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TOM TAT

Xic dinh nguyén nhan giy sai s6 bé mit gia cong va dwa ra céc giai phap giam thiéu sai s6
gia cong nham dat dugc cdc san phim c6 d6 chinh xéc cao khi gia cong cdc bé mat phirc tap trén
mdy phay CNC 5 tryc dang 1a myc tiéu cua nhiéu nha nghién ciru. Day 1a mot van dé phc tap vi
sai sO bé mit sau khi gia cong dugc gdy ra boi nhleu nguyén nhan, trong s6 d6 thi nguyén nhan
pho bién nhét 12 sai s dong hoc vi du nhu sai $6 vi tri va dinh hudng truc dung cu giy ra boi hai
truc quay cta mdy phay CNC 5 truc. Trong bai bdo nay, tic gia trinh bay md hinh todn xac dinh
sai sO dinh vi va dinh hudng truc dung cu giy ra béi truc quay BC trong mdy phay CNC 5 truc
kiéu TTR-TR. Céc biéu thirc x4c dinh sai s6 dugc thiét lap trén co sé hé phuong trinh dong hoc
ngugc khi xét chuyén dong tao hinh tuong dbi gitra phoi va dung cu. Tir d6 tién hanh 1ap trinh
trén phan mém Matlab dé xac dinh sai s0 vi tri va hudng khi gia cong bé mit cho dudi dang
tham s6 S(u,v) nham kiém nghi€ém mo hinh toan da dugc thiét lap.

Tir khéa: sai s6 mdy phay CNC 5 tryc.

1. PAT VAN PE

Sai s6 trong qua trinh gia cong trén mdy phay CNC 5 truc do nhiéu nguyén nhan gy ra lam
anh huong dén chat lugng bé mit cia san pham gia cong [1] trong d6 phai ké dén nhu:

+ Sai s6 dong hoc clia mdy va sai s6 hinh hoc ciia cic chi tiét may,

+ Sai s6 do bién dang nhiét sinh ra trong qu4 trinh gia cong,

+ Sai s6 do rung dong trong qu4 trinh gia cong,

+ Sai 86 do lyc cit trong qué trinh gia cong,

+ Sai 86 do ma sat trong h¢ dan dong,

+ Sai sb do diéu khién dong co servo,

+ Lyc quén tinh khi tang hay giam tic.

Trong s6 d6, anh huong nhiéu nhit dén d6 chinh xédc (vi tri va hwéng) cta cip dong hoc

(phoiva dung cu) 1a sai s6 dong hoc cua mdy va blen | dang nhiét sinh ra trong qud trinh gia cong.

Nhimng sai s6 do mdy duoc chia lam 2 loai: sai s6 ngau nhién va sai s6 hé thong. Sai s6 hé théng
¢6 thé mo ta hay dyu bao dya trén mo hinh todn hoc, tir d6 c6 thé tinh todn bu sai sd. Tuy nhién,
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v6i sai s6 ngau nhién thi viéc mé hinh héa va tinh todn quy luat bir trir 12 rat khé khan. Trong tai
liéu [1-3] da chira 13 sai $6 kich thuéc hinh hoc, bao g(‘Sm: 8 sai s6 lién quan dén céc truc quay
va 5 sai s6 lién quan dén cdc truc tinh tién, nhiing sai s6 nay xdc dinh d6 chinh xdc cia mdy.
Ngoai ra, trong tai liéu [1] ciing dua ra so d6 va co
so 1 luan dé 4p dung phuong phip do DBB theo
tiéu chuan ISO 230-1 cia mdy CNC 3 tryc vao tmg
dung do sai s6 hinh hoc ctia mdy CNC 5 truc. Nhu
vdy, sai s6 bé mit sau gia cong do nhiéu nguyén
nhan gdy lén, trong d6 c6 nhiing nguyén nhén phy
thudc 1an nhau, triét tiéu nhau, nguyén nhén chinh,
nguyén nhan phu gép phan tao ra sai s6 tong thé bé
mat sau gia cong. Do d6, xdc dinh mét trong nhiing
nguyén nhén la can thlét g6p phan dy dodn va giai
quyét chinh xdc trong qud trinh khao sét va danh gid
sai s6 tong thé. Trong nghién clru nay tac gia thiét
1&p mo hinh todn xdc dinh sai s6 dinh vi va dinh
huéng truc dung cu do sai s6 truc quay BC cia méy
phay CNC 5 tryc kiéu TTR-TR (hinh 1) vé6i gia
thiét sai s6 do cdc nguyén nhan khéc bang khong.

