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Batch scheduling of 3D printing with variable printing parameter
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Abstract: Batch scheduling problem of 3D printing in the mode of variable printing parameter is studied. It aims to
optimize and model on 3D printing service system with random arrival of printing tasks. First, the limitation of the size
of the worktable and the influence of the layer of the printing parameters on the printing quality is considered. Then the
lengths of all task queues are taken as the joint state of the system, and the combination of tasks and the layer of the printing
parameters is taken as the joint control variable of the system. The aim is to increase productivity, reduce the loss of printing
quality and save energy. Furthermore, the optimization problem is described as a semi-Markov decision process (SMDP),
in order to solve the optimal scheduling strategy by using the strategy iteration algorithm and Q learning algorithm The
simulation results show that the proposed batch scheduling strategy can effectively improve the production performance
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compared with the fixed layer height model and the first come first service (FCFS) model.
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R'(S,,vs,, Sny1) 3R TE Sn AN PRI 2 R G0 754k
B8, F, KEUThvg, #REBPIRES,, R4 1)
Z0Hr AN BRI TR R AT SR A
i

M

R'(Sy,vs,,Sn41) = Ta(w")mgl ke (23)
ST R

R'(Sn,vs,, Sns1) =

Tolwy) S5 S Im by

m=1 2
Ta (theat + tprint (USH))k2g(USn) +

e~ (tneatttprint (vs, ) ksl(vs, )+r(vs, e~ . (24)

BEAE, np & AR B 2 BUA THE, PTARTEREA L
EEAWE. WQ. (-, ) EHn T
Qa(sna USn) = Qa(sru USTL) + V(Sna USn)Arw (25)
Horbiy (S, vs, ) NF K AU AQY: 21 ik
BARD R OAESCHR 261 & E4T T AN 48, TR
LINESHY
4 iEER
AR S50 % b ) 3DT BN % 1 S H00 R 4t
VB SHOHAT WA, RS ERCE 2 frR. [FI
WHE T BSENFRIFR. IR H L5045 H 13D
FTEHURIFT B ST T 601, A ST H (R HERE 10 2L
T EHERE A, KA S BB ottom—Lef A X 4T
EE 28 HEAT A HEY, 4 BRI oK ARt R Ge nT AT 4T B
HEtkaN
DJ:{(O> 0, O)a (07 0, 1)a (07 0, 2)7 (07 0, 3)’ (0, 1, 0)7
(0,1,1),(0,2,0),(1,0,0),(1,0,1)}.

PIECSRs ¥ e 4 T SRIE AN Q: S 5k
FEST AP BIE R P IR, B3 Ou 71 2 A
FHVEI TR SRS IS AURE N Q2 S AR R 4L
P AL h 28, LT R 7o = 0.01. 3R A, 1
PRI AE I T R SIS AR R gt AT AL,
FEER 2D B30 At Q2 S, 15 21 5 48 1 fee 0 SR
FEPIJHE N R R Q2 2 AR AL I 28, 6553000
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Table 2 Physical parameters

MIESE BUE L/BEE A BUE
theat 0.2h tcool 0.17h
Oonvir 30°C Ormelt 220°C
Oplat 80°C p 1.04g-cm™3

d 1 mm 1) 247 (g-°C)~ 1
ascan 4000 mm - min~! NLength X (15 % 15) om?2
tmove 2s Nwidth

£3 BARAHK
Table 3 Simulation parameters
S H iVEIEN
M 3
1 g2 3] [32 27 16]
[01 09 03] [10 x 10 7.5 x 15 5 x 15}
[h1 hg hs] [6 10 15]
[C1 C2 Cs] 23 4]
Hpin 0.1
Hmax ﬁ
Ah 0.01
A1 Az As] [0.2 0.3 0.5]
k11 k1o ki) [0.4 0.3 0.2]
ko 0.04
ks 0.3
[€2 &1 &o] [—0.25 0.055 0.0315]
[91 Y2 V3] [-205 —180 —110]

V1 6ix P2.6x U3,6x] [-6.53 —6.93 —4.35]

T 3R] UE AR A it 22 R A
B, TEARIRE T RGN AR, X He 34
REROIRAS. IR 1 AR S BT A RS 14: BAFI 1K
50, BAF24K B2 A2, BAFI3K B 3. IR 60: 4155
BAZ 4= yiils. FEARAS VTS5 BAFI A B BF, A i
ATHTER, DRI IAT FT BRI, By DAY i Ze7E B 07
FEARZS 148 BABI K BE N0, MBI K M2, IAFI3 K
N3, B A] CLZH o A S R R T BN AL AT 4T
B[, PRI SRASA i T ENARIM. 7EIRZS 60, 455 FAS
A, R SERARINT AR K, [FR T RGAMES 1
b FRARAN G, BT DAY i 2R AERZS 14 A A H 22
7. SRR AR AR ) B A SR T, AR 14T,
RGEFERITEHHAET = (0,2,0), 3HZRh =
0.1739, 751K &5600F, R ik B T ENFH & J =
(0,2,0), EFEZHh = 0.2415, XF XS5 IN
TR, RGIERE AT VA A BATITE, Em S
HORBERK, 5L RIE U &

