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ABSTRACT

3D printing technology is a type of rapid prototyping technology,and according to the
different forming material and printing process, it can be divided into different types of
technology, such as selective laser sintering,Stereolithography,Laminated Object
Manufacturing,fused deposition modeling,etc.And each technology has its own strengths
and weaknesses.Nowadays,how to improve the printing speed and accuracy are main
issues of 3D printing technology research.

In this paper, it elaborated on the key technology of 3D printing.And to solve the
problems of time consuming and taking up the large storage space for file slicing in 3D
printing process,A new slicing algorithm was given, that is Z-coordinate-based hierarchical
algorithm, which use the topological structure information and the continuity of the
triangulars, analysing the process of the layered and the relationship among unit triangles
of sliced files (STL file).This algorithm not only can save time and memory space of the
layered process effectively, but also improve the reliability of the layered profile
information.

It designs a hardware circuit of 3D printing technology.in which the Control system
choose STM32F103 Micro-controller that from STMicroelectronics Company as its core
processor. It uses the STM32F103 Micro-controller's high-speed data processing
capabilities and rich peripheral interface resources integrated in the chip. Combining with
the serial communication interface, which provides a powerful and extensible hardware
platform for the 3D printing system.This system selects Subdivision stepper motor control
method to control the X, Y, Z axis running by the controlling chip A3979. It gives theoretical
analysis of dithering algorithm in the application of 3D printing. On the basis of a
reasonable cost, simple structure, complete functions, it strives to maximize the efficiency

and print output accuracy of 3D printing.

Key words: 3D Printing; FDM; Slicing algorithm; Driving control
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(2) BT, Ak HdE A B S5 BT 5 1R IR T LAE e 52457 vl RSB
AL, FEHFICE XN KSR TAE. £ RGIF IR — R R E s T 840
HRAER . BATHZAER S USART Delnit O) 58 ik
void USART Delnit (USART TypeDef* USARTx) ;//H 0 &AL
(3) HHOZHHIRL.
void USART _Tnit (USART TypeDefs* USARTx, USART_InitTypeDefx*
USART InitStruct);
FHMANOSHCEAR IR & b5, 3B DA OSHGE M ERIE
H T — 82501 USART Tni tTypeDef ST b A4
USART InitStructure.USART BaudRate = 9600;
//BLE N 9600;
USART InitStructure.USART WordLength = USART WordLength 8b;
/AN 8 kg X
USART InitStructure.USART Mode = USART Mode Rx | USART Mode Tx;
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USART Tnit (USARTI, &USART InitStructure);

//RIEA H 14
(4) Bl rIWcR . STM32 B A A HHZ 8L USART DR ZF A7 ds KSR, X2
— MU T TDR I RDR FIXUZF A7 35 o U101 25 A7 7 5 A0 i g, J 11 A 3R,
B I, R AP XA AN

— AN SR T ROR B

void USART SendData (USART TypeDef* USARTx, uintl6 t Data);

uint16_t USART ReceiveData(USART TypeDef* USARTx) ;
(5) Hf R %L USART Cmd () &
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RFRAS, FEXF TFT _LCD #EATHIAA L A void LCD Init (void) A%k, 1%
L GPIO, FSMC, AFIO WfEfligE, Formlxf HAIaA . M HARIE R BULAT -

void LCD_WriteReg(u8 LCD_Reg, ul6 LCD_RegValue); //'5 & 1725
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B
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ulé LCD_ReadReg(u8 LCD_Reg);

void LCD_WriteRAM_Prepare(void);
void LCD_WriteRAM(ul6 RGB_Code);
void LCD_Scan_Dir(u8 dir);

void LCD_Display_Dir(u8 dir);
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1787517

I BERS A TN M S AR I A 7 R, LR AE TR E N, R
{5 RN, AR PR TR AR T 50 5 R B A I 42 D 8 T8 BRI R 1B 708
P2 PT100 iR AR AR RAF IR AR, A4 420 R #EAT THER . fal SR Re B

K] 5.4.4 PR .

