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NGHIEN CUU TiNH TOAN THIET KE MAY NGHIEN BI RUNG
TRONG CONG NGHE NGHIEN SIEU MIN VAT LIEU XAY DUNG

Nguyén Quéc Cwéng ', Tran Van Tuan*

Tém tat: May nghién bi rung dugc st dung trong nhiéu linh vire, déc biét la trong cong nghé nghién min va
siéu min vat liéu xay dung, dung dé nghién céc phu gia trong céng nghé san xuét xi mang nham mang lai hiéu
qua kinh té cao va gitip cai thién dang ké chat luong ctia xi mang. Tuy nhién, viéc khai thac va st dung hiéu
qua may nghién bi rung & Viét Nam vén con nhiéu han ché. Vi vay viéc nghién ctru chuyén sau vé may nghién
bi rung dé phuc vu cho viéc tinh toéan thiét ké trong nudrc Ia hét sire can thiét. Bai bdo nay sé di vao phan tich
va khéo sat cac théng sé dao ddng ctia may va hén hop vét nghién, bi nghién nhir bién dé dao déng, véan tée,
gia tbc dé ttr d6 lam co sé xay dung phuong phép tinh toén thiét ké céc loai may nghién bi rung.

Tirkhéa: May nghién birung; théng sé dao dong.

Summary: Vibrating ball mills widely used in various fields, especially in the technology of construction
material ultra-fine and fine grinding to grind additives in cement manufacture with the purpose of achieving
high economic efficiency while still ensuring high quality of cement. However, the exploitation and efficient
use of vibrating ball mills in Vietnam is still limited. Therefore the in-depth study of vibrating ball mills to
serve the domestic calculation and design of the same is essential. This article will focus on the analysis
and study of the oscillation parameters of the mills and ground material mix and grinding balls such as
fluctuation amplitude, velocity, acceleration, based on which to build the method for calculation and design
of vibrating ball mills is established.

Keywords: Vibration ball mills; vibration parameters.
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(® 1.patvanaé

Ngay nay, hang nam trén thé gidi co hang triéu tAn chat bt dwoc tao ra véi cac muc dich st dung
khac nhau nhw: vat liéu xay dwng, nhién liéu cacbon, quang, khoang san, hoa chét, dwoc pham, my pham,
thwe phdm... chatbot dang micro c6 dwong kinh hat dwdi 1+ 5um va hat nano c6 dwéng kinh dwdi 50 + 300
nm. Hau hét cac loai hat nay dwoc tao ra tir cac hat chat ran Ién hon théng qua mét hay nhiéu céng doan
nghién [4]. Trong cdng nghé sén xuét vat lidu xay dwng thi dd min cla vat liéu sau khi nghién mang mét y
nghTa dic biét quan trong trong viéc (rng dung san xuét xi méng, dé gdm, bot son... Trong nhirng diéu kién
nhét dinh thi may nghién bi rung mang lai nhirng hiéu qua vwot trdi hon so véi cac loai may nghién khac, véi
kich thuwée hat nghién co thé 1én téi 1 + 10um [2]. Cac may nghién bi rung thuéng duoc ldp dat trong cac
day chuyén nghién lam viéc lién tuc, theo mét chu trinh kin, dam bao chéng bui va san pham cé dd min déng
nhatcao [1].

Trong tai liéu [1] tac gia da dwa ra bai toan rung cdng hwéng trong may nghién bj rung va tién hanh
khéo sat ché do lam viéc cong huwdng vai diéu kién khao sat la ty sé tbng dé cirng |6 xo theo hai phuong
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k=C,/C, = 1. Hién nay trén thé gi¢i ciing chuwa cé nghién clru va tinh toan cy thé vé tdng do cirng clia I6 xo
theo hai phwong trén may nghién bi rung, chinh vi vay bai bao nay sé di khao sat trwéng hop phd bién hon
lak=C,/JC,*1vamircdd anh hudng clia van toc goc w 1én bién dd, van tde, gia toc trong qua trinh 1am viéc.
Dé tir d6 lam co sé xay dwng phwong phap tinh toan thiét ké cac loai may nghién birung.
@ 2. Mé hinh may nghién birung

