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1. MO DAU

Hon 90%‘kh6i luong gia cong chinh xéc‘bé mit chi tiét quang dugc thyc hién bang phuong
phap mai nghién [1]. May mai nghién c6 nhiu loai, chung chi khac nhau ¢ phuong thirc tao ra
chuyén dong tuwong doi gitra khau mang phoi gia cong va khau mang dung cu nghién.

Hinh 1. Cac dang co cau khau trén ctia may mai nghién chi tiét quang

Nguyén If 1am viéc ctia co cdu khau trén trong may mai nghién chi tiét quang nhu sau:
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- Co céu khau trén dung dé tao thanh chuyén dong l4c, hodc tinh tién qua lai cta khau trén va
tao thanh tng lyc gia cong.

- Cac co cau don ban 1€ dugc sit dung trong co cau cum trén clia may mai nghién chi tiét
quang c6 nhi¢u dang nhu co cau hanh tinh, co cau don ban 1€ bon khau va co cau don ban 1€ ndm
khau (hinh 1).

- Qua nghién ctru thay rang, lop co cAu cum trén dung trong may mai nghién chi tiét quang
gdm co cau bon khau don ban 18, co cdu tay quay con truot va co cau nam khau [4].

Viéc xac dinh quy dao, van tdc, gia tdc tuong (101 ctia mot diém bat Ki thugc dia ga chi tiét so
voi dia mai va m6 phong qua trinh gia cong chi tiét quang ctia 16p co cu don ban 1é trong cum
trén cua may mai nghlen chi tiét quang, dung dé diéu chinh chuong trinh dong hoc nhim nang cao
d6 chinh x4c va ning suét gia cong, 1a bai toan con chua duoc nghién ciru.

Trong cong trinh nay, st dung cac két qua nghién ciru gan day cta dong hoc hé nhiéu vat
thiét 1ap cic cong thire tinh toan va m6 phong s6 qua trinh chuyen dong tuong ddi cua cac diém
thudc dia ga chi tiét so véi dia mai trén mdy mai nghién chi tiét quang cua 16p co cAu don ban 1&
trong may mai nghlen chi tiét quang.

2. NGHIEN CUU PONG HQC CO CAU MAY MAI NGHIEN CHI TIET QUANG
2.1. Xay dwng cac hé toa d9, khau va khép trong vt rian phing

2.1.1. Hé toa do

Khi nghién ciru dong hoc vat rin phang, ta can xay dung ba hé toa do:
— H¢ toa do co sé Oxy: co géc toa do O thong thuong dugce chon o diém c6 dinh trén vat ran.

— Heé toa do tuong ddi Opxiyi: co cac truc toa do Ox;// Ox, Oyy; I/ Oy. Gbc toa dd dugc gin &
trén vat khao sat.

— Hé toa do vat 0., : dugc gén chat vao vat.
2.1.2. Khau

Viéc ki hiéu khéu trén vat, duoc bit dau tir khau cb dinh (khau 0). Sau d6 tuan tu ki hiéu cac
khau khac theo cac so nguyén duong (1, 2, 3,...).

2.1.3. Khop

_ Viée ki hiéu céc khop dong hoc, duge bat dau tir khép ndi v6i khau ¢b dinh (khau 0). Sau do
tuan tu ki hiéu cac khdp khac theo cac so6 nguyén duong (1, 2, 3,...).

2.2. Nghién ciru dgng hoc co cAu mai nghién chi tiét quang

2.2.1. Cdc dang co cau don ban Ié dwoc ding trong cum trén ciia mdy mai nghién chi tiét quang
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Nhu da gidi thiéu & muc 1, cac co cau don ban 1€ dién hinh dugc st dung trong cum trén cta
may mai nghién gia cong chinh xac bé mat chi ti€t quang c6 dang nhu sau:

—‘Dan’g thir thft: Cum trér} Slil” dung co ciu bdn khau don ban 18 cQ diém déu tde duge gén
trén can noi tor diém gitra cua can lac, dugc sir dung trong may mai nghién chi ti€t quang c6 kich
thude trung binh 4MB-250 (CHLB Dtc) (hinh 2, a).

- Dcmg thu hai: Cum‘trér} st dung co cAu bdn khau don ban lé‘c() diém dau tdc duoc gén
trén can noi kéo dai cla can lac, dugc st dung trong may mai nghién chuyén dung 4E-PB-91
(Lién x6 cii) (hinh 2, b).

