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CAU TRUC VA PHUONG AN THIET KE MAY PHAY CNC 4 BAC TU' DO
DE GIA CONG CANH TUGC BIN

Nguyén Dang Hoé (Truong Pai hoc KTCN- DH Thdi Nguyén)
Nguyén Truong Chuyén - Bui Thé Dtic (Truong Cao ddang Co khi — Luyén kim)

1. Téng quan

Gia cong cdc bé mat hinh hoc phic tap néi chung, cdc dang bé mat cédnh tudc bin néi
riéng luon 1a nhitng bai todn khé cho qua trinh san xudt tir khau thiét k€ hinh ding bé mat, chon
may gia cong cho tGi nhitng dac trung cong nghé ctia qua trinh tao hinh ch€ tao chi tiét.

Thich hop nhat dé gia cong cic dang bé mit nay 1a sir dung cdc trung tm gia cong phay 5
truc. O Viét Nam di c6 mot s6 doanh nghiép trang bi cic trung tam gia cong 5 truc kich cd trung
binh dé ché tao cdc qua ciu ciia két cAu nha vom khong gian va mot vai dang chi tiét dac thu khéc.
Tuy nhién gia cong cac loai canh tudc bin bang cat got chua c6 co s& nao thuc hién vi nhiéu 1y do,
trong d6 ly do chinh la chua ¢6 céc trung tam gia cong CNC 4 truc va 5 truc cau hinh phu hop.

Trong bai bao nay, ching to6i dua ra mot hudng giai quyét méi khong st dung cac trung
tam gia cong 5 truc dat tién va phic tap c6 sin clia cdc nha san xudt nuéc ngoai nhu Deckel
Maho hay Volvo,... Phuong an lua chon Ia tao ra mot trung tam phay CNC 4 truc, trong d6 1o bot
song song 3 bac tu do sé& thuc hién dich chuyén theo truc X, Z va chuyén dong quay B xung
quanh truc Y; ban mdy mang phoi thuc hién mot chuyén dong theo phuong Y. Ban dao s& dugc
g4 trén khép noi cdc cénh tay ro bét, trén ban dao 1ip co ciu tao ra chuyén dong cit chinh gom
dong co dién, truyén dan co khi va truc chinh mang dao phay. Cac tinh to4n s& duoc thuc hién dé
dam bao di€u chinh duoc géc quay a cta gia dao, pham vi gia cong va quy dao duong dich dao
(tool path) cho cdc bai todn cu thé.

2. M6 ta ro bot song song 3 bac tu do

- d - Co cdu thiét k& duge mo ta & hinh 1.

X Cac con trugt Al va A2 lién két quay véi cac
thanh A1B1 va A2B2 tuong (ing, cic con truot
ndy duoc truot trén cic tru truot thing ding
theo phuong Z. Khau A3B3 duoc thiét k& kiéu

o -

|
! O Guide ways _
!

Is ong long v6i mot dau lién két quay véi con

truot A3, dau con lai duoc ndi véi gia dao tai

[ | I khép B3. V6i két cdu nay dao phay lap trén
A> gid dao s€ c6 3 bac tu do sau day:

Dich chuyén thiang ding theo phuong Z
Dich chuyén nim ngang theo phuong X
Quay xung quanh truc Y

Hinhl : Robot song song 3 bdc tu do
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Co cau tao ra xich chuyén dong cat duoc lap trén gid dao MB1B3, khoang cdch tam tir
truc dao phay t6i diém noi B1 ky hiéu 1a A, céc kich thudc két cdu sau dugc chon trude va co
dinh: 11, 12, 14, 15, A c4c kich thuée d1, 13 diéu chinh duoc; dé dé dang trong céc tinhn toan
thi€t k&, co cau dugc lua chon véi 14 = 15.

3. Phan tich dong hoc

3.1. Quan hé dong hoc nguoc

Bai todn quan hé dong hoc nguogc nhim tim toa do cta diém BI1( x, z ) va géc quay 9
clia gia dao xung quanh truc Y.