2.1Gidithiéu

Hinh 1. So dé cdu tao cia may nghién bi rung quan tinh [1]
1. Than may; 2. Co cau gay rung; 3. Cac yéu té dan hoi; 4. Vo may

Hinh 1 trinh bay cAu tao chung clia may nghién bi rung bao gbm phan than may (1) ¢ chiva 80% thé
tich Ia bi nghién va vat liéu nghién. Truc Iéch tdm (2) va vé may (4) dwoc dat trén cac 16 xo (3) 1a cac phan tor
dan héi. Trén mot sd may cac 16 xo nay c6 thé dwgc lam bang cao su hodc vat liéu co tinh chat dan hoi. Hé
théng dan déng truc léch tAm nhd déng co théng qua khép néi mém. Véitde dd quay cha truc léch tam tir 20
+ 50 vong/s, vé may va bi nghién cung vat liéu chuyén ddng theo quy dao gan nhw 1a mdt dwérng tron. Loai
nay duoc str dung trong Iinh vire san xuét cac hoa chat hoa hoc céng nghiép, san xuét xi mang, dé gébm, bot
mau trong s&n xuatson. ..

Dong may nay theo [4, 5] co nhirng wu diém sau: Dat dwoc do nghién min cao; San pham thu dwoc
sau khi nghién cé dé déng nhéat cao; Cu tao don gidn va van hanh dé dang; Chi phi dau tw, van hanh va bao
trl thap; Pham vi st dung lén (c6 thé dung nghién ca vat liéu ran va vat lieu mém, dwoc iing dung trong ca
coéng nghé nghién khé va nghién wét).

2.2 Mé hinh déng lwrc hoc may nghién bi rung

Téng khéi lwgng dao dong 1a M bao
gom khéi lwong tang nghién, truc léch tam
va khdi lwgng cla hén hop vat nghién, bi
nghién dao déng theo hai phuwong Ox, Oy i/
quanh vi tri can béng 0. M6 hinh co hoc
clia tang nghién duoc thé hién & Hinh 2 13
co hé dao déng mot khdi lwong hai
phuwong cé can. 3

trong dé: (1) 1a khéi lwong dao déng; (2) 1a
co chu gay rung; (3) 1a 16 xo va (4) la phan
tr dan hoi.

Hinh 2. Mé hinh co hoc ctia tang nghién
may nghién rung théng thuong
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Hé phwong trinh vi phan chuyén déng clia co hé dao déng Hinh 2 c6 dang:
{M.S& +b, x+C,x =m,.R.w2coswt )
s . — 2 .
M.y + by.y+(?y.y—m0.R.u) .sinwt ‘

trong d6: M la tbng khéi lwong tham gia dao déng, M =m, + m, + k.(m, + m,), (kg); m, la khdi lwgng truc léch
tam, (kg); m, la khéi lwong vé may khéng tinh dén bi nghién, (kg); m, la khéi lwong bi nghién, (kg); m, 1a khéi
lwong véat liéu nghién, (kg); k 1a hé sb tham gia dao ddng cua bi nghién va vat liéu nghién, k = 0,25+0,3; C,, C,
la tdng d cirng clia 16 xo theo 2 phwong, (N/m ); b,, b, 1a hé s6 gidm chan theo 2 phuong, (N.s/m ); w 1a van
tbc goc cla khéi gay rung, (rad/s); R la ban kinh Iech tam cda khéi gay rung, (m); t 1a thei gian, (s)va F, =
m,.R.w’ la bién do lwc gay rung, (N).

Nghiém dao déng 6n dinh cwéng blre clia (1) la:

X =X,.cos(w.t-,) (2)

y =Y. sin(w.t-¢) (3)
2 2

Vo x, = m,.R.w _ my.R.w (4)

J(C -M.w2)2+bx.w2; . \/(C -M.w? ) +b, .0

= arctag——*—— ¢,= arctag——— (%)
(wox W) (woy w?)
Wy = %‘- la tan sb dao déng riéng theo phuong Ox (6)
[C i
Wey = Vy la tan s6 dao ddng riéng theo phwong Oy (7)

(@ 3.Thiétké vakhao sat may nghién birung

3.1 Chon so'bd mét sé théng s6 ctia may nghién birung

Sau khi tim hiéu may nghién bi rung M10-3 trén thuiec té tai Vién Nghién cleu va 'ng dung vét liéu xay
dwng Nhiét doi - Trweérng Pai hoc Xay dwng. Két hop thém véi tinh toan so bd ta thu dwoc cac théng sb k§
thuat ctia may nghién bi M10-3 nhw sau: Ban kinh léch tm cua truc gay rung 1a 0,064 m, khéi lwong truc léch
tam 14 0,27 kg, khéi lwgng bi nghién 1a 36 kg va khéi lwong vat liéu nghién la 5 kg.

