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Hién nay, may nghién va dap truc ding (Vertical shaft impact crucher- VSI) dwoc st dung
nhiéu trong céc nganh nhuw xay dung, khai thac mé. N6 st dung dé nghién thé va min céc vét liéu
cting, gion nhdm cai thién chét luong hinh dang hat cda vét liéu nghién trong san xuét cét liéu
dinh hinh cao cép, cat nhén tao. Thiét ké cac bé phén VSI c6 dnh hudng I6n dén chét long cia
né. Béc biét, bién dang canh cda rotor c6 &nh hwéng déng ké dén hiéu qué nghién. Hién nay,
théng tin vé bién dang canh cé khéng nhiéu va day di. Trong nwéc, mét sé doanh nghiép da ché
tao VSI, bién dang canh ctia cac may nay tham khao mau cac may nuwdéc ngoai. Bai bao trinh bay
két quéd nghién ctru xac dinh quan hé cac théng sé hinh hoc canh rotor dang cung tron. Két qua
nghién ctru c6 thé ap dung trong nghién ctru, thiét ké, ché tao rotor ctia VSI.

T khéa: may nghién, VSI, bién dang cénh rotor.

1. PAT VAN BE

Hién nay, may nghién chi yéu dwoc st dung
trong san xuat cat la may nghién nghién con va
nghién va dap truc ding (VSI). May nghién con
khac biét béi kha nang lam giam kich thuwée hat clia
quang va da cé do cirng trung binh tré [én [2]. Tuy
nhién, san pham dau ra cé dac diém la chat luong
kém vé hinh dang hat [4]. Trong khi d6, may nghién
VS| c6 thé cai thién hinh dang hat va tao ra cac hat
hinh khéi & tat ca cac kich c& |&p va kha nang tao
ra cac hat cirng hon, diéu rat dwoc mong doi trong
cac trng dung vira xi mang va bé téng [7].

Trong VS|, vat liéu sé bi nghién bdi lwc tac dong
tao ra déng ndng cao khién hat vat liéu va vao nhau
hoac vao bo phan ctrng hon. Mot sé nha nghién
clru da chirng minh rang, VSI phu hop dé san xuét
cat chat lwong cao [9]. Ngoai ra, may nghién VS| c6
thé giam tiéu thu n&ng lvong trong qua trinh nghién
so0 v&i cac may nghién khac [6].

Trong VSI, rotor la bé phan quan trong, canh clia
rotor 1a chi tiét tao ra van téc cho cac hat vat liéu
khi ra khéi canh, va dap v&i nhau va véi vanh de,
v& thanh cac hat c6 kich thwéec nhd hon. Chinh vi
vay, bién dang rat quan trong trong nang cao hiéu
suat nghién may. Céac VSI hién nay cé nhiéu nhiéu
dang bién dang canh: thang, cac dwéng cong, ...
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Thong tin vé bién dang canh rotor VSI khéng cé
nhiéu. Bién dang canh dang cung tron 1a mot dang
bién dang canh can quan tam. Vi vay, nghién ctu
xac dinh quan hé cac thdong sb hinh hoc canh rotor
dang cung tron cé thé phuc ap dung trong nghién
ctru, thiét ké, ché tao rotor ctia VSI.

2. NOI DUNG NGHIEN cUU

2.1. Bién dang canh rotor may nghién
truc dirng

So d6 két ciu VSI thé hién trén Hinh H.1.

