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ABSTRACT

With the continuous progress of industrial modernization, industrial production methods
have also changed accordingly. As an indispensable device in the automation process, robots
have had a huge impact on the industrial production process, which promoted a significant
increase in production efficiency, and freed people from all kinds of evil production
environments. At present, the industrial machinery industry has a good development
momentum and market environment. With the introduction of the Made in China 2025 plan,
China's robotics research is entering a new level. This article mainly designs a Cartesian
coordinate robot that can write on a plane. The control methods and working principles used
therein can be directly applied to the automated production process.

According to the needs of this project, the main controller of the robot selected Siemens
S7-315T motion control series PLC, which clarified the design direction of the robot control
system. The system can realize manual and automatic switching, real-time display of motion
paths, and output alarms when failures occur. And on this basis, the man-machine interface is
used as the host computer, and the motion parameter setting and display are performed on the
host computer, the system structure is adjusted, and the operation process is monitored. The
PLC directly controls the servo drive and other equipment. The experimental results show that
the Cartesian coordinate robot has a simple structure, a short development cycle, strong
maintainability, and has a very large application prospect.

Key words: Cartesian coordinate robot; PLC; servo motor; positioning
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EFEIEHEESR sEEREE 300ms
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B REEWENE OEwEE & BEETRE, EAFRE —Ef AEEnEZR
B BERRESE HEnZlE  HEERE S FEEE 3000
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EERWE, B HbEE RREE IR
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AP RGAEI X Bl Y JhIFPIEAT, REEEORE, HAUINEGER 4. e ik
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3-9 Prn:
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'3 ~ Motor 1FK7022-5AK71-1DG0
No.YF B325739001 001
lp 18 A
IN 14 A
Encoder 1C22DQ L02

nmax 10000 /min |{ilf
NN _ 6000 /min 4
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. AN 002
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3.3 BRIREENEIT

3.3.1 PLC 5{AARIRZNES . HMI AYESR

FEATUHH, PLC o, ARSI AT S, HMIAER EAAL.

S7-315T 5 SINAMICS S120 i@t PRO-FIBUS-DP MZ%ilifl, ik S120 FAE AT
RESLIL S MIEATENAR . N5 5 RG R FE A AR ANLI T "(HMD) . 183 HMI,
A DAKE FH P B R YR A2 i 4%, 78 m] DU FE il 8 Hh S AT T OG0 B Z B it AT I 428 o G
HMI 5 PLC H#EER:, HUREE AT E PLC i, HMI AT DL ARS8t n] LB #2
5 A IRR 3 2% (40 SINAMICS S120)i#4%, LMES AR E, ST, /s F1 H b
ZH . RAGEINE 3-13 Piok:

PC T STMATIC S7
Pk 315T PLC
PROFIBUS
SINAMICS S120 PROFINET
DC 24V
Eys
| H| H
il | 9| 2
| | p
55| | #
h
=AFHAC
#7H DRIVE-CLIQ P _
¥ 1 B PR AL “ﬁ; Eézégg;ﬁg
R R B

K3-13 RG4HE

3.3.2 PLC imFHEZ[E
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FERFR R G LR #2347 B 0 IR s AT R I, A &l 5 5 s AT B 3histT R
Fro A REOALKEE R RIER, AR LB MRS R A
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S7 315T-2DP
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fre 4, £24 S120 fAlIRIX BN 2 AT 52 B — B J5 &R 23 0] PLC KRR 2 HAT B BB TR A
BT —REE, BEEMEFET SR BRREEE 3-16 Prox:
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EME EALIRENSAEHRGERERT

4.1 1/0 btk 94y B

tzn 4-1 iz, B2\ PLC g F R B = KK,
R RIAZH, HIRSEDUIRE DI . 58 3N AR skss, 2 A SR I IALAL
%, })\ﬁ'ﬁ%fﬁ'ﬁ@!imu =3 N AR BT, FORE B R AT REH

