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ABSTRACT

The two kinds of methods of Rapid Prototyping(RP), Laser Cladding(L.C)
and Laser Generating (LG) are studied theoretically in this paper. In the LG
process without support material, the mathematical model was used to
calculate the minimal angle between prototype outward edge and horizon is
deduced. And how the angle value is influenced by various parameters is
analyzed. The experiments are made to prove this model by ABS plastic. For
LC, the changes of the melt-pool depth because of various parameters changes
are simulated by MATLAB. These researches will play very important roles in
optimization designing works and manufacturing process.

The mainly researching contents in this thesis:

1. After analyzing the principles and the features of various RP techniques,
we determined to develop research basing on LG and LC. The mainly reasons
are the two methods can be used to manufacture metal prototypes directly, and
there are some bottleneck in the producing process. So, we searched for the
possible methods that we can design some parameters according to prototype

requirements before manufacturing.

2. Under three hypotheses, the microphysical model of LG is made up and

analyzed it in theoretical. The mathematical model of the minimal angle
LS., that is the minimal angle between prototype outward edge and horizon is

deduced theoretically.



3. How the g is influenced by various parameters such as the work

temperature t, cladding depth d and radius of liquid sphere R is analyzed by
MATLAB simulating. Then taking Copper and Tin as analyzing materials, the

corresponding relationships among these parameters and . are calculated.

So that, before prototyping manufacturing, we can estimate the maximal
outward gradient according to different materials without support material, and

the possible influences by various parameters.

4. The melt-pool depth model of LC is made up by analyzing and simulating
theoretically. How the molten pool depth is influenced by the parameters such
as laser power. scanning velocity. powder velocity and laser diameter. So that,
the shape of the metal prototype and manufacturing process can be controlled

perfectly by designing the appropriate parameters in advance.

5. Because of similar manufacturing process of LG technique and FDM
technique, we have done the experiment by FDM 3000 machine with Stratasys
Inc., and get rid of the support material from FDM tips. This experiment result
can be proven that the theoretical minimal angle is approximation to practical

minimal angle.

Keyword: Rapid Prototyping; MATLAB simulation; Laser Cladding



11 L R 2B s AR ) B PR AL e oeeeveveneenmneenesie]
1.2 RP E RN BRI R JEALB covoveornsnnosssnassssnasanns 9
1.3 BT TRGL TR+ veevereresessermseererensoens 13

PR SE G RIS TTVE AT feeeeremeemereees 14
21RP ARG HEA TAEETH eeevreoseeosantonnsssenrannans 14
2.2 BRI I AR AP HTeeeereenesserernnenssssarasanenns 15
D4 AN eerere it st easnsresenaesens 30
3.1 Laser Generating MG R I IT-+eveeererereens 32
3.2 FE ST R T veevvenmnnnsaenssnannernnenneonaonnnanns 33
3.3 FER M eeeeereresrerermsenesmsnssene st s sssaesens 35

HIE BEOGEE B E YRS 4 T reereneeeensnenaennnen. 46

4.1 B CIE BT A sovvereneareesenantitcetiiatniiietcnaiiienanns 46
4.2 BRI R N v everevrenossetcncntanteniittcnatnnanns 47

4.3 ﬁl‘«/ﬁﬁ‘ﬁ ...................................................... 49



4.5 BGAE FARLER 1 (IFH BT v veeeonmeemsssneneninincnininieens 59
4.6 /NBErennrieiiariniaiei e 62
R SZIGIGIE e veeerreeesreesrreesressneeseseineesannnens 63
5.1 B2 E [fJeeeeeererrerarrornsnenreraenaeressassasasiasninnsnenns 63
5.2 SZI AN BE TG B ILTET J] ovvevevvevereeenennsacansnissnanuonenne 63
5.3 SZI AT eeeeeeeesesasiosnnnenteraniaeteienetasasiasansarenns 65
5.4 SZI B B M HT eee eeresnsnnsvsnrinrentarensessasassassansonenne 70
5.5 /N GE eeeaeeaneraianiaaianstieaee et s e e e s e 75
BENEE LD eereeereeinisiiiene e e e e 76
B v vveerreerneeeresarmesenereesereiee e snseeeetesnae e s e 78
FRIL LR R v eveeinneeerrrerseeernnennneenstee e s et seraeeeas e n e ene 79
7R 85
B BAIA] 5 2 R A S JE BRI AE oo eenovnorennennenanaaasasanaans 88

Contents



Chapter I Introduction 1
1.1 Review of Rapid Prototyping(RP) 1
1.2 The application and developing of RP technology 9
1.3 Major research tasks of the thesis 13