Theo [1] téng khéi lwgng tham gia dao déng sé la: M = m, + m, + k.(m, + m,). V&i k 1a hé s tham gia
dao déng clia bi va vét liéu nghién, theo kinh nghiém cé thé chon k=0,3. V&i trong lwong cla vé may (khéng
tinh dén trong lrong bi nghién) m, = 10 (kg), m, = 0,27 (kg) la khéi lwgng truc gay rung, thay vao ta cé tbng
khéi lwong tham gia dao dong sé la:

M=10+0,27+0,3.(36 +5)=22,57 (kg)

Téan sb rung phu thudc vao déng co gay rung. Chon dong co ¢co the dé n = 2900 (vong/phut) (ng véi
w,, =n.1/30 = 304 (rad/s).

3.2 Tinh toan dao déng ctia may nghién bitheo hai phwong

3.2.1 Tinh toan lo xo

Theo [3] ta c6 thé xac dinh dwoc do clrng clia lo xo xoan try theo phwong dirng Oy theo cdng thire
gan ding duwéi day:

w_ d'G

Y 64.nR}
trong dé: d la dwdrng kinh sgilo xo, (m): R, 1a ban kinh trung binh clia 16 xo, (m); n 1a sé vong lam viéc, (vong)
va Glamé dun treot (G=7,7.10" N/m°).

Sau khi tim hiéu 16 xo trén thuc té, két hop thém véi tinh todn so bd va do dac lai dé cleng 16 xo tai
phong thi nghiém ta chon 16 xo ¢ cac théng s6 nhw sau:

:N/m (8)
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qu/ YT (2
Bang 1. Céc théng s6 cua 16 xo
Pwong kinh | Pwéng kinh Ban kinh Is.o Vé.lfg Chiéu dai Do cirng S6 lweng
day lo xod | trung binh D, | trung binh R,, cﬂaan:év;f:n tw nhién L, 1l6x0C m
(m) (m) (m) (véng) (m) (N/m) (chiec)
0,008 0,032 0,016 8 0,088 150390,6 8
Thay cac gia tri vao (8) ta co:
008* .10
1k — O’i =150390,6 (N/m)

L 64.8.0,016°
Theo phwong Oy ta b tri 8 16 xo dirng, nén tdng d6 cirng clia |6 xo theo phwong dirng la:
ZCy= C;"‘.B =150390,6.8 = 1203124,8 (N/m)
Theo tai liéu [3] d6 clrng cliia mot 16 xo theo phwong dirng Oy tac dung 1én phwong ngang Ox dugc
tinh theo cong thirc sau:

R 9)

T

trong d6: F, la lwc tac dung 1én mét 16 xo ding, gém co 1/8 trong lwgng ban than khoi lwgng dao dong F,, luc
xiétmot1o xo dirng F,,, (néu co) va 1/8 lyckich rung F.

1lx —
C=

F,=1/8.F,+F 4, * 1/8.F, (10)
V6i: F,=M.g=22,57.10 =225,7 (N) (11)
Fx\él(y):ny' AYx\ét (12)

C,*=150390,6 (N/m); AY  1a d6 bién dang ciia I6 xo dirng khi xiét, AY . = 0,001 (m); F ..., = C} AY
=150390,6.0,001 = 150,3906 (N).

