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TOM TAT

Hé théng cap phdi tw dong theo nguyén 1y rung déng dwoc sir dung rong rdi trong san xudt
hién dai ngay nay cho cdc loai phéi roi ¢é trong lirong va kich thuée nho. Thiét ké, ché tao thiét
bi nay da va dang dwoc quan tam nham givip phéi di ding huéng va diing nhip san xudt. Trong hé
thong cap phéi ty ddng cé rat nhiéu cdc thanh phan nhw phéu rung cdp phéi, 1o xo la tao dao déng
cho phéu, cdc nam cham dién két hop véi 16 xo 1d tao dao dong cho phéu. Yéu to quyét dinh dén kha
nang cdp phéi la phéu rung trén dé c6 chira cdc ranh dan hidng, cdc co cau diéu hudng dam bao
cho qud trinh di chuyén ciia phéi. Bai bdo ndy trinh bay qud trinh tinh todn thiét ké, mé hinh héa
cdc thiét bi trén méi trwong sé ciing nhie tw dong héa qud trinh thiét ké thong qud cdc tham soé sir
dung phan mém CATIA.

Tir khéa: Phéu rung; Thiét bi rung cap phéi; Cap phéi t dong; Tw dong hoa thiét ké.
ABSTRACT

Automatic bowl feeding system based on vibration principle are widely used in modern
manufacturing for handling small and lightweight discrete parts. The design and development of
this system has attracted significant attention to ensure that parts are oriented and fed correctly and
consistently in line with production requirements. Automatic bowl feeding system typically includes
components such as vibratory bowl feeder, oscillation-generating springs, and electromagnets that,
together with the springs, create vibrations to move the parts. A decisive factor influencing feeding
performance is the design of the vibratory bowl, which contains guiding grooves and mechanisms to
facilitate the smooth and accurate part movement. This paper presents the processing of calculating,
designing, the modeling of these components in a digital environment, as well as the automation of
the design process using design software such as CATIA.

Keywords: Bowl feeder; Vibratory bowl feeder, Vibration, Automatic Design.
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1. GIOI THIEU

Dbi v6i cac loai phoi 1i c6 trong luong
va kich thuéc nhé thuong sir dung céc thiét bi
cap phoi rung dong (Vibration Bowl Feeder -
VBF), ty 18 thiét bi nay chiém 80% trong céac
nha may san xuit hién nay [1]. VBF la mot
thiét bi c6 két cau don gian nhung hiéu qua va
nang suét cao, dam bao dung nhip san xuét. Két
ciu va nguyén Iy chung cua thiét bi nhu hinh 1.
Trong d6 bao gdm: thung phan loai phdi hay
con goi 1a phéu chua (1) dugc gin 1én dé trén
(2). Pé trén (2) duoc gin 1én trén ba 16 xo 14 (3)
nho lyc hat cua nam cham dién (4) tao ra cac
chuyén dong xoay va chuyén dong 1én xudng
tao ra chuyén dong nhay cta phéi trén ranh
dan. Thong thuong, nam cham dién bao gém
hai phan, mot phan c¢6 dinh nam & dudi (5) va
mang cudn day, phan con lai lip ¢ dinh dé trén
(2) va di chuyén cung véi dé trén (2) va phoi.
Dong dién trong cudn day sé tao ra lyc tur gitra
hai phan ctia nam cham dién, bang céc tac dong
hat, nha giita hai phan cta nam cham, lyc nay
tac dong 1am rung dong ca phan dé trén phoi.
Luc tac dung gitra hai phan ctia nam cham duoc
diéu khién boi mach diéu khién dong dién ap
tir bo diéu khién (7). Cac giam chan (6) co tac
dung triét tiéu cac rung dong anh hudng dén
cac thiét bi khac. Téc do di chuyén cta phoi
phu thudc rat nhiéu vao céac yéu td, trong dé ¢o
dao dong ctia phéu rung.

1. Thiameg phiin basl
2. B prim

). Laws la

A, Nam chim difn
£, B thrnl

6. Gidis chis

7. Ry ditu khidm

Hinh 1. Thiét bi cdp phéi tw déng

2. CO SO LY THUYET HE THONG CAP
PHOITU PONG THEO NGUYEN LY RUNG

2.1. Cac lye tac dung Ién phdi trén mang din

Trong qua trinh phan tich trang thai cua
phoi trén mang, bién do dao dong tang dan tir 0.
Khi bién d6 nho, phoi gan nhu khong di chuyén
trén mang dan do luc quan tinh ctia phoi nho
hon lyc ma sat F giita phoi va mang dan. Trén
hinh 2, ta thdy rang luc quéan tinh 16n nhat tac
dung Ién phoi khi méang dan dat vi tri gidi han.
Lyc ndy dugc chia 1am hai thanh phan song
song va phap tuyén lan luot 1a: mp.ao.mzcosw va
mp.ao.co2 .siny.