2. THIET LAP PHUONG TRINH PONG HOC

C6 rat nhiéu phuong phap khic nhau dé giai
bai todn dong hoc nhu: phuong phap bién dbi ma
tran dong nhat, phuong phdp véc to giai tich v.v...
Trong tai liéu [4] tdc gia Ming Che Ho st dung phuong phap D-H (Denavit- Hartenberg) thiét
1ap phuong trinh va giai bai todn dong hoc, nhung bo qua céc kich thude dong hoc cua mdy, chi
quan tdm den cdc thong s diéu khién dong hoc. Phuong phdp nay c6 wu diém tong quét héa cho
moi két cau mady khi coi cdic mdy CNC 5 truc nhu mot robot chubi dong hoc ho hay robot tic
hop, tuy nhién phuong phap nay hay bi nham 14n khi dat cdc hé quy chiéu. Phuong phdp véc to
gidi tich va bién d6i ma tran don gian hon va thuong dugc st dung trong phén tich déng hoc cua
mdy va robot. Trong nghién ctru nay, dé thuan tién cho qud trinh thiét lap phuong trinh dong
hoc, coi may phay CNC 5 truc nhu la mot hé vét ran chudi dong hoc h(’)’ trong d6 chon hé quy
chiéu Ho{Ooxoyozo} lam hé toa d6 quy chiéu goc dé dua hé quy chiéu gin trén dau truc chinh va
ban méy vé hé quy chiéu gbc Hy ctia mdy nham xét chuyén dong tuong dbi gitra dung cu va
phoi.

V6i mdy phay CNC 5 truc kiéu TTR-TR (hinh 1) va cdch dat hé quy chiéu (hinh 2) ta c6
ma tran chuyén tir hé quy chiéu trén dau truc chinh vé hé quy chleu gbc mdy °H5 cho boi phuong
trinh (1) va ma tran chuyén tir hé quy chiéu gén trén ban mdy vé hé quy chiéu gbc may °H; cho
boi phuong trinh (2). Nhur vay, ta 6 ma tran chuyén °Hs:

Hinh 1. M4y phay CNC 5 truc
kiéu TTR-TR.

sin(B) 0 —cos(B) a,
— 0 1 0 0 o
cos(B) 0 sin(B) dz
0 0 0 1

Ma tran chuyén °Hs:
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cosC) —sinC) 0 dx
oy sinC) cos@C) O dy
=1 0 0 1 a,+a, +a,
0 0 0 1
(2)

Phuong trinh (1 va 2) duogc tinh theo

phuong phép bién d6i ma tran trong phan

ddng hoc cua céc tai liéu [5, 6].

Mat khéc, goi:

+ t,va “"CL. : 1An luot 1a véc to don

vi vchi hudng cua truc dung cu va toa Q(}

di,ém dinh vi dung cu trong hé quy chicu

goc Ho.

oP L OP A P

+ tyva CL,: lan lugt 1a véc to don

vi chi hudng truc dung cu va toa do diém

dinh vi dung cy trén duong dung cu (§)

cua hé quy chiéu ban mdy trong hé quy

chiéu goc Ho.

Khi do6:

+ Véc to dinh hudng truc dung cu ’ ty

cta (§) trong hé quy chiéu gbc Ho:

()Pzdiz()H:;.PEdi (3)

+ Véc to dinh vi vi trf CL; ctia (€) trong

hé quy chiéu Hy :

"CL,="H,CL, 4)

+ Véc to dinh vi huéng truc dung cuT;d
trong hé quy chiéu Ho:

()TLdi =()H5 'T Ldi (5)

+ véc to vi tri ' CL trén dung cu trong
hé quy chiéu Hy:
"CL,="H,."CL, (6)
trong do:
cL =0 0o ¢ 1],
"t,=[0 0 1 0]: 1in Ivot 1a diém
dinh vi dung cu va véc to don vi dinh

huéng tryc dung cuy trén dau truc
chinh.