\Vat lidu vao

Vat liéu sau nghién ¢

H.1. So d6 két cau may nghién dap truc diing [10]
1. Van diéu chinh; 2. Ctra phén phdi; 3. V6 méy;
4. Canh rotor; 5. Rotor; 6. Vanh de
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Vat liéu nghién qua clra phan phdi 2 dwoc chia
thanh hai phan: mdt phan di qua van diéu chinh 1
xudng canh rotor 4; mét phan qua khe hé gitva clra
phan phéi 2 va vé may 3 roi xubng. Do rotor quay
cho nén vat liéu trén canh, dwéi tac dong cta lwc
ly tdm bj vang ra khoéi canh véi van tbc cao, va dap
trwec tiép voi de va cé thé bj bat lai va va dap voi
dau buatrén canh rotor. Qué trinh nay cé thé Ip di,
l&p lai. Khi ¢ng suét va cham |én hon (rng suét bén
clia vat liéu, hat vat liéu bj v&. Ngoaira, trong hanh
trinh chuyén dong, hat vat liéu con cé thé va cham
v&i cac hat vat liéu dang roi xubng hodc v&i cac
hat vat liéu ndm trén vanh de, cling gy nén va dap
lam v& cac hat vat liéu. Két ciu cta vanh de cling
nhw vi tri twong dbi clia né so véi canh rotor lam
cho hat vat liéu khi bat khdi mat de chuyén dong
lén trén trwde khi roi xudng, lam tang kha ndng va
cham v&i cac hat vat liéu vang khdi canh rotor va
bi v& tiép. Ty theo tinh chét vat liéu nghién, co6 thé
diéu chinh lwong vat liéu qua canh rotor bang van
diéu chinh 1, hodc ctra phan phéi 2 dé& dam bao
qua trinh nghién vat liéu dat yéu cau ky thuat. Khi
vat liéu bi v& dén kich thudc dat yéu cau thi chay
ra theo mang thao.

Trong mét s6 cong trinh nghién ctu, canh rotor
co bién dang hinh cong [1, 2, 5, 8]. Nhuw R. Rychel
(2001), da dwa ra bién dang canh rotor c6 dang hinh

e
e e

cong trong cbng trinh nghién cru [8] (Hinh H.2a).
Trén co s& bién dang nay da khdo sat dong hoc
chuyén dong hat vat liéu trén canh, déng lywc hoc va
dap cua hat vat liéu. Cling trong céng trinh nay cé
dé cap dén canh rotor ciia VS| dang thang. Thuc té,
hién nay, nhiéu VSI trén thi treéng ciing c6 két cau
canh rotor dang thang (Hinh H.2b; H.2c). Bengtsson
M. et al (2009) [2], Grunditz S. (2021) [5] cling trén
co s& cac nghién ctru cla R. Rychel véi canh rotor
c6 bién dang cong, mé ta chuyén dong cta hat vat
liéu trén canh, dong lyc hoc va dap vat liéu. Grunditz
S. tién hanh md phdng chuyén dong dong vat liéu
bang phan mém. Nhiéu cdng trinh nghién ctru tiép
theo di sdu vao nghién clru anh hwéng cac thong
s chi tiét may VSI t¢i cac thong sb lam viéc, chi
yéu dung cac phan mém mé phdng vat liéu rdi. Noi
chung, cac cong trinh déu da néu dua ra cac két
qua nghién clru da dat dwoc. Tuy nhién, mot thong
sb rat quan trong |a bién dang cla cla canh, xuét
phat clia cac nghién ctu dong hoc chuyén déng hat
vat liéu, cu thé 1a phwong trinh bién dang canh chwa
¢6 du théng tin. Trong [1], cac tac gia da trich dan
két qua nghién clru clia nudc ngoai, néu duwdng
cong canh rotor la dwong logarit, mé ta béi phwong
trinh trong hé toa dd cwc la r=aq, tr d6 dua ra
moét sd phuong trinh déng lwc hoc ctia hat vat liéu
chuyén déng trén canh.

H.2. Cac dang bién dang canh rotor may nghién trucding
a) Dang cong; b, ¢) Dang thang

Dé thuan loi trong ché tao, c6 thé 4p dung bién
dang canh rotor VSI la dang canh cung tron (Hinh
H.3). Bbi v&i bién dang canh dang nay, trén day

cung AB, véi goc dat B, ndi Avai B bang cung tron
v&i ban kinh canh R . Bién dang canh rotor khi nay
la cung vaveigoécrala .
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H.3. Canh rotor dang cung tron

a7

2.2. Xac dinh quan hé cac théng sé hinh hoc
canh rotor dang cung tron
Pbi voi canh rotor VSI, mot sé thong sb sau
thong thuwong la nhivng théng sb ban dau khi
thiét ké rotor cling nhw canh cta no, dé la: 1)
Bwong kinh trong r, va dwong kinh ngoai R; 2)
Goc ra B.Twr Hinh H.3 co thé thay: B < B, (goc
ra canh cung tron nhd hon géc ra canh thang la
day cung AB).

