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Temperature Control System of FDM Type 3D Printer Nozzle Based on Fuzzy PID
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ABSTRACT: The work aims to improve the precision and surface quality of FDM type 3D printer’s printing products.
For the temperature control of FDM type 3D printer nozzle featured by the nonlinearity, the PID increment parameter
was corrected online for real time with the fuzzy rules. The nozzle temperature control system based on the fuzzy PID
algorithm was designed and compared with the simulation of traditional PID controller. Compared with the traditional
PID controller, the fuzzy PID controller characterized by small overshoot, short settling time and strong robustness could
effectively improve the stability and control precision of temperature control system. The fuzzy PID control can improve
the temperature control precision of the FDM type 3D printer nozzle, so as to improve the precision and surface quality of

the printing products.
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Fig.1 FDM temperature control
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Fig.2 FDM temperature step response curve

K =2C

T= 1-5(l0_632 - f0_28) (2)

to.
r= 15[1‘0.28_ O;ZJ

K. AC HRGHWN; AM S RS W K
A toas HTFERIE IR F] 0.28AC BUIEE] 5 10650 A THE
IR 0.632AC MUl JEMHICEUE AR ()R
5% . K=0.232, T=23.4, ==10.6, FDM fTEIHLIE Kk
T E BB A AL
0.232 -10.6s
234s+1°

G(s)= 3)

3 K PID #HIEE

3.1 PID#E#IE%
PID #% 1il % ] 4% #4) 87 5. . 2 AR B 9 vz
A, HARPE S Sp FIRFEE Py AUIRZH e(H) L
Bl B0 B isE B, PR AS R ES
u(t), HEARIERA N .
u(t) = Kp[e(mi [Le(tdi+ TDde(’)} (4)
T dr
A Ke NMHHIREG T MU RG T
A I ] R, PID 553k R FR L K] 3,
* u
(o 100 s
+

PVT B

+
S f el

3 PID &l 53
Fig.3 Schematic diagram of PID control

P 28 J0BR) DR /IS ) 28 98 14 ) 7 3 JRE AR E 1
O B BRI, AR GE B AT B A Wi R [ s
B o GIE R GRS 5 BN 6 A9 RN E T BR
WASIRZRE S, BN s BRI, THER R GRS R 22
REam , [AlE 7 5 510, BT LA PID 42 il 5 )
PEREIL S, KCHEAET PID ZHUHIEE



38 1o

BANE R 4. JETRON PID 1Y FDM £ 3D 4T EIALIEE Sk R #5122 4 - 175 -

3.2 EMIEFIEE

AR 2 ) DR HOAN R TS B e R, B o
A PR IR 20, REWS i R0t A BH A 1
AR GERIAH E T, X T 52 A A5 1 R G0 AT Bl 1Y)
i PEREE T, RO ] R G ORI L . RO
ORI ORERAL . ST AR L BT R L KR o
JUER LA R R S8, WIE 4. K4 b r HRSE
WA, e WRGRELR, e NIRZELHE, y Nl
AYhihit, ENRERMIAL R, Ec HiRZEAZMLARE
WA, U o4 il O AL i

. i
TSR ] B | U et | BB ]
¥ L v (e o [ ik [T 0L [ 3%

Rl T
FE

K4 SO R4

Fig.4 Fuzzy control system
3.3 &M PID EHIE X

FDM T ENAILME Sk it B8 A2 B PR . sk 3% 5l
B | WS g | BRI [A] N AR AL AR RS B S B MA Fh 2k
FEZFHNREERmM, JIMELEA S A G
P, RREES R AL MRS, il
FAfL S R T E Z8UE Y PID F5 il 25 AR XE 55 50 %
FDM T EPHLBE K B2 ARG B2 . SCh 454 PID 3
T FIRR 42 i S A U i, R TSR 422 i % PID 19 3
DSEGHAT I A, AT PID Bk, 4R
T R O O PID Bkl R S,
SR O] PID #E i R e F e MR s # SRR T,
it PID 28 A A
Kpr=Kpi+AKp
Ki1=KntAK; (5)
Kp=Kpi+AKp