C_Li:[XCLi Yo Zcwu I]T’

Hinh 2. Dat hé truc toa do cho mdy phay CNC 5
truc kiéu TTR-TR.
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ty = [t i lai Cag O]T : 1an luot 12 diém dinh vi dung cu va véc to dinh huéng truc dung
cu trong h¢ quy chiéu cua phoi. ) ) i
bé phoi hop chuyén dong tuong doi gitta dung cu va phoi bat budc ciac diém dinh vi dung cu
(°PCL; va "TCL,), dinh huéng tryc dung cu (OPE va’"t,) phai tring nhau. Nhu vay, can bang
phuong trinh (3 va 5), (4 va 6) sau khi giai hé phuong trinh ta ¢c6: (Panh ) pt sao lai tir (60 nhay
sang (11)? Thiéu trang?
B, = arcsin(t,,)

ty
C, =arctg(——=
‘ 8 tdxi) (11)
dx; =/.cos(B) —cos(C).x; +sin(C).y; +a,

dy, =—sin(C).x o, —c0s(C).y
+a,+a, +a, +/.sin(B)

dz; =z,

Két lugn: hé phuong trinh (11) x4c dinh thong s6 diéu khién cdc truc tinh tién dx;, dy;, dyi va hai
truc quay Bi, C; ing véi vi tri diém diéu khién CLi trén dudng dung cy. Muc dich cua phin nay
dé tao co s¢ dir liéu phuc vu bai todn khdo sét sai $6 & muc 3 va muc 4 cua tai li¢u nay.

3. XAC PINH SAI SO PINH VI VA PINH HUONG TRUC DUNG CU

3.1. Thiét 1ap phwong trinh tinh sai s6 dinh vi
Néu goi:
+ Ax, Ay, Az: 1an luot 1a sai s6 ciia céc truc tinh tién theo 3 phuong x, y, z ctia hé quy chiéu Ho,
+ AB, AC: lan luot 12 sai s6 ctia cic truc quay B, C quay quanh truc y, z ctia hé quy chiéu H,
+ AT : sai s hinh dong hoc tong thé cia may phay CNC 5 truc,

+AT,,, : sai s6 hinh dong hoc giy ra do 3 truc tinh tién dx, dy, dz,

+ AfBC : sai s hinh dong hoc gy ra béi 2 truc quay B va C clia mdy.

T (hinh 3) c6:
, "O'CLi="0"0+"0"CL; (12)
Khi khong c¢6 sai so tir phuong trinh (12) c6:
O0"0+"0"CLi-"0O°CL: =0 (13)
Khi ¢6 sai s6: PO'TO"+"O'"CL' i -"O'"CL"; = AT (14)

Trir vé v6i vé phuong trinh (14) cho phuong trinh (13):
FOTO ="O0"O)+("O"'CL i ="O"CL)-("O"*CL i = "O°CL))=AT (15
Trong dé:

o ("0""0'-"0"0)=Af,,

o ("O""CL';-"0"CLi)-("O""CL"; - "O"CL) = At,.

Néu chi xét sai s6 hai truc quay BC khi khong c6 sai s6 ciia 3 tryc tinh tién khi do:
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Ar,.., =0
_I:XYZ - (16)
Ar = Ar,,.
Nhu vay: AT =Af,.=("O "CL;-"O"CL))-("O""CLi - "0O"CL:) (17)
Viét phuong trinh (17) dudi dang dai s ta c6:
L.[cosB+ AB)—cos(B)] [cosC+AC) —cos(C)] X, —[sinC+ AC) —sin(C)].y .,
Ar. = 0 _ | [sinC+ AC) —sin(C)] X, +[cos(C+AC) —cos(O) .y, [(18)
| Z 4 [sinB+AB) —sin(B)] 0
0 0

Két lugn: phuong trinh (18) x4c dinh sai s6 vi tri Arg. gitta diém TCL; va PCL; gay ra boi sai s6
goc cua hai truc quay B, C trong qua trinh gia cong bé mit phirc tap trén may phay CNC 5 tryc
kieu TTR-TR.

3.2. Thiét 1ap biéu
thirc tinh sai so dinh
hwéng truc dung cu

Gia st voi duong
dung cu chinh xéc
khong cé sai sé,
nhung co cau chap
hanh (ddu truc chinh
va ban mdy mang
phoi) dinh hudng sai,
dan dén cdc kha ning
sau c6 thé xay ra:

+ Bé mit gia cong c6
thé bi lem.

