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Three-axis CNC numerical control machine tools often have limited
capabilities when machining three-dimensional surfaces. In this case,
the kinematic chain is often extended using a fixture that has the
structure of a parallel robot, called hybrid machine tools. In fact, when
choosing this extension fixture, there may be more than one choice and
comparing the suitability between candidates according to a series of
different criteria to choose the optimal solution is often not simple. By
researching and comparing two commonly used structures in industry,
A3 and Z3, this paper proposes a solution to compare criteria related to
pressure transmission angle. On that basis, the most suitable support
structure to expand the technological capabilities of the milling
machine can be selected. Through research, it was found that in the
same control space, the A3 head outperforms the common Sprint Z3
head, being the better choice in this case. The proposed method is a
suitable tool to support decision making in similar cases.
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TU KHOA
Robot song song
A3

Z3

Goc ap lyc truyén

So sanh va lua chon

Cac may cong cu diéu khién s6 CNC ba truc thuong bi giéi han kha
ning cong tac khi gia cong cac bé mat khong gian ba chiéu. Trong
truong hop nay nguoi ta thudng mé rong chudi dong hoc cua chiing
bang cach st dung mot d6 g co cau triic ciia mot robot song song, dugc
goi la may cong cu lai. Trén thuc té khi lya chon d6 ga mo rong nay co
thé c6 nhiéu hon mot lya chon va viéc so sanh su phul hop giita cac ing
vién theo mot loat cac chi tiéu khac nhau dé chon duoc phuorng an toi
wu thudng khong don gian. Vai viéc nghién ciru va so sanh hai céu tric
duogc sir dung phd bién trong nganh cong nghiép 1a A3 va Z3, bai bao
nay dé xuat mot giai phap so sanh cac chi tiéu lién quan t6i goc ap luc
truyén. Trén co s& d6 dua ra dugc lya chon cdu trac hd trg mo rong kha
nang coéng ngh¢ cua may phay phu hop nhat Qua nghién ctru thiy rang
trong cting mot khong gian dbi Chung, chu trac A3 vuot troi hon ciu
trac Z3 thong thuong, 1a lya chon tot hon trong trudng hop nay. Phuong
phap ma chiing t6i dé xuat ¢ day 1a cong cu phi hop hd tro cho ra quyét
dinh trong nhiing truong hop tuong tu.
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1. Gioi thigu

Céac may cong cy diéu khién s CNC 1a mét thiét bi co dién tir, nd c6 cdu tric co hoc 1a mot
robot dang chudi hodc dang song song. Cac may c6 nhiéu truc diéu khién niam hay sau truc cho
phép tao ra chuyen dong khong gian phirc tap nhung gia thanh cao hon nhiéu cac mdy ba truc. Do
do6, trong mot s6 truong hop ngudi ta s& mé rong kha niang cong nghé ciia cac may nay bang cach
ghép cac may cong cu véi cac robot nhim ting thém bac tw do va mé rong kha ning cong nghé
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Hinh 1. M{t 56 so do phé bién nhdt ciia may cong cu lai

C6 thé thay rang muc tiéu ma cic cdu trac nay hudng t6i 1a cac nén tang 5 truc, day 1a cu
hinh ¢6 d6 linh hoat cao c6 thé tiép can v6i bé miat gia cong & moi goc dd va cod gidi han chuyén
dong co hoc 16n do chudi dong dai [1] — [3]. Gan ddy may cong cu lai dic biét phat trién manh
mé & linh vuc tich hop cac dau in kim loai bot (DED head) 1én cac khung sudn may cong cu
CNC, vé co ban cac cau hinh thuong gip nhu trén hinh 1.

Trong linh vuc hang khong vii try cic nganh cong nghiép nang lugng, khuén mau va khuon
mau voi su trg gitip cua dong san phém lai LASERTEC 3D. Bé dat dugc muc dich do, ho da
cung cAp hai giai phap két hop khac nhau: LASERTEC 65 3D hybrid va LASERTEC 4300 3D
hybrid, 14n luot ra mat vao niam 2014 va 2016. Cai dau tién, c6 cAu hinh RRLLL, déng vai tro
mdt trung tim phay nam tryc [4]. Cai thir hai bao gdm chuyén dong nghiéng truc B & dau va mot
chudi dong hoc RLLLR, déong vai tro nhu mdt trung tdm hdn hop tién phay [5]. Trén hinh 2 cho
thdy so' d tich hop dau in 3D in bot kim loai 1én may phay Integrex | — 200S dién hinh cho xu
hudng nay.

