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Dynamics Coupling Characteristics of 3PTT —2R
NC Serial-parallel Machine Tool
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Abstract; The dynamics coupling problem for the self designed “3 parallels U2 series” mixed type NC
machine tool was studied based on the kinematics and force rule of mechanism in order to ensure that the
machine can have good dynamics characteristics and high quality of parts during the process of machining
complex surface. A method based on Kane and Lagrange was put forward. A whole dynamics coupling
model of serial and parallel mechanism was established and the coupling factors were determined. The
process of machining complex part and the force of machine tool were dynamically simulated. The
simulation results showed that the established dynamics model was credible and reliable, and in
accordance with dynamics rules of the force and kinematics relations. The experiment was made to cut
complex surface parts and the machine tool run smoothly with fast speed. There was no large singular
position and coupling error. The surface roughness results showed the kinematics accuracy of the machine
tool and interference fringe proved the force uniform of machine tool. As there was no singular coupled
vibration and collision, it was proved that the theoretical analysis was correct. The method and process
can solve dynamics coupling problem actively, real-timely and effectively of 3PTT —2R NC machine tool,
and lay a foundation for accurate control of NC machine tools.
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Fig. 1  Structural diagram of designed

serial-parallel machine tool

TERLR 2 B8 3 A il b, B HLR 4% o 7 e
o IR LR TR i K % 5 it ] IR H 3 HIL 3K
gly, 2t e SR A% 8l UK Sl R Bk 22 KL ANUIE 5% 3z 3
N T B RGN B, R RUE AT 9 77 05 3 F B A
A6 AREAT, HRE—E. W #, WK
BB W E AT E s, NS B3 aa sl
7S RS S v TR e B o 8 B R R
T, BILF A ity 2 26 i 1 T L, S g0 i T A
HESL LR LATHE R AT 2 f R

B2 ER ORI B LR () IR i 4 AR S
Fig.2  Serial-parallel machine tool servo system model

L8 20054 3.30FG 4. ML TR
AR BT A I IR BB AR LA 5 70 K i 3
MU B FEAURTE AR 72 iz 8 K2 T A R &
)L, BBl 2 5 I

2 3PTT-2RHLRF N ZRBEHEST

3PTT - 2R 3 R IR B AL IR (9 o BR AL AL S 5T Bk
B 2y S0 (3 AL A4 3z 2 A 20 B, T 3 28 52 Bl
Z IR B IS B S sz JT R A R R BUE A
ARGEA T IR B J1 25t . ML B
[Fa) AL I LA 2% 3015 s S R ) (2 RS A E o B2 A



364 & ol HLOM ¥ R

2015 4

PIBEYEE IR PSS eIkt TN ARSI A i
[i] 5% 2R 1 ) L, 2 43 BT LA 76 S0 AT IE B 1 3l 03 1Y
HIE TN, RG ) = Ve S HE XA Y . 78 40 AT iF 5%
3PTT — 2R B IFHEML IR JL AT 485 78 K ML A 32 3 Ry 1 1)
e i s 1 K ORI N 5 S P S B S )
J1FREE T .
2.1 3PTT HEHHAZSINWEREHEIN

B R s 3PTT iz 2 M3 2 i HLAG 45 3877
FIEMHA R FEAAH: 2805 % 8 Z 8
G ARG GRS KB A T R
BN AT Z (8] 0 A G, RS RERS G B oG
KA IFEG TR R B T B M E A,
FEIPERE G SRS M DG . HOW EE X & B
TG AT AT
2.1.1 FFHBizaiflaair

(D) FENA T R G R R . WL 8%
Z AR A Sy Pis 3 B L B v 80 i A 22 1R Y
BPERR G T AT R e BOM 3T & B 15 S G
Wh Tyio H1tt, Pl 3PTT HLAY Iz 3l @l JE 24 R Bl
MEXR ARG ERATRRHN

m,=[M, M, M. (i=1,2,3) (1)

(2) BT LA A AR AR A B o Bl 5 B 27T
VLRSI & AL bR RARXT TS % A bn R0 LA bR
7N A B A bR R AT AR

T, =TT, T T,T)'T)'T, =

(2)

0 0 0 1

_H..