+ Phan luqng du
khong dugc cat di z |
theo ding yéu cau

cong nghé. Xc
Piéu d6, dan dén sai -

s6 bé mit gia cong.
Nhu vay, viéc nghién
cru sai s6 dinh
huéng ciing 1a van dé
can dugc quan tim
nghién ctru trong bai
toan xac dinh sai $6 X

PXo

Hinh 3. So 6 dong hoc mdy phay CNC 5 truc kiéu TTR-TR.
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dong hoc. That vay, néu goi:
o 7[:; : 1a véc to don vi dinh hudng truc dung cu khi c6 sai s6 géc quay ctia truc quay B va C.
o AJ:Lasaisd vé huéng gilta T va T, .
Ta cé: A8 =cos(t,,t,) (19)

Phuong trinh (19) dugc viét lai:

Ad = G o T lagi Uy T8 Loy (20)
Mit khic, dong nhat va giai phuong trinh (3 va 5) ta c6:
to; —cos(B).cos(C)
t, = i | cos(].3).sm(C) 21
to sin(B)
0 0
Véc to don vi dinh hudng truc dung cu voi sai $6 gbéc AB, AC:
t'ai | | —cos(B+AB).cos(C+AC)
in _ t;dyi _ cos(B + AB).sin(C + AC) 22)
t dzi Sin(B + AB)
0 0

Thay phuong trinh (21 va 22) vao phuong trinh (20) xdc dinh dugc Ad.
Két lugn: phuong trinh (20) xdc dinh sai s6 dinh huéng truc dung cu gy ra boi sai sb truc quay
B, C trong qué trinh gia cong bé mat phtc tap.

4. VIDU AP DUNG

Véi co s¢ 1f thuyét va md hinh todn dugc thiét 1ap & muc 3, 4p dung gia cong bé mit (hinh 4)
cho béi phuong trinh tham s6 (23) va co s& dit liéu cho & bang 1.

s, (u,v) 100.u —50
s(u,v)=|s (u,v)|= 100.v —50 (23)
s,(u,v) | |—80v(v—1)(3,55u—14,8u” +21,lu* -9,9u*)—28
Véi tham sé u, v e [O-1].

T co so dit liéu duong dung cu dugc xac dinh trong céc tai li¢u [7, 8] va cac thong s6 diéu
khién dx, dy, dz, B, C dugc xac dinh tir bai toan dong hoc ngugc xac dinh & muc 2 twong ung
v6i cdc diém CL; trén dudng dung cu. Chi xét anh hudng ctia sai s6 géc quay B, C tdi sai s6 dinh
vi va dinh hudng dung cu, trong d6 gia thiét sai s géc quay truc B, C 1a hing sb va duoc tinh
theo quy luat sau:

{BH:BiAB
1 1 (24)

C,., =C +AC
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Phuong trinh (24) léy diu ‘+* Khi ‘BM —Bi‘ >0, <0,

IC.., —C,|<0.

C.,—C/|>0, lay déu *- khi

Bi+1 _Bi

i+l

©

L (©)

Hinh 4. Pudng dung 5cnu gia cong bé mit tham s voi dao phay ngén du cau
R =2 mm, géc nghiéng B = 15° g6c 1at 6 = 30°.

Bdang 1. Trich ngang co s& dir li¢u tinh dudng dung cu (hinh 4) cho dudi dang APT.

XCL XCL XCL ‘ tax | tdy ‘ tdz

16.000000 16.079936 -24.239402 0.246073  0.103851  0.963672
17.000000 17.079936 -24.215880 0.245858  0.103741  0.963738
18.000000 18.079936 -24.191852 0.245667  0.103643  0.963798
19.000000 19.079936 -24.168212 0.245502  0.103558  0.963849
20.000000 20.079936 -24.145870 0.245364  0.103486  0.963892
21.000000 21.079936 -24.125746 0.245254  0.103428  0.963926
22.000000 22.079936 -24.108760 0.245172  0.103385  0.963951
23.000000 23.079936 -24.095819  0.245120  0.103358  0.963967
24.000000 24.079936 -24.087810 0.245098  0.103346  0.963974
25.000000 25.079936 -24.085582 0.245105  0.103350  0.963972

Nhu véy, khi may phay CNC 5 truc kiéu TTR-TR gia cong theo duong dung cu (hinh 4)
v6i céc thong sé diéu khién hinh dong hoc xdc dinh béi phuong trinh (11) va sai sb géc AB, AC
(hinh 5) ta c6 db thi sai s dudi day.

Vi mo hinh todn xdc dinh boi phuong trinh (18) ta nhan thiy Ar,.tién dén 0 khi (/ tién
dén 0, xcri tién dén 0, yci tién dén 0) dicu d6 1a khé c6 thé thyc hién dbi voi két cau may phay
CNC 5 truc c¢6 chudi dong hoc ho kiéu truc quay BC (hinh 1).
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Mit khéc ciing tir phwong trinh (18) va do thi (hinh 5) cho thiy sai s vi tri diém dinh vi
dung cu bién ddi doc theo duong dung cu. Nhu vay tai cdc diém CL; khdc nhau trén dudng dung
cu sai s6 khong dong déu, c6 nhitng diém trén bé mit gia cong khong cat hét luong du gia cong,
tuy nhién c6 nhiing diém lai bi lem. Khi sai s6 cic truc quay B, C cang nho thi sy chénh 1éch sai

s giita cdc diém trén bé mit gia cong 1énh nhau khong nhiéu.

