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Realization of High-Grade Spindle Automatic Shift by PLC Control
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By modifying the CNC machine parameters and PLC programming, the automatic shift functions of the

spindle supporting the domestic high-end CNC system for large five coordinate double milling machine was realized. Dur-

ing the execution of shifting, the spindle motor is controlled back and forth, with small shifting shock, easy for hydraulic

fork to drive gear with stability and high reliability. The application level of the domestic CNC system in aviation is im-

proved greatly.
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Fig.1 Mechanical characteristics of the spindle for large double
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A PLC #8250 BUE S, A S nl 70 i M 45
LS HEA PR, 52 M 54 UREAE PLC T
JoE AP M 84 JF B RR Y b B3R 0 B S
PARRL A M P45 4, B8 R G HAT i TR g
th PLC 32 [ Al MARAS —4F , PRATIZ A, 58 ity
TR T BRI T G A U A P Y
AL, 58 TN R GER RS AL I ], (R84 1 T
PEd, R T2 DG FLAHILIR 3= Bl 46 14 149 D BE A7
ST TR BN . B2 S 84 T R FRTEREE N T
FErh, PLC T B SR GBI TRE 7 ek S 95
A, R B LA S IR S R T R AL, H )58

IR BEIN, T BN R AL, R £ TR
T BRI RITT, i PLC H SIS sy, oy o
AR A, AR SCRE R S 48 SR 1 BE IR 32
fih A S RE o

2 HIpB|EEH SRR

TEARP I, Y A8 mh-5 7T B8 T i R4, 5 Bodfe
PRI, B B A A AL S, D e e i
Hh T AR AR A S U 5 (02 S TR P e
TEHR Iy S VF ERRIEGE S AR A A A I L 5, %
J7 27 B R0 5 R 18] b i) d Bl cd A o™ A BE AR A G
it A i S A 48— RS2 RGE B, U HIEAE NI
BRWG IS, PR AR e R i BRI, whil R, 5 S B0
Fe g o7 , B2 S EUA AR . AT SRR T S
S AR o A e o 3 e LA AR Sl 3 A A
Voo op QI TEE 3 I 2 23 N s LU
B T DA BR, 7ol T BB UREE S AL
2.1 BahiRi s R g

RIY LA bR SO 1 BE R Sl ) A2 AR 4544, An ] 3
IR, BAT 2 RS

! T T ‘ T T
HH o |
M N
BASH x ﬁ’j
! iy
ZER VIR

B3 RENEIIERETMTEETEE
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machine
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RESEARCH #*w i

Motk 1
(F2570)

24

ASSEM (2)

Hiuhik: 2
(D5)

BE5 ASSEMAEHAAFE
Fig.5 Ladder diagram of ASSEM model

E6 PLCIEZEUESHESERFK
Fig.6 Instruction of S program segment read by PLC

127 ov | os
1228 1000
1628 04
Rz Res Rs7.1 Ris2s
1430 o o4 s
s R4 AR T pLbi L (2533
Ra0
131 ps2
A AHIES
Rie2s
1922
(2530
Ri23 Ris26 Ris2s
IR el
Ris2s Ris2s
1e34 TRE 82
22421 HEM
1435 o
1438 s000
R1523 F40215 RS7.1 R29.0 R152.0
1937 F )
HCRIERS M RIS ST R IHEIFL
Ri0 R3S
1438
IHETF G AR R
R30.0 R36 RS7.1 R1524
1438 cMP PSS / )
i ES BRI Y 210
Rz
PP be
i F13) R4
R1524
1441
Mo
Ri24 R1S20 Ris27
1902 y
PR R

E7 AR R R

Fig.7 Program segment of gear—shift stage judgment instruction
Ao A 42 T AR L A5 HE A B AR Bl ; D
MEREBAFS — HBA , TR AR @R 2
IR T O A AR