F,lalwc kich rung dwoc tinh nhw sau:

F.=m,.R.w’=0,27.0,064.3042 = 1597 (N)

Thay (11),(12),(13) vao (10)ta co:

(13)

F,=1/8.F,+F,,* 1/8.F,=1/8.225,7 +150,3906 +1/8. 1597=377,6 (N) (14)
L, 1& chiéu dai lam viéc ctia 1o xo dirng:
F 377,6

L=L,--L-d =0,088- ————— -0,008 =0,07749 (m 15

R C, g 150390,6 () (19)
B, - D6 clrng udn cia 16 xo ding, theo [3] dd cirng udn dworc tinh nhu sau:

A

B, = D2 Ly 16

B, - E)Q clrng u6n clia |6 xo dirng, theo [3] 8 ctrng ubn dwoc tinh nhw sau:
trong d6 : v 1a hé sé co dan ngang, véi thép v=0,3; D, = 0,032 (m) la dwéng kinh trung binh ctia 16 xo ding;
C, = 150390,6 (N/m) la do cirng cla mét 16 xo theo phwong dirng; L, = 0,07749 (m) la chiéu dai lam viéc cla
16 x0 dirng.

B, = (1 +0 3) 0,0322150390,6. 0,07749
2.(2+0,3)
S, ladé clrng trvot cia lo xo dirng, theo [3]d6 clrng truot dwoc tinh nhw sau:

Sy=2.(1+v).Cy.Ly, (N)

Thay vao (16) tacé: =337 (N.m?)

(17)

trong do: v la hé sb co dan ngang, véi thép v = 0,3; C, = 150390,6 (N/m) la d6 cirng ctia mét 16 xo theo
phurong dieng; L, = 0,07749 (m) 1 chiéu dai lam viéc clia 16 xo dirng
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S,=2.(1+0,3).150390,6 . 0,07749 =30299,8 (N) (18)
L, (F F
o=l |& (4. F|.o007749 377,6_[1_ 377,6 ]:0,41 (19)
2°\B, S 2 3,37 30299,8
Thay (14),(15),(16),(18),(19) véo (9) ta c6:
F, 3776

Cﬂx -

' F)we | 3776 ) tg0,41
v | 28 4| 0,07749.||1+ ) -1
7 {{1 ' s, J 6 1} H 30299,8 ) 0,41

= 65725,6 (N/m)

Vay tbng dé clrng cliald xo thure theo phuwong ding Oy tac dung 1&én phuong ngang Ox la:
> C= m,.C)*=8.65725,6 = 525804,8  (N/m) (20)

Téan sb dao déng theo phwong Ox dworce tinh theo cong thive:

C
i = [>.C, _ [525804.8 R 21)
M 22,57

Téan s6 dao ddng theo phwong Oy dworc tinh theo cong thire:

>0 1203124,8
= L = =230,8 (radls (22)
Wor TN T\ 2257 Enie)

3.2.2 Bién dé dao déng

- Bién dé dao ddng ngang theo phuong Ox duoc xac dinh theo biéu thire:

X, = 1000.m,R.w? i) (23)

M.\/(wﬁx - uuﬁ,)2 +4.hlw}

Theo [6], [7] hé s6 can h, = 10 + 100 (1/s), gia thiét hé sb can hx khéng thay dbi trong qua trinh nghién

vatliéu vachonh, =50 (1/s).

Thay vao (23)ta cé:
1000.myR.w}, _ 1000.0,27.0,064.3042

M.\/(ng- w? Jranw? 22,57.\/(152,62 -3042 J'+ 4.50% 3042

- Bién d§ dao dong doc theo phwong Oy dwgc xac dinh theo bidu thirc:
1000.m,R.w; . (mm) (24)

M.\j(wﬁy - wi)2+ 4.h2w}
Theo [6], [7] hé s6 can h,= 10 + 100 (1/s), gia thiét hé s6 can h, khong thay ddi trong qua trinh nghién

=0,93 (mm)

vatliéuvachonh, =90 (1/s).
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Thay vao (24)ta cé:
= 1000.mR.w - 1000.0,27.0,064.304°

’ M.\j(wiy -w2 Y+ 4n2w? 22,57\](230,82 -304% ) + 4.902.3042
3.2.3 Bién do van téc
- Van tée dao dong theo phurrong ngang dugc xac dinh theo céng thire:
V., =w.X,, (mm/s) (25)
Thay w =w, =304 (rad/s), X,=0,93 (mm) vao (25) ta c6:
V,.=304.0,93=284,6 (mm/s)
-Van téc dao dong theo phwrong dirng dwoc xac dinh theo cong thirc:
V,=w.Y,, (mm/s) (26)
Thay w =w, =304 (rad/s), Y,= 1,05 (mm) vao (26) ta co:
V,,=304.1,05=319,2 (mm/s)

