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Design of improved double-station screw fastening robot

SHI Xiao-shi, YAO Ya-chuan, DONG Lin-lu, TIAN Wan-chun, WU Hao-han
(Sichuan Key Laboratory of Artificial Intelligence, Sichuan University of
Science & Engineering, Yibin 644004, China)

Abstract: Aiming at the inefficiency of fastening screw on productive line and difficulty of obtaining the coordinates of workpiece’s screw
holes by existing robots for fastening screw, a double-station robot based on STM32 ARM Cortex-M3 core MCU for fastening screw was pro-
posed. Through the file control chip, the coordinates of the workpiece’s screw holes contained in the drawing file was extracted automatically,
and the motor speed was sampled and quantified by S-type speed control algorithm, at the same time it was controlled in seven different sta-
ges. Combining this design with the actual productive experience to optimize the fastening path, the happening of warp of the workpiece was
avoided. Finally, industrial touch screen was introduced to build the HMI system by using Modbus protocol, which improved the efficiency of
man-machine interaction. The experimental results indicate that the efficiency of fastening workpiece’s screw improves a lot. The efficiency of
the improved double-station robot for fastening screw is about 95.3% , and the successful rate is as high as 99.2%.

Key words: file control chip; DXF file; S-type speed control; HMI system; lock path optimize

0 %l . 1.5 MPa ~2 MPa E’J%E,H%E%TU\@E%WW/CQQ?&Q,

H (HWCASAEET I 0% Rl TR KA thigiggr

FETA A= i e gy i, IR FARE T SR T PLC 7 3R %8, {0 PLC A R 454

TR IGET  FEAEIOLR B A RBR 22 AB IR RE B, ELBORAb B A 1%  ME LA B (s 1)

BB K 25% Zedio AE Tl A thB L B 2F i R 4 3 14 RS AT 7 A L ) 4y T AL

FAL I B T — e B i e PRI T R, BT i ) e MR L b,
(U8 22 AT BL RS Ao 000, A5 B8 N B i (LSS R 2, RGBT e

WS H 32019 - 05 -27

ST [E5 [ RIS VBT F (61703409 ) 4 )11 44 B4 7 T 509 H (20151Y0208 ) 5 [ 5 i BHHE i 745051 H (2014DZ10)
P B A /ME(1993 =) 58 I ECEE A E RS, B MM AR IR AR I BAOTFSE . E-mail :340280663@ qq. com
SEISBERA BRI, Lo, S0 , B2k S0, E-mail :610851229@ qq. com



2

A/ A5 BOHE RS UUT A SR 22 A LA At - 197 -

AT 1 B2 22 A HL A N K 2 R R R B Y
PLC, 51 A STM32 1 E#H #% , BEAE AR A,
BB I MO A TR T, X TR AL A7, H R i R
FWIR T, BT 3R EOMPLE e 2 0. BT
HEPERCRAR, IR H AL 2. WIBOWO D B 25 AP
I DXF SO e e i AR, Se Bl 1 il i B AT R 2
PPAG 5 AE B N MR AR R iE B4, T Auto-
CAD V&5 T TREgK = e d g,

3% BIREF R AW IR —Fh BT T4 DXF
PR 245 SO 3 BB L A B 1) 770 5 FEAE AL S i, 7 2
BT A \AR A T BE S B R SRR b Kt H AL
Pt ek - BE S B

1 Bkt

ABIFTE AR L 0 RO AR UL T A SR 22 A AL s NS5
K 1 Bs .

Bl 1 BT AR 22 8L N5 f
1—RITR;2—Z sh 3 K H ;3—da b 4—3ed,5—1
VB & s6—HEATHL ; T— R FE 40 8—BE M AT A 4

BL A, s flas i NEe 3.3 V ik, B 72 MHz
AERIR Y STM32F103VET6 . A 11 2 48 32 2 iy Ak A
BAE SRS A7 A e HML BB g pLIR BBk X
B AL RRERRES 5 A o b, AR S AL
LRI TR | LS R A IR A R B TR,
FEEGEM T AR IR SRETIRHLL K ik H D RE

AL BT EZ T THLE e iR 8iff . iRk
IR AR

K =" (1)

KK — KRN L— B2 8K, mm;D,— 1BIHH
&, mm,

HIFHIF IR KR K < 1.2, 8 F/AhKRE
PR 22 25 R IR R T IR 22 ik /INRAR T

MR D S N AR B R, B I R A
J e WA 22 AT 0 I | AR R IR 200 ik
FIT7 S8, LUl AN R AR iR 22

SHPIUR s 22T MR S 0l SR )5
PR MBERE L BB T T i DXF 4R, RG24 A 5h
MICPE AR BURAL AR AR , FRRE 5 BT PR Y i 4
#E L fih & EX-14A RUB DG HL LRGS0 12 22 BiA)
A R AR S IT R UM R TR, Bt 2E AR
o RB RSN A AT AE A T Ao A
THRE SR

