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TOM TAT

Céac mén co s& nganh ki thuét (vé ki thuat, co hoc ly thuyét, sirc bén vét lidu, chi tiét may...) duoc
gidng day tir ki 3 cho sinh vién khéi nganh ki thuat. Cac mén co s& nay, sinh vién bat dau tiép can
céc hinh vé vét thé, két cau dang 2D, da phan nguoi hoc khé hinh dung ra hinh déng va (g dung
cla vét thé trong thuc té. Hién nay, cac phan mém co khi 3D phéat trién manh, da dang vé loai, tng
dung ngay cang phong phu tr viéc vé hinh 3D, Idp ghép céc chi tiét thanh két cdu, mé phéng hoat
déng cda cum chi tiét dén hoat déng clia may moéc. Viéc tinh toan kich thudc céc bé truyén co khi va
mé phdng hinh déng ciing nhw hoat dong cia chung sé gitip viéc hoc tap va gidng day céc hoc phéan
co s& chuyén nganh ki thuét tré 1én sinh déng, ngudi hoc tiép cén céc vi du vé vét thé trong bai hoc

dé dang hon khi chura duoc tiép xuc thuc té, tang hiéu qua trong viéc hoc tép va gidng day.

Tw khéa: B6 truyén co khi, banh réng, chi tiét may, thiét ké 3D, mé phdng...

1. DAT VAN BE

Trong hé théng may méc va thiét bi co khi,
bd truyén co khi 1a mét trong nhirng thanh phan
co ban va quan trong nhét, ddm nhiém chirc
nang bién dbi chuyén dong, truyén chuyén dong
va cong suat tlr ngudn dong lwc dén cac co cau
chap hanh. Hiéu qua lam viéc, d6 tin cay va tudi
tho clia moét may moéc phu thudce rat Ién vao dac
tinh va chat lwong cla bd truyén. Vi vay, nghién
clu vé cac bd truyén co khi khéng chi mang y
nghia ly thuyét trong gidng day, ma con cé gia tri
thwe tién sau sac trong thiét ké, ché tao va khai
thac thiét bj cong nghiép.

a

—_——

Hinh 1. B truyén xich [1]
1,2 - Pia xich; 3 — day xich
Céc bo truyén co khi hién nay ton tai & nhiéu
dang khac nhau, phd bién nhét la bd truyén dai,

bd truyén xich (hinh 1), bod truyén truc vit — banh
vit (hinh 2), bd truyén banh rang (hinh 3), va bd
truyén ma sat.

Hinh 2. B truyén truc vit — banh vit [2]

Méi loai bd truyén déu cé ciu tao, nguyén ly
hoat déng va pham vi *ng dung riéng biét. B
truyén dai thwong dwoc sl dung trong céac
trwdng hop yéu cau ciu tao don gian, chi phi
thap, kha nang lam viéc ém; bd truyén xich thich
hop cho khoadng cach truc I&n nhwng gay tiéng
on va rung déng trong qué trinh van hanh; bd
truyén banh rang ndi bat véi dd chinh xac cao,
hiéu suét truyén dong I&én nhung yéu cau cong
nghé ché tao phurc tap; bd truyén truc vit — banh
vit c6 wu thé vé ty sb truyén Ién va kha nang tw
ham:; trong khi bd truyén ma sat dwoc ap dung &
nhirng trwdng hop can diéu chinh vo cép téc do.
Sy da dang nay cho phép nguoi thiét ké lya
chon giadi phap t6i wu theo yéu cau coéng nghé,
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diéu kién lam viéc va yéu td kinh té. Trong xu
thé cong nghiép hién dai, cac bod truyén co khi
ngay cang phai dap (rng nhitng yéu cau khat
khe hon: hiéu suét nang lvong cao, gidam thiéu
rung dong va tiéng 6n, tdng d6 bén mai, d& bao
tri va chi phi hop ly.

v 4 .
Hinh 3. B6 truyén banh rang [2]

Trong khudén khé bai bao nay, tac gid ap
dung phwong phap tinh, kiém tra an toan di voi
mot bd truyén co khi co ban dwoc st dung rong
réi trong hau hét cac may la bd truyén banh
réang. Sau khi tinh toan dé dwa ra cac thong sbé
hinh hoc clia b6 truyén, tac gia tién hanh vé thiét
ké 3D va md phéng hoat dong clia bod truyén
nay, cac bd truyén co khi khac ap dung tuwong
tw. Nghién ctu nay khéng chi gitp cliing cb nén
tang khoa hoc cho sinh vién va giang vién trong
[inh vyc co khi, ma con cung cép co s& tham
khao thwc tién cho cac ky sw, nha thiét ké va
doanh nghiép ché tao trong viéc lwa chon, tinh
toan va ng dung bd truyén co khi mét cach
hiéu qua va bén virng.

