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TOM TAT:

Ngay nay 6 to ngay cang duoc st dung rong rii trong thuc té doi sdng. Mot trong
nhiing by phan khong thé thiéu ctia 6t6 va anh hudng tryc tiép dén chat lugng khai thac 1a
hop s6. Tudi tho hop sd va chat lwong khai thac phu thude rt nhiéu vao qua trinh chuyén
s6, do vay nhﬁ’ng nguyén nhan nhu phuong tién khé gai s, ti s6 truyén thay doi khong
phu hop khién nguoi 14i xe khong 1am chu duoc toc do...dé dan dén hu hong xe co, gay
thiét hai tai san va anh huong dén an toan giao thong Do viy can nghlen ciru cac yéu to
anh huong dén qua trinh chuyén s6 nham cai tién phuwong phap diéu khién hop s6 co khi
trong qué trinh chuyén s chinh xac phuc vu khai thac 6 to hiéu qua 1a nhu cu cap thiét.
Trong nghién ctru nay, trinh bay két qua khao sat cac thong sé anh hudng dén qua trinh
ddng tdc bang phuong phap xay dung mé hinh mé phong sy anh hudng cta vén toe goc,
hé s6 ma sat bé mat, goc con cua bé mat ma sat béng phén mém Autodesk Inventor. Két
qua md phong thu duoc cho thiy khi ting goc nghiéng clia cac mit con, ting hé sd ma sat
va giam su chénh 1éch van tdc goc thi thoi gian dong toc ting 1én.

Tir khoa: bd déng tdc, g6c con, hé s6 ma sat, thoi gian déng tde
ABSTRACT

Today, cars are more and more widely used in real life. One of the indispensable parts
of the car that directly affects the quality of use is the gearbox. Gearbox life and quality of
use depend a lot on the gear shifting process, so reasons such as vehicles that are difficult
to shift gears, inappropriate transmission ratios that make drivers unable to control the
speed, easily lead to vehicle damage, property damage and affect traffic safety. Therefore,
it is necessary to study the factors affecting the gear shifting process in order to find a
solution to improve the control method of the mechanical gearbox in the precise gear
shifting process for efficient automobile exploitation. Determining the factors affecting the
time of synchronicity during gear shifting greatly affects the smoothness, the phenomenon
of shock during gearing, the speed of shifting is faster and increases the efficiency of use.
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In this study, the calculation results are presented to determine the parameters affecting
the synchronic process and build a simulation model of the influence of angular velocity,
coefficient of surface friction, cone angle of the friction surface using Autodesk Inventor
software. The obtained simulation results show that when increasing the inclination angle
of the cones, increasing the coefficient of friction and reducing the difference in angular

velocity, the synchronic time increases.

Keywords: Synchronizer, cone angle, coefficient of friction, synchronic time.

1. Giéi thi¢u

Trong tién trinh cong nghiép hoa, hién
dai hoa dat nudc, nganh cong nghiép 6 to
Viét Nam tr¢ thanh nganh cong nghiép
quan trong, 1a mot trong nhiing nganh dang
¢6 bude phat trién manh va s6 luong xe tidu
thu hang nim dang ting manh. Nham dap
ung nhu cau tang ti 1€ ndi dia hoa trong san
xuat cac loai xe dam bao loi thé canh tranh,
tham gia xuét khau, tao dong luc thuc déy
sy phat trién ciia cac nganh coéng nghiép
khac va tién toi tré thanh nha cung cip linh
kién, phu ting trong chudi san xuit cong
nghiép 6 to thé gidi.

Mot trong nhitng bd phan quan trong
¢ thé nodi dia hoa va anh hudng truc tiép
dén chat luong str dung 13 hop s6. Tudi tho
hop sb va chat luong khai thac phu thudc
rat nhidu vao sy chon lya ty s6 truyén hop
1y, do vay nhiing nguyén nhan nhu phuong
tién kho gai sd, thoi diém chuyén sé khong
hop 1y, ti s6 truyén thay d6i khong phu hop
v6i diéu kién mat duong, do doc lam nguoi
lai xe khong lam chu dugc tdc d0, dan dén
hu hong xe cd, gy thiét hai tai sdn va anh
huong dén an toan giao théng[1],[2].

