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Toém tat - May sang rung 1a mét trong céc thiét bj dung d& phan  Abstract - The vibratory sifter is one of the devices used to separate

tach cac c& hat khac nhau trong hén hop vat liéu thanh tirng c&
hat riéng biét [1], nén loai may nay hién dwoc cac nha khoa hoc
quan tam nghién ctru va cai tién. Hién nay, mé phéng dong luc hoc
bao gi® cling la tién d& dé chuan bj cong viéc ché tao thuc té.
Chinh vi vay, viéc (rng dung phan mém ADAMS/View dé khao sat
dac tinh dong lwc hoc may sang rung - da dwoc tac gia tinh toan
thiét ké - dong vai trd quan trong Bai bao khao sat van téc, khao
sat gia tc va tan sb riéng cla khung sang, két qua khao sat cho
thdy mé hinh lam viéc trong méi trwérng mé phdng phu hop véi ly
thuyét, tir d6 nghiém chirng kha néng lam viéc ciia mé hinh, cé thé
&ng dung dé ché tao md hinh thuc t&. Két qua mang lai gia tri tham
khao nhat dinh trong cac thiét k& may sang rung néi riéng va trong
I'nh vire thiét ké co khi néi chung.

T khéa - ADAMS/View; SOLIDWORKS; may sang rung; dac tinh
doéng lwc hoc; rung déng

1. Pit van dé

Dé dam bao chét luong cong trinh thi vat liéu xay dung
doi hoi phai sach va dang chudn. Cat 1a mét trong nhing
yeu td quyét dinh, anh huong dén cong trinh. Hién “nay,
ngudn cung cp cat ty nhién da giam dang ké, nén van dé
dat ra 1a tao ra cat nhan tao tir d4 thién nhién dé dam bao
ngudn cung. Tuy nhién, khi tao ra cat nhan tao van khong
tranh khoi sy xen 1an véi soi, cat hat 1én va cac tap chét
khac. Chinh vi vay, dd c6 nhiéu nha nghién ciru trong va
ngoai nuéc ddi voi van dé nay da tién hanh nghién ctru
tinh toan va thiét ké ché tao ra nhiéu ching loai may sang
cat dé phuc vu cho muc dich nay [2-5]

O nudc ta trong nhiing nam gan day, viéc nghién ciru
tinh toan ché tao thyc té nhiéu chung loai may sang catda
duoc tién hanh tuong dbi rong rai. Bai bao [2] gidi thiéu
vé viéc thiét ké, ché tao may sang phén loai hat mai theo
kiéu sang rung co khi, nhom tac gia da xac dinh dugc bo
thong s toi wu ctia may gom téc do rung cta sang, bién
d6 sang va thoi gian sang ngin nhit. Bai bao [3] thiét ké
va ché tao mot may sang cat nhiéu 16p c6 thé didu chinh
goc nghiéng, nhom tac gia da tién hanh thuc hién mot loat
cac thi nghiém dé xac dinh goc nghiéng tdi wu va luong
nap liéu t6i da cia may sang ddi cho cé hai trudng hop cat
kho va cat udt. Bai bao [4] tap trung thiét ké va ché tao cac
bd phan ciia may sang, muc ti€u cua nghién ctru la xac
dinh do bén, do an toan va su tién dung cua ciu trac than
may. Trong bai bao [5], nhém tac gia da tién hanh tinh
toan thiét ké va ché tao mot thiét bi sang cat két hop véi
viéc tron xi mang, thiét bi sur dung ky thuat tu dong nho
nhét va tdt nhat c6 thé dé co duoc san luong tdi da v6i vbn
déu tu. Bén canh do, viéc phén tich dong luc hoc trong qua
trinh thiét ké cling 1a mot yéu cau bat budc, mo phong dong
lyc hoc 1am giam thiéu viéc ché tao mau thir vdn ton rat

different particle sizes of material mixture into separate particle sizes
[1], thus this device has attracted interest from scientists aiming to do
research and make improvements. Currently, simulation dynamics is
always a prerequisite to prepare actual fabrication work. Therefore,
the application of ADAMS/View software to examine vibratory sifter
dynamics, which is designed by the author of this article, plays an
important role. This article investigates the velocity, accelerometer
and natural frequency of the sifter frame; the findings show that the
model works in a simulation environment in consistency with the
theory, thereby verifying the model’s relliability, which can be applied
to the production of an actual model. The results provide a certain
reference value for vibratory sifter designs in particular and the field
of mechanical design in general.