Theo hinh 1, hé toa d6 OXZ gén c6 dinh v6i than mdy, hé toa do O’x’z’ gin c6 dinh véi
gia dao, & day O’ 1a vi tri tam dao cach khép néi Bl khoang cach tam A. Géc nghiéng 9 giita
cac truc Z va Z’ chinh la géc nghiéng truc dao. Toa d6 O’ cua hé toa do truc dao so véi than may
duogc x4c dinh theo cong thic:

[c] =[x

Vi tri c4c con trugt Al dugc tinh theo cac cong thic:
[Al=lo.z]s [A]=ld 2] [A]=[d.z - L]

cac gia tri z1 va z2 trong cac cong thic trén la bién dau vao

Vec to toa do Bl trong hé toa do co dinh duoc tinh theo biéu thic
[B]=[x/,z]=RB]+[c] i=1,2,3.

o day
[Bl] = [Bz] = [/] 1O]T ) [Bs] = [/"_|4]T

R 1a ma tran huéng

r=| €07 sina
-sina cosa

Cac dai luong can tim cta bai toan dong hoc nguoc s€ 1a nghiém cua cac phuong trinh sau:
[A]-[B]=1,,i=1,2,3. (1)

Twr hé phuong trinh trén chiing ta tim dugc cac gia tri sau day:
N 2 12
7, =7, ~lf =X}
- 1 2 1 2
Z, = Zl_VIZ _(dl - Xl)

I3 = \/(Xls_dl)z + (ZI3_Zz + |4)2

o day
X=X+ A.cosa,
zZ,=z-Asina,
X';=X+Acosa —-1,sina,
zZ,=z-Asina -1, cosa
3.2. Quan hé dong hoc thuan
Dong thoi v6i viéc giai hé phuong trinh (1), chiing ta sé cé cac nghiém sau day cua bai
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todn quan hé¢ dong hoc thuan:

X =1I,cosa, — A cosa
z=12z +l;sina, +Asina
a =tg —1(( (d;-l3sina; -l sina,) )

22_|4+|3 COSO’l—Zl—|1COSO'2)

O day céac goc Q1 va 92 6 thé dé dang tinh duoc theo cidc quan hé hinh hoc.
4. Phuong trinh van toc, tinh ky di va mién gia cong
4.1. Phuong trinh vdn toc

Lay dao ham theo thoi gian hé phuong trinh (1) ching ta s€ nhan dugc cac phuong trinh
van toc.

Jgq°=Jp° (2)
O day g° 1a véc to van toc
.
¢ = [zl,zz,lgl
va p° la véc to van toc
p° = [x,z.a|
Céc ma tran bac 3 Jq va J dugc tinh theo cac cong thic sau:
z-z 0 O
J,=| O z,-z 0
0 z-z |
-x z-7 %, +k,(z, - 7)

J= dl_xi L~ _kz(dl_xi)-l'kl(zz_zi)
X, —d, z-z+l, k(x,—d)-k,(z,-z+1,)

1 P e o )

4.2. Cdc trang thdi ky di

o day

C4c trang thdi ky di sé lam matkhd ¥

nang diéu khién va gidm déng ké he s6 1 M
cling vitng clia co cdu, do vay phai thiét ké
viing lam viéc cta co ciu luén ludn nam
ngodi cdc diém ky di nay. Tir viéc khao sét
cac ma tran Jacob thuan va nghich, ching
ta s€ tim duoc 3 trang thai ky di sau day:

| K T -rl Ay W
. . Z, Z, . . . TRI&

+ Trang théi ky di tht nhat xuat hién khi i
thoa man phuong trinh sau: det(Jq) =0 Hinh 2: Trang thdi ky di thit nhdt
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Trang thai ky di nay tuong Gng véi gidi han viing 1am viéc cua hé thong. Khi nay phuong trinh
sau phai dugc thoa man:
(2 -2z)z-z) =0

Phuong trinh trén chi x4y ra khi (z,-z,) = 0 hoic ( z,-z, ) = 0.

Céc so d6 trén cac hinh 2 cho ching ta thdy cdc trang thai ky di xay ra khi hoac 1a thanh
A B, hoac thanh A,B, ¢6 phuong nim ngang

+ Trang thai ky di thit hai xay ra khi:

det(J)=0

biém ky di nady ndm trong ving gia cong

clia co céu. Tur phuong trinh (2) ching ta c6:

[ - )z - 2)- b - x Jz -2 )k =0
¢ day K la tham s6 két cau, néu (Z1 - 21) #0va % /
(2,-Z)# Othihe s6 K 20 Juoe