2. PHUONG PHAP NGHIEN CUU

2.1. Tinh toan cac kich thwéc cua bd truyén
banh rang (cac cong thirc tinh toan bd truyén
banh rang theo tai liéu [3] Trén co s& cac dir
liéu dau vao: bd truyén banh rang tru rang
nghiéng, cdng suét truyén N = 3,85 kW, ti sb
truyén i = 3,96, s6 vong quay truc dan n; =
963,33 vong/phut (vg/ph), sd vong quay truc bi
dan ny = 243,26 (vg/ph), bd truyén quay 1 chiéu,
tai trong khong dbi)

Chon vét lidu va xac dinh [ou], [ow]: Chon vat
liéu banh rang nhd: thép 50 thwong hod, banh
I&n: thép 40 thwdng hoa, db ran 2 banh < 350
HB. Theo bang 3.6, 3.8 va 3.9 tai liéu [3] tra, tinh
duoc: [o]u1 = 166N/mm?2, [c]uz =156N/mm?2, [o]2
=600 N/mm?2.

Chon so bo hé sé tai trong: K= 1,3 + 1,5,
chon K=1,35.

Chon hé sé réng béanh réng: ¥a=b/A=0,4

Xac dinh khodng cach truc A: Chon hé sb
tang khd nang tai theo src bén tiép xic ' =
1,25 (voi 0'=1,15 +1,35)

, 7[1,05.106]2
A= (t1). .

[O¢x2]-

5([1,05.106]°
A2 396+1). [|=o s

K.N
'0".W¥,.n,

(2.1)

1,35.3,85
"1,25.0,4.243,26

=100,60 (mm), chon A =100 mm.
Tinh vén téc vong cta banh rdng va chon
cép chinh xéc ché tao banh rang:
2m.A.ny
= 60.1000.(i + 1)
2.3,14.100.963,33
~ 60.1000.(3,96 + 1)
Theo bang 3.11 tai liéu [3] chon cap chinh xac
ché tao banh réng la cip 9

v (2.2)

= 2,06 (m/s)

Xéc dinh médun, sb réng, chiéu rong béanh
réng:
M6 dun phap tuyén:
ma = (0,01+ 0,02)A = (0,01+0,02).100 = 1 + 2
theo bang 3.1 tai liéu [3] chon m, = 2
S6 rang trén banh rang: Chon so bd gdéc
nghiéng B =10° (B=8%:20°) => cosp=0,985.
Sbé réng clia banh rang dan:

7. = 2A.cosf 23
T ma G+ 1) (23)
2.100.0,985
19,45

' 2@9%+1)
chon Z1 =19 (rang)
Sé rang banh Ion: Z,=i.21=3,96.19 = 75,24
chon Z, = 75 (rang)
Tinh chinh xac géc nghiéng:

(Zy+Zy).m,
cosf = —i (2.4)
a9 +75).2 0,94 19,94 °
= = = =
2.105 ’ B ’

Chiéu rong banh réng:
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b=¥a.A=0,4x100=40 (mm) (2.5)
Binh chinh xéc hé sb tai trong K va khoang
cach truc A:
K= Ktt.Kd (2.6)
+ Ky hé sb tap trung tai trong. V&i bd truyén co
HB <350, v < 15 m/s thi K¢ = 1
+ Kg: hé s6 tai trong dong theo bang 3.14 tai liéu
[3] v&i HB <350, v = 1-3 (m/s) cép chinh xac 9,
Ke=12.K=1.12=1,2
_1,2-135
1.2
K< 5% nén khoéng can tinh lai A

.100 < 5% .7

Kiém nghiém strc bén cla réng (nghiém an
toan)
Kiém nghiém strc bén tiép xuc:
Chon hé sb kha nang tai theo strc bén tiép xuc:
0’ = 1,25 (0’ = 1,15+1,35).

1,05.106 |(i + 1)3.K.N
Ox2 = 45 0'.b.n, < [0txe]

1,05. 106\/(3,96 +1)3.1,2.3,85

(2.8)

Ttx2 = 100.3,96 1,25.40.243,26

= 571,34 (N/mm?)

