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Ngay nay, cac hé thdng san xuét hién dai cac cong doan nhw Iap rap, kiém tra danh gia
chét lwong san pham, Iwu kho... d3 va dang dwoc tw ddng hda nhdm nang cao ndng suét
va chét lwong san pham. Cac thiét bi cap phéi tw dong 1a mot gidi phap téi wu giup cho
quaé trinh tw dong héa san xuét. Thiét bi cAp phoi tw dong theo nguyén ly rung dong 1a lva
chon cho céc loai phéi rdi c6 trong lwong va kich thwéc nhd. Véi hé théng nay viéc dinh
hwéng va cap phéi dung nhip l1a mot yéu cau bét budc. Bai bao nay trinh bay viéc nghién
ctu ly thuyét tinh toan, sy &nh hwéng cla cac théng sb dong lwc hoc (tan sb rung) ciing
nhw tinh toan thiét ké cac bay phan loai trén kénh diéu hwéng trén phéu rung cta hé
théng cap phoi tw dong theo nguyén ly rung déng cho san phdm nép chai vaccine béng
cao su dung trong y té. Viéc dinh hwéng phéi di ra ddm bao ding huwéng va nang suét,
hwéng cutia phdi dap (rng yéu cau cap phoi tw déng véi ndng suéat 120 phéi/phut.

Tan s6 dao dong riéng, kénh dan hwéng, hé thdng cap phéi tw ddng, md phdng sé, rung
déng.

Today, in modern manufacturing systems, processes such as assembly, product quality
inspection and evaluation, and warehousing have been and are continually being
automated to enhance productivity and product quality. Automatic feeding devices are an
optimal solution to support the production automation process. The vibratory bowl feeding
on the vibratory principle is the suitable choice for discrete parts with small weight and
size. In this system, ensuring accurate part orientation and synchronized feeding is a
mandatory requirement. This paper presents a theoretical investigation into the calculation,
the influence of dynamic parameters (vibration frequency), as well as the calculation and
design of the classification traps on the guide channel of the vibratory bowl feeding within
the automatic feeding system. The work focuses on the rubber vaccine vial stoppers used
in the medical field. The objective is to ensure the parts exit with the correct orientation as
required, guaranteeing the desired productivity and direction for automatic feeding at a
rate of 120 parts per minute (ppm).

Natural frequency, track, vibration bowl feeder, numerical simulation, vibration.

1. GIOI THIEU trong luong va kich thuéc nhé [1]. VBF la
Thiét bi cAp phéi tw dong theo nguyén 1y rung  mot thiét bj c6 cAu tao don gian nhung tinh
dong (Vibration bowl feeder - VBF) chiém ning rat manh mé& nho kha ning cap phoi
hon 80% khi cép cho cac loai phoi roi rac c6  chinh x4c, dung huéng va ding nhip dam bao
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nang sudt va chat luong cap phoi. Thiét bi nay
¢6 tudi tho cao va tiéu hao it nang luong. Cau
tao va nguyén 1y chung cua thiét bi cip phoi
duoc thé hién nhu Hinh 1. Trong d6, phéu
rung (1) ding dé chira phéi dugc gin 1én trén
dé trén (2). Trong phéu rung dugc gin céc
kénh din huéng dé dinh hudng va phan loai
phéi theo yéu cau. Dé trén (2) duoc dit trén 10
xo 14 (3) duoc gin theo goc 120° nhim thuc
hién cac chuyén dong xoay va rung dong cua
phéu 1 nho lyc hit cia 2 ntra nam cham dién
(4). Nam cham dién (4) gdm 2 phan, mot phan
gan ¢ dé 2 va mot phan gin & dé dudi 5.

1. Phéu rung

2. Dé trén
3.Loxola

4. Nam cham dién
5. Dé dusi

6. Giam chan
== 7.Hop diéu khién

Hinh 1. Hé théng cap phéi tw déng dang phéu rung

Qua trinh rung dong cua phéu 1 s& duoc thuc
hién nho viéc hit nha gita hai phan nam
cham dién. Nut diéu khién trén hop diéu khién
(7) gitp diéu khién dién ap qua d6 lam thay
doi luc tac dung gilta nura trén va ntra dudi
cia phan nam chdm. Trong quéa trinh hoat
dong, sy rung dong cia phéu co thé anh
huong dén cac thiét bi khac ciing nhu vi tri
ctia thiét bi trén nén xuong, cac rung dong do
dugc triét tiéu nho giam chan (6). Qua trinh di
chuyén ciing nhu tdc do cia phdi trén phéu
phu thudc vao céc thong sb dong luc hoc cua
hé théng nhu tan sb, bién do rung, ma sat gitra
phoi va mang ciing nhu cac bay dit trén kénh
dan huéng gitip phan loai phdi.