-1.8 T T T T

RS -
e RZT 14
IRAE60 7

il \ ————— F LN
3
3

PR RN
W
[N}

(a) SRIGIEAEE

T

PR FF IR0

,2.5 1 1 1 1 1 1 I 1 1
20 40 60 80 100 120 140 160 180 200

AL /3000
(b) QZEHL
3 EIANGTHIAEN T PR R R A R 2
Fig. 3 Optimization curves of two algorithms under average

and discount criteria

RNT BB W R R R A, 1 FLSE IR 48
T PR EE RS AT B TR LA AR AL R R S 3 AR
M+ FTEME 5 O AbHE R0 72 i -2 o o, PP SRS
IE AR B 1 45 B 3996 s, —2.485, 0.977, 0.0328, T
Q= A FIR WIS AT I 18] LA R ARAL J5 RA P340
FTET S5 AL PR ZE A YA T B 70 1 M 1222 s, —2.448,
0.972, 0.0327. [Ff A T X FQ5: ) Hyk & Rt AT 7
ZE T, TESEEG HPRTQ 2 2] BV AT S U SR B HY
BHE I Ge i & TR (bR 2=, X6k N A I (KA 22 0
W12932 s, 0.003, 0.0019, 0.000103, 241 & Tihsi: 2 A]
QY M BIE LB ARE . A SRR R SRE I & 2% BE
HAT T X EE o HT, 1 e bR s IR B 2R, AR S 560
NHREMARGSEREBARGIRELH N3 x4 x5 =
60, TRMS AR L T EAE Ak T2 R I [R) A0 A AR R L RAS
RS R DA S M B SR B B, HR T3 3N R 4 5 AN
RGUIREEUHIR, HAGE 7B, Friafiig =S [mA3 x 60
x60 = 10800. TMQ=~ > 77 ELAF il B AN RAESAT B X

(IMH, BT RS i
60 x 9 x (0.3 —-0.1)

0.01

PR AR 2 (AR R FEA AR E07 T, SRmS AR v

= 10800.
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TEEB3L 5 O AUSL, TQEE 2 FIETE S 100X VAl By
SRR E. TEBAT I (] 5 TH, SR ISR BRI AT
I 1H] 243996 s, SRTM Q2 S HILIZ AT A1 21222 5. i
I b g JAT RN, ERAR S kAR B U S R AR,
{HIS AT TR BE K, 12 T SRS AR ARV 7 B A T 4
FRIFIEH, FTARNESATIIAHG. Q¥ S BT
FEBR, MR S HOR J i, AT R Q& S Sk ik 47 3R
fift. A0z R R XT3DIT ENARSS R A1 RE 0 HT, F Ak
P R IAREIE R A 2.

KR T RGNE N —FhHE IR SS 248, 8l %
BHHEIMTE SRR, "R R ARG TR N TR
FALE NN BB S RGMERE 2 M I &R, AR [R]
i LA T 3N AT 25 AR A R A REIRZ A, 78
RS R A, = 0.2, Ay = 0.3, \3 = 0.5, LI
SERANPEARTR. HR A SEIe 45 R nT A, AT 45 BAAI 1 25 5
BRI, RGARM2F BT LT, AR5 PAF 1 25 248 K 3
2LLE, RGN A BT BT, Bl & AT 55 BABI 2RI T 55
A1 31 25 5 7 Sl 38 K 2 F13 1), RGP AR B
ISR, IX A& BT PN SR 2R T B RN = AN S5 3 FH4T B
A 43 90 L RS P P 2 vy L 56 4 o 9 AR B RO FT R4
A A X FRERAE 5 TAE & B AT e A,
AT DA A T EDFTAERT A], i R A AR,

A R FT T BAS 25 S AR X AN [ 4T BT 25 1)

X 4 REAFIE

ALERZR LR, WFRAFTR. AT RIS R — R T ENE
S5 LS5 SN BRI ORI, X AP SAT BT 55 ) b B
RABKEE R, 2SI B KR —EH 5T
EME S5 AL BRI AR AL, BB AR 55 BRI A & 1
BER, FAMRR AT ENAE 55 (1 AL B < 2 /NI RE R T, 3%
72 FH TR BAF 25 B ORI, HBRUOnS AR SRAT 55 1)
BRBOR, 2 H A B A K AT BT 55 B IK G LI,
RS A HER. RN 1 TR S SE R AR BE A BA A FE
SERTT RGN, DA 2 e S Ab B DA S A IO 55, 2
AT EESS I AL R 22 TP,

AR

4 AFIBFEE TP

Fig. 4 Average cost under different queue capacities
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Table 4 System processing rate under different queue capacities