- Dang thir ba: Cum trén str dung co céu tay quay con truot, duge sir dung trong may mai
nghién kinh mat LOH Spherospeed LPS (CHLB Duc) (hinh 2, ¢).

- Dang thir tu: Cym trén sir dung co cAu nam khau don ban 18, dugc sir dung trong may mai
nghién chi tiét quang c6 kich thudc 16n CéA4-1500 (Lién X6 cit) (hinh 2, d).

(© (d)

Hinh 2. Cac dang co cdu don ban 1& dugc ding trong cum trén ciia may mai nghién chi tiét quang

2.2.2. Bai toan déng hoc co cdu mdy mai nghién chi tiét quang

Bai toan dong hoc o déy la tim phuorng trinh chuyén déng, van tbc, gia toc cua diém dau tdc.
Piém dau toc, dugc ndi bang khép cau voi dia ga chi tiét gia cong quay véi van toc o, Dia
nghién quay voi van toc goc ws. Dia ga 4 (hinh 2a, 2b va 2c) hodc 5 (hinh 2d) va dia nghién 5
(hinh 2a, 2b va 2¢) hoic 6 (hinh 2d) duoc lién két ma sét, giita chiing c6 mot 16p huyén phi mai.

171



Nguyén Trong Hung, Nguyén Van Khang, Nguyén Minh Phuong

Hinh 3. Lién két gitra dia ga chi tiét va dia nghién
Cic bai toan ddng hoc co ciu

Bai toan 1: Xac dinh quy luat chuyen dong, van tbc, gia toc tuyét dbi cua diém dau toc
(thudc khdu bi dan ciia cdc co cdau don ban 1é trong cum trén ciia mdy mai nghién).

Bai toan 2: Xac dinh quy dao chuyén dong, van tdc, gia toc twong ddi ciia diém P bat ki
thudc dia ga chi tiét d6i véi dia nghién.

2.2.3. Phuong phdp xdc dinh quy dao, van toc, gia toc tuyét doi ciia diém dau toc

a) Co cdu bon khdu don ban 1é

Hinh 4. M hinh co ciu bdn khau ban 18

- Khdu bi ddn
Phuong trinh vec to:
h+h—-b—l=0 (1)
Chiéu xudng hai truc toa do, ta c6 phuong trinh chuyén dong co ciu bon khau don ban 18:
l, cos @, —3cos 3 = X3 — 1 oS, } @
Ly sin@, — L sin@; =y,3 —1; sing,
Pao ham biéu thirc (2) va viét dudi dang ma tran, ta co biéu thirc van tdc:
{_12 sing,  L5sing, }{fpz} :{ Ly sing, } . 3)
[, cosp, —l3coss || ¢z —1, ¢, cos @,
Dao ham biéu thirc (3), ta co biéu thirc gia tdc:
{_12 Sing,  3singy }{(Pz} _ {llfplz cosQ; + lz('Pg CosP, — 13@’% COS(P3} (4)

lcospy  —L3cos0s || 93 L7 sing, + L3 sing, — L3 sin@,

- Piem dau toc
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Hinh 5. M6 hinh co c4u b6n khau ban 1& ¢6 gia toc

Quy dao tuyét d6i cuia diém dau toc:
. 3
{x,( } _ {%3 } N {005@3 —sin (pﬂ ﬁS{)
Yk Yo3 sinQ;  COSQ; n(1<3)

cos(; —sin@Qy A A 1, A A
A, = - Ma tran c6sin chi phuong trong hé toa d6 Oz&zn;.

sing;  Ccos(s
Pao ham biéu thirc (5), ta c6 biéu thirc van tc tuyét d6i ciia diém dau toc:
: (3)

Xk L €k
{ ' } BEA)
Yk n X

Pao ham biéu thirc (6), ta c6 biéu thirc gia toc tuyét d6i ciia diém dau toc:

. (3)
FK}(%I_*W?E&) ‘ig)
Yk nK

b) Co cdu tay quay con trirot

©.3)

Hinh 6. M6 hinh co cau tay quay con truot

- Diém ddu toc
Phuong trinh vec to:

h+h~ly=0.