Oex2< [Ox2] =600 N/mm2bé truyén an toan theo
kha nang bén tiép xtc
Kiém nghiém stc bén udn:
Chon hé sb kha nang tai theo strc bén ubn:
0" =1,5 voi (0" = 1,4+1,6)

19,1.10°.N. K
Ve.m2.Z.b.n,. 0"

_ 19,1.10%.3,85.1,2
Tut = 0,403.22.19.40.963,33.1,5

= 49,84(N/mm?)

Oy1 = < [oy] (2.9)

0w < [0,,]=166 N/mm? b6 truyén an toan theo
kha nang bén uén

Théng sé hinh hoc chi yéu cia b truyén.

M6 dun phap: mp = 2

Sérang: Z1=19;Z,=75

Goéc an khop a = 20°

Géc nghiéng rang: = 19,85°

Puwong kinh vong chia (vong lan):

d, :&:40 mm :
0,94
275
2T pog o0

Dbuwong kinh vong dinh rang:

dg1 =40+ 2.2 =44 mm;

dg2= 160 +2 .2 =164 mm

BPudng kinh vong chan rang: di=d-2,5m
dc1=d1-2,5m, =40 - 2,5. 2 = 35 mm
dc2=d2-2,5m, = 160 — 2,5. 2 = 155 mm
Khoang cach truc: A = 100 mm

Chiéu rong banh rang b = 40mm

Tinh Iwc tac dung

Lwc vong:
_2M
P=— (2.10)
_2.9,55.10°.3,85
= 2096333 = 1882,60 N
Lwc doc truc S = P.tanf (2.11)

=1882,57. Tan19,85° = 286,2 N
Lwc hwdng tadm:

P.tana

T = 2.12
cosf ( )
_ 1882,60.tan20° _ 702 N
~ c0s19,950

2.2. Thiét ké, mé phéng bd truyén banh rang

b
2oy
o— . N

7

A

——

C

o

W

A

‘Q .__.-‘
=
l

=
Q

Hinh 4. Két cau banh rang [4]

Hién nay, cac phan mém 3D thiét ké co khi
rat da dang. Trong nghién cru nay, tac gia lwa
chon phan mém SolidWorks dé thiét ké cac bo
truyén co khi do: giao dién trwc quan, dé& lam
quen, hé thdng mé phdng tich hop da dung cho
hau hét bai toan co khi, déng thdi quan ly 1ap
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ghép hang nghin chi tiét véi hiéu suat 6n dinh
phu hop trwdng dai hoc.

T cac théng s6 hinh hoc da tinh toan, tién
hanh thiét ké bd truyén banh rang tru rang
nghiéng v&i két cau banh rang theo [4] (hinh 4).

Déi véi banh rang Ion:

d — Bwdng kinh truc: 35mm

D — Buwdng kinh moay o: D=(1,5-1,8)d = 54mm

b — Chiéu réng banh réng: 40mm

& - Chiéu day vanh rang: 10mm

C — Chiéu day dia nan hoa. C=(0,2-0,3)b=12mm
d0 — Bwong kinh 16 trén dia nan hoa. d0=20mm

Tién hanh thiét ké bod truyén véi Solidworks
(Cac Iénh vé tao hinh theo [5]).

2
DS SOLIDWORKS ¢
s
B
riew

Inspection
Project

Features | Sketch | Markup | Evaluate | MBL

S B[E[®[E
Configure Component (D
v %X

rrrrrrrrrrrrrr

Hinh 5. Tao part banh rang I&n

Khéi tao Part cho banh rdng Ién (Z2 = 75):
St dung cong cu: Toolbox > ANSI Metric >
Power Transmission > Gears > Helical Gear
Trong hoép thoai hién ra, nhap cac théng sb co
ban theo yéu cau (hinh 5)

e Module (m) — mé dun phap cula rang (2).

« Number of Teeth (Z) — s6 rang (75)

e Helix Direction: Left (nghiéng trai)

e Pressure Angle (a) — géc an khép (thwong
20°).

« Helix Angle (B) — goc nghiéng rang(19,8°)

e Face Width (b) — chiéu réng banh rang(40
mm)

« Bore Diameter — dwérng kinh 16 truc (35mm)
o Céac thong sb khac theo yéu ciu I&p ghép.