K. Kp, Ki, Kp 73590 R A PID il & 14 55 i
ZH; Kpy, Kn, Kpi 5390028 PID I 2501 1R S50 AK,
AKy, AKp 73 5RO i o i) S8 e i . 18] 5
H Sp o 3D TERNLIR BE B EME , Py 3D 4T ENHLIR B2
KA

Kp, +

N
e R
Nenie=i NN

5+ K yKiy Koy "

= ;———4Pmﬁﬁﬁk———ﬂﬂmm&%k————+%
A<

K5 LK PID # M R4
Fig.5 Fuzzy PID control system

4 1M PIDEEEFRRZITRBE

4.1 EHPIEHISEEIET

25 RO SRR SR AN PID B 2545 i SUR 4
AT A, F BRI LU X PID S50 4T S I 7 2k 4 1
PEAT, AT AT G ek FDM T ERAILIE Sk 18 B 42 il 3t
RIS L o fd ] Matlab2013a 7 FIS Editor X} FDM 1T
ERMILIE Sk 705 3 1) 22 4 A AR 4wl 152 T 0 T Tk o

1) B2 T B 4 o R e A e S AR . 3P
R U A = ) SO A, B e
FURAEE AR 2E e AHRZEBFR e WiTAMG S, AKp,
AKy, AKp M55 P BEi AE i e(eo) YRR
Wkl E(Eo)={-4,-3,-2,-1,0,1,2,3,4}, ¥EH 741
RO 745 . NB(fK) . NM(fiH) . NS(fi/h) . ZO(%).
PS(IE/N) . PM(IEH)  PB(IEK), HAE L F K.=0.02,
K..=0.5; fij A5 B AKp, AKy, AKp BIBORIE343 51 -
AK»E[-0.5, 0.5], AK;E[-0.5, 0.5], AKp E[-0.3, 0.3],
F 3 B 5 i A e A (] R 7 4

2) W SR E B R AR, B R SR B R BCE — A
V. IESAMIE  mE A, &I AR R e 15
HilREtE . i FDM 4T EIMLIE Sk R B 3 ) 3R 40 18 2
TS B 2 RSO MR MR, #E E(Ec)(E AR X 3k
PR Z T 2 (= il e e M) W R W SR s sR B, 7
E(Ec){ELH /N DX 38l 2 456 i 42 2 0 (4 ol R 02 v ) i =
FIERE R Ji4h, SCh RS AR i AKy, AK,
AKp 1% 5 5 AR R[] 4 SR Ja 3 pRi k.

3) g BRI . BT PID i 48 A A% 0
IR 2 ) RSO KAL) S B AE 24k B PID 34 5 2480, K
P L AN PURERAE L0, 34T L 25 AN [R) B 220 s Sk ek
it 22 18 Il 2 28 AL R 0 i B SR 52 ), A5 BRI
R ER, WL 1,

#£ Rule Editor(BMIFLIN G 25, K4l AK,
AKy, AKp B 49 Z545 RN, S SEASOR 45 R0 o 76
AR R0 X000 28 v, T LAY BT %) A 45 AR A SRR
JE PRV 22 Gt Hh 25 R i 52 ) TR B o] AT E RN
Ec i AHAR PID 808 250, i, 24 E=—1,
Ec==3 I}, AKpy=—0.145, AK;=0.152, AKp=—0.084, 7|
AT, XEARE E I Ec i A, AnliteE s
PR AR (R, TARASBOMI AR, IR 2.

TE FIS Editor THAG F, v LI 3% H & Surface
Viewer( ] UL 7 )25 F E 28 F 37 14 15 2 AROR 45 o)
U g i AR T A R22 E ONIE R H
TREAMER Ec WoMIER, MRS IR AR, il
fh i AKy UK, RIIPEHI R EA 45/ MR 2ZE T e

4.2 1RH PID =HIBMHE

A BEIE SCH BT FE TR PID A9 FDM T ERAL
M S TR 1 ) 2R G O hIRCR , R Simulink T ELAR



+ 176 -

b=y
3

3 T &

2017 4F 10 A

XIS PID 45 i 4% ML S8 PID Fa il d £ A7 07 B2 M7 o
5, iz Fm S Lk 0 5 5 48 PID Y 3 Ml 248,

