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TOM TAT

Bai bao ndy trinh bay phuong phap phan tich dong lyc hoc nguoc cua co cAu may mai
nghién chi tiét quang CNC MB-250. Bang viéc sir dung phuong trinh Lagrang dang nhan tr cho
cac toa do suy rong du ddi v6i co hé co ciu tric mach vong (dang giai tich va ma trdn), ching
t6i da thiét 1ap duoc hé phuong trinh vi phén chuyén dong ctia co cAu may, tir d6 xac dinh duoc
momen lyuc dat vao khau dan. Két qua cua bai toan duoc ding dé nghién ctru diéu kién cin bang
dong cuia khép dia ga va dia nghién va nang cao do chinh xac gia cong.

Tir khéa: dong luc hoc nguoc, co cdu, phuong trinh Lagring nhan tir, may mai nghién chi tiét
quang, CNC MB-250.

1. MO PAU

Van dé nghién ctru anh huéng cua cac luc tac dung 1én co céu khi mai nghién chi tiét
quang, dé nang cao do chinh xac gia cong, 1a van dé dat ra d6i voi cac nha cong nghé. Nhiém vy
nay sé giai quyét duoc khi nghién ctru dong luc hoc co cdu may mai nghién.

Sau khi nghién ctru anh hudng cia cac yéu té dong hoc co cdu may dén do chinh xac gia
cong, thi viée ning cao d6 chinh xac tao hinh bé mat chi tiét quang khi mai nghién theo huéng
nghién ciru anh hudng cia cac yéu té dong luc hoc co ciu clia may, 1a mot trong nhiing bién
phap hiéu qua can dugc nghién ctru [1].

Xét may mai nghién chi tiét quang CNC MB-250, co céu khau trén c6 dang bdn khau don
ban 1&, hién dang dugc su dung tai Phong thi nghiém Co khi chinh x4ac, B mén Co khi chinh
xac va Quang hoc, Vién Co khi, Truong Pai hoc Bach khoa Ha Noi.

Viéc nghién ciru ddng luc hoc co cau may mai nghién c6 thé s dung cac két qua nghién
citu gan day cua dong lyc hoc hé nhiéu vat, de¢ thiét 1ap cac cong thirc xac dinh mémen dong dat
vao khau dan.
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a. May CNC MB-250. b. Cum co ciu khau trén.
Hinh 1. Méay mai nghién CNC MB-250.

Trong bai bao nay, trinh bay vi¢c xay dung va gidi bai toan dong luc hoc ngugc co
cdu may nghién chi tiét quang CNC MB-250, bang viéc st dung dang giai tich va dang
ma tran cua phuong trinh Lagring dang nhan tir cho céac toa do suy rong du dbi véi co
hé ¢6 ciu tric mach vong, dung dé thiét 1ap hé phuong trinh vi phan chuyén dong cua co
cAu may, xac dinh dugc momen dong dat vao khau dan [4].

2. PHUONG TRINH LAGRANG DANG NHAN TU CHO CAC TQA PQ SUY RONG DU
POI VOI CO HE CO CAU TRUC MACH VONG [2], [5]

Pinh Iy 1 (Van Khang, 2010). Cho ma trdin A = A(x)€ R™” 1a mot ham cua vécto xe R” va
X(#) 1a mdt ham cua thoi gian, khi d6 dao ham ma tran A theo thoi gian duge xac dinh nhu sau:
dA 0A .
& = ﬁ (In ® X) (1)
dt 0x
Pinh ly 2 (Van Khang, 2010). Cho hai ma train A(x)e R™ va B(x)e R” 1a mot ham cua

vécto xe R”. Khi d6 dao ham ting phﬁn cua tich hai ma tran dugc xac dinh nhu sau:
d 0A(X) oB
E (A(X)B(x)) = x (B(X) I, ) +A— 2)

ox
trong d6, I, 1a ma tran vudng cip n.