@, =cosg, cosp,cosd — sing, sing,
a,, = — cose,sinf
@, = cosgp, sing,cosf + sing, cosp,
a,, =l,cosp, cosy, +
3 . .
?ll (cosg, cosp,cosf — sing, sing, )
a,, = cosg,sinf a,, =cosf

a,, = sing,sinf
. 3 .
a,, =1l,siny, +§ZIC()SYZSIH0

a,, = —sing, cosg,cosf — cos, sing,
@, =sing, cose,

@,;; = COSQ, Cosg, — sing, sing, cosf
ay =Q - l,sing, cosy, -

3 . .
gll (sing, cosg,cosf + cose, sing, )

(3) X5 ve B3 Al & AT o M MR 2
SC:3 MRLZAL I A8 LR LKL 1 22 KL 2 (2241 3 5 5% f
B AT /5 il SN N o /S I VA N VA AU 53
T LT 20F 3500 00 A9 5% b8 B % £ B i R e g A
S EEM FiE , th T8 B AL K B A E AR B
BN LR S8 AT 5 K F O 1) Y R 2
3AMEB NI BT E , BOER 5 T ) b ALk
Vil R Ul = I o B TR 2 o B Y R
Bai Bsi 5812 \Bas Bz 3V i Yar Va1 sVia Yar Va0 WA

{,811 ta=g¢y, {,821 Ta =@y {,831 Ta =

Biu—a=¢, (Bn-—a=¢, (Bym-a=¢;
Yiu v ¥ =0, Ly, +yn =0, Ly +vy, =0,
B +Bin =0 Puten=0 ¥y, +y,=0
{,321 +B,, =0 ¢y + @y =0 {7’21 +vy, =0
By B =0 loy +¢5, =0 Lly; +y5, =0

(4) RGNV G2 sl AR A R 120 E AL AR
AR PR 1 SO R AR b, BEATOR AR . A3 B0
F-H L MM, M, M) B4R J7 FE BT 0y

(0, _ZM)Z +xJZW + [?(Zo -1,) _yw]z :li

2

(Q, _zM)z + [xM +L(lo -1) ] +

2
[yc11+§(lo_l1)]2:li (3)
(0s—2)7 + [, -%(10 1) ]2 ;

[fw"’?(% -1) ]2 =l§

HT I, AT ARAR 3 3 % o i 5 7 A o
2.1.2 B3 eEiE

TERESL BV 5 3l T 2 M 8 R A & 2E 47 52 T 43
Bro FGEME 3a BioR, % 1R IR W E 3b fr
N W B\ B,B, NEFG =ML TAL, ST
WAL I T T RAZ B 2= 30 &, h 2L 07 2

n

Y (F +F,)8,=0 (4)

oA RIBREN 1A A S B . P, 31T 6
S T LR

F, F, xly
Fo |+ Fl | =m| ¥y | 8, =0 (5)
F, F, zly
A 8 22
J (F”,.a—Qf+F”a—Qf+F”,aQ/;) (6)
T e e

4R ALK 52 1 JLEE , A1 T2k 1 4 HR B AL A A% 33
2. 46K 3b, i3



5 12 3]

BOW 4% 3PTT - 2R HRIFBRBEHLIR 3 ) 2 B & s PR AT 5

365

[ 3
Fig.3
(a) BB
F! sin@] + I sing; + F. sing; = mB’l’”
F’ cos@, + F” cos®, + F' cos®;, =mg + F’
F'.cos0 (Qtang] + R,) + (7)
F’ cos@) (Qhtand, + R,) +

F’ cos@; (Qhtand; + R,) =0
R,—4ME R 42

H1 T I AL SR B0 2 B IR e B0 2, TR i
AT L9327 77 R AT 1) o R T A - BR R 3
T2 IE R FF ) F, ) xy 2 3 A5 [ iR

&

X

(1=1,2,3) (8)

A by dye e SRR I R L AE xy 234
T3 T S RN A e i Ly o Ly L o WML
TR RESI B M2 T KR, 4R
FHHLAE B H 7 SRR 8 1 2 5 Bk RAE SV 6 g
HEAR EETZ?JJ"‘“L@UTIT?@T XOY -1 -3y,

Hp g gy mAe [ —z sV, RAFshighae. [H
BFl TR ROCR B B A HEE.
2.1.2. 1 X HERYBEAT g R T IO
AL RS T H 5 AR N
L= Y (T, +T,+T,) - Y (U, +U +U,) (9)
T=24"M(g)qU=U(q) (10)

I B AL 3PTT — 2R LAY Y i -F 65 V2241
JEY S ENEE NN B = R DR R 3
o B, BEXIIFERER T, 1 5 [ E A, R s R
i? BTN, 22 KDALY 3 SIIR 2 | ot S