Xuit phét tir vin dé trén nghién ciru
nay phan tich cac sy anh hudng cia van
toc gde, goc con va hé sd ma sat cua cap
bé mit con trong bd dong toc dén qua trinh
ddng tbc. Viéc phan tich duoc tién hanh
nham dénh gia tac dong cua bd dong tdc
dén thoi gian ddng téc nham xac dinh thoi
diém chuyén s chinh xéac, gitp thoi gian
chuyén s6 nhanh va ém diu hon.

2. Két qua nghién ctru va thao luan
2.1. Phan tich két cAu bd dong tdc
quan tinh

Bo déng tdc trén hinh 1¢o cac bé mat
ma sat la vanh con 3 va mat con trén banh
rang 4. Khod ham duoc tao bdi cac mat con
trén cac chdt ham 4 két hop véi cac mit
con trong cac 16 & trén dia cua khép truot
1. Céac chét 2 duge ndi cing véi vanh ma
sat 4. Lién két dan hoi gitta khép trugt 1
v6i cac vong ma sat 3 dugc thue hién thong
qua chdt 5 nhd ¢ 16 xo va vién bi 6. Cac
chédt 5 giup cho khép truot 1 dinh vi chinh
xac & vi tri trung gian. Trong bd dong tdc
hinh 1, cac ph?m tir ma sat duogc thuc hién
dudi dang cac mat con trén khop truot 1
va vanh ham 3. B phan khoa hdm gém co
vanh rang trong cta khép truot 1 va phan
dau cua vanh ring trén banh riang 3. Lién
két dan hoi giita banh ring 4 va vanh hdm
3 duogc thuc hién nho cac 10 xo.

Céc phan tir lién két dan hdi c6 nhiém
vu dinh vi céc chi tiét ciia hé thong & vi tri
trung gian, dong thoi chung khong can tro
hoat dong cua bo déng tdc va viée gai $0.
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Hinh 1. Két cdu bé déng téc qudn tinh véi cdc bé mat
ma sdt hinh cén [5]
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2.2. Cac thong sb can thiét cia bd
dong toc phuc vu cho moé hinh

Khi cic bé mat ma sat tién lai gan
nhau, cac mit con tiép xtic v6i nhau va bo
phan khoa hdm chdng lai su dich chuyén
tiép theo cua khép truot 1am dong déu toc
d giita banh rang can gai s6 va khop truot;
bd phan khoa ham mé va khép truot dich
chuyén hét hanh trinh vao sd.

Néu goi R 1a ban kinh trung binh cta
vanh con ma sat bd déng tdc, thi mémen
ma sat dugc tao ra do luc ép Q tac dung Ién
d61 bé mit ma sat cua dong toc c6 quan hé
voi M duge xac dinh theo [S],[6] nhu sau

Momen ma sat yéu cau cua bo dong
toc duoc xac dinh theo[5]:

MR

Mg ;
S

m] (1)

Tur d6 xac dinh ban kinh vong ma sat
cua bd dong toc:

M, .sina

2)
on [m]

= Ry =

Trong do:

O - Luc ép tac dung theo chiéu truc 1én
do1 bé mat ma sat, [N]

Q - Pdk'idk ';/Idk
Véi: P, - Luc danh nghia tac dung 1én
can diéu khién, [N]

i,- Ty s6 :cruyén don diéu khién, trong
tinh toan co6 thé lay:

My - Hiéu suat cua co cau diéu khién,
¢o thé chon:

- HE sO ma sat gitra d61 be mat con
ma sat.

o, - Goc con cua doi be mat ma sat.

Chiéu rong bé mit vanh cén ma sat b
[m] c6 thé xac dinh [6]:
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Pc-lge N
- 2.mpy R, sina

[mm] (3)

ms

Trong do:

Py: Ap suét phap tuyén hinh thanh ¢ bé
mat d6i ma sat, [MN/m?];

2.3. Xay dung mo hinh mo phéng
qua trinh in khép cia vanh dong bd
bang mé dun Mé phéng dong ciia phan
mém Autodesk Inventor

Module Dynamic Simulation la mot
module rat ndi tiéng ctia phan mém. Module
nay cho phép biét dugc truong ing suat va
bién dang trong chi tiét dudi tac dung cua
cac loai tai trong khac nhau. Déng thot,
module nay cling giup phan tich, tinh toan
cho cac qué trinh dong hoc cua h¢ nhiéu
chi tiét chuyén dong tuong d6i v6i nhau