Milling \plndk (b)
Lasers
Deposited clad
. Metal powder
Dilution zone
Melt pool
|
G antr\ AM head
Multiple laser beams around the nozzle
,\ melt metal powder supplied through the
Turning spindle nozzle center.

Hinh 2. Pau in kim logi bét sir dung laser Gantry AM két hop véi may Integrex I — 2008
dang cdu tric lai [6]

Thong thuong khi mo rong ciu tric, dé dam bao d6 cung viing chung thi cdu trac thém vao
déu 1a cac cau triic song song. Do cac chuyén dong thay ddi vi tri ctia Tool Center Point (TCP)
thudc vé may cong cu nén phan robot song song dugc thém vao chii yéu dam nhan viéc diéu
huéng TCP. Hinh 3 cho thdy mot may cong cu lai v6i ban may phay hai bac tu do truyén thong
va dau dao duoc mo rong biang mot robot song song 4 bac tr do PKM c6 kha ning dinh hudng
linh hoat hon nhiéu so v&i may phay truyén thong chi giir truc dao vudng goc voi ban may.
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Hinh 3. H¢ théng may cong cu 3 bdc tw do va robot PKM 4 bdc tw do [7]

Viéc xdy dung cac cdu tric lai 6 van dé k¥ thuat 16n nam & chd cac robot song song duogc lya
chon dé t6 hop cing véi may cong cu phai dép Gmg cac tiéu chi vé dong hoc va dong lyc hoc nhat
dinh. Chen va cong sy [8] trinh bay mot nghién clru so sanh gitra hai ciu trac song song Z3 va
A3 cho myc dich chon ra mét co cau thich hop voi mot loat cac chi ti€u trén co so hé s6 truyén
lyc van toc nhung chi tién hanh xay dung dit liéu & mot vai lat cit ngang qua ving lam viéc.

Do déy la cong viéc thuong xuyén xay ra trong ky thudt, trong bai nay tac gia gidi thiu mot
phuong phap lam co s¢ dé giai quyét van dé nay.

2. Phuong phap nghién ciru
2.1. Cdc chi tiéu ky thudt lién quan géc dp lice truyén trong lwa chon robot song song

Dau tién vé cac chi tiéu lién quan goc ap luc truyén can xut phat tir khai niém vit. Vit 1a mot
véc to kép gom hai véc to trong khong gian ba chiéu hop lai [9]. Mot vit bi€u dien chuyén vi
xoan tong quat s€ nhu (1):

$ =w(a;n <o +ha) @)
Mot cd 1é biéu dién luc tong quat s& nhu (2):
$,=f(f,;r,xf,+h,f,) (2)

Tich v6 hudng gitra hai dai luong nay din ta cong suét tac thoi cua truyén dong do va co
dang khai trién (3):
$,08,=(v,.f, +o.7,)
=(h,+h,)cos@—-dsind
Dé danh gia qua trinh truyén cong suat giira vit (1) va cd 18 (2), hé s truyén cong suét giita
chung dinh nghia boi (4):

3)

[$,08,| _|(h+h,)cos6—dsing| ()
[$9%,| .. Jh+h)?+d2,

Trong d6, dmay 12 d6 dai ti da cua duong vudng goc chung gitta xodn vit va xodn cd 18, hé sd
0 (4) cang l6n cang cho kha nang truyén luc/ chuyén dong t6t ciia robot. Vi dinh nghia tong
quat nhu & (4) thi hé s6 nay chi tir 0 1.

Néu chuyén vi tir diu nhanh (do dong co tao ra) ky hiéu boi vit xoan $;; (Input Twist Screw)
truyén toi cudi nhanh va tao ra luc tong quat ky hiéu boi xoan cd 1é $,; thi hé s6 truyén tuong Gmg
goi 12 hé sb truyén dau vao ITI (Input Transmission Index):

|$Ii °$, |
|$|i O$Wi |max

Phai x4c dinh dugc vit truyén ra méi du co s¢ dé xac dinh hiéu suat cap truyén dong tir du la
vit cd 18 $,, dén vit ra $o. Vit truyén ra $o; khong cu thé vai tirng dang chan nhu vit tmyén vao §$,
nhu trinh bay ¢ trén, n6 phu thudc $6 lugng nhanh va toa do lién Kkét gitta nhanh va ban.