=1,05 (mm)
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3.2.4 Bién do gia téc
- Gia tbc dao déng theo phwrong ngang dwoc xac dinh theo céng thire:
: X, w?
X,=a,= -2
2 7% 1000
Thay w=wlv=2304 (rad/s), X,= 0,93 (mm)vao (27) ta co:
_Xw? - 0,93.3042

, (m/s?) (27)

A,z =859 (m/s’

#1000 1000 (mis)

- Gia tbc dao déng theo phwrong dirng dwoc xac dinh theo cong thirc:

Voa = e e (28)
S HDRo

Thay w=w, =304 (rad/s),Y,=1,05(mm)vao (28) ta co:
N w® _ 1,05.304* _
¥ 1000 1000

Theo tai liéu [1] da chira rang d& may lam viéc 6n dinh thi bién d6 dao dong ctia may nén nhé hon 14
(mm). Nhw vay, theo cac gia tri tinh toan & trén ta thay cac giatri X,, Y., V.., V.,, a,,, a,, déu co gia tri ndm trong
mién bién do lam viéc hop ly cla may, cac théng sb clia hé 1d xo 12 hoan toan hop ly.

3.3 So'dd khéi quy trinh tinh toan

Sau khi lya chon va tinh toan so bd cac théng sé ban dau ctia may nghién bi rung sé tién hanh tinh
toan va khao séat su phu thudc ciia bién dé, van téc, gia tbe vao tbe do goc trong qua trinh 1am viée tir dé tim
ra quy luat bién thién clia cac théng sé clia may nghién bi rung. Quy trinh dwoc thyee hién theo nhw so dé

khéi Hinh 3 duwoi day. @
o

X,.Y, < 14(mm)

/ Nhap cac théng sé dau VQV
M. g, iJ h hy @

97 (mis)

- Tinh V,, theo (25); X, theo (27)
Tinh C, theo (8); Tinh V,, theo (26); Y, theo (28)
C, theo (9);
el
, |
Chon 16 xo dirng Thay bién w vao (14),(15),
d, D,,n,Lo,m (16),(17),(19).(23).(24)
Cy, ZCy=m.Cy l

@ Tinh Cy(w); Woy(w);
@ Xa(w); Ya(w)

‘ + Vax =w. Xa(w)
Tinh F,, F,, Py, Ly B, S, + Vay =w.Ya(w)
By theo thir tu tir (10) dén (19) +Xa(uy=wXa(w)
‘ +Ya(w)=w!Ya(w)
+ Tinh w,, theo (21)
+ Tinh w,, theo (22) V& db thi

+ Tinh X, theo (23) @
+Tinh Y, theo (24)

Hinh 3. So dé khéi quy trinh tinh toan
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3.4 Kétqua khéo sat

Cac théng sé dau vao clia may nghién bi rung: Téng khéi lwgng tham gia dao dong M 14 22,57 kg, hé

sb can theo phwong ngang h, 1a 50 1/s, hé sé can theo phwong dirng hy la 90 1/s va hé sé poison v1a 0,3.

V&isw hé tro cla phén mém Microsoft Excel ta tién hanh khao sat co hé theo cac budc dwoc trinh
bay trong so d6 khéi hinh 3 va thu dwoc cac két qua dudi day:

Theo d6 thj Hinh 4 ta thay rang
bién doé dao dong cla co hé theo hai
phuwong tai trang thai lam viéc w,, =
304rad/slaX,=093mmvaY,=1,05
mm n&m trong mién bién dd lam viéc
hop ly ciia may, phi hgp véi qua trinh
nghién vat liéu. Sy chénh léch vé cac
gia tri bién d6 dao dong theo hai
phuwong la khéng dang ké. Dam bao
6n dinh quy dao chuyén déng cua bi
nghién gan nhw la dwdng tron.