36 3 1 E R R
Moving platform dynamics model

(b) F¥-H3% IR E A

LZAT A BV 5 A% ) H AR

(1) 18 #ia ST oy

1 T
TI) :7m1)vl)vl (11)
U,=m,gz
x
. T -1 4T
/‘EFI vV, =1y =(']1 JI ) Jpss
z
* T -1 4T . . : ST
J,,., Z(J,MJ,)A) J,,., slz[sl $s 53]
[ cosa,cosfB; cosa,sing,
sinq, sing,
7 cosa,cosB, cosa,sinfB,
" sina, sinq,
cosa;cosB;  cosa;sing,
sina, sina J

Ap T, 30V 5 5 0 B T LA

(2) EFFiz g KR

o T 307 & 5 & A Z 1) LLJE 5E SOAHE , BRI %

FFREAE -1 iz 3l , A 23 a1 i 2, )
r,=T, +T,
{ ‘ (12)
U, =m, gz
0 D ST R N
Tgi] ) m,V,V, = D) m,s,; (Jg.vi> (J;:xi) S, (13)
T,, = jlp(aea +Bﬁ) (14)
J;\’i:(‘]g.\’i‘]gw'>7l']:\’i (15)
Tt J. - [ cosc.xisinﬁi cosc.xisinﬁi
sinq; sinq;
KLrp L, —— AL AR
(3) 3hF s g n
1 T
{T/xil :jmhiv/l:ivhi :?mhisilsi (16)

U, =m,g(s, +lsina;,)

PR SR L A B9 H 7 e AT LSRR



366 & o Bl B ¥ iR

2015 4

L= Y (T, +T,+T,) - Y (U, +U +U,) =

1 M * * M
S8 m, () ()5, 4

3
Y oms () ()s, +
=i

2| =

3
3 S L (ala BB
i=1

3

ST .
?mhisz §;—m,gz - ; mhig(si + lsmai) =
1. .
54 M(9)q-U(q) (17)
M,
/ﬂ\:':fj M(q) = MA'
M
¢
A, Ig]
M = A, M, = I,
A, 1,

Ay=m () (J0) +m (J2) (J)) +my,
2.1.2.2 sy R
B8 R R FE R A

d oLy oL
ilag) “a (1)
L (M- ) =Mg (19)
oq aq
oL J 1 .4, . oU
w0 agl29ME) =5, O
R 10, 5 g X
Sfefie 15
Md+[M—a—£;(;—qTM)]q+Z—I‘I] r (21)
PP M MBI JE s € RIS MR G 467
M§+Cq+G=r (22)

F U, HLR I BRALI 19 3h 77 22 4 45 B 2 ] LA 3R

AR (3) (5) R (21) o AR g S, AT LA
R IEEAHA 2 S 5008 e B %, A
3 Ry JINSHE B TRy R B AL A R o, U
Be WL TG KRS TP E RO ZBMAE T
Higghfi B2 MR, Bk 8] 7 RAE 5h Jy 2 B
MEEHE R HEM

B2 TORAG B X 2R BB ALK E AT 40 07, BF 5 H
BIVIES eSS
2.2 2R BEHMZ N EBEHHEST

TS, AT E AR A A HLEE . B 4a BTUR .
BRERHTT | VESE 2 e s% 42 8h, R BEHR 5T 2 125 W)
B, RGBS 3h K Z TR A Rt A 4 R
BRETT | W TREE R G AR B0 2 RS & o [
FEALFE IR & 50 B A

T%*%TMMIEiEmEE%H%H%
LT HZshEak 2 e | dfh k. I A 2 A4
TERE B B EE I TR S 1 AN e B R A
RO GRET T HEAS M . T BRI 55 3 B s
S AT, A B LG R R TR
ZIPRM GBS M EZ G KR, #E T T
M5 BT 2 09 5038 01 Z [ 7 n & 4b JiT R .
2 BEOEBEIR A 0 7 2 A 1 J AL 3 S
SR f i, 1 e R LI s R B O i ST — i B
J12ERR A R R I SR RS B H 5 3k R 1T B R
fift

PRy 3 T ML A 8 A oy 8 40 2 G, R O RO

RE RS 2 AWM —D TR 5, X R
TS A A R BRI
fi=fi(A,t) (i=1,2,--,n) (23)
af
fi= ZaA S (24)

@ﬁ?ﬁAﬁﬁT$ﬂ%ﬁﬁiﬁﬁ

K4 ERERHLA B ) 2 W A TL A 45 2
Fig.4 Serial mechanism dynamics coupling geometry model
(a) BEEHLIM  (b) &BBHLEZ T
LBgEn 1 2. 8Bpoc2 3T ME& 4. MTTH 5. THEIHHE 6. T il