2 EHRARGEBOT

2.1 BFLARFREIRIREL
2.1.1 DXF L#A B TE K

DXF U2 Autodesk 23 R FF & 19— o i i
PER BBAEHS A6  ARBFTE Y DXF SCHR
ASCLL 287 |y 6 NBERN 1 AUl ARSI AR o

TEAHFSE H , 3 ETE DXF SOOI SR B, B
ZENAE TN B PSS R E TR . Gk
BN S RN T 2 1 B SNk 1 IR .

F1 TIERAEBMAESYNTRER

S ZH Y HIE A X
LINE 10,20,30 X,Y,Z i 5 A br
11,21,31 X,Y,Z 205 86 k5
ARC 10,20,30 X,Y,Z [0 AR
40,50,41 PaE RAE LA
LWPOLY 90,10,20 TOS 8, XY TO0 5 Ak g
B0 AR ER
CIRCLE 10,20,30 X, Y, Z RO AR bR

40 AR

ARSCEG T8 — R A RN A H3 DT R A Y
BLHEATIE U A R . IZRIERYE DXF ORI 4L 4
{H, 24 CH376 LA745 4 5037 B2 DXF SO I, &
T — A B 02 S VRS A A ) 4 SRAM
H GRREE) TS \n” BV R] A D B s R T
SERM—AT 8 . FhEd C i Y strstr 47 ER LT
PRECS TG PRI T OB - HEAT XS L, 501 Bl 4 T
Pl o ST DXF SO 2R 5 20 12 oS LY
REAS RIS 21 T BTSSR

AR SCRAR T strl Fll st R F AT, 43 51 T A
SELLE AL 74T ef o oo & RAE TR AR A0 &) 2
FioR
2.1.2 BilmXBLyH

M DXF SCPF A4k i i B A 1 TR 8L IR AR —E
FORRE R B0 . N, 2T Hh AR ALY H.
PRABBREI , 18 BRI TAFBRSLRAAE , 4R 0 0 SR LAY




- 198 - Hl H

R $31 %

FIFXNE

——

VAT
(A=

—

BEEC

!

i
1
1
:
1
1
|
ﬁa‘)\i
|
1
1
:
1
1

HEUE T
sy

strl[i]

}

SE AR E

17

R

e # _____ I

FN strl= s -
ENTITIES? 1T

2 AR

%mﬁo
ASCUAFHLENRE T 52 61, 73 2 AL AR SC & T i
o, A 3 FR .

K3 FHLEZEFTE CAD K

K 3w, TAHRALE R BE , (B AR AR X — R Ak
TSR T MER o3 BTt IEARIRLL , BT L, AR SCA 75 220 B
FIE Z [ AR S 2R o R RS el MR 0 BT L i, R
WEAY B R TR AT BLAR, I A CAD 223 i, R FL 7
FIE LU E T —R—/NEE B RLG R, i1
PR AT, 19 i 128 )0 [ 69 07 08 A e S8 42y
Frib TR pIR Sl a3 N3G R ET A 1 A 1L

W SBUUEFE S5, 1 U AT 6 AR TR R
A, T AL BT SE IR AT LA O [ AR
MI.4 M1.7 Fil M2 45 iir R8T AR S 80 3R 2 s .
x2 FTRB{ISHEE
HbE Ml Ml.2  Ml.4 ML.7 M2
T EA/mm 1 1.2 1.4 1.7 2
MEEA/mn  1.75 1.82 2.43 3.27 3.7
IEEREE/mm  0.65 0.7 0.98 .13 1.21
SESIR LA DG T AT A0 B, AR SO S AR ECHS
B R B G E B, ik 1 BDE CIRCLE [EJG, SR 5 38
o L XT Ee g 77 A R RO B 5 J5 5 AT HRET
ZRANERN S, ik /N BTG 2R I [ELC B I
K RO A AR FLAR AR
2.2 BHIEEhEH
2.2.1  wLik B4R Sk
FsE IR EAILAR A A ) B, A SR S B F AL

