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Abstract

In recent years, with the increasing labor cost, the demand for automatic
manufacturing has become more and more strong. Because of the diversity and
complexity of products, the requirement of automatic equipment is also changing,
which greatly promotes the development and progress of non-standard automation
technology. As a kind of non-standard automation equipment, disassembly machine
has the economic value and use value, which can not be ignored athough its
application range is narrow.

The thesis was proposed inaccordance with requirement of a watches company.
In the process of  production in this enterprise, it needs to remove the lithium battery
from the watch by the workers. Due to the intensive workload and insufficient labor, it
is urgent and necessary to develop the battery removal machine to resolve this
problem.

This thesis describes the design and development process of a pneumatic control
battery removal machine in detail. It consists of the following parts: the research of
overall system, the study of the kinematics and dynamics, the research and design of
mechanical structure, the research and design of electrical control system, and the
final assembly and test.

In the research of overall system, this thesis describes the experimental
investigation, the screening of mechanical structure design and control scheme, and
the determination of general layout plan. In the study of the kinematics and dynamics,
this thesis implents the coordinate transformation matrix equation and lagrange
equation to analyzed problems. In the mechanical structure design, the perform part is
divided into loading plate, conveying module, unloading module, and receiving
module. The drive part describes the analysis & selection of cylinders and pneumatic
auxiliary components. Finally, this thesis analyzes the kinematics simulation outcome

of the mechanical structure. In the research and design of electrical control system, it



includes the design of pneumatic circuit and PLC control. At the end of this thesis, the
assembly process and the test results are described in detail.

Currently, the pneumatic control battery removal machine has been functioned
on the production line. With its help, the efficiency is as much as 8.8 times as before.
Moreover is a so reduces the movement' s damage rate, which was the problem of the
company.

This thesis is not confined to the practical value, but also a reference value in
theoretical research and simulation of Non-standard automation, which is significant

in the promotion and application in the watch industry.

Key Wor ds:Watch Movement; Disassembling Machine; Pneumatic Technology; PLC



v - |
kg v g Il
BT T oot et 1
I 2 — 1

i = N L B 8 5 7 NS 1
1.1.2 S AR T E P AP IR oottt et e e e e eeeseeseneeenaean 2
1.1.3 FERR B B R IR oo 3
I Y TN T L 4

AR Ly X TS 5
I = VTS 11 OO 5
22 T AT A0 et ee e ee e e e eeeeeeeeeeeeeeeeeeneeeneeeeeeeneees 6

(IR - 3 U 1= Y AT 7
I L b v s T 8
-l = 2N 3 U iy < 1 - TR 10
S = s 10
W I | Ay A VST 10
At AR s SRR 12
A B N B 1 <3 TP 13

IR IRk Ay v 15
PRI Rk A 7y By v 16
R % o] Sy = 18
AT A -SSR 19
=Sl = ey [ ) Iy B = 5 - AT 20
IR | =i L= 20 . 1 ST 20
T I L L g Y IV R A % £ iy 20



3.2 I B T R S T M T oo e e er e en e 22

I 1Ky =0 OO 24
3.2.1 FHE A H (180range) J7 TR cooveeeceeeeeeeeeeeeee s ees st sssesnsss s 24
3.2.2 BN TEEEERETUIE T oot 24

I T OO 26

=N S IR e = D T 27

41 BUTHRIEIT S TAERTR ..cooooeeeeeeeeee st 27
= 7 OO 29
A.1.2 FEHUBFHURI T covveeeeeeeeeeeeeeee ettt e 34
A.1.3 TTRMILFT LT ooveeeeeeeeeeee ettt senneas 37
A1A YBHILFT LT oeveeeeeeeeeeeeeee ettt 41

4.2 HUBREEMIEIE ..ot 45

R /K3 7 = 1 OO 47
431 PREDFTIEETZIR oo een et s s 47
A.3.2 THEFGEFI VLT oottt e 48
A.3.3 THEF AT PR TGN oot 52

L I v OO 55
441 SELIETIFEIR oottt s s 55
R T L 7. ST 57
B4.4.3 FELIETLLGEE oottt s 58

A5 SENHEITTEEIRTY oot 61
451 HBEIRIIIETR .cooeeeeee et st 61
VNN BT. 5 % k] v OO 62