[C1 C2C3] [223]1 323142315231 [123][133[143[1531[122][123]1[124]1]125]

I f£451 0938 0988 1.000 1.000 0.805
5 452 0936 0943 0931 0929 0.941
% 1453 0968 0965 0960 0958 0.967

BAK 0952 0963 0960 0.956 0927

0.796 0.790 0.793 0.849 0.805 0.801  0.795
0991 1.000 1.000 0957 0941 0946 0.943
0966 0.967 0964 0.858 0.967 0.989  0.999
0939 0942 0943 0886 0927 0939 0941

T FCSRES I AT T AT 55 B 2R ] 5 I BA A
HEXN REVERRI R, (HRESLIR ARG, E5%
BIIRZ AR, BIUEA AT B SRR T T AR5 2
KRG RGEMEREZ AR R, BISHARRBIEZRT
RGPV IR, AE A AT FLSEES i A B 25 B ik
BENC,=2,0,=3,C3=4. HEW EEHEESF
IR ZEE N, R H TR K, X & T
RGATEHIRE 12 W, BIIAZRBOR, RS AL R 4T
ENEHTEN B2, SRAT O FIRI K.

KRN BRI T AEA TS BIA 2 T %
I8 2 1) 4t IR 45 (first-come-first-served, FCFS)KE I o
FTERZ 24 ] e A AT BN ST AR B X 3 s =X
T ARG A E AN P, RSN, BEE
RS BIRZRIG K, R G0 A AL PR 26 F = i ot Bl 2 [
K. (H 5 FCFSHFL I A1 23] i B X R GV REAH

b, 2T RN RGN AL R R R LR 212
X TS BIA R BN, ZH TR R4
N T SRAFEGE T DRI, KT NS HUZ R B S
BN, $Em TR R, BT TS BIA R IR,
1255 BAHI S HERUEE 2 14T TS5, S50 AR 155
THRGN TIREAEEEE, BTHSHE RN E
PRI, IR T T BT 55 B AL B B, TR B e 8 %
B Ach B 213 T BT 45, 4T BTSSR R/, 18
ok PGSR, FEAT 55 BIE 2 08[0.2 0.3 01718, 35
THOLT KRR B R A3k, #AE99% i 4y, (HAE
SHATRECT RGN b R R SR A
FIBE N RGEPE i R A Lt i T 4.3%. 11145 %
IEFN0.5 0.3 0510, ZE ] BRI Rg kb
K ILFCFSHLN T &R 4t 1) Ab B2 151 H16.6%. AR 4 17
BSEIR A AT, SRR KRG SS FIA
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Fig. 5 Average reward under different arrival rates

k5 RRBERTRAAREEF T - FHRE
Table 5 System processing rate and average product
quality under different arrival rates

AbFEER TR E
A1 Az Ag] B8 M B8 BN
FCFS — ~ ™ FCFS _ _
e mAE e AAr

[0.2 0.3 0.1] 0.990 0.994 0.987 0.0325 0.0325 0.0339
[0.2 0.3 0.2] 0.988 0.990 0.986 0.0325 0.0325 0.0336
[0.2 0.3 0.3] 0.984 0.989 0.984 0.0325 0.0325 0.0334
[0.2 0.3 0.4] 0.979 0.984 0.983 0.0325 0.0325 0.0331
[0.2 0.3 0.5] 0.967 0.976 0.977 0.0325 0.0325 0.0328
[0.2 0.1 0.5] 0.994 0.992 0.987 0.0325 0.0325 0.0337
[0.2 0.2 0.5] 0.983 0.984 0.982 0.0325 0.0325 0.0333
[0.2 0.4 0.5] 0.939 0.957 0.966 0.0325 0.0325 0.0323
[0.2 0.5 0.5] 0.897 0.927 0.946 0.0325 0.0325 0.0319
[0.1 0.3 0.5] 0.989 0.993 0.987 0.0325 0.0325 0.0330
[0.3 0.3 0.5] 0.929 0.945 0.955 0.0325 0.0325 0.0323
[0.4 0.3 0.5] 0.878 0.905 0.924 0.0325 0.0325 0.0319
[0.5 0.3 0.5] 0.822 0.851 0.888 0.0325 0.0325 0.0315

5 Mz

AL T AEST EESS FENLEA S 50N, Wife]
MRARAT 25 2R 15 DL BN A IR AT 25 45 F0 2 = 1Y 1)
B, FEEARAK 1) R IR N SMDPAR TR | S FH SR M A
FIFEMQE S FIE X MR YRR T R4 B
PR SRS . A7 S &5 TR 3R B B s 1R B SR mT A
PR RAMMELR. ARSCH AT R B RE T A A
i 8 DL R B3DFT BN 4%, UK 52 A HERE 1 BN
FIEEAMRA IR R, DL e[ %) £ 6 3DFT Bl v % it
AT WA, RARAEFH TR 1] 7.
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