=
(8]

=
—
(]

=
-

0.05

Sai 6 dinh vi vi trf (mm)

0.06

0.04

0.02

Sai s6 dinh huéng [ °]

Hinh 5. Sai s6 vi tri diém dinh vi va dinh huéng don vi méy phay CNC 5 truc kiéu TTR-TR

AB° AC° Duong
1 )
S —><ceee] | 005 | 005 6
—
Ve e 004 | 0,04 5
1 1 1 1 1 1 1 1 1
10 20 a0 40 50 B0 70 a0 =] 100
Thoi diém thi i trén duong dung cu 0,03 0,03 4
T T T T 6 T T T T T 0’02 0’02 3
5
4 1 | 001 | o001 2
3
. 0,005 | 0,005 1
1
1 1 1 1 1 1 1 1 1
10 20 30 40 50 B0 70 80 =] 100

Thoi diém thi i trén dudng dung cu

Két lugn: cic biéu thuc sai sb /dong hoc dugc thiét 1ap trong bai bdo nay la mdt trong nhiing
nguyén nhan gép phan gdy ra sai s0 bé mit gia cong. Do d6, két qua ciia bai bdo 1a mot diéu kién
trong vi€c xdc dinh sai s6 bé mit gia cong do nhiéu nguyén nhan gy 1én va gép phan danh gid
sai sO trong qud trinh khdo sat va thuc nghiém. Ngoai ra gidi thich tai sao cic may CNC 5 truc
kiéu nay, tryc chinh thudng dugc bé tri gan véi truc quay nhu hinh 6 dudi ddy 1a mot vi du minh

hoa.
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e Gidi phdp khiic phuc sai sé dong hoc dinh vi va dinh huéng truc dung cu

Lua chon bd truyén dong (hop giam 16¢) ¢6 sai s6 nho va dua ra giai thuat diéu
khién bu sai s0 goc dong co dan dong.

Vé mit két ciu truc quay B can thiét ké sao cho khoang cdch tir diém dinh vi "CLi
trén dung cu dén truc quay B l1a nhé nhat ¢6 thé, nham giam sai s6 dinh vi.

o Huwdng nghién ciru tiép theo

Xiéc dinh sai s6 bé mit gia cdng do cdc nguyén nhan khac nhu bién dang nhiét, rung dong,
luc cat, luc quan tinh do dau truc chinh khi tang hay giam toc. Tir 46 tim giai phap khac phuc va
bu sai s0 dé chat lugng bé mit gia cong c6 dd chinh xac cao.
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ABSTRACT

LOCATION AND ORIENTATION ERROR OF AN AXIS OF THE TOOL CAUSED BY THE
ERROR OF THE AXES BC IN THE 5-AXIS CNC MACHINE TYPE TTR-TR

Nguyen Hong Thai

School of Mechanical Engineering, Hanoi University of Science and Technology, 1 Dai Co Viet,
Hanoi, Vietnam

Email: thai.nguyenhong @ hust.vn

Searching the reason causing errors on the machined surfaces and finding out the method for
minimizing the errors, in order to achieve the high accuracy product with complex surfaces
machined by 5 axis CNC machine, is the goal of many researcher’s study. This is a comlicated
problem, because surface errors after machining are caused by many factors. Among the most
common ones, we can mention about the kinematic error, e.g. location and orientation errors of
an axis of the tool caused by two rotary axes in the 5-axis CNC machine. This paper presents the
mathematic model for determination location and orientation error of an axis of the tool caused
by two axes B, C error in the 5-axis CNC machine type TTR-TR. The formulas for calculating
errors are based on the inverse kinematic problem, in which the relative motion of the tool and
work-piece was taken to consideration. The simulation to investigate the location and orientation
errors of an axis of the tool while machining surface S(u,v) was also carried out in Matlab.

Keywords: error in the 5-axis CNC machine.
Y kién TBT:

-B6 sung dia chi co quan
-Pé nghj kiém tra cich ddnh s6 Phuong trinh, sao lai ‘nhay c¢6’ tir (6) sang (11)?
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