=

1 R

Tab.1 Fuzzy control rule

IR B i 52 MR PID #1145 2808, #5481 PID F1 PID
5 B H Al DL I 6l

€c

NB NM NS Z0 PS PM PB
NB  PB/NB/PS PB/NB/NS PM/NB/NS  PM/NM/NM  PS/NS/NM  ZO/ZO/NM  ZO/ZO/NS
NM  PB/NM/PS PB/NM/NS  PM/NM/NS  PS/NM/NM  PS/NS/NM  ZO/ZO/NS NS/Z0/ZO
NS  PM/NM/PS  PM/NM/NS  PS/NM/NS PS/NS/NM ZO/ZOINS NS/PS/NS NS/PS/ZO
Z0  PM/NM/ZO  PM/NM/NS  PS/NM/NS ZO/ZO/NS NS/PS/NS NS/PM/ZO NMPM/PS
PS  PS/NM/ZO PS/NS/NS 20/20/Z0 NS/PS/ZO NS/PS/ZO  NM/PM/PS  NM/PM/PM
PM  PS/NS/PM Z0/Z0/PM NS/PS/PS NM/PS/PS NM/PM/PS  NM/PM/PS  NB/PB/PB
PB Z0/Z0/PB NS/PS/PM NS/PM/PM NM/PM/PS NM/PM/PS NB/PB/PM NB/PB/PB
F2 EMEHES
Tab.2 Fuzzy control query
E U fe
—4 -3 ) -1 0 1 2 3 4
AKp 0.457 0.451 0.345 0.303 0.301 0.152 0.143 0.018 -0.006
-4 AK,  —0481  —0.446  —-0349  —0.305  —0.306  —0.145  —0.082  —0.054  —0.001
AKp  0.096 -0.084  —0.141  —0.178  —0.178  —0.178  —0.165  —0.182  —0.184
AKp  0.448 0.443 0.320 0.235 0.234 0.139 0.137 0.009 ~0.108
-3 AK,  —0498  —0.441  -0318  —0206  —0.189  —0.127  —0.078  —0.018 0.045
AKp 0.091 -0.076 -0.112 -0.107 -0.105 —0.098 -0.025 -0.006 —0.098
AKy  0.186 0.105 -0.094  —0201  —0.208  —0285  —0301  —0432  —0.446
3 AK; 0.127 -0.067 -0.216 -0.278 -0.324 —-0.338 —0.298 —-0.398 —-0.487
AKp, — —0289  —0278  —-0236  —0.199  —0.189  —0.178  —0.130  —0.084 0.095
AKp  0.198 0.167 0.078 —0.169  —0298  —0.374  —0.402  —0.487  —0.498
4 AK 0.189 0.074 0.067 —0.067  —0.178  —0.285  —0.325  —0.458  —0.476
AKp, — —0297  —0280  -0254  —0208  —0.167  —0.104  —0.058 0.008 0.097
ek
2N J—;TE?ZE%#
.G % Fizo IR l&lfﬁ%
iﬁgzs I 5 52 M % e ‘
iy T Higs ‘.I 1355 23[%;@%% =
RS IR BT s Tk a1 B
b —|_T 1 Nykasl /J\{EZ%%
BB E—l_r.—’/z%ss
N . s S0 (%
—P‘ >
R %ﬁé
| .- , mﬁu uz%%l
A8 o2 A4 FEK(ES2

[l 6 HU4 PID Al PID {5 B H oA 7
Fig. 6 Simulation comparison model of fuzzy PID and PID



38 1o

W4 . L TR PID B9 FDM & 3D 3T ENHLBEK IR E B R 5 - 177 -

ik PID F4&4E PID i T4 fE 11 L&

B PID AIME 48 PID AYPLT-HLBE J1 %F Eb i 1o iy
LRI 7, R G AE A By BRI R 2R TR, A8 PID
HfES: PID MR N 5%, 23%, FaEmEN 60, 70
s, WAREEEE K 30, 20s. XF LAl BARFER
PID 0 3 3 FE 18 5% 48 PID, {HH EAG AR i)
[, BRI FEIE1T 100 s B4 RGeH
20% M IRIE B 55, K 7 PRI LER, FaEiks
AR N 267 110.6 s kb BLHE 3. B PID A& 40
PID WYk ENR&E N [E] N 23, 15 s, #HE RN 4%, 1%,
XL HT a4, 2 BIPLsh GO0 T, BB PID I R 48
M 7 Y £ 380 1 A8 st (R e, R R/, AR T Y
U Wk o I 7 M K O