Phai

Purimg xodnvit F*

|'|":=_s %

Hinh 2. So' do lyc tdc dung lén phéi va ranh xodn
trong phéu [2], [4], [9], [10]

Diéu kién dé phoi truot 1én trén la:
m_.a, .®% .cosy > m_.g. sinf + F (2.1)
Trong do: N 1a phan luc.
Luc ma sat:
FuN=p.(m_.gcosd—m .a .0 siny) (2.2)

V6i p 1a hé s6 ma sat tinh gitra phoi va
mang dan.
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T phuong trinh (2.1) va (2.2), diéu
kién dé phoi di 1én la:
30.(.!.)2

g cosP+pg sin P

lug cos B+sin0 2.3)

Tuong tu nhu vy, diéu kién dé phéi di
chuyén truot xuong la:

ag.w?

g cos\P—pg sin

g cos B—sin O

(2.4)

Trang thai hoat dong cuia phéu rung dugc
biéu thi dudi dang gia toc phap tuyén ciia mang
dan khong thir nguyen Alg. Trong do, A la
gia toc phap tuyen clia mang dan (A =a o*=a,
o’siny), g, gia toc trong truong theo phuong
phap tuyén (g, = g.cosf) va g = 9.81m/s* la gia
toc trong truong. Vay, ta co:

A apw? sin
-n_ G—IIJ (2.5)
gn gcosy

Thay (2.5) vao (2.3) ta c6, diéu kién dé
phoi di 1én la:
ﬂ > Llg +tan®

(2.6)
gn _coty+pg

Piéu kién dé phoi di chuyén 1ui xudng la:
Ap lg—tan®
—— > L ——

2.7)
gn cotP—ps

So sanh phuong trinh (2.6) va (2.7), ta
thdy rang diéu kién dé phoi di lén 1a:

tan 9

L|J>

Khi 6 qua nho, ta co:

tany > % (2.8)
Hs
Vi bién d6 rung dong du 16n, phoi s€
di chuyén trén méang dan véi trang thai truot
va nhay theo duong dan. Piéu nay chi xay ra
khi phan Iyc N giita phoi va méng dan bang 0.
Theo hinh 2.5, ta c6:

N = m,gcos® — mya 0w’ sin | (2.9)

p

Do do, dé phoi roi khdi mang dan ta co:

agw? cos 0
0 h

2.10
g siny ( )

A

11
n

2.2. Cic thong s6 dnh huéng dén qua trinh

di chuyén cia phéi

2.2.1. Anh hwéng ciia théng sé két ciu (géc
nghiéng ranh xodn 6) [4]

1.5 |
>

H||.-1 Lt

Cide ning &

Hinh 3. Anh hieong ciia géc nghiéng ranh xodn 0
t6i vdn toc van chuyén phoi [4]

Hinh 3 cho thdy anh hudéng cia goc
nghiéng ranh xoan 0 1én van téc van chuyén voi
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ty s6 gla toc A /g khac nhau tai gid tri cia p la
0,2. Két qua cho thay van tc cao nhat dat dugc
khi goc nghiéng rénh xoin 6 = 0 va phdi chuyén
dong lén trén luon dat dugc khi goc nghiéng
ranh xoén 0 nho. Cac may thiét ké can thiét phai
¢6 gbc nghiéng ranh xodn hiéu qua 6 =3 + 4 °C.

2.2.2. Anh hwéng ciia tan sé dao dong

Trong hinh 4, thr nghiém duogc tién
hanh v6i ba goc gitra phuong cia lyc quan tinh
va phuong rung dong (goc rung dong) y = 20°,
40°, 60°. Qua trinh thir nghiém duoc tién hanh
v6i cac tan s thap f = 15, 20, 30, 45 Hz, khi
dé fv_ dugc str dyung nhu gla tr1 do cua van tdc
bang tal Céc tac gia cho thy rang, két qua nay
phut hop voi két qua cac nghién ctu 1y thuyét.
Két qua cho thiy véan toc di chuyén ciia phoi
cao do d6 tc d6 cap lidu cao. Tuy nhién, gia
tdc ciia mang dan 1a khong dbi, co nghia 1a bién
d6 dao dong ctia mang thay doi. Qua day ciing
cho thdy tan s6 hoat dong tot nhat cho qua trinh
cap phoi dao dong tir 30 dén 60Hz.