%12 0 GEBE 45 SPTT - 2R SRR HLR 30 ) 3 4 4 R 367
n > Ok R ) » n A 425 AN By
(=M ) =0 (25) N
&~ SETE T TR BRI HLA A IR A 18 3h R T . 45 14

i — 20 37 R LS T SCAR B Y R A T 38 2 R P L R R A B3 H O R AR 45 A
a#:iﬁﬁa (26)  PEEESLT 3PTT - 2R e IRIG HL A B9 B J1 64

G5 b, iy LT BT A G 1 3 1 W O
— TS

Y ZSAj(%) (-M f'+F") =0 (27)

i=1 j=

HER Ok, X Bl Ty 2 A — U HE AT LA 9 H
AE 5K fi

of m az : az :
Aitﬁ)zz S, 0
de \ 04, o 0A 0A; T o1 oA,
, ) , - (28)
af. " 9°f. 9°f.
fo_s 9, 0
0A, A 0A, 0A; 7 9t oA,

K27 AT

" d oH oH
Av( - F?) -0 29
24 ~qraa oa (29)

Joh H= Y M) (30)

PR 75 2 2R LAY 3l 1 2R 5 hoks B B 5 FE
doH oH ,

diaA] aA]
MR ALY B 2 R SR AT LU 1% T R
Guis 8 % S IR 4 O R R BRI % ) 5 2 ) Y
ORI A R A S AT 4 % ) LA A A
R AR AR A R ORI T L Sl L A RLR S8 R S AT
A . XL S IF B 3 Ty 2 A A T A T
BRI B T B VR R B 1 24 R A R RE
PRL 3PTT — 2R H3 R ALY 3l ) 2 £ 2 ]
LS

(31)

2
Xy

(02 +| [ eyt -0 ] ]

[xM _%(lo =) ]

| [@(ZO -1,) —yM]

3

5

2

[+ B -] =6 G

2

L [yM +%§(lo - ll)]

Z(F1+ng>5ri =0
=1

Mg +Cq+G =17

d oH  oH _

de 04",  0A/ !

BRI E AR BB A T ARG
ST ALEA S B R AE Y % F T, R S AL A
AE A JEE D% 0 B IE 0 ThG A oy A BB FT IR . X
SR 5 S G B AT (] 48 5 0 A 224 B AL
¥ (B i 3l 2 H) ROR S AT A

3 PAEMEMESN

gl Jy 2 5 BAE 3PTT — 2R #f AL IR B AT 5%
HhOEL A B EAE  £E BN 2 BT A SR A L AR s B K
52 3 WX B 5 AN 5 Bl 2 b R
T EL0T E, BB & 48 #9450 10 Ak B RS 4]
A il AR e o B B S W S R B, B AE
6 Uk IR AR T A

A T SCHR R R 25 B LR 12 322 B
W (3) BRI AR (4) , 3 Sy 2 R (22) L (32)
PEAT PRI TR T B Bh A5 E o LLA iy T 0 5
S o T A N B Sa iR s AR R = BB sl ) H
B &l Sb B s P m L S W Se B 5IA
DI A v ) B AR B, 2 T 1 s A i A Sd B
Ro

oI S AT LA, e S (B Sa) 5 77 Rk
(& 5b) Wy & F8 BERCAF , ARAE o F y 1] b3 DL B2
b, R WIAE 05 Bl A b i P B mUAT s s AL
o WP Se W mT DUA 80 2 AR 4
feAE A AL ALY, 3 R AR BT AL £E 0 s Bl i
R, iy ooz g B 5 BRAR il T DS O R BE A, B
V- S P HER 58 B, J0 AT S ik i, R IR B
TWIHG . 2 107 B AR P B Ry, it £ 5 il
ol 1) TR BE AT 5 B B LI R H AT S S B
it 28, IR B T E IO TR 07 BARE o R 56
TR SCESL I B ) 2 A BRI T AT M S S
AE 5 L5 5 B 3 S WA R iy A B oy L, e s
BT L 2 SR O 2R A

4 XIWIWIE

R T Uk N W Bl ) A R A R R TE Afy HL AT S
B 07 FH B[] B 555 7 o R ) 45 B 2R AT U0 )
TEEE 38 A YY) e R 0 i T R P MUK B
1R TR

SIS AR ALKy 3PTT — 2R R IFHREEHLIK
I TZ R B R, SR T B S L T, i T
Ja R Veeco % B ALHEAT ZAF RN o HLIK 280 %



& ok Pl M

B5 MR Tshs{5 5L

Fig.5 Machine tool processing and dynamic simulation results
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