Chinh két céu béanh réng: Vanh réng, moay o,
dia nan hoa: Trén Sketch mé&t dau banh réng
chon Cicle tao hai dwdng tron déng tam kich
thwée tinh toan dwdng kinh vanh rang Dy =
135mm, duwdng kinh moay o D = 54mm. Dung
Cut-extrude chiéu sau 14mm. Lap lai v&i mat
dau déi dién dé dwoc tao hinh banh réng (hinh
6).

(@ cut-Extrude @
v X ®

From ~

Sketch Plane hat

Direction 1 ~

Blind ¥

A
A — ]
Il

2 14.0000mm

1 Flip side to cut

D tward
[ pirection 2 s
[ Thin Feature v

Hinh 6. Vanh rang, dia nan hoa

Hoan thién banh rang Ion: trén dia nan hoa, lam
viéc v&i Sketch > Cirle > Radium 10mm; tao
mang tron 6 16 dO v&i lénh Circular Pattern.
Chuyén qua Cut — Extrude >Throught all dé cat
16 hoan thién banh rang I&n (hinh 7). Lwu va tét
part banh rang I&n.

— [ 7 g e Lrrrencan gear £ ey
G| B & .
[@ CutExtrude @
v X w®
From ~

Sketch Pi
Direction 1 -
2| Trrough All
2 m

[l Fiip sige to cut

t outward

O pirection 2 v

Hinh 7. Hoan thién banh rang I&n
Déi véi banh rang nhé: Khéi tao Part cho bénh
rdng nhdé (Z1 = 19): St dung cong cu: Toolbox >
ANSI| Metric > Power Transmission > Gears >
Helical Gear (hinh 8).

e Module (m) — mé dun phap cula rang (2).
« Number of Teeth (Z) — s6 réng (19)
« Helix Direction: Right (nghiéng phai)
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e Pressure Angle (a) — goc an khép (thwong
20°).

« Helix Angle (B) — goc nghiéng rang(19,8°)

e Face Width (b) — chiéu réng banh rang(40
mm)

« Bore Diameter — dwérng kinh 16 truc (20 mm)
Sau tao hinh banh réng nhé lwu va tat part

» € helical gear 3_sm PreviewCta) < <PreviewCty > Display Ste 1 (8 o 722 (F

S ER[e[E T
Configure Component @

v X

Properties AN

Module:

Number of Tegth:
19

Helix Direction:

Hinh 8. Banh rang nhé sau tao hinh

Lap rép va moé phong (cac lénh I&p rap, tao
lién két, mé phdéng theo [6]): File — New —
Assembly. Insert 2 chi tiét banh réang. Mates —
Concentric dé& truc déng tam. Mates —
Mechanical Mates — Gear: ratio = 75/19 =
3.947. Khoang cach truc: a = 100 mm (hinh 9).

a0 BH-E-8- -9 [F
e e LI
s G

75 sovpworrs

B a- e

Hinh 9. Lap rap — mé phéng cip banh ring
nghiéng an khép
M6 phéng: Motion Study > Motor
e Gan motor quay vao truc banh rang cha
dong (chon mat tron & tam).

o Dattdc d6 (100 vong/phut).

Trén day la quy trinh thiét ké va 1ap rap bo
truyén banh rang nghiéng trong SolidWorks, tir
tao hinh dén 1ap rap, mé phdng. Ngudi thiét ké
c6 thé linh hoat thay ddi théng sé module, s6

réang, hodc khoang cach truc dé phu hop véi yéu
cau thuc té. Ngoai ra, ngudi thiét ké ciing c6 thé
tw vé& bién dang banh rang bang cac lénh tao
hinh ma ko can Toolbox tuy nhién phwong phap
nay kha phic tap, doi héi tinh toan tbn nhiéu
cbng slrc va thoi gian.
3. KET QUA VA THAO LUAN

Trong nghién clru nay, tac gia da trinh bay
phwong phap tinh toan dé dwa ra dwoc cac
théng sb hinh hoc cho 1 bd truyén banh rang, tw
do thiét ké va md phdng bd truyén trén phan
mén solidwoorks véi tinh truc quan, chinh xac.
Tét ca cac bd truyén co khi khac nhw: Banh ma
sat, Truc vit — banh vit, bd truyén xich, bo truyén
dai (hinh 10)...d8u c6 thé tinh toan duwoc céac
théng sé hinh hoc sau d6 méd phdéng trén
solidworks.