Chapter II Primary principle, methods and characterization

of RP technology 14
2.1 Work Principle of RP 14
2.2 The analysis of various RP methods 15
2.3 The characteristics of RP 30
2.4 Summary 30
ChapterIll Research of Microstructure in RP 32

3.1 Research of Microstructure of Laser Generating32

3.2 The building of Micro physical model 33
3.3 The theoretical analysis 35
3.4 The analysis of special cases 40
3.5 Summary 45

ChapterIV The analysis of melt-pool depth about Laser
Cladding 46
4.1 Laser Cladding Technology 46

4.2The building of mathematical model 47



4.3The calculation in theory 49

4.4 Numerical analysis 53
4.5 The calculation of Laser efficiency 77 59
4.6 Summary 62
Chapter V. Experiment 63
5.1 The purpose of the experiment 63

5.2 The introduction of the apparatus and material 63

5.3 The experiment process 65
5.4 The analysis of experimental results 70
5.5 Summary 75
ChapterVI Conclusion 76
Acknowledgements 78
References 79
List of Symbols 85

Publications and Prizes 88



20

cR I

1.1 PO JR B G AR 1 [ A S ML

PR Ji 2 )3+ R (Rapid Prototyping Manufacturingfij FRRPM), X PRI
JEIHR, (Rapid Prototyping, F FRRPEEA) e RPHA AT LAFE G i #E 4 AT AT 452
Ho JJHATRSR B B0 N, EERE ™ i vk (CAD) R, PRidt il
W= IR . BB, SAEZMEE. . FL. L JEL BEL ol B
SR L RRAR L, D R AR 0 e AR RO A A T o L I A
TR AR, RHEHE A = ST i e i E A A AR S
TEH . BREARNG I, PLREARN GG g s . 7 b it i 459k
BARN R AL T — N IE 4 562, 5 ) TRACH LR, X/t RP
BRI B A A e e POl AR O 2 N T HFE R
VS T, HUWASTE . B UL RS . BT ashi. SRl BEE.
HESRRAY S5 Ak 2 ATk o A4 55 [F Wohlers Associates %] /A 7] 2001 4EIRPTIT
WA 2000 4F, At 23 ARPE &G RIS K% 1320 &,
HilE 6755 &, @HeT S8 AMEZF; 2000 AEILHIE T 300 AR, Hop
Jb3E 0 45%, WK 28.6%, BR¥H AT 24.6. ABERKZ) 384 KRPAH], I~
629 2.97 {0.€78, ART 1999 FFHIK T 14.8%, XKML LL 1996 4F
1) 43.1% B (A D, B UHT Y AF 2T B i e o PR Jst 8 5 T R ke 2
TR, B RPRE EnT DAPOHOR BT AR B e S5 A R R
SRS, I HOR ARSI = R 22, XKW T 4364 H 4
SREL T St 0 PR R R O i sk T,

1.1.1 RPMEARF=AEKE &
a5 BT — AL TR %, e 35 e 14002, 7= S R T R T B
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i JHA TSP M LG RGO, A B IR (PR3
VAP TR (IRET) CRIAN A, Bk il b A BR 58 4 (1 512 T Fe it o
[V, 3 i 2 H 23 AR A I P 55K, SCEESR I B ARAT B0 1) R
P, RENE DL/ R T 5 PR A i AN e (R AT . DAL, R ALY
ks o NIES N SR RS S

P F A BFNERCR (RPMD AR5 T, T 80 RG]
PR, JHARPRYT R H A SRR, 20 22 R IR R U — I3
R SR

1.1.2 EAME

= [H 3MA A ) Alan J. Hebert(1978). HASK)/N 175 55(1980) £ [HUVP
22w} ) Charles W. Hull(1982)F1 F AS [ AL 7 —(1983), £EAN [A] 1S k& H A
SR T RPIEES, RIEHTA il = A = e S AR i) AR . Charles W. Hull
FEUVPIRSESCRE T, SE T —/NAE E g i A RR 2 0 Sl Ao s
A (Stereolithography Apparatus fijFXSLA) 523 RGiSLA-1, 1986 4%
RGP LH], ZIERPRFER— DM [F4E, Charles W. HullFTUVPH]
A ATT— 1N T 3D SystemA o b FI, LT RO SRR AR N )
TR GABAT 4R TT R %Il - 1984 EMichael Feygindt ! T #4432 (Laminated
Object Manufacturing, L NfRIFRLOM) 173, 3T 1985 44 4 Helisys
AT, 1992 FEHEH SR — BRI RZLOM-1015. 1986 4, E[E Texas K
FIBFFUAEC. Deckard$it Tk FEMEBOG R4 (Selective Laser Sintering, i
FRSLS)IEAR, MFAE TDTMA ], T 1992 4EFF K T HET-SLSIH f Ml Ak
J&. & 4t Sinterstation. Scott Crump7E 1988 £E#E H T #4fl il /& (Fused Deposition
Modeling, fRJF#FDM)IEAL, 1992 FFIF K T H— & wHLE 3D-Modeler.
FIN 80 AR HSLAG L AR K RE LK S 90 AEAR)S I, LT JLHFb