I AN

v

FREF

v

AN

v &t
I oA RERRE
v
> R[E| R

5B E R

f5 bk

K 5. 4. 4 JEERE IR

5.5 KRE/N

A

AREEEPE K 3D TV SCAF AR B K F it . 3D TEIA STL A C 4k
N T SERRIARHE, K2 % 3D FTENHLAGUE SRR AT 2 STL 3, A& H miff
fift 7 STL SCAFIIVI R Bk, a1 3+ SR A i M 1 8k D) Fr Bk,

50



B N i e o A

R T R T Z ARRR V) SR ZENER ] = AR T S, S
YRR . A AT SO AN A (S B AR L IR RS, R
Ik U) FrIpTa], RS BRI R 548 7 AR S R BT Z ARSI )R
HEMAAE S ATENE, 7S M. AR, T
2 EEAR R A R B A S B pR A

51



B N i e o A

BARE REERE

AV ARG RS T 3D TEN ARG BT IR E ], SCBL 7SR Th
e (ED I NLOR BN I ] 7 AT 7T 1 25 1 A AL S A A (1 3 57 A K A o3 5
%, RS HUE A E RO, B AH P B R iR e 1
HALAOAS I, BEmam 1 3D FTENd s E . AE V) F S5 i v w7 AR,
RANBETE 1 3T =B A JUAE S AR SN D) 8%, 4ath 17— Fpdt 1
Z MBS R S, 1R T DR BIRCR, b T A A AR ] AR BT A
TR EARS S, AT BN A AT SR LU R S, A AN e B
kR M,

AV RS AT, T EEERE R, SCOTIRE LT RO A BE T
AR RIHUE, EFIE— DT A 3T B 5 0 i B SR IR R T4
iz HIBIBLSER 3D FTEIHL 2, BRHERIEFRAREL 2 M 7E, I AW ateT
SR, 3D FTEIRARAE LS O AR — M RGIIEE, WAz, f
Nt 3D ITEIEOARRE — OB IR i,  BARIUAE 3D 4T BN ARE B A #E XK 5K
FU, ABAERE 29U C T IR M IFRGE S E . fE4 )5 3D 1T ENEOAR L E 2ok
TR, TR T R A ST T AR = 18 18 A1

52



B N i e o A

B it

2 AR ) AT AN PO N = P P e e O AR AR A 1 B D A AT B 5
JUSE (RO R TR) RS 0 RIVHE, AE BRAIT R IX ) LA foe o BBt (14 il A2 38 1) TSt 2 A0 B I
£, WWSZIANA WA, Tt AR A O BT AT FERT— i
FUT IR ERAE 2T — L8 BRIA I H 8 2 I A 2 R R R AN A I, %3830
Vo, HERRRSE, iU BRIMEL T AR SRS . £183C
SRR, BRI EIRE IS A L, IS 20 TR BT R AR,
ARG S, M2 BIBAE TR AL I (AT 2 e 22 ST o, 2R
RIFA LB T BRI o ™18 A2 BE 7K I AR R B ATk i e AT o ik
Pz, FAE A B ISE M E LRI R

B IR A AS 1R TS B (R S A Yy, K B R S e A 1 X
Al FETS AT 26 Dk I S A S N K TSR AN By, (RIS e £ 3

B SN 25 T B AN, X0 AL B R SRR R BRI SCHr
ANl -

FE B Ja JIE BRI S BETE b 45 T I SCRE, A URITH SCRr A 13 DA
K, A RERS A 78 B 7l

53



B N i e o A

B2 3 HR

[1] P.F. Jacobs. Rapid Prototyping and Manufacturing:Fundamentals of Stereolithography,
Society of Manufacturing Engineers, Dearborn, Ml, 1992,

[2] D.L. Bourell,R.H Crawford, H.L. Marcus,J.J Beaman, and J.W.Barlow. Selective laser
sintering of metals , In Proceedings of the 1994 ASME Winter Annual Meeting, pp. 519-528 ,
Chicago,IL, November 6-11,1994.