Qua trinh dong téc dién ra khi banh
rang dong toc di chuyén va ddng bo van toc
v6i banh riang chi dong cia hop s6. Qua
trinh gém su truot va cd dinh c¢6 ma sat gitra
bé mit con cia banh ring dong toc va banh
rang cha dong. Banh rang dong tdc tir vi tri
can bang s& di chuyén dong truc véi banh
rang chu dong. Trong qua trinh di chuyén
cac mat con cua hai banh ring nay s& tiép
xuc vo1 nhau, tao ra luyc ma sat. Luc ma sat
nay c6 dg 1on ngay cang tang, tao thanh méot
md men gitip thang duge md men quéan tinh
ctia banh rang dong toc va lam cho chi tiét
nay quay. Tc d6 quay ciia banh ring dong
tdc s& tang dan t6i khi c6 tée do quay twong
dbi bang voi banh rang chu dong. Khi do,
qua trinh dong tbc két thuc.

Bai toan dit ra cho phan mém 1a mo
phong lai qua trinh dong tdc khi hai mat
con cua 2 banh ring tiép xac voi nhau,
v61 mQt banh rang chu dong dang c6 van
tdc quay gia dinh va banh ring dong toc
dung yén.
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truong Dynamic Simualtion va thiét 1ap

Mo hinh hoa céac chi tiét s& dung cho
cac khop cho h¢ nhu hinh 2:

qué trinh md phong, sau d6 st dung moi

. \
‘
'\ @k'

Hinh 2. Mé hinh hod két cdu cdc chi tiét trong bé déng téc qudn tinh véi cdc bé mdt ma sdt hinh cén

nay khi mé phdéng s€ dong truc véi nhau,
va c¢o chuyén dong di xudng tiép xuc voi
nhau nhu hinh 3.

Tao céac rang budc khop tru cho chi tiét
mat con cia banh rang chu dong va mat
con cua banh rang dong toc, vi cac chi tict

as

EHEpENE @

o
Hinh 3. Tao cdc rang buéc déng luc hoc cho hé

Véi banh cha dong, thiét 1ap cac thong s6 dau vao cho rang budc khép tru nhu hinh 4

Cylindrical:1 (Banh chti d6ng:1, Truc:1) Cylindrical:1 (Banh cht dong:1, Truc:1)
General dof2(T) dof1 (R)

o ; ¥

General dof2(T) dof 1 (R)

%

Enable imposed motion

Driving
Velocity:

QPosition
@ velocity 720.000 deg/s > 0.000 mm/s Computed
Bounds
O Acceleration .
Value: Stiffness: Damping:
Min. -29.000mm > 0.000 N/mm > 0.000 N s/mm >
Max.  -29.000mm > 0.000 N/mm > | 0.000 Ns/mm >

Hinh 4. Théng sé rang buéc khép tru cho bdnh cha déng

Véi banh ddng tdc, thiét 1ap cac dau vao cho rang budc khdp tru nhu hinh 5:
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Cylindrical:2 (vong ddng t6c:1, Truc:1)

General of2(T) dof 1 (R)

¥ £ v

Position:

taciad

Velocty:

0.000 mmy/s [ computed
8ounds

Value: Stifness: Damping:
O, |-28900mm > [0.000N/mm > 0.000Ns/mm >

[Omax, |-28900mm > 0.0008/mm >  0.000Ng/mm >

el e
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Hinh 5. Théng sé rang buéc khép tru cho bdnh déng téc

Tao cac rang budc va cham (3D
contact) nhu hinh 6 cho céc chi tiét mit
con cua banh rang chu dong va mat con

cua banh riang dong téc, vi trong qua
trinh lam viéc, cac chi tiét nay sé va
cham v&i nhau.

+. (i [o1:Banh chi déng:1
+ () [oJ:vong déng téc:1

= £ standard Joints
+- 7 cylindrical:1 (Banh chii déng:1, Truc:1)

~ Y cylindrical:2 (véng déng t6c:1, Truc:1) [J5uppress joint
L@ Mate:2 Stiffness:
—. [ Force 1oints .
Damping:

-1 J 3D Contact:3 (véng dong tdc:1, Banh chi dang:1)
- 1 3D Contact:4 (Truc:1, Banh chit dang:1)

— " Bdernal Loads

Friction:

-
Gravity

3D Contact:3 (vong dong téc, ...

