Thuc hién m6 phong truong hop do mé budém ga o e 2

tang tuyén tinh tir mic 0% & thoi diém t = 0 gidy (bat
dau mod phong) dén muc 100% & thoi diém t = 60 gidy.
Két qua m6 phong nhu trén Hinh 7.

Ket qua m6 phong cho thdy: Ban dau hop sd van
hanh & s6 1, van tdc cia 6 t6 ting dan. Dén thoi diém 6,6
gidy, van tbc 6 to dat dén ngudng 10,1 km/h, bd diéu
khién thyc hién chuyén tir s6 1 1én s6 2.

Hop s6 tiép tuc duy tri ¢ s 2 dén thoi diém 16,0 P e
gidy. Khi d6 van téc cta 6 t6 vuot qua ngudng 30,3
km/h, b dleu khlen thuc hién chuyen s tir s6 2 1én s6 3.

Hinh 6. Két qua mo phong truong hop do mé
budém ga khéng doi & muc 50%

=}
=]

—

_—

—

Do mo buom ga (%)
3

Hop sb tiép tuc duy tri ¢ s0 3 dén thoi diém 25,0 82000

gidy. Khi d6 van toc cua 6 to vuot qua ngudng 54,6 § o

km/h, bo didu khlen thuc hién chuyen 50 tir s 3 Ién s6 4. Y e
Sau d6 hop s6 duy tri ¢ sb 4, tbe do cua dong co 150

tiép tuc tang dan theo mirc d6 m& budm ga nén van tdc g /,/
t6 tiép t =3

cua o p tuc ting dan. ' ) = % //

4.3. Trwong hop do mé budm ga giam 0

0 10 20 30 40 50 60
Thoi gian (s)

Truong hop nguoi 1ai gidm ga, hé thong s€ dicu
khién hdp s6 giam s6 dan theo murc d§ giam dan cua van 4 ]

toc 0 to. 8, _,_l_
Thyc hién m6 phong truong hop: D6 mo budm ga

¢ mirc 50% giam dot ngot vé muc 0% ¢ thoi diém 20 o 1 20 3 4 s e

gidy (chon thoi diém 20 gidy dé hop sé hoan thanh toan ) fhetgan ©

b chu trinh tang sb, va dang van hanh & s 4). Trugc ~ Hinh 7. Két qua mo phong truong hop do mo

thoi didm 20 gidy, hop sb ting sb binh thudng theo do budm ga tang tir 0% dén 100%
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@
S

mé budm ga & mic 50%. (da phan tich & muc 4.1). Két
qua md phong nhu trén Hinh 8.

Tai thoi diém giam ga, toc do dong co giam
khién van tbc ciia 6 to giam dan. Tuy nhién hop s6 van
duy tri & s 4.

Dén thoi diém 102,4 gidy, van téc cua 0 to giam
qua ngudng 35 km/h, hop s6 thuc hién giam s tir s6 4
ve s0 3.

Van tdc cua 6 to tiép tuc giam, hop sb van tiép
tuc duy tri & s6 3 dén dén thoi diém 148,9 gidy, van toc A S R -
ctia 6 t6 giam thap hon ngudng 20 km/h, hop sé thuc L e
hién giam sé tir s 3 vé sb 2. 100

Van tbe cua 0 to t1ep tuc giam, hop s6 Van t1ep =
tuc duy tri & s6 2 dén dén dén thoi dlem van tdc cua o £ %
t6 giam qua ngudng 5 km/h, hop so thyc hién giam s6 ~
tir s6 2 vé sd 1 va tiép tuc duy tri & s nay. 0

IS
=)

Do mo buom ga (%)
N
o

o

o
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5. KET LUAN

[}
khlen chuyén s6 trong hop sé tu dong dua trén thong
tin vé d6 mo budm ga va van tde dai cua 6 6. ‘ :

Tac gia da xay dung dugc mé hinh bd didu khlen ’ ® magme e
chuyén sd trong hop sO tu dong bang phan mém  Hinh 8. Ké qua m6 phong truomg hop do mo
Matlab — Staflow dua trén thudt toan didu khién néu budm giam tr mire 50% ve mite 0%
trén. Dong thoi két hop, ké thira cac nghién ctru vé md hinh moé phong chuyén dong cia 6 t6, ké
thira md hinh mé phong hop s hanh tinh va bién mo ... dé c6 dugc mot he thong hoan thién
nham nghién ciru, khao sat hoat dong cua bd didu khlen chuyen s6. Céc két qua md phong cho
thdy quy luat chuyén s (ting sb va giam sd) phu hop v6i hoat dong cua hop s6 tu dong.

Céc két qua nghién ctru moi chi la bude dau vé thuét toan dicu khién va bo dleu khién hop
s tur dong kiéu co cac cap s6 ¢ dinh, _tuy nhién két qua nghién ctru 1a co s& dé dé xuit mot thuat
toan diéu khién hop sd tu dong co nhiéu cap s6 hon.

5
4
Bai bao dﬁ dé xuat du:oc mot thuit toan di€u o3
2
1
0
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