Phuong trinh Lagrang dang nhan tir (3) duoc sir dung thiét 1ap hé phuong trinh vi phan
chuyén dong cua co hé ap dung cho céc co h¢ co li€n két holondm (phwong trinh lién két khong
chira vdn toc) va co6 cau truc mach vong voi toa do suy rong du:

M(q)d+C(q,q)q+F,A+g(q)=7(q) (3)
trong do:

f S6 bac tu do cua co hé
n S toa d6 suy rong n > f

T r A ~
q-= [ql s Grsenq, ] Vécto toa do suy rong
. . .7 , A ”
q= [ql sGrsenq, ] Vécto toc do suy rong.
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q= [ql 3 Gssenq, ]T Vécto gia toc suy rong.
a=n—f S6 phuong trinh lién két bo sung
f,i=0 (= r) Céc phuong trinh 1ién két bd sung
of Ma tran dao ham riéng cia cac phuong trinh lién két theo cac
F, =£ toa d0 suy rong, trong do: f=[f1,f2,fa]T
A= [/11 Ay seens /10!] Ma trén cac nhan tir Lagrang

3. XAY DUNG MO HINH VA GIAI BAI TOAN
3.1. Xac dinh khéi lwgng, mémen quén tinh khoi va toa dd khdi tim cac khiu
Dung cu va thiét bi do: st dung thudc cip (gia tri chia 0,5 mm) ’dé do chiéu dai va kich
thudce hinh hoc ctia cac khau va can dia (gia tri chia 0,01 kg) d€ can khoi lugng thyc té cua cac

khau. Két qua do duoc chi dan trong (bang 3.1).

Bdng 3.1. Két qua do kich thude va khéi luong cac khau.

Khau | Chiéu dai (mm) | Khéi lugng (kg)
0 310 -
1 29,5 2,42
2 158,5 0,56
3 285 8,84

Sir dung phan mém Autodesk Inventor 2012: dé thiét ké cac ban vé 3D cua cac khéu theo
cac kich thudc da do, voi vt liéu ché tao cac khau 1a thép CT45 (hoac co6 thé st dung cong nghé
Scan 3D d¢ xay dung cac mo hinh twong tng trén may tinh tu vat thé thuc).

Cac buorc tien hanh nhuw sau:

Buéce 1: St dung mdi truong thiét ké vat thé 3D (standart. mm) trén phdn mém Inventor
(viet tat la 1V) dé thiét ke cac khau theo cac thong s6 da do tur thye nghiém.

Buée 2: Thiét 1ap h¢ toa do vat cua khau.

Buée 3: St dung iProperties ctia IV, khai bao vt liéu va xuit cac két qua tinh toan.

Hinh 2a. Mo hinh 3D va hé toa
d6 vat ctia khau 1.

Hinh 2b. M6 hinh 3D va hé toa
d0 vat cia khau 2.

Hinh 2c. M6 hinh 3D va hé toa
dd vat ciia khau 3.
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Bdng 3.2. Céac két qua tinh toan trén phan mém Inventor 2012.

Khéi I, . Mo6men quéan Toa 45 khoi tim
Khau luong Chiéu dai, tinh khoi J, (mm)
T I S S I [
0 - 310 - - - -
1 2,452 29,5 4112,803 0 -2,624 -1,133
2 0,535 158,5 3111,601 52,633 0,001 -0,015
3 8,876 285 159558,986 65,306 -1,751 26,874

Khéi lugng cac khau trén bang tinh toan xap xi cac gia tri do dugce tir thuc nghiém.
3.2. Thiét 1ap hé phwong trinh vi phin chuyén dong

Khao sat mo hinh dong luc b()c cum co cAu khﬁu,trén (hinh 3) cua may mai nghién chi tiét
quang CNC MB-250 (co hé chuyén dong trong mat phang nam ngang).

y

N

Hinh 3. M0 hinh dong lyc hoc cum co cAu khau trén.

»>X

Goi: m,, 0,1, lan luot 1a khdi lugng, chiéu dai, momen quén tinh khdi cua khau thu i.

(cfcl.ﬂ Ci) 1a toa dd khdi tam Ci cua khau thr i trong hé toa do vat. S6 bac tu do cua hé [2]:

7
f=kip=n)+3.1, ()
i=l
trong d6: Co cau khong gian k =6, co ciu phiang k =3; £ 1a s6 bac tu do ctia co ciu; p 1a s6
khau dong; n,1a s6 lugng cac khép trong co ciu; /. 1a bac tu do cia khdp dong thir i.

_ Ché y rang, khi mai nghién chi tiét quang c6 bé mat phing hofc théu kinh - chi tiét c6 do
cau nho, nhu vy chuyén dong theo phuong z nho, do d6 co6 thé bo qua.

Suy ra, co ciu may c6 dang bon khau ban 18 phang, sb khau dong p =3, s6 cac khdp trong
cociu n, =4, sb bac tw do cta cic khép f,, = [, = [, = [, =1 (khép quay).