[3] C.Chi. Process insight about LOM systems, In D. L. Bourell et al., editor, Solid Freeform
Fabrication Symposium,pp. 515-522, Austin, TX, August 1996.

(4] XU JE A S A = 4EFT ENBROE B R BB FE[D]. Herh R K 4%,2009.
[5] Scans E. M., Haggerty J. S., Cima M. J. Three-dimensional Printing technique[P].
US5204055,1993.

(6] J5 Lo = 4EHT BRI s AL S H N T st &4 filH R 58 [D]. AR JbK%,2010.

[7] 5K .3D FTENHOAR SR A ek FE[J]. v -1 57.2013(13).

(8] MR IR, MRM=E, BESF4F. —ZEFTENEOR KRG FT[I]. ML —144k, 2005, 4 (1) :
13~15.

(9] Wz WOt FRAS oK CMGI9 K S L2 S A BB 7T [D].3#1 5 K =#.2006.

[10] F-F5-F Wotle it % 2 fLEHE & & MR A MEREWT 7T[D]. B 5l e Mk K%2.2010.

(11T AT 9% A& 22 PUAR BR AL AE ) R 48 b T Z RO BE ST [D]. b BHE K 7. 2005.

[12] Br {3 FDM PUs s 4+ R B BOR BT ST D] A h RBHE K 27,2004

[13] i Gl A = 4E4T BN BB AR 7E 5 B [D]. 4R R 5K %7.2009.

[14] HRWKIE 2552 7 5K BB = 4EFT B OB R AR 8t i [J] LB i 1%, 2005.43(12):62-64.

[15] Chang C.C.Rapid Prototyping fabricated by UV resin spray nozzles [J].2004,10 (2) :
136-145.

[16] Dimitrov D., Sehreve K., de Beer N. Advances in three dimensional printing-state of
the art and future Perspectives[J]. Rapid prototyping Journal, 2006, 12(3):136-147.

[17] JBFISC. LA %] Objet 2w H 1) HL AR 1) = g ok s M ML) A5 H 0k, 2007,
33(7):7.

[19] RAT)™ Mt R, I8 8 5E. = 4EFTENEOR G &4 B 25 v T2 Fe[3] 4 kil
2007,29(5):679-683.

1#%,2007,29(2):183-188.
[21] RATT Mt R, Fig s, 55 = 44T BRI & B8 8 298 A 7e[3]. 4 Rk

54


http://www.cnki.net/kcms/detail/search.aspx?dbcode=CMFD&sfield=au&skey=%B7%BF%BE%DE%C7%BF&code=28574979;

B N i e o A

#},2007,29(3):355-359.

2#,2006.

[23] F g Ab 200 F gt SR R B B 4 AR 72 [D]: [l 2547 18 3] 7 R 0 HE TR
*#,2006.

[24] VIR, TP, IR TR V0T W54 AR (1 N FH 3k Jeg [J]. JE ML ) 27441%,2004,19(4): 714-722.

[25] BARSE, B, EMESE. Z4ET AT EINLIM BURHR Y], BEER, 2004, 1(3):
60~62.

[26] Hue P Le. Progress and trends in ink-jet printing technology. Journal of Imaging
Science and Technology, 1998,3(1): 42~62.

[27] 5 I R0 Ao B 36 AR PR IR B FE K g #5 [3] B R 4R, 2000, (6):84~89.

[28] BX7KHE.RP AR F K S S [J]. 75 ¥ K224, 2000,18(1):35~38.

[29] UK AR, 7k NG PRI s B4 AR [ A A1 % a5 (3], #5452, 2001,(1):5~9.

[30] AR PR . PRk sl L i B AR i A e 5 e B2 0]+ FE L A%, 2000, 11(10):
1081~1083.

[31] BRI, 1 SR, S f A 25 ARG R RS A (1) e B2 0] FE LR T #%, 2000, 11(1,2):
195~200 .

[32] WK E.FDM PR s B H AR K N FH [9].4 7 il i 45K, 2000, 1:26~28.