Lou] a5
? Experimental symbol ] *, 1
Fregquency of vilbeation

215 Hz
Lh0 f— @ 20
A 30
[

R ] .1

Hinh 4. Anh hieong ciia goc W, 1y s0 gia toc tan
6 . gbc nghiéng 6, hé s6 ma sat 1én van toc vin
chuyén cia phéi [4]

2.2.3. Anh hwéng ciia gia toc mdng din [4]

Hinh 4 cho thdy khi ma ty sd gia tdc
tang 1én thi van tdc van chuyén phéi ting 1én.
Tai mot s6 diém trén do thi thi ty sb nay ting
1én dot bién va diéu nay anh huong dang ké

t6i qua trinh cAp phoi. Nguoi ta giai thich hién
tuong ndy nhu sau: néu ty sd gia tdc phap tuyén
A va gia téc trong trudng theo phuong phap
tuyén g nay tang lén toi (A /g > 1,0) thi phoi
“bay” 1én mot 1an trong sudt chu ky nhu cac méd
ta trude do. Pau tién, tdc do va dap cua phoi
lén mang dan nho, khi gia tdc ciia mang dan
tang 1én, toc do va dap ciing ting cho dén mot
thoi diém nao d6 phoi bat dau bay lén. Trong
truong hop nay, téc do cip phoi s& khong 6n
dinh. Cac nghién ciru 1y thuyét khong con ding
trong trudong hop nay.

2.2.4. Anh hwéng ciia géc giiva lwe qudn tinh
va mdt phéing nghiéng w [4]

Hinh 4 cho thiy van téc van chuyén
phdi v dé thay doi khi ta thay d6i goc gitta
luc quan tinh va mat phiang nghiéng (goc rung
dong) y. Ta c6 thé thay rd sy anh hudng cua
no trén hinh 2.4, n6 biéu thi dicu kién goc toi
uu cua goc rung dong. Hinh 2.6 1a mbi quan hé
gitra h¢ s0 ma sat p_ va goc rung dong t6i uu
Voot taigiatriA /g =1,2.

3. MO HINH HOA THIET BI

3.1. Tinh tosn thiét ké thiét bj

Thang s G trf
Prrémg kinh phdi (oamd 20
1 Chigu cao pledi (nm) 954
Thé tich cien phéi Ve (man®) 1547
Tée dd cia phdi Ve (mm/s) 173
| Grbe mgidng cia phén rung B (36} 1.5
1 Chien day vanh a {mm) 2
Beé rjng rinh xodin b (mmm )y 35
Burdce xodn phéu mung ¢ (maon) 0
| Barémg kinh phéu rung [y (mm) ITO
Chigu cao plué‘u mang H (o) L0
Chidu cao bardc xodfin b {mm) T
1 Enrdémg Kinh ngoai dé dar bowl di { aram 2a0r
Enrémg kinh trong dé 4& bowl d2 {mm) L =0
Chidu day dé da bowl ba (mum) x5
Brémg kinh ngodi & rén 1o xo L d'y (o) 270
| Bnrémg kinh trong & trén & xo 1a 4'2 (o) S0
Chidu day 48 wrén 1o xo 1 b's (man) 15
Burdmg kinh && D1 (mum) 290
| Chidu cao dé Hi (mm)y T
Groc ngiéng cia 1o xo 18 o (d0) 11
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, beé thuc hién qué} trinh ty dong hoa thi‘ét Thong s T
ke, trude tién dua vao két qua tinh toan ban dau
v6i cac dieu kién dau vao nhu vat li¢u phoi,

& O g plidn rmng

+  Bnrémg kinh ngodi © 240 mm

nang S}lét cap phoi, kich thudce, trong luong + uwimg Kink trong : 180 mi
phoi tién hanh tinh todn cac kich thudc cua hé + Chibucao: 27 mm
thong nhu bang trén. + Léren lap ghép : M7 vdi M6

& Dé in 16 xo i
+ BEnrimg Kinh ngodi : 270 num
; + Burimg Kinh weng : S0mm
3.2.1. M6 hinh hoa chi tiét + Chidu cao: 115 mm Hird 8 B trétn 1 vo I