% 4-1 PLCU/O 4ric%

TE Hhk AEER
BT I 10 BOOL
HEHAT AR I 1.1 BOOL
2EFEE I 1.2 BOOL
XY HifEgiA=< I 1.3 BOOL
1 EoffEE I 0.7 BOOL
2 FoffRsE I 0.4 BOOL
X BHIRfrfE /48 1 I 0.2 BOOL
X H[RfrfERE2 I 0.0 BOOL
Y SR fremREE 1 I 0.3 BOOL
Y SRR REE 2 I 0.5 BOOL
H 3 IR EREE I 0.1 BOOL
3 TIRAERE I 0.6 BOOL
H=EATEhE Q 0.0 BOOL
=T {TahE Q 0.1 BOOL
ITEEA BRI Q 1.0 BOOL
TS aRERT @ 1.1 BOOL
1TSS EERIT Q 1.2 BOOL

4.2 BB E
AIES, RH T ZFEiRTT .
(1> PC 5 PLC HIEBKH ] 7R M, i MPI P 3E B i 1138 PLC
fr] IR SR 2 45 55 -
(2) PLC 5 S120 fal iR 3X3h %% K F RS485 28, i A (@ #l Pp i3y PROFIBUS Bl
(3) HMI 5 PLC fZEH18 1 RI45 M4k, 8Py PROFNET Wi,
(4) S120 F&A>EAT: 2 18] ()38 THIU R FH P8 1] 5~ & F 38 P DRIVE-CLIQ.
DRIVE-CLIQ 2 H T-Pa 11 T8 2 B & FH T4 240 A3 R4 R A A A 2 @ K P
W i#id DRIVE-CLiQ #2H, K% ¥ 5t (SINUMERIK 840D SL. 828D B CU320 %)
SINAMICS BRANFHAF(an Rgasi s, LB, LM gmidas, Smhs et DB EHAE

18



DR P N B BOR K57 2021 Jaa AR AE S ki

k. HA DRIVE-CLIQ #% H B A A f T o Re, JEd 2 5o A shidh MR,
AR A AT IS4 . RG R ANEINE 4-1 FrR:

BT
MPI

PROFIBUS (1)
PROFIBUS

Ethernet (1)
Industrial Ethernet

H

1] SE_ P\
243+

SIMATIC 300(1)
ol ==

] | '
2 3

Techna | W'DR:

c(1)

-\d\m

=
IT44

5120
m CU320
4l
4
4-1 RGEHIE

4.3 [ERRIZHI R E

(1) REFR ST

4 PLC 5 2 Hlifa] il e LR ez 5 OR a2 7 s, 75 2R R 0l k) 07 20k AT
EH .

FRRAE T, R SeR R, 575200 B IR e (A B BERE BN, Bk
B PLC X AR T ey 2 HEAT /b, Hog g il a2 dmen (IR sh a8, i ARt il 28k %
N PR Sk 2 B Bt A 1 PR R PR RAR SR 25 Al IR FLWL, BB PLC FEAN RN fm] ik FR AL A 5 #4618
T a2 e, 1M 75 ZE AR AR AL b (9 gm b 253 K S 1545 5 1% 1B 4] I 3R 3l 2% 11 )5 4% [7] PLC
JE A TE— i85 . M PLC & K H BRI B R BHE S AFERT (B 22 . 42 SR 301ERT,
FAEES. WHIPMESR REFIE K R, T ZTERHER, (15355 B PR

KA AT G, K PLC ) —AN BN A E B, A2 5 3] PLC 2
ZJa s BREFUEVE R S R ], AR SRR A BE B %A%ZEM@WmAwuﬁmm
YE RS2, I3 AN B (B R Z2 AR R, DARAS AR U 1 I H) 22 AR AE, B Rz
FEFE o el 0 77 X2 K A 2 BB HLR DL R BRI LR 2 H

HENASZ G, R S120 (IR L B . % DP #4315, PLC i@ it DP Drive 5 CU320
WAE, ATLMER Step7 FH 1T FAERM —8 T 2484 kbl i, I8 6 Uk s
Al

(2) ESEEIRS

X T Z 484 @ PE 17 105 S4RCF PLC 5 S120 #HTEE K, R iz
AT, ECEWE S120 MR ST UL Kbl . 3X BN BT R 105 5430, X B A A g
KA 10word (i ST [ 5 K ), CU 0 R H R SC, BRI S m e o X 3L
CU 14 DUDO s 0 B fli #5857 55 0 3%, TR b He B N B #8 E SCN 2word s
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(3) EFhEIFR )%

F BRI F4E 4 2 H R 72 (home) 5 311, [81 22 3] 75 258 il M E € FIB L, SeRla
[@ 4> home HRAS .