Key words - ADAMS/View; SOLIDWORKS; vibratory sifter;
dynamic characteristics; vibration

nhiéu chi phi, ddng thoi né ciing gitip nguoi thiét ké co thé
khéo sat duoc cac lua chon thiét ké nham nang cao hi¢u
qua thiét ké. Chinh vi vy, phan tich dong luc hoc cho may
sang rung cé y nghia thyc tién va cé tinh tng dung rat quan
trong, hau hét cac k¥ su co khi va két cAu déu co kinh
nghiém vé dao dong nén mot khi thiét ké xong mot may
thi thiét ké cua ho déu yéu cau xem xét dén dic tinh rung
dong [6-8]. Bai bdo [6] thiét 1ap m6 hinh dong luc hoc co
cAu sang trong thiét bi tron nhwa dudng, muc tiéu cua bai
béo 1a khao sat kha nang lam viéc cua hé thong c6 xét dén
d6 cimg 16 xo0, d6 clng 6 truc va do cimg xodn cua khop
nbi, cac két qua cho thay déu thoa man chi tiéu do bén. Bai
bao [7] d& xuat mot may sang da cap méi, may sang nay
duogc phan thanh hai by phan bao gdm bd phéan sang da cap
va b phan van chuyen doc, cac by phan quan trong cua
may sang 1a truc ddu vao va thanh ndi déu dwoc phan tich,
ca hai bo phan dugc khao sat cu truc tinh trong moi
truong ANSYS Workbench 16.0 va thu dugc két qua 1a
g sudt thuc té déu thap hon tng suat cho phép. Mot mo
hinh dong luc hoc may sang rung [8] dugc thiét lap, moé
hinh duoc thiét ké 3D bang su trg gitp boi phan mém
SOLIDWORK 2012, sau d6 dugc dua vao moi truong
ANSYS Workbench 14 dé khao sat ché do 1am viée cia
mdy sang, muyc tiéu bai bao chi ding lai viéc tim ra cac tan
s0 dao dong riéng cua hé thong.

Chinh vi vy, trong bai b4o nay, tac gia tién hanh khao
sat trang thai lam viéc ciia mo hinh trong moi truong mo
phong, bao gom khao sat van tdc, khao sat gla toc, tan s6
riéng cua khung sang... Ngoai ra, trong may sang rung,
khung sang nhén nhlem vu rung lic dé phén loai ¢ hat,
trong qua trinh 1am viéc s& anh huong dén bo phan truc
1éch tdm ndi riéng, va clia toan may noéi chung, nén bo
phan khung sang dong vai tro quan trong trong toan may,
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do d6 tan sb dao dong riéng cua nd va tin sé ciia may trong
qué trinh 1am viéc néu tring nhau s& gay ra cong huéng,
gy nguy hiém dén toan may. Vi vay, thong qua viéc phan
tich ché d6 lam viéc cua khung sang trong méi trudng
ADAMS/View [10] dé khdo sat ddc tinh dong luc hoc cua
may, két qua cho thay tan s6 lam viéc cia may va tan sd
riéng ma phan mém tinh ra cach nhau kha xa, nghlem
chung duoc kha ning lam viéc cia mo hinh, tao tién dé
cho viéc ché tao dap tng nhu cau thyc té. Két qua mang
lai gia tri tham khao nhét dinh trong céc thiét ké méy sang
rung néi riéng va trong linh vyc thiét ké co khi noi chung.