JEFE Tk, HA N 4 B

v

-4

da/dt
J

P4 S LR i kA Y

Bl 4 3 SR B R i 3 B I B L A
B B, o s B X AR R AR AT
FEH LAY A 8 U v 501 v R v - vy >
U/ P I ELINE BRI 5 R BEOIRS 51,0 B
B s ZHZIAMLRIEL saee + 5pee < 5, TELRAIY S
TRV Ry S S - B 2k ot 8 1 o okt B S AL
TnsEE AT s vk B 5 HA

S BB j N o FEEE v 93Ul
Joo 1€ [0,1))

0 te [t,t)

~Jun L€ [1,15)
Jj)y =3 0 e lt,my) (2)
—Juae L€ [1y,15)

O l e [t59t6)

jmax l e [t69t7>



552 1 A/ A GRS T A B 22 A PLE AN it - 199 -
Jnan? t e [0,1) R AL 5 I 8 R AU, T B A A ROR SR T AR
T 7S A
it e lna 2.2.2 A H AR A
s =l 0 sela @ AT LB A0 1. 8°, K20 B b
i e [,{ ) WA SRR 4, R R K 4 83. 96 mm 4 BHG A
max 4975 ﬁ%:
. t e [ts,t) 0
T Oy +jm;]xt l e [tﬁ ’l7) Sd - Cw % 36ON (7)
Vo +%jmaxt2 L e [0’t1> ASL- = Stﬁlfl (8)
1]| +amaxt t e I:tl ’tZ)

.,
vy = + jjmaxtl

1.
v, + amuxt - ?jmﬂxtz e I:tZ ’t3>

Uy = + amath

U3 t e [t,t)
’U(t) = U3 =1 + amaxt?a - ?jmaxté
1. 5
1}4 _?jmaxt e I:t4 ’tS)
Uy = Uy
1]5 _arm l e I:tS’t())
1.
Us = Uy — Ejma,xt5

e I:t67t7>

Ve = Us — amaxt6

(4)
Sy T A L R ) AR SR N A5 B
B AT BN SR A b ASSRRE A B A 9 ok o
%fkﬁ
/= ;N (5)
S f— 8k SRRE B B % 0— A A
N— BRSO
SRIGEF X E ERT4519 TIM_CCMR #11 TIM_CR1
HATAE TFE R EE PWM Ak, (525 H ol 50% ; il
ST ARR 277 55 P 2 M7 ST SR e i
W ARR 728 A Y

Sin
ARR = m (6)

o f— R IR NS I 5 PSC— S IS8 T 703
%\ﬁo
S0 5 CPU g SRt fa] , S5 5e A 4R

ST=S[,(%2f,+NUM) (K=1,23) (9)

K. S,— kPR R ; C,— R R NUM—
BT BE K AR s M— BRI [R] P 3 B A SRR A S —
55 LA RAE 5 B A XTI ik i e s K— insi Be g =
R4 R B B

P DL EEARAA S, AT RAT B i 1 25 3 I S
274 0. 105 mm B BT 75 09467 7 5 25 5% A0 R ik o B H
AL S, , (8 AT {45 = Jloks ff iz s 21 48 1 07 & o

[F A, A AEFE A T A4 L i — BN S5 65
(FRIFZ R0 (A R ALY 2 H L Ef 1255 2 B SR 1L
Qb o XTI HE 5 A T R e A R AL A E ARG
BE o BRFLZ [a) 0467 B8 R B N RE X T 4 0 R A T T
B AF TR BR LT L RS RE B J5 B L 4 A
K PEL ., AR SEBRA: 77 T AR I 2R 88, AR SCHE T A
BEARRAL , B ek A U AR LA, BRIEFE AL Y
TS AR AR AN A, AR5 R AR 1
R L 4% 300 S AR YR AT 58
2.3 HMI #%i&it

PR 22 AL HMI RGE0Y nl R AR 1, AT R ]
Modbus PRy Tl i A58 5 5 42 ] o 22 80 )38 5 By
B HMIE R 58 Sk v A A RO B — 4> S
TG A A T AT RE R L FERRIR
b BRI, T2 A A AR L ) 5 TRk , I ) A i
B RGEAER 5 2 B WCRNTER 5, S RHE B it AT
CRC K50, SRR HEAT DI RERS 2T s — Ve, R4
UG T EULAF IR, F2 3 A b [l R A BT, feJe X 5
THT A A HEA T IR HT , 1EAQE A9 AL AR

3 g LA R b

ABIFTERE BT 58 Y ST A BR 22 B A Bl e A4k
BT SEPRAE L, ZHERK B LR 24T 12 h
ANTR) T TR IR, B (TP 1 b X s SRk A T il o, 45
Rk 3 fim,