Hinh 10. Bd truyén dai — thiét ké trén
solidworks

Két qua nghién ctru cho thdy viéc tich hop
tinh toan ly thuyét véi mé phéng 3D trén nén
tang SolidWorks ch&c chén mang lai hiéu qua
trong gidng day va hoc tap cac moén co s
chuyén nganh ky thuat. Cac bd truyén co khi
dwoc md hinh héa trwc quan, phan anh day du
thong s hinh hoc va quy luat an khép, qua dé
gilp ngudi hoc dé dang tiép can, hinh dung va
phan tich ban chét clia co cau truyén déng (hinh
11).

Viéc ap dung mé phdng 3D khéng chi hd tro
minh hoa sinh ddng ma con déng vai tro nhw
mot cong cu kiém chirng va t6i wu hoéa thiét ké.
Nguoi hoc co thé trwc tiép quan sat qua trinh
lam viéc, phat hién sai s6, ddong thoi rén luyén
ky nang tw duy thiét k& va phan tich ky thuat —
nhirng nang lwc quan trong ddi véi sinh vién co
khi.
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Hinh 11. Hop giam tdc — thiét ké, l1ap ghép
vé&i solidworks [7]

Ngoai gia tri hoc thuat, phwong phéap tiép can
nay con gép phan ddi méi hoat déng dao tao,
chuyén tr md hinh gidng day truyén théng sang
phwong phap hoc tap tich cuc, két hop ly thuyét
va thue hanh trén nén tang cong nghé sb. Pay la
hwéng di phu hop trong bdi canh gido duc ky
thuat dang huwéng t¢i chuan dau ra gan lién voi
thuc tién san xuat va xu thé cdng nghiép 4.0.

T két qua nghién ctu, c6 thé khéng dinh
rang viéc tinh toan va mé phéng 3D cac bd

truyén co khi trong SolidWorks |a giai phap kha
thi, can dwoc trién khai réng rai trong dao tao co
khi, nham nang cao chat lwong gidng day, phat
huy tinh sang tao va chuan bj ngudn nhan luc kj
thuat chat lwgng cao cho nganh céng nghiép.

4. KET LUAN

Trong dao tao co khi, viéc str dung moé hinh
3D va md phéng chuyén déng cho cac bo truyén
da mang lai sw dbi m&i rd rét vé phwong phap
tiép can. Thay vi hoc thu déng theo sach vé,
sinh vién dwoc twong tac v&i mo hinh triec quan,
tw kham pha cach thirc cac chi tiét phdi hop dé
truyén chuyén dong va lwc. Cach hoc nay khéng
chi cling ¢b6 nén tang kién thirc co s& ma con
khoi goi tw duy nghién ciru va thiét ké. Dbi voi
gidng vién, cac cong cu mo phéng giup ndi dung
bai gidng tr& nén dé hiéu, hdp dan va gén voi
yéu cau thyc t& san xuat. Nn& dé, chat lwong
giadng day va nang luc tw hoc cla sinh vién déu
dwoc nang cao mot cach bén virng.
5.LOI CAM ON

Téac gia xin gli I cdm on dén nhom tac gia
thwec hién dé tai khoa hoc cip co s& “Nghién
ctu tinh toan thiét k& moé phéng 3D cac bd
truyén co khi dan déng bang tai phuc vu giang
day va hoc tap tai trvdng Pai hoc Céng Nghiép
Quang Ninh” da cung cép théng tin, sb liéu dé
tac gia hoan thanh bai bao.
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DESIGN, SIMULATION 3D OF MECHANICAL TRANSMISSIONS APPLIED IN
TEACHING AND LEARNING BASIC SUBJECTS OF ENGINEERING
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ABSTRACT:

Basic engineering subjects (technical drawing, theoretical mechanics, strength of materials,
machine parts...) are taught from semester 3 for engineering students. In these basic subjects,
students begin to approach 2D drawings of objects and structures. Most students find it difficult to
visualize the shape and application of objects in reality. Currently, 3D mechanical software is
developing strongly, diverse in types, and applications are increasingly rich, from drawing 3D shapes,
assembling parts into structures, simulating the operation of detail clusters to the operation of
machines. Calculating the dimensions of mechanical transmissions and simulating their shape and
operation will help learning and teaching basic engineering subjects become more vivid. Students
can approach examples of objects in lessons more easily when they have not been exposed to
reality, increasing the effectiveness of learning and teaching.

Keywords: mechanical transmission, gears, machine elements, 3D design, simulation...
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