Chiéu xudng hai truc toa dg, ta c6 phuong trinh chuyén dong cta diém dau téc O,

(®)

(6)

()

(8)
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L, cos @, —xp3 =1, cos@,

L sinQ, —yp3 =1 sin@,

9)

Pao ham biéu thirc (9) va viét dudi dang ma tran, ta c6 biéu thirc van tdc tuyét ddi cia diém

dau toc:
—hsing;, —111 ¢, _ L@y sing, (10)
Lcosp, 0 || Xp3 ~l, ¢y cos@, |

Dao ham biéu thirc (10), ta c6 biéu thirc gia toc tuyét dbi ciia diém dau tdc:

{_lz sing, _1}{ 03 } :{ Ly sin@y +4,§7 cos @y + L3 cos e, }

(1)
lcosg, 0 —L, ¢, cos@, + llc'pf sing; + 12(';)% sing,

Xo03
¢) Co cdu ndm khdu don ban 1é

- biém dau toc

Hinh 7. M6 hinh co ciu nam khau don ban 18

Phuong trinh véc to:

003 = 004 + 0403

Chiéu xudng hai truc toa do, roi viét & dang ma tran ta c6 phuong trinh diém dau toc K:

{XK:|:{IICOS(p1i|+{COS(p2 —sin(pz} é(Kz) . (12)

. . )
Yk [, sing, sing,  cosQ, n(K)
Dao ham biéu thirc (12), ta c6 biéu thirc van toc cia diém dau toc K:
X —I, sin * (2)
LT I TR (13)
Yk [y cos ¢, HS()
Dao ham biéu thirc (13), ta c6 biéu thire gia téc cua diém dau toc K:
Yg | .| —hsingg | 5| ]cosg - ) &S?)
S |=6 —0f| ) (a0 A~ 034, ) (14)
Vi [, cos @, [, sin @, n(lg)
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« |0 =1
I = .
- 1 0
2.2.4. Phuong phdp xac dinh quy dao, van toc, gia téc nwong doi cia diém P bat ki thude dia gd
chi tiet doi voi dia nghién

a) Co cdu bon khau don ban 1é va co cdu tay quay con truot

by P

)
S

D %

a. b. C.
Hinh 8. a. Cach chon hé toa do dia 4 va dia 5;

b. Cac hé toa do cua dia 4; c. Cac hé toa do cua dia 5

Phuong trinh xéc dinh quy dao twong doi cua diém P bat ki thudc dia ga 4 ddi voi hé toa do
dong gan chat vao dia mai 5:

(5) () (4)
&PS _ ég -XPS _ ég |:X04:| _ |:x05 :| + A4 E:P4 . (15)
o7l |72 e Lo

Pao ham biéu thirc (15), ta c6 biéu thirc van tdc twong dbi ciia diém P bat ki trén dia ga dbi
véi dia mai:

:(5) - (4) (4)
5:2:5) =4§ Fo4}+¢4!.é4 1(04) +('P5Z.Té§ {xoﬂ_{xos}réll &1(04) . (16)
e You ny Yoa | [Yos )s

Pao ham biéu thirc (16), ta c6 biéu thuc gia téc trong ddi cua diém M bét ki trén dia ga dbi

v61 dia mai:
£(5) . (4)
[éfs)]%? {).604}(@4!'%_\4—¢ﬁé4)[&f4)} +
Np Yo4 Np

1 (4)
+H@s1*T AL — 3 AD) {xoﬂ_{xm +A, S (17
T O |Wos] Wos| ngf)
, (4) ]
29517 47| 504 1104,
i Yoa ngf)

b) Co' cdu nam khéu don ban 1é
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Ye
Ng -
y@ Q &
3 ><
"E &
.G A
a b. C

Hinh 9. a. Cach chon hé toa d6 dia 5 va dia 6;
b. Cac hé toa do cua dia 5; ¢. Cac hé toa d6 cua dia 6

Phuong trinh quy dao tuong ddi cua mot diém P tuy y thude dia ga 5 dbi véi hé toa do
O4E¢Me £an chit vao dia mai 6:

(6) 1 Ty (5
o074 s Lo "
~ bao ham biéu thirc (18), ta c6 biéu thirc van tdc trong ddi cua diém P bat ki thudc dia ga 5
ddi véi dia mai 6:

:(6) : (5) (5)
Mp Yos np Yos Yoe np

Dao ham biéu thuc (19), ta c6 biéu thirc Gia tdc twong dbi cua diém P tuy ¥ thudc dia ga 5
do6i véi dia mai 6:

£(6) p )
(s) |~ 4o {05} (65145 05 45 f
Np Yos Mp
+("" A - 03 A% | {X“ (20)
Yos y06
20,1 Af [).COS}%!*& ag)
Yos np

3. MO PHONG SO QUY PAO CHUYEN PONG TUONG POI CUA CAC PIEM TREN
PIA GA POI VOI PIA MAI
3.1. Phwong phap tién hanh nghién ctru

- Tién hanh thyc nghiém quy dao diém dau tdc trén may mai nghién 4MB-250 dé kiém ching
qiily dao mo phong voi quy dao thyc nghiém.
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- Hi¢u chinh chuong trinh mo6 phong.

- Tién hanh nghién ctru moé phong sé dong hoc d6i véi 16p co cau don ban 1& dién hinh dugc
st dung trong cac may mai nghién va danh bong chi tiét quang.

3.2. Xay dung hé chwong trinh mé phéng

Duya theo phuong phap nay xay dung duoc cong thuc quy dao, van toc va gia tbe tuong d6i
clia cic co cau don ban 18 sir dung trong cac may mai nghién chi tiét quang, chiing t6i d tién hanh
xdy dung mot hé chuorng trinh tinh toan bang s0 md phdéng chuyen dong tuong dbi cac diém cua
dia ga d6i voi dia mai trong qua trinh gia cong chinh xdc bé mit chi tiét quang trén may mai
nghién danh bong chi tiét quang kiéu 4MB-250, PB-1-91, LOH va Cé4-1500.

bé sir dung hé chuong trinh nay, can phai Iya chon cac thong s6 hinh hoc va dong hoc may

theo yéu cAu ché do cong nghé dbi v6i cac nguyén cong gia cong tho, ban tinh va nghién tinh,
nhiam nang cao d6 chinh x4c va ning suat gia cong.

3.3. Mt s6 két qua md phéng so6 dong hoc co ciu
3.3.1. Mdy mai nghién 4AMB-250

MO PHONG CO CAU MAY MAT NGHIEN CHI TIET QUANG
MO PHONG CO CAU MAY MAI NGHIEN CHI TIET QUANG

QUY DAD TUONG DOI

nn
33.55

16.58

DU LIEU: ( —

Kk51=2.009940361

k41=1.607952288

GSI= 0.0000 mn \

-17.37

ETA= 0.0000 nn

t = 6.2713 s

InT= 0.9981
-34.34

Hinh 10b. Quy dao twong dbi cta diém dau toc
o, (é(o‘? =0l = O) d6i véi dia mai 5 ctia may

Hinh 10a. M6 phong co cAu cum trén ctia may
mai nghién chi tiét quang 4MB - 250 4MB - 250; ks; = 2,009; ksy =1,607; t = 6,28s
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MO PHONG CO CAU MAY MAI NGHIEN CHI TIET QUANG MO PHONG CO CAU MAY MAL NGHIEN CHI TIET QUANG
QU RO TUONGE PO QuY DAD TUONG DOI
nn
24.72
B
28.03
]
DU LIEU: i 17.36
8.98
] DU LIEU: \ —
kS1-1.045662108 S s N —
k41=0.836529687 —— 81=0.533267533 -0.00
-10.08 nn
GSI= 0.0000 ma -81.9822.9913.87-4.82 1.24 Ica1=0.425974026
3 m—
ETA= 0.0000-mw GSI= 0.0000 nn
17.36 —1
t - 6.2713 = 17
ETA= D.0000 nn
nT= 0.9981
t = 12.5600 s
nT= 1.9990
-34.72 nn
-33.39 -16.52 0.34 17.21 34.07

Hinh 10c. Quy dao trong ddi cua diém dau tbe

o (§(4) - Omg‘z - oj d6i v&i dia mai 5 cua Hinh 10d. Quy dao twong di cta diém dau toc

04
4) _ a4 _ Ae g e 5 ,
méy 4MB - 250: ks, = 1,045: Ky = o, (E_,o4 =0mg, = 0) doi voi dia mai 5 cia may
0,836; t= 6,285 4MB - 250; ks; = 0,532; kyy = 0,425; t = 12,565