- 200 - HL L,

31 &

&3 LWIERRK

Fisf ] S/ pes K/ pes B RE R/
1 226 2 220
2 210 3 300
3 231 2 205
4 224 1 98
5 218 3 377
6 237 0 0
7 225 4 285
8 220 3 152
9 224 3 140
10 238 1 55
11 241 0 0
12 227 2 170

&t 2721 24 2 002

R, A AE i 6 B P 4 4 T A
3 h R PER R IEAT AN AU, E S N B TR
N HUBAS A RO e &l 5 fiv s o
300r  -e- AT —e— Bl
250
3 200 .\'/._.\./‘\._.__./.—‘\.
150 - ~_
100 e g Yo o’ e
50
o] S —— P S TR TR SR TR S

1
1 2 3 4 5 6 7 8 9 10 11 12
t/h

Ks  N HLBIS TR Eod

FEL/p
?

HIIELS RTLAF H  ZEAR RIS i E] P, ALas B A T
PERCRE IR TN T R0 5 N T i3 4R e s
ROAENGFCHERT BT 4 Ui, BT T BT Ae 7
—E BRI, THLES BT I RBP4 R WL AR
friR 2z HA B RFRENE o

HIZR 3 R4 HLaR SR 22 3R 2 0 95. 3% , N3
R 99.2% 5 i B UE B« SOk B R T A 2 22 A AL

4 ZhERE

ABIFFESE T — i Bt A LT A R 22 A BB
NG T —Ff A SR DXE SCOF AL AR bR 19 77 85 5
BT S U EE P i Sk et T R ALY Bl 6 s s Y
SR OUAE 1B AR Tk T SEBR AR T TR T

A5 AR

AP Y T
IR R LA AT LASR i A 7 R e
MRATIEA

5% 3Lk ( References) :

(1] Soksr AT 2T 2. o UIR 22 [ 3 2 WL i T
[J]. ARl LA SR T8 46,2017 ,45(2) :32-34.

(2] FEML, EUKEE, B . BT PLC B9S2 42 F 3 BTIR
LHUE R RGBT [T]. IR Tl AR ,2018(7) :5-6,48.

(3] XUt , AT, B, 5. MRAR L2 45h A Sh iR 22 HL
wEhER Rt 1] HEPUR S A S kin THAR,
2017(5) :61-63,68.

(4] SRS, T HLAS L6 19 A 3h BUIR 22 W42 i R ek &
[DJ. K b Tk R B <5 [ s ik B, 2016.

[5] WIBOWO D B, HARYADI G D, PRIAMBODO A. Estima-
tion of foot pressure from human footprint depths using 3D
scanner| C]. Sustainable Energy and Advanced Materials:
Proceeding of the 4th International Conference and Exhibi-
tion on Sustainable Energy and Advanced Materials 2015
(ICE-SEAM 2015) ,Solo: AIP Publishing LLC, 2016.

[6] RERUE. JET AutoCAD WRHF & 1Y TR ) = 4k i a4
ARBFFELD ] KR KR TR AE U TR e ,2018.

(7] BERAsE, EHEYE, T Fi0. 250k A AL o s 42 1 3 77 12 Y
WFFELT]. BHL S 4RI ,2017,44(3) :36-39,45.

(8] EIUHE, FB5E5E, Hig=E A5, JE T MO TE A MY HL RER ATk
R RAL R A T S )] Al 5 X5, 2016, 53
(SI) :67-69.

(9] # & BEFH, THFE ETSHEMLHBRIEES
PRSP [ ] AEAR T K222 4. [ AR BE 22 R, 2017, 35
(5).811-816.

[10] URBINA W M, LAZARO J, ASTARLOA A, et al. CPPS
gateway-implementation of modbus and profibus on a SoC
programmable platform[ J]. IEEE Latin America Trans-
actions, 2018,16(2) :335-341.

(1] FE 5, 3P, M. BRI R B AL H 2R
SEHAFFE[I]. AL TT,2019,36(2) :132-136.

[12] BAIQ, JIN B, WANG D, et al. Compact modbus TCP/IP
protocol for data acquisition systems based on limited hard-
ware resources [ J |. Journal of Instrumentation, 2018,
13(4) . T04004.

(mEE: 5]

A/ BRI, B, A5 Bl RO T A SR 22 AT AL AT ] HLE TR ,2020,37(2) :196 —200.
SHI Xiao-shi, YAO Ya-chuan, DONG Lin-lu, et al. Design of improved double-station screw fastening robot[ J]. Journal of Mechanical & Electrical Engineer-

ing, 2020,37(2) :196 —200.

CHLHL THE Y 247 - hitp : //www. meem. com. cn