(4) WIRARMRE . TR, ARSI Rk
AR BRI, il R E . TR R B R R
R 2 i S A R A B

4 Hig
i 3765 | E 2 E FOREST-LINE KA EhJg 1]

Ri524 RI530
1443 TuRe| 83
Ve i
1444 0
1445 5000
RIS24 F40215 RST1  R200 Ri521
1448 |
VR W | R SR [
RIS21 R3S
1447
SCHATFHG SR
RIS20 R2251  P3B0 RI513
1448 7t 1
FEHETF i 1 R
Ri521 | R2253
1449
ST R FIT
RIS20 R3S Ri514
1450 7 {—{vre] 80
FEHGTFAS (R st
RIS21 R3S
1451 7 1
SCHATFAG SR
1452 0
RIS20 R3S R2253 R100
s el
PEHETF A (R ety T
RiS21 R3S
1454
IEHIETF A
R700 RI01
wss |1 riIstve| o1
A R
R702
1456 ] 1
e
1457 2
RI01
wss |1 mov| 10
EmEH
G2570

E8 HUTHAL R THBEIENEFERF R
Fig.8 Control program segment of perform gear—shift and spindle
motor swinging

R701  R700 R702
1460 o STMR 92
ERIES R Rl
1461 1
1462 2
R702
1463 wMov | 10
S
1464 2570
RI520 R1521 RA3
1465 I bS
ST ESIR T b5 ekl
RI521  RI1520 Ra4
1466 |
(ESIET TS s
RA3  R90 Y15 Y14
1467 I
TR ST N I
Re4 R90 Y14 Y5
1468 |
S SO LR N
RI1523 RAS
1469 T 1
HRAE s
Ri524
w0 LT
[T
RO RIS
171 - TMRB| %0
R AT
1472 1
1473 0
1474 sPE
175

E9 BahiEiiaikEEHErR
Fig.9 Program segment of hydraulic control for automatic gear—
shift institutions

B R L S L E A R G, S A
REUBE S HEMEACFRR T KELK ., #idATE,
T = AR s R G b S T R A S T RE, FEER
Tr¥e it f v, #50 E R AR IR D), &) TR X
Wesh e LA E BB o FEHPYRT, Bk vp /N, AT 4E
PER L HBR T F RS shit P AR R
VLB A% 5y 22 0 15 58 R 6l FH 25 i R AN RS

(FT#% 127 1)

2016 4E55 172 W] - BiEREEA 123



RESEARCH #*%Ei

2.4 HRWR
BWOGHE XA IE S B b, i O RE R % E
(J.m™ ) Sl 2 v AR O RR G 3 07 R A b
L REE
E=_P
v-h-t ’

Horpr, POROCTIER AN W) 5 v RO (.
ik mes™ ) 5 h HFHRERIRIE (AN m ) 5 ¢ A2
(B m )P,

HOCIE DAFA BOE i B RS I RS RS S
WOCRE R L MBI M ISCR K S B 25 1
FHEA X, AU h O R BOHRHREE H
2k (B FE K 43 2 R FE Y AR ], RO Be & %% B AR ], X
2R 2R, 14 R AR, sk,
WE 3 Ca) R, 24 WRER FH A3 XA, L, anix]
3 (b)FR,

5 R R AR 7 0M e, SR F 4 X $ 7 U
OGN 2 78 i, AR AR PR 2% F1 4 e T A% B ] ] B 9
A BN T X IR )b, R R B RE AR
SN0, A HA TR T, e AR AR R WS M Tt B
(i1 235 AR B T B SCRE A R 478 sl R AR 3k
FE R AR S AR . SR, H T R B A
1 R b B A A I Bt A R TR R AR O e
S WS, S AR — 20 AR E T it I BE 1 o,
T R [ 25 S A AT

3 &g

(1) WOLLE IE A BUE 316 RNEEWNELFRS, 2R
$it 7 2R 23 DX ] LR Rl A A A R A <
FLBRE , PR PR OE T

(2) OGRS IRIE 316 REGME, 2R
A7 2RI I3 XA T B2 R s B AR

(3) BOEIE XIS LI 316 REFWEFL R, R
FHP R 77 2 O = PR RER A K

& % X #t

[1] SANTOS E C, SHIOMI M, OSAKADA K, et al. Rapid
manufacturing of metal components by laser forming[J]. Int. J. Mach. Tools
Manuf., 2006, 46(12/13):1459-1468.