2. LY THUYET TiNH TOAN
2.1. Co sé& ly thuyét

Khi phan tich qua trinh di chuyén ciia phoi

trén mang dan (kénh dan huéng) dang duong
xodn Archimedes nén phdi s€ tao voi mat
phang nim ngang mot goc (6-+y). Khi bién do
dao dong cua thiét bi nho phoi gan nhu dimg
yén, khong di chuyén trén méang dan do luc
ma sat F giit phoi va kénh dan hudng 16n hon
lyc quan tinh ctia phdi. Trén Hinh 2 ta thay
rang luc quan tinh khi chiéu 1én phuong di
chuyén cuia phéi ¢ hai thanh phan song song
la Fqu= mp.ao.mzcosw va thanh phin phap
tuyén Fqo=m, 20.00° .siny [4].

20

Hinh 2. Lwc tac dung Ién phéi trén kénh dan [1, 4]

Theo so d6 luc Hinh 2, dé phéi c6 thé di
chuyén truot 1én trén 1a:

thl > th2 +F
m,.a9.00° .cosy—F >m, .g. sind (1)

Trong do: F 1a lyc ma sat gitra phoi va mang
dan.

Luc ma sat F = pe.N

Vi i 14 hé s6 ma sat tinh giita phoi va mang
dan;

N 14 phan luc ctia phéi trén mang dan;

F= p.[ mp.g.cos® — m,, 80.00° .siny] (2)
Tur thay (2) vao (1) ta co:

2 2
my,.20.0".COSY—s.[Mp.g.cOs0-mp.a9.0° . siny >
m,.g.sinf

Bién d6i ta duoc, phuong trinh luc tdc dong
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& phoi di 1én 1a:
Us cosO+sin @ ag.w
cosY+ugsiny g

2

3)

Vi cac bién doi nhu trén, diéu kién dé phoi bi
trugt xuong la:
Us cosf—sinf _ ag.w?

cosY—pgsiny g

4

Qua trinh hoat déng cua phéu rung cip phdi
va phoi di chuyén cua mang din phu thudc
vao gia toc phap tuyén A, cia mang dan va
gia toc trong trudng (luc hut cua Trai Dat) g,.

Trong do, A,, = a,w?

gn=g

Chiéu 1én vudng goc voi mang dan ta co:
A, = agw?siny

g,= g.cosb

Gia tdc phap tuyén ciia mang dan la:

An _ aow?siny

In gcosy )
Thay (5) vao (3) ta co:

us+tand An

coty+us  gn ©
Thay (5) vao (4) ta co:

us—tanf An (7)

coty—pg 9n

Bién ddi cac phuong trinh (6) va (7) ta duoc,
diéu kién dé phoi di 1én 1a:
tan 6

2

tan >
l/) Us

Khi goc nghiéng méang 6 qua nho ta thdy rang
tanf =~ 0

tany > % (8)

Trong qué trinh rung dong, khi bién d) rung
ctia phédu bao gdbm mang dan da 16n, phoi s&
c6 trang thai vira truot vira nhay va di chuyén
trén mang dan theo duong xoan. Khi dé phoi
s& khong tiép xuc v6i mang dan va phan luc

giita phoi tac dong 1én mang dan N = 0.

Theo so dd phan tich lyc ¢ Hinh 2 ta co:

N = m,gcos @ —mya,w®siny =0 9)
Bién dbi thay (5) vao (9) diéu kién dé phoi roi
khoi méang dan 1a:

agw?

An
<Thay1< E

cos @
siny

(10)

2.2. Anh hwéng cua tan sé

G. Boothroyd [4] chi ra ring, van tdc trung
binh vy, ty 1€ nghich véi tan s6 rung f tai mot
s6 diéu kién nhét dinh khi gia toc khong thi

~ . . A
nguyén cua mang dan 13 hing so (nghia 13 g—n

n
1a hang s0).