3.3.2. Mdy mai nghién 4E-PB-91

MO PHONG CO CAU MAY MAT NGHIEN CHI TIET QUANG

MO PHONG CO CAU MAY MAT NGHIEN CHI TIET QUANG
Quv DAG TUBNG DOT

63.09
s6.55 ||
DU LIEU:
s.00

kS1-2.009940361
k41-1.607952288

-20.55
G$1= 0.0000 mn
ETA= 0.0000 mm 1
t = 6.3a54 = -a9.09 nn

-52.37 -22.61 7.14  36.90  66.65

nT= 5.6019

Hinh 11b. Qu¥ dao twong dbi clia diém dau toc
O, (€5} =03} =0) ddi véi dia mai 5 clia méy

Hinh 11a. M6 phéng co ciu cum trén may mai L L o
nghién chi tiét quang 4E - BB - 91 4E - BB - 91; ks; = 2,009; kg = 1,607; t = 6,35

MO PHONG CO CAU MAY MAI NGHIEN CHI TIET QUANG MO PHONG CO CAU MAY MAI NGHIEN CHI TIET QUANG
QuY DAD TUONG DO QUY DAO TUONG DOT

"
63.88

don 33.34 \ ™,
3232 )
DU LIEU: PRECEEN

k51=0.532467532 2.81
k51=1.045662108 >

lca1-0.836529687 \X \ k41=0. 425974026

’ -17.19 \
GSI= 0.0000 nn

GSI1= 0.0000 mm -27.73 \1:_/ \

-58.26

ETA= 0.0000 mn
nn
InT= 5.6311 -66.45  -34.36 -2.26 29.84 61.94

)

ETA= 0.0000 nn

/_\
=

-a1.95

t = 6.3784 =

t = 6.2794 =

nT= 5.3437 —66.7

n n
-27.58 -3.42 20.73 44.91 69.08

’ o Hinh 11d. Qu¥ dao tuong di ctia diém dau toc
Hinh 11c. Quy dao twong doi ctia diém dau toc o, (i(oﬁ =0m) = 0) doi v6i dia mai 5 cua may
O, (€6) =0;n) =0) dbi voi dia mai 5 cila may AE BB . 9L ke = 0,532 k.. = 0.425:
- = y K51 — U, y N1 — Y, ’

4E - DB - 91; ks; = 1,045; ki1 = 0,836; t = 6,35 t=6,3s
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3.3.3. My mai nghién LOH

MO PHONG CO CAU MAY MAL NGHIEN CHI TIET QUANG
QUY DAD TUONG DOT

e
15.60

MO PHOMG CO CAU MAY MAI MGHIEN CHI TIET QUANG

bU LIEU:

kS1-2.009940361
-0.66

ka1-1.607952288

1 0,000 e 1\ D

-8.79

ETA= 0.0000 nn

t = 6.2713 s

-16.92
-zo.38  -10.37 -0.33 9.66 19.68

nT= 0.9981

. ) Hinh 12b. Quy dao twong d6i ctia diém dau toc
Hinh 12a. M6 phong co cau cum trén cua may K(as(s) —oin = 0) dbi véi dia mai 5 cia méy

mai nghién va danh bong kinh mat LOH
Spherospeed LPS LOH; ks; = 2,009; kyy = 1,607; t = 6,285

HO PHONG CO CAU HAY MAI NGHIEN CHI TIET QUANG MO PHONG CO CAU MAY MAL NGHIEN CHI TIET QUANG
QUY DAD TUONG DOI QuY DAD TUONG DO

- 11
10.61 10.32

Hinh 12¢. Quy dao twong déi ciia diém dau toc Hinh 12d. Quy dao twong dbi cta diém dau toc
K(& =0 =0) déi véi dia mai S ciamay k(& =00 =0) dbi voi dia mai 5 ciia méy LOH;
LOH; ks; = 1,045; ks, = 0,836; t = 6,28s ksy = 0,532; kyp = 0,425; t = 12,565

3.3.4. M&y mai nghién C/74-1500

MO PHONG CO CAU MAY MAI NGHIEN CHI TIET OUANG

MO PHONG CO CAU MAY MAI NGHIEN CHI TIET QUANG QUY DAD TUONG DOT

326.01

183.42
DU LIEU:
40.82 N

k61=2.009940361

T~

k51=1.607952288

-101.77
GsI= 0.0000 mn
ETA= 0.0000 mm
t = 6.2791 s -244.36 nn
-307.63 ~-156.0a -4.45 1a7.1a  298.73