W 1= H T4 TAE TAE R @ ALIRES I SIS E SCA R BN E R

4.4 PLC FEREFiEIT

MEIRIR S 2 e SC e S5, fEIsAT H AR P 21— @ B T WA, B R
WERE P AN K AEREEL, 1R P IEMAPAT B TUE A 182« F HAEHATHIAG4 iy & 2B A W7 2%
ANl AR AR LA VA BEAT [l A an SR AL EATE R E IR A, TR A H R RS,
] R BB ALIE 2K . FTERALFE P an i 4-2 Bl

M1.7
MO. 0 MO. 3 1.4 " #hhAT ML. 3
"HILfEREE THhfEREsE TAEMAT O JFR LTHE 10. 7 L
L b K" g RS B R 7
— | | | (P> U O—
M26. 0 ML. 5
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THI3WIGE AL
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" S A
H e E T
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M5. 7
“Hh2 [
B e A E
55"
—(R)>—

K42 YRR
AEFEEAL R G NATS TEE, RIS RIS H] Z MM T, W YR
EiE. 5 SR il A S A3 FEFPAESAAT 58 B AL 482 Jm Bt nl PLC EAL5e M55, SR filk
SRIRE S R AT IR B . AiEA R AT S 1k TSN Z B TR A 4-3
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X H FB410 Dy fig e se i Arl IR AL Xt e fr . )R8 &K G, EfTe4
T 56 5 S st ] B 3RAT
PATHI H b L B SBT3 . 40 il —

175

M3. 1

e

WEETAE: K

M3.6

[
]01

[
M4. 3

FEH”
| |

SR AT oy

LI
M5. 3

ST

" i fr 8T

10.6
“#h3 F]if%f)’i';

I1.
=7

2
i

Q0. 1
"H=F1F"

q |

g 4

K 4-4 Frs:

1t DBI.

DB2 1 3 EA7 i PLC 5 fa] ISR 5h %% )

MHATE S H E—
Positon F1 Velocity 7351 X V. 1% 45 4>

%

K 4-3 7 #i R ATRE T

SEAL R4

AT

DB106
FB410
FB: MC_MoveAbsolute
“MC_MoveAbsolute”
EN ENO
1-Axis
M4.0 Done
T R L AR AT
s HE” fExecute Busy
0. 000000e+ CommandAb
000 Position orted
2. 000000e+ Error
001 {Velocity
ErroriD
lAccelerat
—ion
Decelerat
—ion
—Jerk
—Direction
—Mode

DoneFlag

Kl 4-4 X BhegxtE i 4

M4. 1
” p BT
sEEE”

Y
/

R
SEEEME T4 .
“H xS

Wk HE, @ A% DB B

HEE T LS 20 ik LB B . BedE . L ESEE R 245 B AT BLEUE K ik%s HMI
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PEAE, I HMI SRR MR AT 5N, oA 255 . S —ia 47 Sl a1 4-5
Frs:

T2 DB1 -- v1-1\SIMATIC 300{1\CPU 315T-2 DP o - 3]
—DB parameter-

DB no.: ﬁ—

Symbol:  [Axis_1

Type: IF’USihunierachse Help

| Address Name | Type | Actual value | comment -

59 42.3 | Statusword.EncoderValid BOOL | FALSE Actual value of position valid
60 42.4 Statusword.SpeedMode BOOL | FALSE Speed controlled operation
61 42.5 Statusword. Torauelimiting BOOL | FALSE Drive works at toraue imit
62 42.6 Statusword. SunImpSynchrCommand | BOOL | FALSE Superimposed svnchronized motion command in proce
63 42.7 Statusword.ToraueLimitinaCommand | BOOL | FALSE Torague imitina command active
54 43.0 Statusword.RequestStartUp BOOL | FALSE Configuration modification requests StartUp
65 43.1 Statusword. TOdeactivated BOOL | FALSE TO is not processed in the CPU
66 43,2 Statusword HWLImitSwitchMinus BQOL | FALSE HWLI
67 43.3 Statusword HWIimitSwitchPlus BOOL | FALSE HWLimitSwitch is activated
68 43.4 Statusword.Reserve28 BOOL | FALSE Reserved
69 43.5 Statusword.Reserve29 BOOL | FALSE Reserved
70 43.6 Statusword.Reserve30 BOOL | FALSE Reserved
71 43.7 Statusword.Reserve31 BOOL | FALSE Reserved
72 44,0 CommandVelocity REAL | 0.000000e+000 | Speed setpoint
73 48.0 CommandAcceleration REAL | 0.000000e+000 | Acceleration setpoint
74 52.0 ActualVelocity REAL | 0.000000e+000 | Speed actual value
75 56.0 ActualAcceleration REAL | 0.000000e+000 | Acceleration actual value e
76 60.0 SpeedOverride REAL | 0.000000e+000 | Speed override
77 64,0 AccelerationOverride REAL | 0.000000e+000 | Acceleration override
78 68.0 ActualPosition REAL | 0.000000e+000 iti e
79 72.0 CommandPosition REAL | 0.000000e+000 | Position setpoint =
80 76.0 TaraetPosition REAL | 0.000000e+000 | Target position (move commands)
81 80.0 Distance REAL | 0,000000e+000 | Di | i
82 84.0 DecelerationDistance REAL | 0.000000e+000 | Current brakina distance A
83 88.0 FollowinaError REAL | 0.000000e+000 | Followina distance =
< | il I »

Kl 4-5 X Hiis T EdE

WEFR, e SEBLAEF TR b dh 42 2 AR dert o A, AR Hh 3 8 AR ALK L
TR 55 B 2% 7 AR i i A R B 4% ) e ) BB A VR AN R 32 B R 832 3« iR 4 A 55 22
K, H B 7R AT BRI AN B R TG 55

WIRAESH, TR BN, A RERERIZEE), FrbAEE R eE f
TINRB B o T I s i AN R S0 e SR it A S VR R

XY WE N AR R EEZ 3], 18shfl—E R 45° MIRIZE, 4 XY AL
ANFETEEIZ S, BN NR AR R RN 2 . XY 56l [F] i CURE [ 38 B 38 Bl ) — 4 AR bk
WK 4-6 Fis:
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Vi ok i X v Y
MBI R e 5h XA R Y

! B I (113
3
X FE AR Y
B I 3
35
Z Xl ok

K 4-6 XY W%l RIS DAAR [R5 B i )

2 XY HIZZhI, ] XY PRI Dk, AR LA S S 2R, SR
R /ISR 0 s F) 60 B MO AN R o XY 78 Al B o o ik 42 ) F) — AR B 8] 4-7 s«

Yl B2
X Yl DA R 12 4T
XA KTV

— XA
B 4-7 XY P % o ek ik 4 1)

K 4-8 Firax, DB112 ¥ il — AT 4] e 47, DB214 $2H 5l — 34T 48X 72 i . M9.2
KR s R, XY P 3 DA FEE ST, 18 7E &N 13mm/s, il 3R
A 30mm/s, F AN E N 25mm/s? , Hasshihals o — k.
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OB112 DB214
FB410 FB410
FB: MC_MoveAbsolute FB: MC_MoveAbsolute
“MC_Movehbsolute” “MC_Movehbsolute”
EIN ENO EIN ENO
1 —Azis Done M9, 3 2 —Axis Done M3, 4
M3, 2 4Execute Busy ... M3, 2 4Execute Busy ...
5. 000000e+ CommandAb 1. 000000 + CommandAb
001 qPositicn orted ... 002 qPositicn orted ...
1. 300000e+ Error |-... 3. 000000 + Error |[-...
001 qVelocity 001 qVelocity
BrrerID ... BrrerID |-...
Accelerat 2, 500000et |Accelerat
.. —ien 001 —ien
Decelerat Decelerat
.. —ien .. —ion
.. —{Jerk ... Jerk
.. Direction ... Directicn
2 —Mede oo —Hede
.. |DeneFlag ... DoneFlag