AFERPEIAR, BRATIRJLAPAN, #AFIES 3DP%. {HJE, SLA. LOM.
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SLSFIFDMPUMECAR,  HATIRZRPHEAR T3 R AMIAE T Y H ) a2
MEHLOSBANEE .

ERE FZR RP FeARAFI ST & 150L: 3D System Inc. BFFTLA
SLA T2 SN HI A 32, FF IR b 735 24 300dpi 1) 22 155k 3D-MIM R4 :
DTM Corp. at Austin LA SLS AyF; Helisys Inc. DA LOM b 3E; Stratasys
Inc. JFA T FDM FIELTHIHIiE RSE Genisys; BPM 2] JF A e b 1l it
(Ballistic Particle Manufacturing) #iAR. 113&H—L8 5 o FAR b 2
JF RP F ARG TAE MIT L Emanuel Suchs 475, Jf% 3DP 4 ¥; The
University of Dayton LA Allan J.Lightman N1 MEZFr RP T. 25T,
R PR AT EBR RPM 2R 259%;  The University of Texas at
Austin A Joseph J. Beaman 1, EZLL SLS TEMIFT N, [Hpr SFF
ERSWNAEH FF;  Carnegie Mellon University DA Lee E. Weiss N H,
F I RPM AES LR P S o 34k, SEIEEAT 22 B K2 R ST LAG A
F RP B L2 RP BRI R LA S 4 i P e B 4 e J R 55 22 g T PRI T

HA KT e RP, LT RN AT AR DA Ll i, A
45 SLA F1 LOM 2 ARAFFT;  SONY A w] J& T ¥ D-MEC, MZF SLA, #fEH SCS
Y4 Mitsubishi A% & N CMET INC. W SLA, H#EH SOUP 4%, #
FAC AT Mitisui W] JE NI MES A SLA, i COLAMM %
JEHL: DuPont/Teijin-Seiki /A& M SLA, #EH SOMOS.  PHERVFZ ST
HURAT RS R H ORI AEX — 453, a: #55 Electro—Optical System Gmbh
Bl EOS, %M SLA F1SLS; it Sparx AB (Larson Brothers CO. AB)
HEH “Hot Plot Rapid Prototyping” Z%E, LT Helisys [fJ LOM; 3%

Laser 3D #fEH} RP System!*,

RP B RS 1S RT3 5 RS 2% [ U (0 e FE EEA, - ATy

YL T 4% RP H AW H B T . SR E K AARBI SRR A,
3-
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ARPA (Advanced Research Projects Agency) FIIL &I I 4B HENK
Pz In)—LEORAE A FI AL R AN DR R AR LAHES) RP 22 AR ST 5 N H T A
Fio B, VFZ K5 RP WP IR 43 2 NSF 1) %5 18); ARPA %% I — 2820 W] A0
WFFENU RN ST AR N F RP 75 V265 28 5 M e TG v 2 1) B B3 1 A1
FOR: MIT WE5T 3D-P HRHJURE 4 435 7 ARPA A1 MIRP ()% ). KILAA
WAL Z AN RP 35 H TR A KFIER A RP BORTE BRI IS, JF
KA., SZERIL R SCFER EARP (European Action on Rapid
Prototyping) M) 5% & st A i Joh AR 2 L s 04 R B AR5 U IL 527078 RPT
( Rapid Prototyping Technology ) #AWii# R&D 5 4F, H B “Work
Area, Med-Earp” e % 13 #F RP fEe % LNV HINE .
R A K2 1653 207 SR 5T ) RP Bt b B 7 7 K CAD B S04
(STL ) #%—€J7 M43 20 2 B (CLL ), ML
JE R N HER S SE AR . BT, 22 )27 N C & AL GE M —4EIR~ 1 1H 4y J= ke
Aoy 2, BARE, 20207 A LON PR P s AR
i (&E DAYTON RZEN AT 790  —4E oy Jm R S o =457 2
(3£ [H STANFORD AK*#RfEHEAT THI5E) o