Vi thé: v, f = constan (11)

160 Experimental symbol | 725
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»ge » ;

- a v
(Hz-ins) 80— u=15 «’S)gﬁﬂ <
) ) @ {10
26
e =z
40 - . g m 'c‘eaﬁ 0 5

/ s o H0s
0 .)’j% g

05 0.7 09 11 i3 15 17

Hinh 3. Anh hwéng cia cac théng sé dong lwec hoc

I&n van téc van chuyén cua phéi [4]

Trong Hinh 3, dé danh gi4 anh huong
cac thong ) dong luc hoc dén van toc di
chuyén cua phoi. Céc thong s thir nghiém bao
gdm: goc rung dong & ché do truot, khuyén
c4o va nhay tuong tng la y = 20°, 40°, 60°, dai
tan s6 dao dong pho bién cua thiét bi rung f =
15, 20, 30, 45 Hz, khi d6 gia tri fv,,, dugc su
dung nhu van tdc ctia phoi trén mang dan. Két
qua cho thay van toc di chuyén cua phdi ting
dan khi gia tri % tang. Qua day ciing cho thiy

n

tan s6 dao dong tot nhit cua phéu rung va

mang dan cho qué trinh cdp phdi dao dong tir
30 dén 60 Hz.

10
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Tai Viét Nam, dong dién xoay chiéu mot pha
¢6 tan s6 50 Hz. Trong qué trinh hoat dong,
nam cham dién cua hé thdng cdp phdi dang
rung trong mdi nira chu ky dau nhod lyc hit
ctia nam cham dién phéu rung di xubng bién
do dat cuc dai. Trong ntra chu ky sau, khi
dong dién giam vé 0 10 xo 14 do ntra chu ky
dau bi nén s& day phéu rung vé trang thai ban
dau. Nhu vdy, voi mdi dao dong cia dong
dién thi tin sb dao dong s€ tao ra 2 dao dong
ctia phéu, v6i dong dién xoay chiéu c6 tan sb
50 Hz thi tan s6 dao dong cua phéu 1a 100 Hz.
Pé bién d6 dao dong cua phéu dat cyc dai thi
thiét bi hoat dong ¢ ché do cong huong thi tan
s6 dao dong riéng cua thiét bi bang tan sb dao
dong cta phéu rung 1a 100 Hz [1].

2.3. Tinh toan thiét ké phéu rung cap phéi

Phoi can cap 1a nip chai bang cao su st dung
cho cac san pham vaccine trong nganh dugc
pham. Cac thong s6 ky thuat cua nip chai
vaccine duoc thé hién bang ban vé& trong
Hinh 4.

2.5x2.5

=Y/M

Hinh 4. Thong sé ky thuat cta phoi

Vi kich thude va vat liéu béng cao su nhu
lga chon, day 1a loai phoi roi1 c6 trong lugng
va kich thudc nho. Ning sudt cip phoi dugc
thiét ké v6i s6 lwong 120 phoi/phit.
Budc cua rinh xoan trén phéu [3]:
t>1,3x2h+b (12)
Trong do6 :

t - Budc ctia ranh xoén trén phéu;

h - Chiéu cao ctia phdi = 9,3 (mm);

b - Chiéu day vat liéu b =2 (mm).
Vay budc xodn cta phéu rung 13 :
t>13%x2x%x93+2=2618 mm.
Chon t =30 mm

Puong kinh phéu:

Theo [2], ta c6:
ot
" tan#

n.D

(13)
Trong d6 @ 1a goc nghiéng cua ranh xoin so
v6i mit phang ndm ngang,

Véi @ =1,5° duong kinh phéu la:

t 30

- m.tgo - T.tg1,5° = 364,7 (mm) (14)
Chon D =370 mm
Bang 1. Bang théng sé tinh toan
Thong s6 Gis tri

Pudng kinh phdi (mm) 20
Chiéu cao phdi (mm) 9.54
Thé tich ctia phéi Vp {mm?3) 1547
Tée d9 cia phoi Vp (mmy/s) 173
Goc ngiéng cia phéu rung B (d6) L5
Chiéu day vanh a (mm) 2
Bé rong ranh xoén b (mm) 35
Budc xoin phéu rung t (mm) 30
Puong kinh phéu rung D (mm) 370
Chiéu cao phéu rung H (mm) 100
Chiéu cao bwdc xodn h (mm) 70
Pudng kinh ngoai dé d& bowl d1 (mm) 240
Puing kinh trong dé d& bowl dz {mm) 180
Chiéu day dé d& bowl b3 {mm) 25
Puong kinh ngoai dé trén 16 xo 1a d't (mm) 270
Puong kinh trong dé trén 16 xo 14 d'2 (mm) 50
Chiéu day dé trén 16 xo 14 b'3 (mm) 15
Puidng kinh dé D1 (mm) 290
Chiéu cao d& H1 (mm) 70
Goc ngiéng cua 10 xo 1a « (do) 11
Chiéu cao 16 xo 1a | (mm) 106
Chiéu rong 10 xo 14 b (mm) 35