&=

ITI = (i=12,3) ®)
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|$Wi O$Oi|
|$WI $O||
Khi c6 h¢ 5O truyen dau vao (ITI) va hé sd truyén dau ra (OTI), hé sO truyen toan cyc dugc

hiéu 1 hé sd truyen xuyén sudt toan tuyén, né duoc tinh bang tri s6 nho nhat trong s hai tri s6
ITI va OTI tai diém dang xét.

OTl = (i=123) (6)

LTI =min (ITI, OTI) (7)

Céc cong thire (5,6,7) tinh OTIL ITI va LTI duoc lién két véi 101 giai s6 bai toan dong hoc
nguoc dé tinh gid tri ciia ching trén toan bo ving lam viéc va thong ké truc tiép cac gid tri voi
ting ngudng phan ving dé 1am dir liéu dau vao bai toan tdi wu.

2.2. Gioi thiéu bai todn

Trong muc nay cho thiy quy trinh so sanh hai robot song song ciu triic Z3 va A3 véi tu cach
dd ga mo rong kha nang cong nghé cho may cong cu. Trén hinh 4 robot A3 ¢6 ciu triic 3RPS con
robot Z3 ¢6 céu trac 3PRS.

Qua4 trinh so sanh s& dién ra nhu sau. Do ca hai co ciu nay ¢ dic diém luon gitr tim bé di
dong nam trén phuong ca truc z thudc hé quy chiéu co so, tirc 1a giao tuyén clia ba mit phang
ma mdi cai trong d6 chira chén thir i cua robot va dudng nbi 040;. Khép R trong nhanh khong
cho phép mit phang nay di chuyén nén ca hai co cau nay chi ¢ kha ning di chuyén tam cia bé di
dong trén truc 0z. Hay noi cach khac cac diém nam trong ving lam viéc phai c6 dang (0,0 +2).
Do dic diém dong hoc do ca hai co cau nay chi gitr vai tro dinh huorng 1a chinh. Gia str ching can
hudng truc oz; vao mot ludi diém trén ban cau mé ta ving lam viée bang cach thuc hién chuyén
dong pitch va Yaw trong gidi han tir 0»180°.

Str dung ba tiéu chi danh gia bao gdm:

Hé sb truyén dau vao;

Hé s6 truyén dau ra;

Hé¢ sb truyén toan cuc;

Hinh 4. Robot A3 (3RPS trdi) va Z3 (3PRS phdi)

Chia luéi toan bd khong gian cong tic dang chom cau va giai bai toan dong hoc ngugc sau do
tinh va thong keé tat ca 3 tiéu chi noéi trén dudi dang dinh luong cu thé. Str dung cac dac tinh hiéu
suat dé chon phuong an phu hop hon.

2.3. Mo hinh todn hoc, khong gian cong tdc va bai todan dong hoc ciia robot
M3 hinh toan hoc cta co cu 3RPS nhu hinh 5. Goi ban kinh dudng tron ngoai tiép bé cb dinh

va bé di dong 1an luot 1A R var, h¢ phuong trinh dong hoc cua robot c6 dang nhu (8) (9) (10).
Trong do, py, Py, P.1a toa do cua gde Oy trong h¢ quy chiéu Oy,
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Hinh 5. So do déng robot song song 3RPS va cdc hé quy chiéu ciia né

Chan 1:
L\E §c05a.cosﬁ—%(c05a.sin p.siny —sin a.cos y)
Py R l,.cos g,.cos ¢ \/5 (8)
p,|= ~3 +|l,.cosq,.sing, |— rTsin a.cosﬂ—%(sin a.sin S.sin y +€0S &.C0S y)
l,.sin
P, o | [&SNG rv3 . r )
—T.S|nﬂ—§.cosﬂ.smy