4.6 HIGHIERIES IR oo 63
4.6.1 FET PrO/E (I ZLERIT oot 63
4.6.2 HRBEEFTE DT oot 65
VR R 1 A Dz L ) = NPT 69

BT PN ottt 71

ERE BSEHREIITTRI oo 72

S 235 - PO 72

I B OO 72



oI e T 5 O 73

S A= OR 177,58 vi-%: . [ 74
SR OR - 5 - s g S = 76
W = IO - = 3 77
ISR 17 OO 79
BB N ettt ettt e e e et e e et et et et eeteateaaeeaeaneeenen 81
e TS 82
RNt 3|2 =37 o 82
IR = w Rk a3 O 84
LRSI 1Y 5RO 86
= ST 87
T R ettt ettt ettt et ettt et et e e e et et enenes 87
A 3= - SN OOT PP RTRPRTOTN 88
RS- I R S ot SRRSO 89
e sl O TR 92
R = 21 VAR 95
L PO RTR RSP RPR 96

VI



Table of Contents

ADSIract iN ChINESE......cociiieece e I
ADStract in ENGLISN oo [
(@ gF=To] = g N I o { e [F [ox 1 o o S 1
1.1 Research background ... s 1
1.1.1 Current automation situation of watCh INdUSEIY...........cccoiciiieienincsenenens 1
1.1.2 Pneumatic technology of domestic and foreign..........c.ccvveeereeieenenesencnine 2
1.1.3 Current situation of non-standard automation .............cceeeeveererieeneeseseeees 3
1.1.4 Current situation of disassembling machine...........ccocvvriririerenese e 4

1.2 Related teChNOIOGIES........cc.ciiiiieii s 5
1.2.1 Introduction of the watCh IMOVEMENE ..........ccccvveeriereseseee e 5
1.2.2 Introduction of thimble..........cccoviiiriee s 6

1.3 Source and significance of tREISSUE ........ccceeviriiiiiieeee e 7
1.4 Research contentS of TNEISSUE.......coceoieriiiieece s 8
Chapter2 Scheme design of the system.........cccoccvveviniinencce e 10
2.1 Target analysisof Scheme deSign ... 10
2.1.1 Structural analysis of the watCh movement ...........coceoeveierenenene s 10
2.1.2 Structural analysis of the blister tray ... 12
2.1.3 Efficiency analysis of manual Operation............ccoceeereeieeneneneseneseseenens 13

2.2 Mechanical structure scheme SEleCtION ..........cocceevereerierene e 15
2.3 Electric control scheme SElECHION .........cooeeiiriiieereeeee s 16
2.4 Design of placement SCNEME.........ccoiiiiiiieneee e 18
2.5 SUMIM@IY ..ttt st e e bt e et e e be e saneenbe e e nneeseesneeeneaenns 19
Chapter 3 Kinematics and dynamicsanalysiS.......ccoccevvreererieneenienne 20
3.1 Mechanism KinematiC @analySiS .......cccueiiiriiiii i 20
3.1.1 Pose transformation MatrixX QUaLTON ............coerereererereneeeeeeseesee e 20

VIl



3.1.2 The analysis of space position and attitude............cccccvrveervrieneenencnseene. 22

3.2 Mechanism dynamiCS ANaAlYSIS.......cooererieririie et 24
3.2.1 Lagrange EQUALTON. .........ccuereriereeeeiesieseesiestessesiesse e e s e sse s e snessessesseeneas 24
3.2.2 Dynamic mathematical MOdel ...........ccoceieiiiiniiieeee e 24

3.3 SUMIMAIY ..ttt et ae e b e e be e sae e e be e enneeseesneeeneaenns 26

Chapter4 Research and design the mechanical structure................... 27

4.1 Working principle of the aCtUator ...........ccooeeiiiinieineneee e 27
4.1.1 Design of 10ading plate deSIgN.........ceereeierereresiesie e 29
4.1.2 Design of the Conveying MeChaniSM ...........ccoeveieniaiininiee e e 34
4.1.3 Design of the disassemble mechanism ... 37
4.1.4 Design of the recelving MeChaniSm...........cccviiininencieneeee e 41

4.2 Movement structure modifiCation ...........cceoererereieneneceeeeese e 45

4.3 Research and design of thethimble...........cc.ooie, 47
4.3.1 Measurement experiment of impact fOrce..........coovvvrenerieienenesescseee a7
4.3.2 Structure design of the thimble.........cccoooi 48
4.3.3Thefinite eement aNalYSIS ........coeriririeere s 52

4.4 Drive cylinder type SEleCtion .......cceo e 55
4.4.1 Theory of cylinder SEECHION .......cccovirereeeee s 55
4.4.2 Steps of CyliNder SEECHION .......ocvveriereeieee s 57
4.4.3 Results of cylinder SEIECHION.........ccovirieeeee s 58