Sé hé 1o xo la 3

2.4. Thiét ké cau hinh kénh diéu hwéng
2.4.1. Phan tich yéu cau dinh hwéng

V&1 phoi 1a nap chai vaccine bang cao su dung

TAP CHi KHOA HOC & CONG NGHE . SO 52 - 2026

11



KHOA HOC & CONG NGHE

cho duoc phdm véi hinh dang va kich thudc
nhu Hinh 4, khi ph6éi ¢ trang thai tg nhién
ndm trén cac mang dan hudng co cac trang
thai duoc thé hién trén Hinh 5: phdi xép deé
1én nhau (b), phoi ¢ trang thai up (d), phoi &
trang thdi ngua (a) va phdi ¢ trang thai
nghiéng (c). Vi yéu ciu dau ra phdi & trang
thai ngira (yéu cau) thi hé théng kénh diéu
hudng va phan loai duoc thiét ké, lya chon va
sap xép dé loai bo cac phdi sai hudng va lay
dugc cac phoi ra dat yéu cau.

Yéu ciu ‘/@’

Hinh 5. Trang thai phoi trwéc dinh hwéng
va trang thai phéi yéu cau

2.4.2. Thiét ké kénh diéu hwéng

b) Phdi dang tru bac dac

Hinh 6. Kénh diéu hwéng cho phoi
dang vanh khan (a) va tru bac dac (b)

Phoi nép chai vaccine 1 chi tiét dang tru bac
tron xoay va chi tiét dang vanh khan, thudc

nhom phoi loai IT c¢6 ty 1& giita chiéu dai va
duong kinh 1/d<1 nén duoc dinh hudng theo 2
cap [2, 4, 7]. Theo nghién ctru di dugc cong
bd trudc day [3] cho thay hai loai kénh diéu
huéng va phan loai cho phéi tuong dong véi
hinh dang ndp chai vaccine nhu trén Hinh 4.
Céc kénh diéu huéng va phan loai bao gém
cac bay cdp 1 dung céac thanh gat dé tach duoc
nhiéu trang thai phoi dau vao dic biét cac
phéi & trang thai xép chong 1én nhau va cac
phoi nim nghiéng khi di chuyén trén méng
dan (Hinh 5b, ¢). Céc trang thai phdi con lai
dugc cac co cau dinh hudng khac loai bo nhu
phoi ndm nghiéng, ndm Gp dé dwa ra dinh
huéng phdi yéu cau. Trén Hinh 6a, sir dung
bay thanh gat dé dinh huéng céap 1, by chit M
dung dé loai bo phdi nam up vanh khin va
cho phép phoi ngra di qua. Trén Hinh 6b, bay
goém vach day 1am nho ving dan huéng dé
lam 1éch trong tam phdi ¢ trang thai nam up
va khi di qua cac khe hep nay, nho luc trong
truong s€ bi loai bd; cudi cung chi con phoi
dat yéu cau (phoi nam ngtra) di ra dam bao
qua trinh cap phoi dung hudng 100%.

Bang 2. Cac théng sé dic diém cla cac bay
trén kénh diéu hwéng

Biy Tinh ning | Yéu céu kich thwée
- Dung dé - Bé rong cua ranh
loai bo cac | xodn b, thuong lay
phéi & trang | bang duong kinh
thai chay ctia phoi dé dam
song song, bao phoi di duoc

5 loai bé mot va khong qua 2
¢ phoi va gii phoi trong mot thoi
(bdy khe | 12i mOt phoi. diém.

nho) - Céc trang - Goc lugn a4 1a
thai xép gbc vat cong nghé
chdng, dé tao thanh mot
nghiéng, up | dong phoi di
déuco thé di | chuyén trén mang
qua by ndy. | dan.