1000.000 N/mm >
1000.000 N sfmm >

=

X

[[J contact points on Part 1
[ contact points on Part 2
Max number (0 = all)

0

Scale:

[isplay 0.010

Hinh 6. Cdc hé sé ctia rang buéc tiép xtic ctia cdc chi tiét

Céc gia dinh cua bai toan:
+ Cac mit con xem nhu tuyét ddi cimg,
khong xay ra hién tugng mon bé mit.

+ Xem tuong tac gitra truc va banh chu
dong khong dang ké

+ Xem ma sat gitra cadc bé mat 1a ma sat
da loai bé mang dau boi tron.

+ Khong xét sy anh huong cua co tinh
vat liéu.

Céac diéu kién bién cua bai toan:
+ Khao sat v6i 3 mic tbe do goc khac
nhau ctia phan chu dong: 2000rpm (twong
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duong 209.44°/s); 3000rpm (314.66°/s) va
4000rpm (418.88°/s)

+ Khéo sat voi 3 muc goc con khac
nhau: 6°, 7°, 8°

+ Khao sat voi 3 két qua hé sb ma sat
cua vat liu: 0.11, 0.15va 0.19

3. Két qua

3.1. Phin tich qua trinh déng téc
v6i 3 gia tri van téc géc khac nhau (giita
banh rang chu dong cylindrical:1 va banh
rang bi dong Cylindrical:2)

- Trwong hop 1: Toc d6 goc cua banh
rang chu dong la 2000rpm (209.44°/s)
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Cylindrical:1 (8anh cht 0ng:1, Truc:1) x
General dof2(T) dof 1(R)
.
[T enable imposed motion

Driving
O Position
@ veloaty | 209.440 deg/s >
O Acceleration

@ oK Cancel

Hinh 7. Khdo sdt téc dé goc cta bdnh cha déng la

2000rpm (209.44%/s)
Van t6¢c 2000 rpm
250.000
200.000 f
T
f =\/[1] (Cylindrical:1)
150.000 - (degis)
T —\
(degls )
100.000
50.000 -
- T
7
J
0.000
0 0.1 02 03 0.4 05
Time (s)

Hinh 8. Khdo sdt dé thi qud trinh én khép téc dé goc
ctia bdnh rdng chi déng la 2000rpm (209.44°/s)

Nhan xét: Trong trudng hop véan te goc
cta banh chu dong 1a 2000rpm (209.44°/s);
thoi gian bit dau qua trinh dong tdc dién ra
& gidy 0.3175s; thoi gian két thic qué trinh
ddng toc 14 0.3930s. Thoi gian dé 2 phan tir
hoa dong toc 0.0755s.

- Truomg hop 2: Téc do goc cua banh
rang chu dong 1a 3000rpm (314.66°/s)

Cylindrical:1 (Banh chii dong:1, Truc:1)

General dof 2 (T) dof 1(R)
1
&4

Enable imposed motion

Driving
QOPosition

@ velocity 314.160 deg/s S
OAcceleration

—

Hinh 9. Khdo sdt t6c dé géc ciia bdnh chi déng la
3000rpm (314.66°/s)

Van téc 3000rpm
350.000
300.000 ]
j
T
250.000 -
T
} ——V[1] (Cyiindrical:1)
200.000 i (degls)
i ——V[1] (Cylindrical:
150.000 +———+—+—+—++++ -+ (degls )
100.000 ]
f
T
50.000 -
0.000
0 01 02 03 04 05
Time (s)

Hinh 10. Khdo sdt dé thi qud trinh dn khép téc dé goc
ctia bdnh réng cht déng la 3000rpm (314.66/s)

Nhan xét: Trong trudng hop van te goc
cua banh chu dong 1a 3000rpm (314.66°/s),
thoi gian bat dau quéa trinh dong toc la:
0.3280s; thoi gian két thuc qué trinh dong
tc 1a 0.4545s. Thoi gian dé 2 phan tir hoa
ddng toc 14 0.1265s.