[33] F X6 LS RGM] U Tk H i, 1994,

[34] EBRFTEET 0 WL D kLA 43 3K E) Z Ge it 72 [D]. B K %.2008.

[35] Grfafided3& 3 i A2 it Ha - 1 B2 S

[36] BREERR. SLHE BN N M) . B B REHOR i, 1983:29-81.

[37] Ja Rk, vaa 0 it L i AL 5 v 5 I MUK 53 . 2008.

[38] XI5 &, FEA Fe 5 0 a3k B B L ORBI42 ] 28 Gt [M]. MG 7RV Dl oK 2 R
#£,1997.11.

[39] SEfdh. mREBE L =20 % F At 43 SR B AR B FF 2 [D]. 7541 K 2%, 2004.

[40] ZEg ¥, kL0 IREh % HI%S A3955S B 78 10 2 RHE K 2 AR K2 i
42,2004,

(417 JAI B BRSO, IESZ A5 20 1 AL OE SRS 2R [3]. feks HL#1,1997,(5): 28-40.

[42] Fkt, KT 55 AR 200 ik LI S0 5y 77 10 5 SR L[], ek FiAL, 1997,
(2) :20-28.

[43] AR T, A 2R Bl 5K B 25 i i, 36 K S5 s o) R 0 b o0k FRUDL IS P 40 20 BRI 53]
HL R AR N 2005,31 45 05.

[44] FEf mREBE L w20 PB4y SRS EOR BRI 7T [D]. 75 M1 2K 2%, 2004.

[45] SHLEE, ith A, 5K 75 5 0 o rOHLAE ks P2 A B 1) 2R 45 v (9 R [9], Ab HE R 254

55



B N i e o A

(B #4FHhi),2003,6.04 .
[46] ¥ a5, 2 41 A H LA i 82 R FL B () e [0, SO AT (fRT Al 4 R).2002(12).
[47] S REOREN F A3977,A3979 i FH I = F I00- 1 8 S .
[48] www.allegromicro.com.

[49] B.E.Bayer. An optimum method for two-level rendition of continuous-tone pictures,
IEEE International Conference on Communications,Conference Record,1:(26-11)-(26-15),1973.

(507 ¥ W7 3, i il 2% 1 e -5 8 FH M. L ol 1 A

[51] JResy B, & 25, 45 m LT~ STM32 i85 7 & CAN B 2R VR 4 B IS [3]. o2k Bk}
$7.2013(03).

[52] Data sheet of STM32F103.

[53] X 5%, ok [ 4, B it 5 [MI], L~ Tl H g, 1995.

[54] Data sheet of 1L19320.

[55] Z0AIIG. BT PID H Ay 45 i R 5 ih-H BE S FE.

[56] FifiRue. JATHAL, RABEE.ST L SRR RIESL 538 = R BRI 7
[3]. ¥ A B 1.22,2006,(7):14~16.

[57] BRIELHET STL ST B 4SBT FE[D]. R K 2%.2004.

[58] A, i s e, BE YR S5 JE A 1) STL $h4Ms B & VA D] MU Rl 2 54
,2002,25(5):827-829.

[59] EEERR, Wi KR LG A A MY AL T URR Tl H it 1992: 298~309.

[60] 27, 58K, UK A ARt W il 12 o T AR S 1 DRk 43 2 SR 7 [3]. R AL
ik T #%,2000,11(5):549-554.

[61] #Wti 5= 5T Cortex-M3 I TG A S AU SR A2 A% i 22 GE i [D]. R HEHE 1K %%, 2011,

[62] 7v35%. ks B2 7 A VR & 20 a8 R B L SR B 4% 1) R S [D]. 76 Ak ol K2 i
3,2006.

56


http://www.allegromicro.com/

B N i e o A

B3R 1 BUSMEFAIHAIE R RATILXC

1.Meng YANG , Peng CAO .Research on an algorithm for file slicling processing in 3d
printing[C]. 2013 International Conference on Electrical, Control and Automation
Engineering(ECAE2013),December 1-2,2013, Hong Kong.