K 4-8 XY PifhizshfEr

4.5 AR R T

AL TUTE 40 T B s, kg da DU ) PSS T B SRR i 3%, LSRR A LE REIRES
MEFRSBN, XY Hh 2 ar A Bl i 5 o . A)anE & 4-9 s

T SIMATIC WinCC Runtime Advan

SIEMENS SIMATIC HMI

e FFEPE R B K

XB Y FrhL &
e e

SR . T B
HHHHHEEE

K 4-9  Hlham
Haiigfr e S ~ B s, HEPLSsin, HMI S P & L RT P 3 S A7
BN XY R A B A LR S SO R . BaistTmimman i 4-10 fros:
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£ SIMATIC WincC Rurime Advances

SIEMENS SIMATIC HMI

SIEMENS

3%{%43%‘\? HBARK T

5

XHYATArE X2 a0
[#nnnnnd  [FEEeay

YHEETALE  vah AT
[auusunn]  [FEmesy

K 4-10 HEZEtTHE R

FEIEAT Fm W N B PR Tl RE e a] DAL B s e e 17 Ak 30 2 il D g

e
, WRIER A MR T3 E AL . T3hia T Eman & 4-11 fros:

SIEMENS SIMATIC HMI

SIEMENS

SIMATIC HMI %E:EIJ%@}“AJEH ﬁ*k%

TP XHIARAL  XHURA XAIARRAL

VRN E YRS YERAMRA
& 2 @

i 'S

K 4-11 Fzhiz ﬁuﬁ
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FHhE RE5RE
5.1 B&s

KRBT IS 2 A A 58 B, 76 BT X B & A AR R & T T 1 2 W
M S5, B AAEZ TR T R S A S & T . B AR AL 88 AR Tk AE F= il fE g
WHRIN I, EPEAEENRMHT R

AR SRR AR AL AR AL N IRE i, AR AR A 0 AR R, SERL T B A AR RS
NEH RGEE ) AR 3567 Rt BRI a3 T R0 BRI, bRk
Rl 5-1 s, FETAEWF:

(1) 50T T B ARARLEE NAE E P 0 R BIOAR B S 4% o FF 0 B A AR AR AL AL
2 NI R 517 LR GHAT T W SRREA, fEUbEERl b, SIS AN A

(2) XPARRE S 27 RGBT T VEA A, JFBXF PLC. R AR MER
JRIAE T a2

(3) R J51H, 32 T S7315T-2DP 5 S120 j#id 105 i 3CGE WM. HFHRHA T £
FhIE L o

(4) R AT, R EANUSEET, v LLERT AR RN, AR AR
AW, fARREYLAIE . R EIRE.

K 5-1 Beib R
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52 RE

TE B A AL FRBINLER N B RGBT TAE S, i & K ERRS T, AW e
UL IR ZY, WP SEIL T B S FRSOR « ABAT)A 25 5 s A BodE i 25 (], mT A
PAF L7 AT Bt

(1) {EIZENEE R I R R R MO RS0, WAk 22 . FERT§L
K, I GRS AR R BTN SN UnT DR s i B O B RE TR
faf o, AR SIS, TS, RAETRE AR

(2) Wb it BT TlkAT A, SREUE . (5. MR RS shE, I Hix
H B2 T IS B AR B A U 1) r] BE et — 2L [H 72 PLC ©4 CFRPR CAD F4RF N,
PLC jd i 35 B B 4R A A AT LA SE R T 5 I8 Zh 3 Sz s, BA Rl Btk . 5
FE BT E AL Ab

(3) Mt PLC S51a IRUK SN 2% 2 18]=K F] PROFIBUS i#ifl, JEWGER AN 12M/bps, It
R AA L PROFINET S5 P DOE S BAIC, ] LA SR miBE %, DU s Ram
FasEtE, JNRZE.

PRTAEEAKTAR, SCHERFEATHERHTT, BIFSMTHXATRIE.
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