Hinh 3: Trang thdi ky di thit hai

Khi phuong trinh nay thoa man v6i K # O chiing ta s€ nhan duoc
(e =)z - 22)= b - )1z, - 22)

Cau hinh véi diém ky di ndy xay ra khi cdc thanh A,B, va B,B; song song véi dudng tam
cua dao phay. Theo hinh 3 géc quay cua truc dao theo phuong Y khi d6 sé la a, va a, va duogc

tinh theo cong thic
I | e (e i
a, =75 tg ( d;—x

+ Trang thai ky di thi 3 xay ra khi dong thoi Jq va J déu bang khong. Trang thdi ky di
nay xdy ra ngodi ving gia cong, do dé chiing ta khong dé cap tdi.

4.3. Mién gia cong
Theo céc tai liéu [1] va [2] chiing ta s& tim mién gia cong trén co so phan tich cdc ma tran Jq va J
Goi o, (i=l,..,,3)lacédc hang s6 ky di ctia cdc ma tran Jq vaJ thi mién gia cong s€ la :

w, = 9,/8,

Trong truong hgp co cau khao sat, ching ta chi xét ma tran J 1a ma tran lién quan tGi cac

kich thuéc cong nghé, khi nay phuong trinh dac trung s€ c6 dang
detfAE,-37J)=0 3)

Héng s6 ky di khi nay s 1a:
0=4yAi37J);(i=1..3)

6
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Tur cac quan hé trén s€ rit ra két luan hé s6 w,
cang nho thi mién gia cong cla co cau thiét k& cang 3
dugc mé rong.

5. Khong gian tuong tac thuc
5.1. Trong mdt phdng 2|
V6i co cau dang nghién cttu, bac tu do trong z

chuyén dong quay chinh 13 géc quay tuong doi gitta gid 1.5

dao v6i cac truc toa do x hay z. Goc quay nay khong

anh hudng gi t6i viing dich chuyén clia cdc thanh A,B, L

va A,B,, do d6 ching ta s& st dung diém B dé xac dinh ¢ Hinh4: Mién lam vi¢e trongmar

viing 1am viéc clia robot. phang Oxz ]

Tur phuong trinh (3) chiing ta c6 X
‘ 2 . 2
(¢ -0f +(z-z) =12
, 2 ,
(Xl _d1) +(21 - Zz): |22
Véi z, va z, 1a c6 dinh thi cac quan hé trén chinh la phuong trinh dudng tron. Véi thanh
A B, thi dudng tron dé c6 tam tai diém (0,z,), bdn kinh Ia 1,. Thanh A,B, sé& dich chuyén theo
vong tron tam (d,z,), ban kinh 1,. B6 qua cac kich thudc thuc ctia co cau, dong thoi gia thiét
khoang dich chuyén clia con trugt theo phuong z
z,z, [z

min ? Zmax]

thi mién x4c dinh cla timg thanh chinh 1a hinh bao clia cdc vong tron lién ti€p, mién xdc dinh
cua diém B sé& 1a giao cta 2 hinh bao néi trén. Hinh 4 13 két qua cho trudng hop 1, =1, =d, = I;
2,2, D[O;LS]
Theo hinh 4 hé s6 khuéch dai kich thuéc v s€ dat cuc dai tai gia tri x,
V= Xmax/ dl

O day d, 1a khoang cach theo phuong x gitta hai gia truot

4
dl;(|12d1’|2 Zdl) 3 &,
|1 +|2 _dl;(ll < d1’|2 < d1)
Xmax = . 2 s al\lﬂl =r #2
l:(I, <d,,1,>d,) b %
l,;(, 2d,,1, <d,) ol a,
5.2. Géc quay cua gid dao -1 /__,.——-';’f By, ==m16
Géc quay cia gid dao duoc diéu khién bsi mot 27 T : = o
truyén din servo va day chinh 1a truc diéu khién thi 3 Ry e 2l
cta robot, chinh toa do géc nay quyét dinh trang thai *
ky di thit hai nhu vira dugc khao sat & cadc muc trude. Hinh 5: Gidi han géc quay gid dao

Hinh 5 1a quan hé gitta a véi x cho truong hop l,=1,=d,=1,2; 1,=0,3 va A =0.
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Dé tranh cdc trang thdi ky di, gid tri cla @ s€ phai -
bién thién trong khoang tir a ., t6i .. Mién gach i
trong hinh v& bén 12 mién bién thién cua a khi 20
a., =ml2vaa,, =-ml6.