1.4

12
/

1.0+

0.8}
g |'| /
=o06L |y ——— BHIPID
{1 —— PID
04} |1

4.2.1

0.2} r
0

50 100 150 200
Bf[al/s

7 BRI PID A PID B XS L 57 il £k
Fig.7 Fuzzy PID and PID anti-interference contrast
response curve

422 FBEAVRE RGN LR

RS IEARR PID WSk v 125 ) 22 40 0 X A3 4 2
BRI BE ST, i 2R GEASE IR IR [R) H B34 i S0% R4 715
HEE, LK 8.

14

12} R

10 | TN e

w O8F [
|mE
=06 |1 ——— {EHIPID

! ——PID
04r |/

02}

0

5I0 160 15IO 200
B /s
K8 AR GBI (] B KO8 N 30%)5 X Hofi 5
Fig.8 Contrast simulation with the system model time con-
stant increased by 30%

WR5% 22 G A5 10 B[] 5 BR800 30% A9 LA 9 BB g
N, Ol PID AL 4 PID Y3k 2 e it 6]y 65,
135 s, HBIHE N 40%, 7%, Him R 2 IR il & %
4 PID HBIHEK . RAEHPE D k2R 2 R AS ]
K B PID i Ry R ZR A AR, HL e R ) P £

sFa RS BT AR PID &4 PID Stk
B, T SIE A A0 FEASER A D0 75 28 52 A TF. PID B0
FH T2 220 s 41 22 4t B %o 10 3 o M A vk

5 #£5iE

£ X%t FDM %1 3D 4T ERAILIE Sk v B 4 ) LA R £k
P, SECFTEN ™ i 0K B 22 K 3 TRDRDRS () () &5, 42
— I TR PID A9 3D 4T ERHLIE Sk i B 45 1l R 4t .
SCH ORI SK R BE R GE AT RS, F AR AE I X PID
B AKp, AK;, AKp SERFEZL A%, {4k PID $
HISH, IEH 5155 PID #HldE i Ht TFHLEE Sy | 1
RIS B S He e R AT ELXF e . SRR 25 SR W, AROR
PID #5424 45 PID Fi il A V8 /)N 15 ) e e sl ) 0
PR, BENS A RO AR R R IR R R SR e g
FIKEEE . ¥iZ RGN T FDM Y 3D $TEIALEE LR
FEHI RS, BRSO HT B kS B R 3R 1 T

S 30k

(1] FEEns, skE, B, . LT FDM /) 3D fTEIL

AT IR 5 A SRR (1], A TR B R, 2015,
43(6): 228—234.
TANG Tong-ming, ZHANG Zheng, QIAN Su-yan, et
al. Research Status and Trend of 3D Printing Technol-
ogy Based on FDM[J]. New Chemical Materials, 2015,
43(6): 228—234.

2] Fral, BRI, 3D JTENEORAE AR A A A b Y
MY, AL TR, 2012, 33(11): 68—72.

QIAO Yi-min, WANG Jia-min. Application of 3D
Printing Technology in Container Molding Design[J].
Packaging Engineering, 2012, 33(11): 68—72.

[3]  BRBEAK, BHVL, TIO50E. =40 mt iR it e S 5

ARWFFEI]. 11 3T 2 Bg 2 i (A AR BF B, 2016,
25(5): 711—72.
SHU Xiao-yong, HAN lJiang, DING Fang-ting. Study
on Principle and Technology of Three Dimensional
Fused Deposition Modeling[J]. Journal of Hunan City
University(Natural Science), 2016, 25(5): 71—72.

(4]  BACHE, ATk, RORNI, 2. x-y *Ff 3D FTEPAIAC

XA R EEHOIIE). AE TR, 2014, 35(11):
118—121.
WEI Dai-hai, DENG Kai-fa, WU Cheng-gang, et al.
Vector Control of Cross Coupling Based on 3D Print-
ing x-y Plane[J]. Packaging Engineering, 2014, 35(11):
118—121.