2. N§i dung nghién ciru
2.1. Gigi thigu phan mém ADAMS/View

ADAMS (Automatic Dynamic Analysis of Mechanical
System) [10] 14 phin mém mé phong dong luc hoc va phan
tich chuyén dong hé théng co khi nhiéu vat duge su dung
rong rii nhat trén thé gidi. ADAMS gitip cac k¥ su nghién
clru dong hoc ciia cac by phan chuyén dong, giai phap dat
tai trong va cac luc phan bd trén toan bo hé théng co khi dé
cai thién va ti uru hoa hiéu sudt va cac chi tiéu ky thuat cac
san pham thiét ké. Phin mém cho phép cac nha thiét ké dé
dang tao ra va thir nghiém nguyén moé hinh ao cta cac hé
thong co khi trong mot thdi gian ngén; Giam chi phi cin
thiét cho xay dung va thir nghiém mé hinh vat 1y. Kha ning
lién két voi cac ngdn ngit 3D khac cho phép phian mém
ADAMS c6 kha ning lién két v6i cac phan mém thiét ké
3D chuyén dung dé thuén tién cho qua trinh nghién ctru cc
mo hinh ao.

2.2. Gidi thigu may sang rung quan tinh

Hinh 1. So @6 méy sang rung quén tinh
1-Bémdy; 2— O truc; 3— Truc; 4 — Banh léch tam;
5 O truc; 6 — Khung sang; 7 — Ludi sang; 8 — Banh dai;
9 — Doi trong; 10 — Banh da; 11— L0 x0
Trong may sang rung quén tinh, khung sang rung lic
nho lyc ly tdm quén tinh sinh ra khi quay banh 1éch tam.
Bién do dao dong cuia sang s& phu thudc vao lyc quan tinh,
tinh chat giam chan va tai trong 1én sang, nhu so d6 trong
Hinh 1 thé hién.
Dé giam sw mai mon cua dai va han ché su truyén rung
dong 1én truc dong co thi banh dai dan dong dugc dat trén

truc v6i mot do 1éch tam c6 khoang cach léch tim gan bang
bién d¢ dao dong cua sang.

May sang duoc twa hodc treo qua bo phan gidm chan.
Khi tang tai trong lén sang, bién d dao dong cua khung
sang s& giam twong tng, con tai tdc dung 1én cac 6 tryc trén
thuc té khong thay d6i, nhu vay may sang rung quan tinh
¢6 tinh chét ty bao vé khoi qua tai. Tinh chit nay cho phép
st dung c6 hiéu qua khi sang cac loai vat li¢u tho cé kich
thuéce 1on. VI' du: My sang cat véi muyc dich 1a loai bo céc
tap chit (vo bc, vo so, réc, ...) va cac hat san co kich thudc
16n ra khoi cat dé dugc cat thd, va cat sau khi khai thac co
thé chua dugce kho hoan toan, vi vay ¢6 thé lam cho may
sang bi qua tai.

2.3. M0 hinh héa may sang rung quan tinh

Vi du: Thiét ké may sang rung quan tinh véi muc dich
nhu sau:

- Sang cat tho.

- Nang suét: 10 tin/gio.

Sau khi tién hanh tinh toan, thu dugc cac thong s6 co
ban ctia may sang rung nhu Bang 1.

Bing 1. Théng s6 co ban ciia mdy sang rung

THONG SO CHU YEU CUA MAY

Cong suét dong co Ndc =4 KW

S6 vong quay dong co Nna. = 960 vg/ph
Sé vong quay tryc 16ch tam Nuye = 704 vg/ph
Chiéu dai sang L = 2500 mm
B& rong sang B = 1000 mm
Kich thudc 16 sang 1=1,55 mm
Goc nghiéng sang a=15°

Do 1éch tam cua truc e=10mm
Do cirng 10 x0 k = 643143,8 N/m
Khéi luong déi trong M = 31,14 kg

Tién hanh 4p dung phin mém thiét ké 3D
SOLIDWORKS dé mé hinh hoa 3D céc chi tiét cia may,
sau d6 tién hanh lap rap cac chi tiét dé tao thanh may sang
rung quan tinh hoan chinh nhu Hinh 2 thé hién.

Hinh 2. Ban vé 3D mdy sang rung quén tinh
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2.4. Thiét lgp mé hinh dpng lwc hoc trong méi truwong
ADAMS/View

Phan mém ADAMS/View rit manh trong viéc khao sat
dac tinh dong hoc va dong lyc hoc hé théng co khi nhiéu
vat, dic biét dbi vai viee khao sat rung dong cta hé. Chinh
vi vdy, tmg dung phdn mém ADAMS/View dé khao sat dic
tinh rung dong ciia may sang rung s& t6i wru hon so véi viée
{mg dung cac phin mém khac.