Thay vao cong thirc (4), ta ¢ s6 bac tu do cua co hé:
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£=33-4)+4=1.
Chon toa d¢ suy rong du: q = [% q, 4, ]T
Suy ra, cac véc to toc do suy rong va véc to gia toc suy rong lan luot la:
a=[4, ¢ &l a=[a & &l
Ap dung phwong trinh Lagrange dang nhdn t, ta co’

(d oT. oT of,
4oy o Mgy o )
dt dq," dq, 891 1 z 91
d oT, JT _
/1 6
\ dt(a ) oq, z 8q2 ©
d BT oT
—(—.)——=——+Q /1 )
| dt dq;  0q, dys ’ Z a%
3.2.1. Tinh dong nang cua co hé
Tinh ma tran khéi lugng suy rong M(q) :
3 3
M(q) =Y mJI7d, +> J1d,, (8)
i=1 i=1

Ta thiy ring, ma tran khéi lugng suy rong M(q) 12 m§t ma tran dbi xtng.
Dong ndng co hé tinh theo cong thuec:
1. .
I=7 q'M(q)q ©)
T dang thire cua phép doi truc song song Huyghen, suy ra dong nang cia co hé:

1 ) | 1 . . ..
r :E(Jl +m2112 )%2 +EJ2‘]22 +EJ3Q32 +myl, [é:cz COS(% _%)_ncz Sm(‘]z -4 )]‘11% (10)

3.2.2. Thé nang trong luc

Do co cau khau trén chuyén dong trong mat phiang nim ngang, suy ra thé ning cta co cau
so voi gbe thé ning bat ki 1a mot hang sd.

IT1=const (11)
do do:
H -
a—:0 Vk=1.3 (12)
dq,
3.2.3. Phurong trinh lién két
Dang vécto:
L+, =1+1 (13)

Chiéu (13) 1én cac truc toa d0 ta duoc:
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f, =1 cosq,+1,cosq,—I,cosq,—1,=0 (14)
f, =1 sing, +1,sing, -, sing, =0 (15)

3.2.4. Tinh luc suy rong cua cac lyc khong thé (luc phat dong)

Cho hé cac di chuyén c6 thé:
¢q, #20,¢q, #0,éq, 20

Khi 6, téng cong 4o cua cac luc khong thé 1a: CA=1 léql .
Tt do suy ra:

0 =7.0,=00,=0 (16)

3.2.5. Tinh cac dao ham, sau khi rut gon hé phwong trinh vi phan, thu duwoc hé phuong trinh

([ +md)i, +mol [, cos(g, =) =11, sin(q, — ))]d )
—m,l,[&, sin(q, —q,)+71,, cos(q, —q,)|¢; =7, +1,(4 sing, — A, cos q,)
{ b, +myl, [€,; cosq, —g,) 11, sin(g, —q,)]d, + s
+m,1, [&,, sin(q, —¢,)+71,, c0s(q, —q,) |4 =1, (4 sing, = 4, cos q,)
JyG, =L(—=A sing, + A, cos g,) (19)

Hé ba phuong trinh vi phan (17), (18), (19) va hai phuong trinh lién két (14), (15) tao thanh
hé nam phuong trinh vi phan dai s6 chtra nam an s6 q,,4,,q;,A,, 4, md ta chuyén dong ctia

cum co cAu khau trén.
3.3. Thuit toan tw dong héa thiét 1ap hé phwong trinh vi phan chuyén dong

Dé ty dong hoa trong viée thiét 14p cac phuong trinh vi phan chuyén dong cua co hé bét
ki néi chung va co cdu may mai nghién CNC MB-250 néi riéng, vi su tro gitip ciia phin mém
Maple, & day st dung dang ma tran cua phuong trinh Lagrang dang nhan ti.

Theo [5], d6i v6i co hé co lién két phi hol6ndm:

M(q){+C(q,4)q +F, A+ A'p+g(q) =f(q) (20)

Trong trudng hop cum co céu khau trén 1a mot co hé co lién két holondém (trong phwong
trinh lién két (14), (15) khéng chita vén téc) va cum co cdu chuyén dong trong mit phang nim
ngang, phuong trinh (20) c6 dang:

M(q)4 +C(q,9)q +F, 1 =1(q) 1)
trong do: A= [21 XZ]T 1 ma tran cac nhén tir Lagrang; M(q) : ma tran khéi luong suy rong,

duogc xac dinh tir cong thire (8); g(q) : ma tran luc suy rong cia cac luc c6 thé:

oIl T
g(q) = [aq] =[0 0 0] (22)
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F, - Ma tran dao ham riéng cua phuong trinh lién két theo cac toa do suy rong:

A 9 A

P - of _[dg, dq, dqy | [—Lsing, —lsing, Ising, 23)
Y ooq |9, o, I, l,cosq, [l,cosq, —I cosg,
dg, 9dq, g,
f(q) - Ma tran luc suy rong cua cac luc khong thé:
5 * « 7
f(q)=t(q)=[0.0;.0; | =[.0.0]' (24)
C(q,q) - Ma tran li tAm va Coriolis, ma tran nay c6 dang [5]:
a
.. OdM(q) .\ 1[{dM(q),.
C(q,q) = I ®q)-— 1 25
@D ="5 (I,®4)- 3 (g®I1,) (25)

Truong hop d6i véi cum co cdu khau trén, ma tran 1i tim va Coriolis c¢6 ¢ (3 x 3).

Thay cac két qua di tinh dugc vao phuwong trinh  (21) va
dat: J, = ml.( Czi +773i)+]i; i=1.3 thu dugc cac phuong trinh vi phan chuyén dong ciia hé
teong tu nhu (17), (18) va (19).

Thuét toan va chuong trinh Maple dung dé tu dong hoa viéc thiét 1ap hé phuong trinh vi
phan chuyén dong ctia cum co cau khau trén dugc trinh bay trong tai li€u [4].

3.4. Pong lue hoc ngwoc cum co cdu khau trén

Noi dung cua bai toan nay nhw sau:
Thoéng s6 dau vao:
q ,=Qt; g ,=Q=const; g ,=0
Xéc dinh momen phat dong dit vao khau 1 dé khau nay quay véi van toc goc:
q, = £ = const
Tur hai phuong trinh lién két (14), (15), véi goc quay q, =€t da biét, dua vao thuat toan
Newton-Raphson [3], hodc sir dung 1énh fsolve c6 sin trong phan mém Maple (Iénh nay dé gidi
phurong trinh phi tuyén hodc hé phiong trinh phi tuyén), xac dinh duoc q, =q,(t),q; = q5(t)
Pao ham hai vé cac phuong trinh lién két (14),(15) theo thoi gian, ta c6:
{—zlql sing, — 1,4, sing, +1,g,sing, =0 (26)
l,g,cosq, +1,4,co8q, —1,g;cosq; =0 (27)
Véi ¢, =Q; q,=q,(t); g, =¢,(¢t) da biét, tir hé¢ phuong trinh (14), (15) xac dinh duoc

0 (0.6(0)
DBao ham hai vé cac phuong trinh van toc (26), (27) theo thoi gian thu dwgc cac phuong
trinh gia toc:
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{_ Gy sing, —1,G, sing, + 1, sin g, _lqu Cos¢q, _lzq.zz Cosq, +l3432 cosg; =0 (28)
1,g, cos g, + LG, cos q, — LG, cos g, —1,¢; sing, —1,G; sin g, +1,g; sing, =0 (29)
véi q, =Qt; g, =€; ¢, =0 da cho, q,(?); ¢;(t); ¢,(t); ¢;(t) tim duogc tir hé phuong trinh
(28), (29) giai dugc G, (?),G;(7)

Nhu vay, dén day xac dinh dwoc cac dai luong sau: q,,q,,G5,G1G5>G5>G1>Go» G5

Thay véao cac phwong trinh vi phan chuyén dong (18) va (19), tim dugc cac nhan tir /11 , ﬂ?

Tir phwong trinh vi phan chuyén dong (17), x4c dinh dwoc mémen phat dong T,

=0+ mzl12)% +m,, [é:cz cos(q, —¢q,)—1,,sin(q, _%)]qz

—m,l, [é:cz sin(q, —q,) +1]., cos(q, _%)]‘222 — (4 sing, — 4, cosq,) (30)

Str dung chuong trinh Maple, dugc trinh bay trong phu luc 5 [4], tir cac s6 liéu trong bang
(3.2), giai dugc bai toan dong luc hoc nguoc co cau may mai nghién chi tiét quang CNC MB-
250, d6 thi md men tac dung 1én co cau duogc chi dan trén hinh 4.

DO THI MOMENT <1 DAT VAO KHAU DAN | CUM CO CAU KHAD TREN

ootn

oM gops

-0.005

-00tn

Hinh 4. D6 thi md men 7 | tac dung lén co cdu may CNC MB-250.