- Trwong hop 3: Toc d6 goc cua banh
rang chu dong 1a 4000rpm (418,88°/s)

Cylindrical:1 (Banh chi dong:1, Truc:1)

General dof 2(T) dof 1 (R)
uci1)

1c:1) & _/

Enable imposed motion
nh chii dng:1)
oriving

i Opostion

@ Velocity 410,080 deg/s >
O Acceleration
@ oK Cancel

-

Hinh 11. Khéo sdt téc d6 géc ctia banh chi déng la

4000rpm (418.88%/s)
Van téc

350.000
300.000

1l

1

I
250.000 -

T

I
200.000 11 V[1] (Cylindrical:1)

(deg/s)
——V[1] (Cylindrical:2)
150.000 " (degis)
100.000 l’,
50.000 £
7
0.000
0 0.1 0.2 03 0.4 0.5
Time (s)

Hinh 12. Khéo sdt dé thi qud trinh dn khép téc dé goc
ctia bdanh chi déng la 4000rpm (418.88°/s)

53

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG




JOUPI’ICII ol( Science - \/ L U T E ISSN 261 5-9945

Nhan xét: Trong trudng hop véan tdc - Truwong hop 2: goc con 7°
goéc cua banh chu dong la 4000rpm =
418.88"/s, thoi gian bit dau qua trinh dong
toc 1a: 0.3525s; thoi gian két thiic qua trinh
ddng toc 14 0.4970s. Thoi gian dé 2 phan tir
hoa ddng tbc 13 0.1445s.

3.2. Phan tich qua trinh dong toc véi
3 thong sb goc con khac nhau: 6°, 7°, 8°

Viéc thiét 1ap cac thong s dau vao

cho 3 truong hgp nay la nhu nhau, chi Hinh 15. Khdo sdt géc cén 7°
thay do6i thong so goc con cho tung truong
hO’p khao sat 350.000 Vént6egécn dinh (79
. , R 300.000
- Trwong hop 1: goc con 6°
250.000 1 v
1 (Gylindrical:1
200.000 1 (degls) !
150.000 [ —_
(degls)
100.000 ’,'
50.000 e o e e B e e B e
y A
0.000
0 0.1 0.2 0.3 0.4 0.5
Time (s)

Hinh 16. Khdo sdt dé thi qud trinh dn khép
goc cén 7°

Hinh 13. Khdo sdt géc cén 6°

Nhan xét: Trong truong hgp goc con 1a

0 s LooaA Lo A A 1.
o Vantsc gocdn dinh (6°) 7°, thot gian bat dau qua trinh dong toc la:
0.1850s; thoi gian két thuc qué trinh dong
300.000 T , L 2 N , .
f toc 1a 0.3915s. Thoi gian d€ 2 phan tuo hoa
250.000 R ,
00,000 ‘ Y o) dong toc 1a 0.2065s.
i V[1] (Cylindrical:2) < r A
150000 i (dege) - Truwong hop 3: gbc con 8°
100.000 ]
50.000 ”’
0.000 é
0 0.1 0.2 0.3 0.4 0.5
Time (s)

Hinh 14. Khdo sdt dé thi qud trinh én khép

goc cén 6°

Nhan xét: Trong truong hgp goc con la
6°, thoi gian bat dau qua trinh dong tc 1a:
0.1645s; thoi gian két thuc qua trinh dong
toc 1a 0.3780s. Thoi gian dé 2 phan tir hoa
ddng te 12 0.2135s.

Hinh 17. Khdo sdt géc cén 7°
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Van tc goc 8n dinh (8°9)
350.000
300.000 {
1
I
250.000
|——V[1] (Cylindrical:1)
200.000 (degls)
150.000 f — V1] (Cylindrical:2)
' (degis)
100.000
I
50.000 l’
0.000
0 0.1 0.2 03 0.4 0.5

Time (s)

Hinh 18. Khdo sdt dé thi qud trinh dn khép
goc cén 8°

Nhén xét: Trong truong hop goc con
1a 8°, thoi gian bét dau qua trinh ddng toc
la: 0.2175s; thoi gian két thic quéa trinh
ddng toc 12 0.4180s. Thoi gian dong toc 1a
0.2005s.