D¢ nang cao hiéu suét tinh toan, tac gia tién hanh don
gian hoa viéc md phong dong luc hoc cua md hinh bo
truyén. Dya trén mbi quan hé chuyen dong cua céc chi tiét
may trong may sang rung, dbi vai cac chi tiét may khong
chuyén dong twong ddi ddi v6i nhau thi s& dwoc hop thanh
tung bo phan co lién két cung; cu thé 1a truc 1éch tam, cac
banh da, céc dbi trong va cac 6 lan dugc nhoém thanh b6
phan truc 1éch tam (Hinh 3); Két ciu khung sang, lu6i sang
Va cac gbi gan trén khung sang nhom thanh b phan khung
sang (Hinh 4); Két cu bé may va cac gbi d& gin trén bé
may nhém thanh nhém thanh bd phan bé may (Hinh 5).

Hinh 4. B¢ phdn khung sang

Hinh 5. B phdn bé mdy
Sau khi thiét 1ap cac bd phan c6 lién két ctng, tién hanh
thiet 1ap quan hé ti€p xuc doi véi cac bd phan do.

Pau tién, thuc hién viéc lua chon vat li€u cho céac chi

tiét may déu la Steel, tir d6 hé thong phdn mém s& ty dong
tinh todn ra céc gia tri moment quan tinh, trong luong va
cac thong sb vat 1y khac cta cac bo phan.

Dé mo phong dong luc hoc ciia bg truyén, duya trén su
chuyen dong quay tron ctia cum truc 1¢ch tam so voi cac
gbi d& gin trén bé may, nén tién hanh thiét 1ap quan hé
Revolute gitra hai bd phén, dong thoi dét trén truc vao van
tbc goc cb dinh wi= 4224%s (twong duwong 704r/min) dé
md phong trang thai dau vao ciia may; Pong thoi cum tryc
1éch tam cling c6 chuyén dong quay tron so voi cac gbi do
gin trén khung sang nén tién hanh thiét 1ap quan hé
Revolute gitra hai bo phan.

Dé giam chin khung sang so vi bé may, tién hanh thiét
1ap 4 cap 10 xo gén lién giita 2 bd phan may vai d6 cimg 10
x0 k = 643143,8 N/m nhu tinh toan.

Cudi cung, dé khao sat dong lyc hoc may sang rung lam
viée trong diéu kién day tai, thiét 1ap tai trong phan b trén
toan bd khung sang véi F = 1600 N (khéi lugng vat liéu
trén ludi sang M = 160 kg).

3. Két qua va thao luin

Sau khi chay mo6 phong dong luc hoc trong trudng hop
day tai, thu dugc cac két qua nhu Hinh 6 dén Hinh 12
thé hién.

Hinh 6 va Hinh 7 cho thay, duong cong dich chuyén theo
phuong X va phuong Y ctia trong tam khung sang trong su6t
thoi gian tir 0 ~ 1s. Ca hai dudng cong nay thé hién: Khi truc
léch tam quay déu, thi trong tim khung sang dich chuyén
qua lai v&i khoang cach dich chuyén 16n nhat 1a 20mm trong
ca hai phuong X va Y, va déy ciing chinh 13 bién d6 rung lic
ctia khung sang, tir d6 chimg to rang quy luat chuyén dong
trong qué trinh mé phong phu hop véi vé6i su dich chuyén
ctia khung sang dugc tinh toan trong ly thuyét.

15400

—Displacement X
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Displacement (mm)

1516.0

1510.0
0.0 0.2 04 0.6 0.8 1.0
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Hinh 6. Puong cong dich chuyén ciia
trong tam khung sang theo phuong X
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Hinh 7. Puong cong dich chuyén ciia

trong tam khung sang theo phuong Y
Khi tryc 1éch tam quay tir 0 ~ 360° dd mang theo gdi do
gin trén khung sang chuyén dong theo, tir d6 lam cho
khung sang chuyén dong vai van tdc thay ddi theo thoi gian
nhu Hlnh 8 thé hién. Khi vira bét ddu mo phong, co thé thay
van toc thay (101 khong On dinh, didu nay co thé giai thich
1a do c6 su ton tai khe ho giita céc chi tiét trong qua trinh
lap rap, tuy nhién, qua thoi gian rat ngan thi van téc di dan
6n dinh. Trong tdm khung sang chuyén dong phing tuong
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ung voi do 1éch tam cua truc, din dén hudéng cua van tde
khung sang thay doi lién tuc va tuan theo quy luat hinh sin
theo ca hai phuong X va Y léch pha nhau mét goc 90 do.