4.5 Pneumatic auxiliary component Selection ..........cocevereneniencn e, 61
4.5.1 Solenoid valve SEIECTION .......ccooiiiiieeee s 61
4.5.2 Speed control valve SEIECHION. ........cccveieiiieeeeeeee s 62

4.6 The modeling and simulation of mechanical structure...........cccoveceeveeennee 63
4.6.1 Three-dimensional part modeling based on Pro/E............ccccocevininencnienne. 63
4.6.2 Analysis of mechanism motion characteristics.........coocvvvereenieninseeseenenne 65
4.6.3 Mechanism kinematic SIMUIELION ..........ccoeeeeiienenineneeeee e 69

A7 SUMIMIAIY ...ttt ettt ettt ebe e s et e sseesseeeseaasseeseesaeeabeeaaseeseesaseaneesnneenseesnneans 71

Chapter5 Research and design of electrical control system............... 72

5.1 Design Of PNeUMALIC SYSLEM .....c.coieeiieiieeesiee et 72

5.1.1 PneumatiC SyStemM SIIUCLUIE...........ooirereeieeeeesie ettt 72



5.1.2 Design of the pneumatiC CITCUIT..........cccveveeieriere e 73

5.2 Theselection Of tNEPLC tYPEe ....coii i 74
5.3 Thedistribution of resources and hardwareto connect of PLC ................. 76
54 The PLC Program AESIGN ......ccceeiieerieeiireenie e siee st see e es e st se e sseeneas 77
5.5 Thedesign of man-machineinterface.........ccccveverienenence e 79
5.6 SUMIMAIY ...ttt et e e b e e san e e be e e e e e s e e snneeneaenes 81
Chapter6 Experiment and debugging........cccevevvieeeiieeneeseeseescie s 81
6.1 M achine assembIy PrOCESS ......cccoiirireeiee e e ai e 82
6.2 Operating measurement and StatiStiCS........oovveeieriinieiie e 84
5.3 SUIMIMBI Y ..ttt ettt ettt e et e ae e b e e she e e s b e aneeenreesneeeneaenns 86
Chapter 7 CONCIUSIONS........ccoieiiecie et 87
7.1 CONCIUSIONS....cutiiiiieeieeiie sttt sttt et e s bt be s st e sbeeste e e e saeebesneesreenseeneens 87
A o]0 1< o A USSR PR 88
Appendix | Partsdetailed list ... 89
REFEIONCES. ...ttt r e 92
PUDIICALIONS ...t 95
ACKNOWIEAGEIMENTS ...t 96



1.1 REARER

111 $hERiTl Ba eI

2012464, EE TASEAA T (BITMk “+ = H” KEMED, xf “+ f”
TR 3L FEEATM W R 7 I 3EAT T V398, X T-8hR Toll, BRAAPE H 2 A O
TR BB AN SRR TR = KRR . BB SR R R I K F8 7 Im A 4k
L& 32 3 (B 5K s R AL

R T R KISl B i BA R /N Al oy AR I B
AR RSN, RE M =5 ARl 5k (b 2 £ 70% 0l B). S ER
SR AR WL LR AR REVEESNAEE X AR K AR
19K, AH R b [ Al J G i R [ bR TiT 3 b A 258 BE A2 e g -
T, A T R 70% ) = mE A A A 30% 1 A

PR MY — AN AR B, TR B BAT . B R AARAT AR L, A
s PERRF R VE B AT R A &R AT — R, TG EELA T 3E 5
(HER R AP B EA RN RS MORIBAC, 2E M RS i, 3
NI RAAE RS B o B w427 B a2 W NI AS i m e P SR M T
St Bl AT\ AT LN E

MR AEERAE T AR, flE R BE. SR B SR AT, B
HEAR DT 5%, SRS TERIX 5 ERN, TR LTHE, 325
PRIX G AN edh, 23 BB AT by, B2 S F AR AE B D B 55
1o FEE AL, B2 R M6 7E A s, B3R I v A GE I AR R
T7 AT P (R B AT, DR A3 — e /N s Al 7= B 22 (1) S
fE PRI B R

HAl, BEAMISer e R i =il el 7 s e, HTIA
MR R 95%, TAERATE K, BT RIS flid s Uk e, kAT
ANV H SR IR 20 A Kigik &, JGHE —Lerp /N bR Al . [ P b



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