[2] DUTTA MAJUMDAR J, PINKERTON A, Liu Z, et al.
Microstructure characterisation and process optimization of laser assisted
rapid fabrication of 316L stainless steel[J]. Appl. Surf. Sci., 2005, 247:
320-327.

[3] GU D D, SHEN Y F. Balling phenomena during direct laser
sintering of multi—component Cu-based metal powder|J]. Alloy Compd.,
2007, 432(1/2):163-166.

[4] KRUTHJ P, FROYEN L, VAN VAERENBERGH J, et al.

Selective laser melting of iron—based powder[]]. Journal of Materials
Processing Technology, 2004, 149(1-3):616-622.

[5] MORGAN R, SUTCLIFFE C J, NEILL W O. Density analysis
of direct metal laser re—melted 316L stainless steel cubic primitives[J].
Journal of Materials Science, 2004, 39:1195-1205.

[6] LI R D, LIU J H, SHI Y S, et al. Balling behavior of stainless
steel and nickel powder during selective laser melting process[J].
International Journal of Advanced Manufacturing Technology, 2012, 59(9—
12):1025-103.

[71 MERCELIS P, KRUTH J P. Residual stresses in selective laser
sintering and selective laser melting[J]. Rapid Prototyping Journal, 2006,
12(5):254-265.

(8] EiH, ok , ATAR , A5 . 2RISR SLM B R
S B FE R B (], SOEEAR L 2010, 34(4):447-451.

WANG D, YANG Y Q, HUANG Y L, et al. Impact of inter—layer
scan strategy on quality of direct fabrication metal parts in SLM process [J].
Laser Technology, 2010, 34(4):447-451.

[9] THIJS L, VERHAEGHE F, CRAEGHS T, et al. A study of the
microstructural evolution during selective laser melting of Ti—-6A1-4V|[]].

Acta Materialia, 2010, 58:3303-3312.

g 3 #)

(EBF 123 1)

T T R R GAENT S GBI B IR o i, X
i A SR P AR R BRI T T LSS,
e P R R IR S A L T R

& % X

(] BRéERe . B 4R A bt b i DLERH2 T ()] UK
%, 2012(6):14-20.

CHEN N H. Numerical control lathe to be automatic shift control and
the common fault diagnosis[J]. Machine Tool Electric Apparatus, 2012(6):
14-20.

(2] WA VR MK SF L PLC SCBUR F At
il 130 3k [ 31k ,2001(6):14-17.

PANY D, XU Z L, YU Z H, et al. PLC control of gear shift for
machine spindle[J]. Manufacturing Automation, 2001(6):14-17.

[31 4RJ7. PLC SEBALIK 50 H sy (1. M dil sk BoAR .
1999(5): 53-56.

ZOU F. Auto gear change of machine spindle by PLC[J]. Aeronautical
Manufacturing Technology, 1999(5): 53-56.

[4] KRBl P HLHERIEOR [M]. W 2REE - /R Tl R
SEih L, 2000.

DU K M, LI T C. Mechanical and electrical control technology[M].
Harbin: Harbin Institute of Technology Press, 2000.

[5] g5 SRR . HLaE sl (M]. 20« AR R
JAt |, 2000.

FENG Q X, DENG X Z. Mechanical and electrical transmission
control[M]. Wuhan: Huazhong University of Science & Technology Press,
2000.

(Vtgw % /)
2016 4R35 172 W] - D& A 127