Theo nguyén Iy nghién, vat
nghién dugc ép va miét vé do chuyén
déng twong dbéi gitba vat liéu va bi
nghién, dong thei nhé lyc ma sat voi
vé may va lwe ly tam mét sé vat nghién
dwoc nang lén dén dé cao nhét dinh
va roi xubng dé nghién nho vat liéu
[2]. Nhw vay tir 6 thi Hinh 5 ta thay dé
tao duwoc lwe nghién va sw va cham
twong ddi gitva bi - vat liéu - tang
nghién tai gia tri w, = 304 rad/s thi van
tbe theo phwong ngang sé nhé gép
284,6/319,2 = 0,89 lan phwong dirng,
dam bao hiéu qua trong qua trinh
nghién.

Theo [4] gia tbe chuyén déng
cla may nghién birung nén ndm trong
khoang tir 60 + 300 (m/s’). Nhw vay
Hinh 6 cho thay ty sé gia téc theo hai
phwong tai tAn sb lam viéc w, = 304
rad/s la a,/a,, = 85,9 /97 = 0,88 co tac
dung lam tang hiéu qua trong qua
trinh nghién va cac gia tri nay déu nam
trong khodng bién dé gia téc lam viéc
hoply.
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X, (mm) Y, (mm)
5 : : 5
45 45
4 — 0 4
3.5 T ‘ ' ' ‘ i i i i r 3.5
3 i | i i i = 3
25 - 2.5
2 - 2
1.5 1.5
1 1
0.5 | 0.5
0 0

0 50 100 150 200 250 300 350 400 450 500
X(w) va Y(w) wiv (rad/s)
Hinh 4. D6 thj bién do - tin s6 X,(w), Y.(w)

V.. (mm/s) V,, (mm/s)
1000 —— 11— —— 1000
900 ——+—f—+—t+—f—+—1—1— 900
800 800
700 v : 700
600 | - 600
500 | - 500
400 | . 400
300 | - 300
200 | - 200
100 | - 100
0] 0
0 50 100 150 200 250 300 350 400 450 500

V, (W) va V, (w) wlv (rad/s)

Hinh 5. D6 thj véan téc - tan s6 V, (w), V, (w)

a, (m/s?) a,, (m/s?)
400 T 400
38O — 350
300 —t—t—t—+—t+—+—+—f— 300
250 - 250
200 . 200
150 - 150
100 100

50 - 50

0 |
0 50 100 150 200 250 300 350 400 450 500
Az w)va a,(w) wiv (rad/s)

Hinh 6. D6 thi gia téc - tan s a,,(w),a,,(w)
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Quy¥ dao chuyén dong clia tang nghién va vat nghién dwoc thé hién & trén Hinh 7.

y Do quy dao chuyén déng cla tang

i nghién gan tron, nén theo [5] mét sé nghién

L clru vé may nghién bi rung cho thy cac xung
'''' 3 lwe chl yéu duoc tao ra dwdi nhitng tac dong

Pyt =0)_ ) Y théng thuéng, cac vat nghién chi yéu la chiu

tac dong cla (rng suat. Sy phan bd cac tac
déng nay lén bé mét tang nghién co tinh chat
chu ky, khéng dbng nhét, né tap trung trong
pham vi tlr 90° < p < 180°. Mat khac, khu vic
chiu tac déng cuia lyc ma sat lai dwoc xép nho
hon so v&i cac tac dong thong thudng nay voi
mét gia tri téi da trong pham vi 0°< @ < 90°. Véi
Vi fri tang nghién nhirng rung dong tron ddng nhat nay sé giup
foithdidiém s N\~ qua trinh chuyén déng va bién dé dao déng
Vi tri tang nghién D/2 cla hén hop vat nghién, binghién &n dinh, may

tai thoi diém =0 lam viéc hiéu qua hon.

Hinh 7. Quy dao chuyén dong cta tang nghién [5]

(® 4.Kétluan

Trong gi@i han nghién clru ctia bai bao, véi cac két qua nghién clru ly thuyét va khdo sat bang sé thu
dworc trén may thuc, da xac dinh dwoc quy trinh tinh toan cac théng sé dao dong cliia may nghién bi rung
cling nhuw tim ra quy luat bién thién ctia cac théng sé nay. Tlr d6 lam co' sé cho viéc tinh toan thiét ké, ché tao
va thir nghiém may nghién bi rung trong céng nghé nghién siéu min vat liéu xay dwng tai Viét Nam.
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