[5] #kF, EEIMW, 24T, 5. FDM AR 3D FTERHLT
Ep Sk AL AR BETF[0]. HLBRCT AR, 2017(2): 3—4.
LIN Yu, WANG lJian-bin, LI Lin-sheng, et al. Structur-
al Optimization Design of 3D Printer Head Based on
FDM Technology[J]. Mechanical Engineer, 2017(2):
3—4.



+ 178 -

%

T #&

2017 4F 10 A

[11]

CHANG C C. Rapid Prototyping Fabricated by UV
Resin Spray Nozzles[J].
2004, 10(2): 136—145.
K2, BBEE, BExn. ERAEERRENITS
SCEA[I]. U3 TR, 2016, 37(13): 134—139.

ZHANG Jun, XIONG Jia-hui, GUO Ai-yun. Design
and Implementation of Quantitative Packaging Control
System[J]. 2016, 37(13):
134—139.

RER, XVEH. FETEHH PID MRl Y) 7]
TR HI[T]. A0k T/, 2017, 38(3): 109—113.

WEN Yu-chun, LIU Qi-jun. Temperature Control of
Heat-sealing Cutter of Packaging Machines Based on Fuzzy
PID[J]. Packaging Engineering, 2017, 38(3): 109—113.
TL, AR, B PID il e & &40 L
R R R [J]. B2 TR, 2014, 35(9):
80—84.

SU Shao-xing, HUANG Jin-suo.
Fuzzy-PID Control in Crosscut Feeding Speed Control

Rapid Prototyping Journal,

Packaging Engineering,

Application of

of the Composite Paperboard[J]. Packaging Engineer-
ing, 2014, 35(9): 80—=84.

BEE, PNDLPE, R4, SF. JET M PID AYWEMR
A% HL AR U] T IR 4 A I T 0], A TR,
2013, 34(3): 16—20.

XUE Lei, SUN Yi-ze, LI Pei-xing, et al. Research on
Temperature Control of Heat-sealing Cutting Knife
of Panty-hose Packaging Machine Based on Fuzzy
-PID[J]. Packaging Engineering, 2013, 34(3): 16—20.
I, PR SETHEO PID S AR AR AT R
RG], TR, 2017, 38(5): 1—6.

PENG Bo, ZHONG Fei. Powder Packaging Metering
Control System Based on Fuzzy PID Control[J].
Packaging Engineering, 2017, 38(5): 1—6.

[12]

[13]

[14]

[15]

[16]

[17]

TR, Rk, BOERE. B TR TR PID B
IO 3 BE 4% Bk 0], THFOHL S By TR, 2015,
43(12): 203—212.

FANG Ying-wu, WANG Yi, ZHAO Hai-yan. A
Self-adaptive Method of PID Temperature Control
Based on the Particle Swarm Optimization[J]. Com-
puter and Digital Engineering, 2015, 43(12): 203—212.
FRF. b T A 4R A A L A 3K R GBS D).
P22 PRPGRHE R, 2015.

WANG Qi. Research on Totally Integrated Automation
System for Middle and High Speed Tissue Paper Ma-
chine[D]. Xi'an: Shaanxi University of Science and
Technology, 2015.

PAMELA H. Osteoconduction and Osteoinduction on
Low-temperature 3D Printed Bio Ceramic Implants[J].
Biomaterials, 2008, 29(7): 944—953.

2536 Jp. FETHOB PID (9 3D FTENHURS B Fa i Ao BF 5
[D]. #ER: LRI TR, 2016.

LI Dao-long. Research on Precisoin Control of 3D
Printer Based on fuzzy PID[D]. Huainan: Anhui Uni-
versity of Science and Technology, 2016.

W L%, ZENGR, FEEDE. AAHE PLC R
REWVF S R[] HEETR, 2016, 37(13): 128—
133.

MENG Fan-xing, LI Li-juan, CHENG Guo-qing. Re-
search and Development of PLC Temperature Control
System of Heating-sealing Device[J]. Packaging En-
gineering, 2016, 37(13): 128—133.

w4 e, 2577 ft. FDM R =39+ 5 5210 3D 4T ERHLEF
G, HLBE T ARIW, 2016(5): 19—21.

HAN lJin-long, LI Fang-zhou. A FDM Type Desktop
3D Printer Based on Delta Structure[J]. Mechanical
Engineer, 2016(5): 19—21.