Xem xét cac trwong hop dac biét cla canh
rotor dang thang: canh thdng hwéng tdm (Hinh
H.4a); canh thang tiép tuyén (Hinh H.4b).

H.4. Cac trudng hop dic biét ctia canh rotor dang thang

a) Hudng tam; b) Tiép tuyén

Quan hé giita B, R, r, thé hién bang biéu thirc:
- Canh thang huéng tam: B = 90°
. ‘ ‘ . T
- Canh thang tiép tuyén: B, = 90° — arcsmEO
Gi6i han bién ddi ca Bo
0 - To o 1
90° — arcsin— <B,<90° (1)

Trong do: r - BPuwong kinh trong canh rotor, m;
R - Buwong kinh ngoai canh rotor, m.

Dé xac dinh cac thong sb hinh hoc canh rotor
dang cong vé&i cac théng sb ch truéc R, r, B xem
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xét cac thdng sé hinh boc clia canh thé hién trén
Hinh H.5.

Géco, = Aagxéc dinh theo cdng thirc
Pabo = Ppa T+ ,80 - 900 2)

Trong dé: Ppa - Goc gitra day cung AB va truc
oy, do

(Ppa = arcsin (ri cosf,) (3)

. R
Pabo = Bo — 90° + arcsin (T_OCOSBO) (4)
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H.5. Cac théng sd hinh hoc canh rotor dang cung tron H.6. Cac thong s6 hinh hoc khi A chuyén téi A’
Xét quan hé hinh hoc giira cac kich thwéc xac dinh dwoc chiéu dai day cung canh I, = AB
1/2

I, = {RZ + 12 — 2R7,cos [ﬁo —90° + arcsin (:;o COSﬁo)]} ®)

Vi tm clia canh dang cung tron AB nam tai 0, , tam hé toadd x; 0,y,. Tam 0, cb toa df trong
hé toa dd x0y l1a x,1, y,1 , Xac dinh dwgc goc @1~ goc chan cung AB

Panr = 2[(90° = B) — arcsin (2sin @ano) 6)

Ban kinh cung canh rotor dang cung tron R, xac dinh theo cong thirc

R, = ke 7)

€ 25in[(900—ﬁ’)—arcsin (ll—gsin ‘Pabo)]
Toa do tam 0, trong hé toa dd x0y

Xo1 = R¢sin (90° — @, + arcsin ;—;C) (8)

Yo1 = R. cos (90" — Qpg + arcsin ;Tf) -1, 9)

C

Khodng céach [, gitra tdm 0 va 0, c6 thé xac dinh tr cac cdng thire (8), (9) ho&c theo cong thire

l, = [RE + 12 — 2R 7,c0s (90° — @, + arc Zl—;c)]l/z (10)
Dé khao sat chuyén dong clia hat vat lieu lién quan phuc vu tinh toan déng hoc hat vat liéu
trén canh, can xac dinh cac thong sd hinh hoc  chuyén ddng trén canh.
lién quan. Khi hat vat liéu dich chuyén tir diém A Véi cac cdng thire xac dinh cac théng s hinh
dén diém A’, twong &ng goc quay hat vat liéu 1a  hoc da néu, cé thé dung dé trong khao sat chuyén
6¢A (Hinh H.6). Xac dinh cac thong s6 hinh hoc dong clia hat vat liéu trén canh rotor.
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Ban kinh quay r5 cua hat vat liéu xac dinh theo céng thirc

o Xo1 2 2 0 Xo1 2 2 1/2
rs = l,cos [180 — (6,4 +arctg E] + {locos [180 — (8p4 + arctg E)] - (s - RC} (11)

Twong tng vGi goc quay 6, cua hat vat liéu trong hé toa do x0y , trong hé toa d6 x,0,y, ,

hat vat liéu cling quy mét goc 6,41 Quan hé gilra 5,4, VOi 6,4 xac dinh theo cong thirc

rg +15—21§75C058 oA

8pa1 = arccos (1 —

) (12)

2R?