12
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Biy

Tinh nang

Yéu ciu kich thwée

(bdy thanh
gat)

- Loai bo cac
trang thai
phéi ¢6 chidu
cao 1én hon
h, nhur xép
chong, nam
nghiéng.

- Céc trang
thai phoi nhu
nam dp, ngira
déu c6 thé di
qua bay nay.

- Bé rong b,
thuong iy bang bé
rong ctia mang dan.
Chiéu cao h, dugc
thiét ké 16n chiéu
cao phoi khi nam
ngira, nam Gp va
nho hon chiéu cao
phéi nim nghiéng
dam bao cac phoi
xép chong va
nghiéng duogc loai
b6 dong thoi cho
phép trang thai
phéi nim ngira, tp
di qua.

- Goc lugn a;, 1a
gbc tao boi thanh
gat va thanh phéu
duoc luya chon dé
dam bdo phoi
khong bi kep va dé
loai bo cac phoi
khéng theo yéu ciu.

(bdy M +
vach day)

- Loai bo cac
trang thai
phoi ndm tp,
cho phép
phoi & trang
thai nam
ngua di qua.

- Kich thudc bs (tu
thanh trong t61
dinh cht M) dugc
Ivra chon b'flng ban
kinh cta phoi +
2(mm), bé rong
vach day by =1 +
3 (mm) dé cac
phoi ndm Gp bi
l&ch trong tam va
roi xubng phéu.

- Chiéu cao hsg
duoc lua chon 16n
hon chiéu cao day
16m phoi tur 1-2
(mm) dam bao
phoi ndm ngira c6
mdt phan di bén
trong héc.

- Kich thudce trung
binh I3 16n hon
duong kinh 16n
nhét cia phoi dé
cac phoi bi loai bd
¢6 thé roi vé phéu.

Cac bﬁy duoc lua chon va sép xép trén ranh
x04n tao thanh kénh diéu huéng nhu Hinh 7.
Ban dau (phoi trudc khi dinh huéng) cac phoi
& cac trang thai khac nhau, biy A tao thanh
khe hep bé rong du 16n chi dé 1 phéi di qua.
Tiép theo thanh gat véi nhiém vu loai bo cac
phoi c6 chiéu cao bat thudng nhu ¢ trang thai
xép chdng 1én nhau va phdi ndm nghiéng (cip
1), khi cac phoi di qua thanh gat, phan loai
phoi cap 2 gdm bay khe nho dam bao mot
dong phoi di qua nghia la loai bé céc phdi
song song v&i phdi khac, bdy M két hop voi
vach day dung dé loai bo cac phoi & trang
thai nam up dé dugc phdi yéu cau la cac phoi
nam ngira.

Thaah g

Biy M

Trang thai phoi
trude dinh hrdng

Trang thai phéi
véu ciu

Hinh 7. Kénh diéu hwéng cho nap chai vaccine
trén mé hinh sé

Dua vao md hinh m6 phdng va qua trinh danh
gi4 thyc nghiém, tién hanh ché tao kénh diéu
huéng va phéu rung cip phoi theo cac thong
s6 da thiét ké.

Hinh 8. Kénh diéu hwéng cho nap chai vaccine
trén mé hinh thwc nghiém
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3. KET LUAN

Qua trinh di chuyén cta phéi trén mang dan
phu thudc rat nhiéu cac thong $b dong luc hoc
nhu tan s6 , bién do rung, h¢ s6 ma sat gitra
phoi va mang, goc nghiéng ranh xoan... Nho
cac luc tac dong ma phdi co thé di 1én bang
trang thai truot va nhay.

Bén canh cac tham sb vé dong luc hoc, hi¢u
sudt ciia qua trinh cdp phoéi con chiu su tic
dong cua ciu trac hé thdng kénh diéu hudng
cling nhu viéc thiét 1ap cic bay phan loai
tuong ung.

Viéc tinh toan thiét ké két ciu kénh dan hudng
cho san pham ndp chai vaccine bang cao su
dung trong dugc phdm dam bao cdp phoi
dung huéng va dat nang suat 120 phoi/phit
dwa trén cac co so 1y thuyét tinh toan ap dung
trong diéu kién cu thé.

Thiét ké kénh diéu huéng cho san phim nip
chai vaccine bang cao su dam bao ning suit,
ty 16 100% phoi dang huéng. Ché tao thiét bi
dua vao két qua thiét ké tinh toan kénh dan
hudng.
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