57



b 5B RIS

Be i+ 5 A7 i

i

Pt
n

B3R 2 FEIRIE

1002

Nozzle

[
—SENSEL  VBBL

I
D,Ruﬂdld(_—_\m

i See ps
n oo ]
= . [ 0|M;IICS 1 QUTIA  OUT1E
V4 [3
13 4 J_ ¢ 5 Rt o
7 N = REF PEND
% A Rz VREG
no B ] ! QUT2A  OUTE
B M52 JRESET
MS1 ElE
coe SBNE2  VBEZ
[ WIS
8
V4
A
s
A
e v+T
SENEL  vEE1 -2
HOME  /SLEEP[2L l
Mot
oot o
= ]
Iy
|k
T (5.2 () com
TZBMTE ] 0| L4
A —_~
(=t} K
COME
—
S 4
o
= T
@
5}
v+
3
R2
AN
4701 16
1 2
IS
5 €19 | D20
R sSe AE/V
i<
) - vz —, 1]
conte [
D102
R
@ 2
R =
= 1002
o 42 veo
E = ros ‘3
- EXCTD e -
02 5n A
€20, | B2zl
] NS
v
A
v+
A
= _—3
LSENSEL  wEBL
E /SLEE
CON12 i
I
LLI
ey () contt
1L
TTLT— A7l

227
<

canta
=

)3

o)

212

zFl
N

V+
A
A
]
47ul
5
2 ]
-RY

Gm

) cont

= CON1S

] fe k]

58



b = BRI 2%

e

fit £

b
2

LM7EDSCK

us

<

<
100nf

Lo outd
GND

LM1117
2

|
I

<40
100nT.

e

<41

10l

RS
1 2 1 2

EEN

oo

I [<H
3 C4b,
100n

D550 2

DES_HF

DS5I06 |~ I

KEY1

e

—(J Rxp

Hioes  ax
ICDRS  T.CS
LCDOWR ]
LCDRD  T_PEN
RST HO!

KEY4

SD.CS

SP1_MOS

SPULLK [

SHL_MIRD [, 7

] SkaaL

59



B N i e o A

BifsR 3 BUERTFEAEM T AR TE

BB ARG PXI BIFEHRAISH T

SO TEPE RGBT T EAA A R EHIR. RIS S % e SR I
B o FI ) A A LEAT PR A8 ) DA b e A LRl o P (5 5 J8 I A Yt
LA G AR ROE 45 25 SR TE L, 52 Bl sk B IR 3 PR A%
REIE RS PXI FLYEAR 32 20 57 % B LA AR B3], LKt g
PE TR RGURTERE T TTH 32 2 AR A2 B AR b 22 1 — B R Bl
Fio AEANSZUREAE PR A AT T SEDL LA KB RE TR -

HLBRAR PR BE A B dn ] 1
B T4
4
B : i
2
2 \_2:\/\/\,1_|
a ‘!@ - - RS6 120
= 8
i) He
B T 3 %
g:: D \_3/\/\A,I_I
f LICME BS7 120
3
l;g
s ‘ L
———

K 2 PXT HEEHR PCB it

60



S e T i A8

2 Jr SR R T B s e, U8 A R RS, PXI AR 485
WSS S EHUE T R, LR, Bk, 15 485 (5 Z 0t fE
SIS 120 K m%m,%ﬂTSﬁmﬁ

P 3 PXT HEJEAR A4 1

2, SREFERGHEATIRE R RERIRAIEHIR G

21 ARRG R

el ARG B E A R SRR AN O, BERANAE. B R
AL S R, IR LB EL AN 4

K 4 BOEE RS

61



B N i e o A

2.2 B35 B RERINE

(1 FEERRS
B E L H I B R AR AR o s SRR R A% 00 - 36014F HEATARE P A il

FErf, LT B HIER L SN, IBERTEREA L, FoRthikin

K5

Error Wo 15024: Beot failed
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Connucting to device "HES38014F on " CONL'

Confi garation

“BO0OT Mode' commection = using enulated interface
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Initiating BOOT 5CT sequence

Attenpting 9800
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Error No 15024 Best failed
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