3.2. M6 hinh héa thiét bi

Dé mo hinh hoéa chi tiét, sir dung phan

mém Catia v6i cac modul: 3.3. Lap rap h¢ thong
- Part Design: Thiét ké cac chi tiét trong
hé thong;
- Asembly Design: Tao 1ap san pham
lé hép: MBS hinh 3D cua
b ghep; . . X cac chi tiét
- Wireframe and Surface Design: Thiét
ke khung day va bé mat. v
. Phan nhém lap ghép céc chi tiét
Thang so Himh dnh
- Pwrimg kinh phés rung © 370 mm v
- Chidu cao cia phéu rung : 100 mm b L ke cde chi 4
- Burdrc xodn ¢ia ming rung : 30 mom Tién hanh 1ap ghep cdc chi tict
- B rjng rinh xodn : 35mm ¢
- G nghiéng rinh xodn: 1.5%
) _p Lap rép toan h¢ thd
Hinh 6. Plvé rang edp ndp 4p rap toan hie thong
ohnf oo 5w
Hinh 9. Quy trinh ldp rdp hé thong
e e S
Thithphin
Thachphin Thizhphin thay 801 5y
ihdng hay aai| | ghép viosm theo yiu ciu
o Hinh 10. Két qua ldp rdp hé thong rung cdp ndp
Hinh 5. Quy trinh thuc hién mé hinh héa phéu rung chai vaccine
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Tir nhimng chi tiét dugc mo hinh hoa
trén Modul Part Design tién hanh phan tach,
lap ghép thanh cac cum chi tiét hay nhom lip
ghép. Tir cac cum chi tiét nay thanh hé thong
cép phoi ty dong theo nguyén 1y rung dong trén
moi trudng sd.

4. TU PONG HOA THIET KE BANG
THAM SO SU DUNG CATIA

Tir céc thong s6 dau vao nhu hinh dang
chi tiét, thong s6 vat lidu, nang sudt lam viéc
cling nhu moi truong lam viée, xay dung cac
ham tham s phu thudc biéu thi mdi quan hé
giita cac thong sd dau vao va thong s6 dau ra
can tinh toan. Gan cac ham thudc tinh theo
tham s6 va hang s6. Str dung modul Parameter
design trong phan mém Catia dé dua ra két qua
1a két cAu cua cac cum chi tiét.

Théng s6 diu vao:
+Hinh dang chi tiét
+Vat lidu chi tiét
+Ning sut yéu ciu
+MO6i truong lam viée

v

Tinh toan cac thong sb cho
thung phan loai

v

Xac dinh tham sb, héng s va biéu
dién mdi quan hé giira cic thong sé
con lai theo tham so va hang so

v

M3 hinh héa hinh hoc két cdu

v

Gén clc ham thuoc tinh theo tham
s6 va hing sb, ding module
Parameter design
dya trén nén tang catia

Mo phong

Tao bd thong sb tiéu chuin va mé
hinh tham s6 cta thung phan loai

Hinh 11. Quy trinh tham sé héa

Khong dat

Hinh 12. Két qua tham s6 héa

5. KET LUAN

Hé thdng cap phoi tu dong theo nguyén
Iy rung dong da va dang duogc &p dung rong rai
trong san xuat cong nghiép, hién nay thuong
duogc ap dung cho cac loai phoi c6 trong lugng
va kich thudc nho.

Nghién ctru 1y thuyét dong luc hoc cia
phoi cho biét duoc cac lyc tac dong 1én phoi
nam va di chuyén trén dudng din hudng. Nho
cac luc tdc dong do, phoi s€ co trang thai truot
va nhay khi di chuyén trén mang dan. Pong thoi
cling chi rd diéu kién dé phéi c6 thé di chuyén
di 1én va di dung hudng.

Ning suét cp ph6i thé hién qua sd
luong phdi ding hudng cap duoc phu thuoc
vao goéc nghiéng ranh xoin ranh xodn, tan sd
rung, bién do dao dong, hé s6 ma sat gifra phoi
va kénh dan, két cdu va cdu hinh hé thong biy
phan loai. Tir d6 1am co s& dé xac dinh bai toan
nghién ctru gi6i han cho phdi la nép chai thude
vaccine béng cao su, ma sat cho cdp vat liéu la
cao su va inox, dang diéu khién theo bién do,
¢b dinh tan s6 twong tng voi dang thiét bi lam
viéc ¢ ché d6 chii dong cong hudng.

ba xay dung quy trinh va giai phép tu
dong hoa thiét ké cho moé hinh thiét bi cip phoi
dang phéu rung bao gdbm mo hinh hinh hoc, mé
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hinh vat li€éu va mé hinh phan to¢ nham cung
cap dir li€u cho cac qua trinh phan tich va ché
ta0.+*
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