4. THU'C NGHIEM VA PANH GIA KET QUA NGHIEN CUU

Trong phan thyc nghiém & day tién hanh nghién ciru anh huéng cia moémen quan tinh. Do
khau 3 chuyén dong quay quanh truc co dinh, nén mémen quan tinh tac dung 1én né c6 dang:

Mqt(t)_ 3 %(t)

trong do, gia téc goc cua khau 3 1a d,(t) da dugc xac dinh tir bai toan dong hoc [3]. Str dung
chuong trinh Maple, v& dugc d6 thi biéu dién mbi quan hé giita van toc diém dau tdc, gia téc goc
khau 3 va mémen quan tinh tac dung vao khau 3 nhu céc hinh (5, 6 va 7):
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13

Gia toc goc khau 3, Rm‘l-'.\3|

| ---- Momen guan tinh cua khau 3,Nm — — Van toc dau toc K,m/s

Hinh 5. D6 thi mdmen quan tinh cua khau 3 véi n; = 30 v/ph.
095
075
06
045
0z
015
1}
015 ! 2 3
Thi gant(s)
-04
-0.353
-07
-0.25
-1
-1.13
-13
-1.45

Momen quan tinh cua khau 3 voi n=50 v-"ph.le

Hinh 6. D6 thi mémen quan tinh cua khau 3 v6i n, = 50 v/ph.

AL AN

-7 Thoi glant

Momen quan tinh cua khau 3 voi n=300 t-s'ph.an

Hinh 7. D6 thi mémen quén tinh ciia khau 3 vi n; = 300 v/ph.

Tur d thi théy rﬁng, momen quan tinh dat gia tri cuc dai khi van tdc diém dau toc béng 0,
trc 1a tai vi tri khau 3 bat dau dao chidu quay, momen quan tinh dat gié tri cyc dai va khau 3 dao
chiéu quay dot ngdt, nén luc quan tinh tic dung vao khép giira khau 3 va dia mai 4 (hinh 1b) c6
thé ¢o gia tri 16n. Do d6, anh huong t6i su khép kin khép dong hoc gia cong - Pia mai va dia ga
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chi tiét gia cong, 1am giam d6 chinh xac gia cong, tham chi co thé gy 1at lam hong sy tiép xitic
gilta chung.

Mit khac, do moémen quan tinh tac dung 1én khau 3 khong déu, ma bién doi tuan hoan theo
chu ki nhit dinh va van téc diém dau tc thay doi theo thoi gian. Do d6, can bd cong nghé can
cha y diéu nay, dé diéu chinh chuong trinh dong hoc gia cong sao cho phit hop, nhim ning cao
do chinh xac gia cong.

Trong céng nghé nghién tinh bé mat chi tiét quang, téc do quay cua khau dan 1 thuong
dugc chon trong khoang tir 50 + 300 (vong/phiit), bién dg cua biéu d6 mémen quan tinh dit vao
khau 3 ciing tang theo. Pic biét 1a khi gia cong & tc do cao, sy bién thién mémen quan tinh
cling tang 1én gay ra sy thay ddi dot ngodt cua luc tac dung tir khau 3 1én khép, diéu nay cé hai
cho dd bén cua cac khép va co thé gy ra sy tach khép dong hoc gia cong. Do do, anh hudng
dén chat lugng bé mit chi tiét gia cong, mic dil ning suat gia cong ting.

Véi toc d6 quay cua khau dan 1 bang 50 (vong/phut), mémen quan tinh bién ddi trong
khoang tir - 1,45 = 0,95 (Nm). Vi téc d6 quay cua khau dan 1 bang 300 (vong/phiit), modmen
quan tinh bién ddi trong khoang tir - 51 = 34 (Nm). Nhu vy, trong gidi han lam viée vé toc do
quay cua khau dan 1, thi d6 16n mémen quan tinh tac dung vao khau 3 nim trong khoang 0,95 +
51 (Nm).
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This article presents a method for analysing reverse dynamics for the structure of the
optical parts grinding machine CNC MB-250. By using the Lagrange’s equations with
multipliers for residual generalized coordinates of cyclic structure mechanical system (in
analytics and matrix form), we have established a differential equation system of machine
motion structures, in which to determines the moment of force placed on the driving link. The
results of problem are used for researching the equilibrium conditions of the joints between the
contrivance disk and grinding disc and for enhancing precision machining process.

Keywords: inverse dynamics, structural, Lagrange’s equations with multipliers, optical parts
grinding machine, CNC MB-250.
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