3.3. Phén tich qua trinh dong toc véi
3 gia tri hé s6 ma sat khac nhau: 0.11,
0.15va 0.19

- Trudng hop 1: véi hé sé ma sat cia
vat ligu1a 0.11

3D Contact:3 (vong dong téc:1,.. X

[JiSuppress joint

Stiffness: [ 1000.000 N/mm > |
Damping: I 10.000 N s/mm )J
Friction: [0.110 >]

[ OK I l Cancel l

[C] contact points on Part 1
[] contact points on Part 2

Max number (0 = all)
CE—

Scale:

[Joisplay LE-V‘HO

Hinh 19. Khdo sdt véGi hé sé ma sdt cda vt liéu
lao.11

Van téc
350.000
300.000 1
7
7
I ~——V[1] (Cylindrical:1)
250.000 (degis)
]
200.000 - ~——V[1] (Cylindri
1 (degls)
150.000 F
1
7
100.000
7
50.000
7
0.000
o 0.1 02 03 0.4 05
Time (s)

Hinh 20. Khdo sdt dé thi qud trinh dn khép véi hé s6
ma sdt caa vt liéu la 0.11

Nhan xét: Trong trudng hop hé s ma
sat 12 0.11, thoi gian bat dau qua trinh dong
toc 1a: 0.2245s; thoi gian két thuc qua trinh
ddng toc 14 0.4955s. Thoi gian dé 2 phén tir
hoa dong tdc 12 0.271s.

- Trudmg hop 2: véi hé sb ma sat cia
vat liéu 1a 0.15

Thong s thiét 1ap cho mé phong khao
sat nhu truong hop 1, chi thay doi hé s6 ma
sat vat licu 1a 0.15

3D Contact:3 (vong dong toc:1,.. X

Stiffness: 1000.000 N/mm >
Damping: 100.000 N s/mm >
Friction: 0.150 >

| OK || Cancel |

[:I Contact points on Part 1
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Nhan xét: Trong truong hop hé s ma
sat1a 0.15, thoi gian bit dau qua trinh dong
toc 1a: 0.2220s; thoi gian két thic qua trinh
ddng toc 13 0.4540s. Thoi gian dé 2 phan tir
hoa dong tdc 1a 0.2320s.
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Hinh 24. Khéo sdt dé thi qud trinh dn khép véi hé sé
ma sdt ctia vt liéula 0.15
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Nhan xét: Can cir hinh 3.23, trong
truong hop hé s6 ma sat 1 0.51, thoi gian
bat dau qua trinh dong toc 1a: 0.2180s; thoi
gian két thic qua trinh dong toc 1a 0.4245s.
Thoi gian dé 2 phan tir hoa dong toc 1a
0.2065s.

4. Thao luan

Véi trueong hop thay doi toc dé goc cia
banh chu dong: Truong hgp nay ta nhan
thay toc d6 goc banh chu dong cang 16n thi
thoi gian dé 2 phan tir dong tdc cang dai.

Véi truong hop thay doi géc con an
khép: Truong hop ndy ta nhan thay goc
con cang lon thi thoi gian an khép cang
lau. Géc con 16n ciing cho thoi gian dé 2
phan tir hoa dong tdc dién ra ngin hon cac
goc con bé hon. Co nghia 13 thoi diém dong
toc clia 2 chi tiét dién ra nhanh hon

Véi truong hop thay doi ché do béi
tron (thay déi hé s6 ma sat): Trudng hop
nay ta nhan thay hé sb ma sat cang bé thi
thoi gian dé gai khép cang muon. Hé s6 ma
sat cang 16n thi thoi gian bat dau an khop
va thoi gian dong téc ngan hon cac hé sd
ma sat cd gia tri nho.

Két qua khao sat cho thiy cac thong
s6 dugc chon khéao sat anh huong rat 16n
do truot bé mit ma sat, co nghia 1a anh
huéng dén thoi gian dong téc va do nhay
khi chuyén sb. Cac thong s giita tinh toan
c6 thoi gian truot 10n hon so két qua khao
sat mod phong bang phan mém k¥ thuat.

Két qua nghién ctru 1am tién dé nghién
ctru cai tién toi wu qua trinh diéu khién
chuyén sé trong hop s co khi dugc t6i wu,
phuc vu cai tién co cdu chuyén sé bang
co sang chuyén sb bang dién dé qua trinh
chuyén s6 t6i uru hon, tiét kiém nhién liéu,
tang tudi tho hop sb
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