Chén 2:
_L‘/g —#cosa.cosﬁ—%(cosa.sin p.siny —sina.cos y)
Py 2 l,.c0s0,.cos ¢, ©)
R . n/§ . r, . . .
p,|= -5 +1l,.cosq,.sing, |- —Tsma.cosﬂ—i(sm a.sin B.sin y +cos &.cos y)
P, 0 l,.sinq, 3 .
——.sin f——.cos S.sin
2 B 7 B.siny
Chan 3:
p| [0| |[l;.cosq,.cos¢,| |r(cosea.sin fB.siny —sina.cosy) (10)
p,|=|R|+ |l5-c08q,.5in ¢, | - |r(sin c.sin B.sin y +cos a.cos y)
p,| 10] [ls.sing, r.cos g.siny
Tuong tu véi robot song song 3PRS, hé phuong trinh dong hoc ctia robot c6 dang nhu (11)
(12) (13).
Chéan 1:
p, 0] |0 —r(cosa.sin A.sin y —sin @.cos y) (11)
p,|=|-R|+|l.sing, —|-r(sin a.sin £.sin y 4+ cos &.cos y)
P, 0| |l,+l.cosq, |-r.cosg.siny
Chén 2:
L‘/g —ﬁl.sinqz ﬂcosoc.cos,ﬁ’+£(cosoz.sin,b’.sin;/—sina.cos;/)
p| | 2 (12)
R I . rJ§ . r,. . .
p,|= > + —E.sm g, |- Tsm a.cosﬁ+5(sm a.sin B.sin y +cos &.cos y)
Pl | 0 | [I,+l.cos
2 % —%.sin,&é.cosﬁ.siny
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Chan 3:
_L‘E ﬁl.sinqs —§005a.cosﬁ+%(c05a.sin,B.siny—sina.cos;/)
| | 2|2 (13)
R I . r\/§ . r, . . .
p,|= £l + —E.sm 0, |- —Tsm a.cosﬂ+§(sm a.sin B.sin y +cos a.Ccos )
Pl |0 I, +1.cos
: % ?.sin,bw%.cosﬂ.siny

3. Két qua va ban luan

Tt hé phuong trinh dong hoc cua robot A3 va Z3, s dung phuong phap giam Gradient tong
quat dé tim ving lam viéc va cac chi tiéu lién quan goc ap lyc ciia moi robot. Trong nghién ciru
nay chi xét dén diéu khién hudng ctia robot.

Do chuyén dong xung quanh tryc z; (roll) khong lam thay dbi dinh huéng ciia TCP, xét hai
chuyén dong pitch va yaw nhu hinh 6.

/ A’#_/N\ pitch (y.p)

trajectory of il
pitch monou\ ZIA X

90

trajectory of
yaw motion J

yaw (x.7)

7 -90
Vi -90 0 90
Xo

Hinh 6. Quy dao hai chuyén dong dinh hwéng ciia bé
Quét hai chuyen dong pitch va yaw trong khoang [0,180° 1 dé tao mot mat cau dinh hudng nhu
hinh 6. Hé sd truyén trén co s& goc ap luc Gmg voi cac yéu cau dinh hudng d6 dugce phan ving dir

liéu lam 3 vung nhu hinh 7 va thong ké 1a1 vao bang 1 dudi day.

B oc-!

e os-08

N o04-06

H o204
0-02

06-08
04-06
02-04
0-02

b) Phén viing hé sé truyén ciia robot Z3 ¢é cdc tham sé R = 250, r = 200, L = 500
Hinh 7. Céc do thi phén viing hé s6 truyén véi robot A3 va Z3

Tir d6 thi phan vung hé sO truyén ciia robot A3 va Z3 thay rang vung lam vi€c cla robot A3
rong hon Z3, hé s6 truyén dau 'vao cua ca hai robot déu tot nhung h¢ s6 truyen déu ra va hé sb
truyen toan cuc ctia robot A3 tt hon hin so véi robot Z3. Nhu vay cAu tric hd trg mé rong kha
ning cong nghé clia may phay kiéu robot song song A3 phu hgp hon kiéu robot song song Z3
trén cing mot khong gian dbi chimg.

http://jst.tnu.edu.vn 85 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 80 - 86

4. Két luan

M6 rong kha nang cong nghé cua may cong cu bang cach t6 hop voi cau tric hd trg kiéu robot

song la mgt hudng di pho bién trong cong nghiép. Nhung khong phai robot song song nao ciing
phu hop dé két hop cing may cong cu. Viée t6i uu va phan viing d6 hoa cac chi tidu chat luong
lién quan to1 goc ap luc truyén ctia co ciu 13 co s& dé so sanh kha ning lam viéc clia cac robot khi
dugc t6 hop voi cung mét loai may cong cy. Tur két qua so sanh nay chon ra co cu thich hop dap
ung cac tiéu chi vé dong hoc. Trong truong hop cac chi tiéu ¢ bang 1 khong c6 phuong 4n nao
vuot tréi hoan toan so voi phuong an con lai thi can ap dung mot trong cac giai thuat ra quyét
dinh da tiéu chi (MCDM) dé ra quyét dinh lira chon.
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