P S " Wy 20
6. Hé so goc cua ham tham so
. < , Hy=1
Goi w l1a ham tham so 107 v o
— cio— My oz2
w= f(u, .1, )i =1..0 ot > I’
Pao ham riéng phuong trinh trén i*

theo bién 4 ching ta cé
R Ve 10
W= I M o

w’ chinh 12 hé s6 géc theo tham s6 khao sat u 40
Hinh 6 biéu dién quan hé w, theo @ tng véi cac gid tri cu
thécha 4 120,1;1;1,5va = 2.0

b, =100
gy =15

L]

7. Lua chon thiét ké cau tric toi uu 20l 4, =0.2
Tir tat cd cdc quan hé gidi tich trén, chiing ta c6 thé thdy ; N T-E"
N P , e 1N 9. e , , 10 ¢ My =03
rang cidc phuong 4n thiét ké phai duogc t6i vu hod theo cac = !
ham muc tiéu sau: o :
. . 1 04 0.2 0 02 0.4
- Kich thuéc co cau nho nhat i
- Mién lam viéc ctia co cau 16n nhat Hinh 7: T61 1w hod theo tham s |1,

- Goc quay gia dao 16n nhat
Goéc quay gia dao phai bao dam sir dung dugc 70% khoang dich chuyén clia d,, tic 1 phdi c6 w
> 0,7. Khi nay cdc géc quay cuc tris€ la a,;,, 2-02 va a,,, < -77/2.
Lua chon cic tham s6 két cau nhu saw: g =y, =1y, = 025 1, =—02. Cac khoang dich
chuyén theo cic truc toa do (x, y, z ) tuong ting 12 ( 850mm, 1000mm, 630 mm).
8. Két luan

Co cau dé xuat trén co so tich hgp robot song song 3 bac tu do véi mot ban mdy 1 bac tu
do tao ra céu tric may CNC 4 bac tu do, c6 cac dac trung dong hoc, dong luc hoc thoa man cac
yéu cdu thiét ké.

Céc két luan dé t6i wu hod cdc thong s6 két cAu nhim tim ra mién lam viéc 16n nhat ctia
robot trong ca chuyén dong tinh tién trong mat phing theo phuong x va phuong z, cling nhu
trong chuyén dong quay xung quanh truc Y cta gia dao.

V6i cdc quan hé clia co cau di xédc lap, budc diu c6 thé thiét k& tong quan sau d6 thiét
k& chi tiét cdc cum mdy va co cAu mdy nham gidi quyét bai todn gia cong cac chi tiét phiic tap
ma dién hinh 12 cdc mat 1am viéc clia c4c cdnh tudc bin cong nghiép.

Trén co s& nghién citu kha thi nay, néu c¢6 cac du an 16n véi kinh phi phut hop thi hoan
toan c6 thé ché tao thir nghiém may phay CNC 4 bac tu do dé gia cong cénh tudc bin.
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Cac hudng nghién ctu tiép theo cua bai bdao nay s€ duoc nhom tac gia ti€p tuc thuc hién
trong cac dé tai nghién ciu tiép theo ciing nhu trong dao tao thac s§ va nghién citu sinh nganh co
khi ché tao may.

Tém tat
Bai bdo nay dua ra mot thiét k€ méi cho phuong an may phay CNC 4 bac tu do dua trén co
s& mot co cau ro bot song song 3 bac tu do. Cac tinh toan dugc trinh bay cho ca bai toan thuan va bai
toan nghich cua co céu lya chon. M6 hinh dugc thiét k& s€ dam bao qua trinh dinh huéng dao va
thoa man khong gian gia cong 16n nhat cho ting bai to4n cu thé khi ché tao canh tudc bin.

Summary
ANALYSIS AND STRUCTURAL DESIGN OF 4- DOF CNC MILLING MACHINE FOR CUTTING
THE TURBINE BLADES

This paper presents a four degree of freedom hybrid machine tool based on a novel planar 3-
DOFs parallel manipulator and a long movement of the worktable. Closed — form solutions are
developed for both the inverse and direct kinematics of the designed manipulator. Three kinds of
singularities are presented with the demensional design satisfying the requirements of motion
platform realizing cutter orientation capability, dexterity and workspace of proposed models for
milling the turbine blades.
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