BATE RPM R G R o o 5 o SRBRE R 32 CAD 21 RP 3¢ 11 (¥ A0 4
B . A RPM AR, AATRNER ) B2 T 2ZA Y,
1117 B N ] A ANBRN s A Ak P ARRS PR S, xS 2 A R g Ak 2
BE STl B R — A T ESRA. [FAM) RPM 22 WA SN LA AR
AN KN TN G AT AT BT 5T A

[ 41 ) 44K RPM ZR G767 B — JCS T 2% 11 O P S A e 11 i U

41 3D SYSTEM & A ] ACES. QuickCast, Hellisys 2> #] ) LOMSlice, DTM
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[] Rapid Tool, Stratasys [} QuickSlice. SupportWorks. AutoGen, Cubital

%] SoliderDFE, Sander Prototype [1] protoBuild Fl ProtoSupport %5

H1-T- CAD 5 RPM [E50H A5 42 1V IR A T 5 1) DR AR R AR R Ak <7
HAMBIL TIRZAE N CAD 5 RP REEZ MIMIMF R = 5k, IRt
— M L FH R B5a SO A% P o B N B R 1 o N IR B SO U
STL. IGES. DXF. HPGL. CT Jz v SCF45, 1% th i it SCfF— A CLL
DA [ AP H R 44 10— 658 — 7 TR A

(1)

2

€)

“4)

)

Bridge Works: H12E[H f¥) Solid Concept 24 &l 4F 92 4EHEHY, LAWY
ok, LR EE] Versiond.0 LA . i3 l@ 6 STL SCHHRHIE
K234, BB & A,

Magics: 1 LLFI I ) Materialise A 4E 93 “EH#EH, BB KRR
version4.2, {U#% Magics View, Magics RP, Magics SG, Contours
Tools, CT-Modeller System, Mimics, CTM Z5-tAMEiH:, Al LA
ITHT STL ST R . B DS . AN, 402 HliEnt
G5 AREE, AR T R CT SCIF & IGES SC A 3 b
AT DIe 2 PRREIL R . SR, &MU =T
BAT.

SolidView: H1ZEFE K Solid Concept A FILE 1994 fEHEH, A LA
WINDOWS3.1, WIN95, WINNT #:/fE R4 N iEAT STL SCAF I ZRAHE
MAEE SR, STL SUHFMTER: . A e .

STL Manager: HE[E 1] POGO AT 1994 4E#EH, T STL
SO S 7™ RS (RN I o

StIView: X & —A 132 F 84 LFEI Igor Tebelev £EMV 43 I 8] By
BT, BOKER Version7.0o ‘& ] LU _E 3% & I8 H]
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PiJE, TF) SolidVielw AL, IXANAT AT AT STL ST s AR e,
FIRE I H BB . IS DRe .

(6) Surfacer —RPM: ixX /& 13 [H 1) Imageware 3 Hl{E 1994 424 H
Surfacer P3G I T R J5 20 e 25040 A B R RS

LA = J7 Bl 42 1 SR AT 3k A v SEME AR K 2% 1Y) CIDES. Anthony D.
Martin Jf- &[] ADMesh, XOX 7~ #] ] SHAPES, Brock Rooney [ Brockware,
[-DEAS [ RP 58, CADDS [f] RP BHAE . T2 /A i F R AR AT
T EAR b AKSF, BERE SR I At (], IIAE AL T RPM 2R
P T S = B VR #1996 4 3D SYSTEM AvH|
Imageware 72 7k &, KM Imageware [ RP — R AIBHAE 43D
Systems SL Toolkit”. fii Sanders Prototype 24 ) %/ 7 STL-Manager 1£
B OB R, Ak, MEER F&S ARBIEE T MAGICS #A4 1)
HOT A . INFEA A U, H i e R b AR A (R e L AR TR E STL I 3h4
B ST A BN PO R IS I ) SR B S (lattice) HHAk
B R R A G . H T SR LR R AR X L T T Ak )
P AT . AN A N TR e, 1

[E4FRPM T &3 &R e, HATRPMIT) T 2% ) K il BEAR TR, i ik DU e
RPMFIARHAR L HVFZ AR TR T B CH%E & .

L FEMRPMAE A 7 K, Bl 3Dsystmes. Helisys. DTM. Stratasys-
Sanders. Prototype. Soligen. BPM. H.HIBPMMH T£7& A, k& 4.
HAS 6 %, BICMET. D—MEC. Teijin Selki. Kira Corp. Mitsui Zosen
HMiDenken Enginerring. BXYHIA 3 X, BIEE[FJEOS. F&S.

1.1.3 E A

P ED X IR AR FON “NI” WEARS, £ “Juh” R
-6-
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