InT= 5.9935

Hinh 13a. M6 phong co cdu cum trén ciia may Hinh 13b. Quy dao twong déi clia diém dau toc
mai nghiénchi tiét quang kich thudc 16n K(gf) =P = o) d6i voi dia mai 6;
CITA[11500
ks1 = 2,009; ks; = 1,607; t = 6,285
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MO PHONG CO CAU MAY MAT NGHIEN CHI TIET QUANG MO PHONG £O CAU MAY MAI NGHIEN CHI TIET QUANG
QUY DAD TUONG DOI QUY DAO TUONG DOT

325,32

290.61 % / T
0 7 172,31 %( ) §
137.00
by xet e bu vy AR N
Iy
_ fo ]
k611 043662106 3y ke1=0.532467532 19.30
-16.62
K51=0.836529687 e
k51-0. 425974026
6s1= 0.0000 nn _ -
\ \\—/T/ / os1= 0.0000 I
.......
ETa= 0.0000 e _
= S NI
e = 62791 =
InT= 9.9935 [ / -286.72 nn
-323.85 e InT= 9.9935 -320.92 -172.14 -23.35 125.43 274.22
lasi.ov -129.99  2i.e1 173,21  324.81

Hinh 13d. Quy dao twong d6i ctia diém dau toc
K(g( =L = )d01 voi dia mai 6;
ke1 = 0,532; ks; = 0,425; t = 6,28s

Hinh 13c. Quy dao twong ddi cua diém dau tdc
K(&e =i’ = 0) déi v6i dia mai 6;
kep = 1,045; ks, = 0,836; t = 6,285

4. NHAN XET VA KET LUAN

Tir két qua mo phong s6 dong hoc co cdu trong cong nghé gia cong chinh xac bé mit chi tiét
quang rat ra mot s6 két luan nhu sau:

- Chuong trinh tinh cho phép md ta hinh dnh hoat dong (Computer Animation) cua co chu
cum trén ctia may mai nghién danh bong chi tiét quang, vi tri twong d01 cua dia gé so vdi dia mai.
Do d6, gitip cho can by cong nghé co thé lua chon ban dau cac thong s6 hinh hoc va dong hoc cta
may, thiét ké quy trinh cong nghé mai nghién chi tiét quang.

- Chuong trinh tinh cho phép xac dinh quy dao, van tdc, gia toc tuong doi clia tat ca cac diém
khac cua dia ga so voi dia mai. Lam co s¢ thyc hién diéu chinh chuorng trinh dong hoc gia cong
chi tiét quang khi mai nghién nham nang cao d6 chinh x4c va ning suat gia cong.

- Khi Iya chon cac hé sb ti s truyén can chi y rang, néu hé sd ti s6 truyén 1a cac sé vo ti, quy
dao tuong doi cua cac diém thudc dia ga so vdi dia mai sé€ roi hon, khong bi trung 1dp so voi khi
chon chung la cac so0 hitu ti.

- Khi chi tiét gia cong dugc ga ¢ vi tri dudi hodc trén, hinh dang quy dao chuyen dong tuong

d6i cuia mot diém bét ki thudc dia ga so vo1 dia mai sau thoi gian nguyén cong gan giéng nhau. Do
d6 c6 d6 chinh x4c va ning suat gia cong turong duong nhau.

- Theo phuong phap nay, c6 thé xay dung duoc thuit toan va chuong trinh mé phong sb
dong hoc ciia cic co céu don ban 1& dugc sir dung trong cic may gia cong co khi khac.
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SUMMARY

NUMERICAL SIMULATION METHOD OF KINEMATICS OF MECHANISM IN THE
PRECISE PROCESSING SURFACE OF OPTICAL PARTS
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This paper presents numerical simulation method of the kinetics structure used in optical
surface parts precision grinding machine. From the research, a numerical simulation program
system of relative position, velocity and acceleration of the contrivance disk and grinding disc has
been set up, as well as the animation of these mechanisms in the optical parts surface precise
knuckle-lever grinding machines has been created. This program system is used to study the
kinematic adjustment programs in processing precise optical surface parts with knuckle-lever
grinding machines and also can be valuable for the study of the kinematic knuckle-lever
mechanism used in the other mechanical processing machines. The research covers problems that
have not been adequately studied in published documents.

Keyworrds: Kinetics, optical surface parts, knuckle-lever
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