Van toc toi han dam bao cho hat vat liéu chui qua 16
sang [9]:

d g
<{==(1+t
Vi [ 2( " ana)}\/d(cowmina.tana)

Véi d = 1,5 mm — kich thudc hat 16n nhat cho phép lot
qua sang. Tu do:

v, S{LSS—LZS(lﬂanlSO)} | 5,81 =15 (m/s)

\/ 1,5(cos15 +sin15". tan15"

~ D¢ cho vat liéu chui qua 18 sang, thong thudng ldy van
toc lam vige cua khung sang bang 0,8 vén toc toi han. Nén
van toc thuc té ctia sang [9]:
v=0,8vin=0,8.1,5=1,2 (m/s)

Trén Hinh 8 c6 thé théiy, van tde tai trong tam khung
sang dat gia tri cuc dai vmax = 1,18 m/s, so véi 1y thuyét sai
léch khong dang ké, tir ¢ nghiém chimg kha ning lam viéc
cua mod hinh.

- -CM_Velocity_X

- -CM_Velocity_Y
—CM_Velocity
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Hinh 8. Vin téc khung sang theo thoi gian t
CM_Velocity X — Vin to':c thanh phd:n X cuia khung sang
CM_Velocity_Y — Vdn toc thanh phan Y ciia khung sang

CM_Velocity — Vin toc tong hop cia khung sang
Bén canh do6, khung sang nhan nhiém vu rung lac dé
phan loai ¢& hat, trong qua trinh 1am viéc s& anh huéng dén
cum truc 1éch tdm noi riéng, va cua toan may nodi chung,
nén bo phan khung sang dong vai tro quan trong trong toan
may, do d6 tan s6 dao dong riéng cua no va tan s6 ctia may
trong qua trinh lam viéc néu tring nhau sé gy ra cong
hudng, gy nguy hiém dén toan may. Chinh vi vy, bai bao
da khao sat sy bién ddi gia toc cia trong tim khung sang,
sau d6 théng qua phuong phap bién d6i Fourier dugc tich
hop trong ADAMS/View thu dugc dac tinh phé tan cua bd
phan nay. Hinh 9 va Hinh 11 thé hién sy thay di gia toc
trong tam khung sang theo thoi gian trong trudng hop
khong tai va day tai. Sau khi stir dung phuong phép bién d6i
Fourier ddi voi sy bién d6i gia tdc cia bo phén trén, thu
dugc dudng cong dic tinh phd tan gia tc cua khung sang
trong ca hai trudng hop nhu Hinh 10 va Hinh 12 thé hién.
Duya trén Hinh 10 va Hinh 12, tién hanh chon ra 5 tan s
{mg vai gia tri gia toc 1on nhat d6i véi khung sang nhu duge
thé hién trong Bang 2 va Bang 3.
Bing 2. Pdc tinh phé tan gia toc khung sang tai
trang thdi khong tai

S6 thir ty 1 2 3 41 5

Tén s (Hz) 44 | 115|234 | 352 | 46,9

Do lon (mm/s?) | 218 | 1244| 25172| 1775 | 4155

Khung
sang

Bing 3. Ddc tinh pho tan gia téc khung sang tai
trang thadi day tdi

S6 thir tu 1 2 3 4 5
Tansb(Hz) | 44 | 115|234 | 352 | 469
Do lon (mm/s?)| 615 | 796 | 10471 1144 | 843

Khung
sang
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Hinh 9. Gia tdc khung sang tai trang thai khong tdi
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Hinh 10. Pdc tinh phé tan gia toc ciia khung sang tai
trang thdi khong tdi
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Hinh 11. Gia téc khung sdng tai trang thdi ddy tdi

12000.0

[+ TMAGHammng pol_36 Carerty_daia,2018)]
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Hinh 12. Pdc tinh phé tan gia ‘téc cua khung sang tai
trang thadi day tdi

Pé kiém chung kha niang lam viéc cia may sang rung
quan tinh, tac gia tmg dung phan mém WORKBENCH
16.0 [11] d& khao sat ché do lam viéc cua khung sang, tir
d6 xac dinh dugc cac tan sb riéng cua khung sang mot cach
nhanh chong. Thong thudng, chi can biét mot sd tan sd dao
dong riéng va kleu hinh tuong mg ban dau, ma khong can
phai tim toan bo tan s dao dong va kiéu hinh tuong mg
cua no. Bai bao chi chon ra 6 ché do lam viéc ban dau cua
khung sang nhur Hinh 13 va Béang 4 thé hién.