Khi d6 goéc ra hat vat liéu 8, xac dinh theo cong thirc

R2+12-13
Bar = arccos —=——2—2
cTs

3. KET QUA VA THAO LUAN

> T phan tich hinh hoc c6 thé thay, canh rotor
dang cung tron ctia VSI ¢6 nhitng dac diém sau:

- Khi ban kinh canh , canh rotor tré thanh canh
thang, la chinh day cung AB, géc ra khi nay 14 ;

- Khi da xac dinh dwoc quan hé cac théng
s6 hinh hoc cha canh rotor dang cung tron, cé
thé dung cac két qua nay tinh toan, mé phéng
chuyén déng hat vat liéu trén canh, xac dinh cac
thdng sb két cdu, dong hoc hop ly clia canh rotor
va ban than rotor béng tinh toan hoac ap dung
cac phan mém;

- Két qua nghién cru quan hé cac théng sé hinh
hoc cla canh rotor dang cung tron ciing c6 thé ap
dung cho cac canh rotor cé bién dang dwdng cong
khac, bang cach xap xi cac doan bién dang canh
nay thanh tirng doan cwc nhéd véi ban kinh cung
tron twong dwong, dwoc xac dinh béng tinh toan;

TAILIEU THAM KHAO

(13)

- Céng nghé ché tao canh rotor dang cung tron
don gian hon, d& kiém tra.

> V6i cac cong thire da thiét 1ap c6 thé ap dung
trong tinh toan thiét ké chon céc kich thwéc hinh
hoc canh rotor VSI, trong khdo khao sat doéng hoc
hat vat liéu trén canh dang cung tron cling nhw cac
dang canh cong khac.

4. KET LUAN

> May nghién va dap truc ding (VSI) c6 cac
rotor v&i canh dang thang, dang cong. C6 thé ap
dung canh dang cung tron cho VSI;

> Dé tinh toan, thiét ké rotor VSI v&i canh dang
cung tron can xac dinh quan hé cac théng sb hinh
hoc ctia né. Cac cong thirc da thiét 1ap co thé ap
dung trong tinh toan thiét k& chon cac kich thuéc
hinh hoc canh rotor VSI, trong khdo khdo sat déng
hoc hat vat liéu trén canh dang cung tron cling nhw
cac dang canh cong khac O
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RESEARCH AND ESTABLISH THE GEOMETRICAL PARAMETERS OF
CENTRIFUGAL ROTOR BLADES OF VERTICAL SHAFT IMPACT CRUSHERS
Ta Ngoc Hai, Nguyen Dang Tan

ABSTRACT

Currently, artificial sand is very popular used to replace natural sand, the use of vertical shaft impact
crushers will create a new solution in construction and bring much more benefits than using natural sand.
Vertical shaft impact crushers (VS| crushers) are mainly used in the construction and mining industries to
produce high-grade profiled aggregates, artificial sand. The VSl is a crusher for coarse and fine crushing
of hard, brittle materials and is used to improve the grain shape quality of the crushed materials. The
design of VSI crusher components has a significant effect on equipment productivity. In particular, the
proper profile of the centrifugal rotor has a significant influence on the crushing efficiency. Normally,
the profile of the centrifugal rotor is determined empirically. Therefore, the collision angle between the
incoming material particles and the impact plate is virtually unknown. On empirical design, the angle of
impact may be outside the optimal angle. Centrifugal rotor profiles have many different profiles. However,
the construction of these profiles for VSI crusher design has not been fully covered in recent studies.
Therefore, this study focuses on establishing the VSl blade profile as a basis for determining the motion
trajectory of the material particles in the centrifugal rotor as well as the velocity vector of the material
particles at the outlet of the centrifugal rotor.

Keywords: VSI crusher, centrifugal rotor, profile, velocity, impact
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