Bing 4. 6 tan s6 dao déng riéng ciia khung sang

STT

Tan s6 dao dong riéng/Hz
8,723
15,383
17,649
21,534
26,897
31,82

o OB W N
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Hinh 13. Cdc kiéu hinh cia khung sang

Dua vao Bang 2, Bang 3 c6 thé thay, tan s gia téc cua
khung sang tap trung & dai tin s6 thip, va gia tri cua gia toc
khung sang & trang thai diy tai thap hon so véi trang thai
khong tai, boi vi khi tang tai trong 1én sang thi bién d6 dao
dong cua khung sang s€ giam tuong ung. Tai Bang 2 va
Bang 3, quan sat thdy tan s lam viéc cua khung sang tai
gia tri 4,4 Hz va 11,5 Hz so v6i tan sb riéng ctia nd (mg
v6i kiéu hinh dau tién f = 8,723 Hz - Bang 4) céach nhau
khé gan, tai ddy da khuéch dai bién d6 dao dong cua khung
sang lén. Cuy thé, timg v&i tin sb 4,4 Hz thi trj s gia téc cua
khung sang dat gia tri 218 mm/s? va 615 mm/s?, con ung
v6i tan s6 11,5 Hz thi gié tri dat 1244 mm/s? va 796 mm/s?
twong Ung v6i trang thai khong tai va day tai. Bén canh do,
tan s6 vao khoang 23,4 Hz xuét hién gia tri cyc dai (tri )
gia toc 1a 25172 mm/s? va 10477 mm/s? twong tng ddi véi
khong tai va day tai), diéu nay co thé ly giai la do tan sd
quay cua tryc leéch tam (f = n/60 = 704/60 = 11,7Hz) kich
thich cong huong két cau gdy nén bién do dao dong 16n tai
tan sd img v6i hai bac 2 cua tan sé quay cua truc léch tam,
tuy nhién, tin sb 1am viéc cta khung sang lac nay va tan sb
riéng ctia n6 cach nhau twong ddi xa. Tir d6, nghiém chimg
mo hinh ctia may sang rung lam viéc trong ca hai trang thai

khong tai va day tai déu thoa man kha ning lam viéc.

4. Két luan

Bai bao gi6i thiéu vé& nhu cau cip thiét trong viéc phan
loai nguyén vat liéu, cu thé & day 1a cat ding trong xay
dung, thong qua cac s6 lidu dau vao dé tinh toan thiét ké
cac théng so chu yeu cua mdy sang rung, tir 6 tng dung
phan mém thiét ké 3D SOLIDWORK dé mé hinh hoa toan
may. Sau d6, tmg dung phin mém phan tich dong luc hoc
h¢ théng ADAMS/View dé kho st dc tinh dong lyc hoc
cua toan may ¢ ca hai trang thai khong tai va day tai, bao
gom viée khao sat van toc, khao sat gia tdc, tan sd riéng ctia
khung sang. .., cac két qua khao sat nghiém chirng mé Hinh
3D cua toan may thoa mén diéu kién lam viéc, tao tién dé
cho viéc ché tao mé hinh thuc té dé phuc vu cho nhu cau
sir dung. Két qua phén tich mang lai gia tri tham khao nhat
dinh trong viéc thiét ké méy sang rung noi riéng va trong
linh vuec thiét ké co khi noi chung.

Loi cdm on: Nghién ctiru nay dugce tai trg boi Quy phat
trién Khoa hoc va Cong nghé¢ cua Truong Pai hoc
Su pham K§ thut - Pai hoc Pa Néng trong dé tai co
ma s6 T2019-06-122.
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