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Abstract

As a kind of high-performance polymer, PEEK has good plastic properties, and its excellent phys-
ical properties are widely used in aerospace field, automobile manufacturing industry, electronic
information industry, industry field and medical field. Melt deposition molding technology (FDM)
is one of the main processing methods of PEEK materials, which has the advantages of high mate-
rial utilization rate, high molding efficiency, low manufacturing cost and can achieve complex
parts molding. In the process of FDM molding PEEK, due to the influence of temperature field and
thermal stress coupling field, the molding parts have deformation, which seriously affects the di-
mensional accuracy and mechanical properties of the product, and even makes them scrapped.
Based on the finite element analysis theory, this paper uses the birth and death element method to
establish an FDM printing model and conduct temperature field simulation. During the FDM form-
ing process, the nozzle temperature has a certain influence on it. By simulating the printing process
through the finite element method, the temperature field distribution at different times of the
model, the temperature-time variation curves of different nodes, and the changing trend of the tem-
perature gradient are analyzed. The influence laws of different nozzle temperatures are obtained,
which can guide actual production and life and have important significance for the processing of
products.
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1. 5|15

PEEK ML MBI oK, — B AE N —Fh B B S vk B TR, 2 BRI H O[] A
AR R HRIEE, BRI ER SRR ARSI K, A RN T K
BN T) . FEE A E = ERMIE DL, RO SR Fh TR SR 70 A O DI o] H SR Tk Tk T
W PR S BG/INRE A rh B RSO T 4k 0 T 2 S R B A R G AR SRR TR A T o & R 1 L 2 [2]-[4] . SCH
SE[SPRAIEACASNE, BT T FDM BCBSEOR AT BV . FTEDIREE . A LLESEIT S 800 PEEK iXFF
UL PERE SN o ZERAT SIS R b, i R T/ Hr R ABAQUS Xt PEEK M RHE 2 h il AE dE 4T
TRV, A T ST EN S FTENEREE S 40 mmis, FTENREEN 350°C, TN 20%. XA
WESE[6]0 9T T 12 FH 3D 4T ENHIE AN 1. PEEK M EHg BHEAFEA: 1) ) 5V 5 F S = Ut oA i v
REMIELIA . S. Berretta Z5[7)i i FDM $ AR #1753 T PEEK BRANCKIE S, 04 T BRGCKAE PEEK FEAA 1)
o)A LA FEWESKIR R PEEK BRAK R AV LT 4E T =5 FDM AR PEEK A1 1124 M BERL A
A EEREFAE FDM BB R, WESkiR L . FT BRI BEANT B2 MR E 3 (R sg e &G AN R, AR 32 2
TH IR SR FE R s A PRI AR AT E I AR, AR BUAS [R) I 0 R B 3 o0 A ASTE] TS
AP B — BT I A ity 2 R P P AR B, AF R [RIAT B AR AR s R As:, FH DL 3 SRR AR = AR
W, KRR T E EER R L.
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2. FDM R BUME AR B B9 3 3T

1f FDM R FE R, PEEK AMREHEZ T ENE B EHES A FCF 6 b, BRSO iR Ge 4k FF
1E 80°C, FERPEIREREYERITE 150°C, HEXN TIEMAR PEEK (350 CEA), EAZ BIfFE—EfEE
FIREZ, Kk, FBEREIBAM R AEER R A EE, EA RS F B B 2 A AEE . MR AL #he
g, REMEBE =MEAER, eSS, BSTRAIGES .
2.1 RES

TEFE AR AR S AR TP I #uiE SR E . 78 FDM RS ALE R, SRS ) PEEK ¥4 #4435 21 3
P . B S R e 8]

dT
”:—k— 1
q ix @

X, q" ARGREE(W*m2), kK SR ARE(W/mC), 75T E FRIR TS Ffs).
2.2. 3R

PRI GAUNAEE TR . BT PEEK SR S FE AR N E ZS BT B 4527, [R5 lE AR Al
5 PEEK MXI ey, AN SCHE i 2% 18 O R R 3R TH -5 ) Bl 25 A0 T R FRO6 A

AT AT DU 210004 H0 7 R R

q” =_h(Ts _TB) (2)

X, o RIGREEW*m ), h XA R, T, ABEARINRE(C), T, RRMAIEEZ(C).
2.3. xiEset

PERE S HAL P MEROT R X AT, P SRBSTRE T EN R A ek imiiaE, mPVERAT
FALTEA ol Bz AMEE . R, FEEAT A PR TS B [ S 37 ) w06 25055 R AR S 1R 32 5 2% A

ARG O] DL 25 - R ZE 2 TR TR :

q=¢&oT* 3)
A, q WERGER R R, o« ARRNE, o AL - BURE2H M o =5.67x10°Wim*k*, T K
A IREZ(C)o
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3.1 BuAH
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Figure 1. Scan trajectories
1. i

DOI: 10.12677/mo0s.2025.143244 534 5 1 A


https://doi.org/10.12677/mos.2025.143244

FWirE, EEE

TEEBRTCIHE A, BRI RS RNRI 43 FRAR 1R N KT L3 W7 0 T 0K B RS R A B IR K, N
TR ARG AR RCR, A G R RS RI IR R /NI S . (R SERR N Tt fEd, SR
FGFECR, SEUNTRAEH, iR ORI A DA SEbR i 4%, D 20 mm, %8 3 mm, = 5mm
MSEIT AR NI TR . BT SebriT Ep i f b, U 1 FoR, B0 A B Sk v 7
o HREIH AR, 05 BRI 50 40 4y, 107 FASE TR 1) 5 ) 55 AR AN [R) SE 3647 BN 2
JE IR NEAT R 43

ANSYS 19.0 H A H T AR 2R it Bk 25 1 2 3 43 AT 1) 50 38 A4 Solid 70 A1 Solid 90, Hr Solid 70 7y 8
F5 84, Solid 90 Jy 20 45 x5, 1 Solid 70 mBMEARMI K. 1E—ERIRERVFEEN, KN TRETHEICE,
WL R, R Solid 70 HTHET AR, SR 2.

Figure 2. Schematic diagram of the unit division
2. BRI REE

3.2. PEEK ##HlEH

£ FDM A REH, PEEK MPRHI % 2 A 45 AR I AN AT A R AR, A4S H A R B
PRI B IR BE 1A T A A A RS, JF B IR AR AR AR LR . AR H T 10 SCRR B3 RER
W1, PEEK #EFHMIELMERES BT AT 4, (EMRLIEE X UL LS HR S A, FIAB TR T —2H
fEifl. 2 1 NI ES M B PEEK M LS T ELERES HE

Table 1. The thermophysical performance parameters of PEEK
= 1 PEEK A4 RES %

imEEC FE K/m3 SR W/mC ELH#E /K g C
20 1290 (Jo5E #)~1320 (45 &%) #4918 1300 0.25~0.29 “F-¥3{H 0.29 2200
100 1300 0.29 2200
150 1300 0.29 2200
180 1300 0.29 2200
250 1300 0.29 2200

3.3. MpFEHMAREH

£ FDM A fE, PEEK MRLSZ IR : MBS BEALES, MM, B REAE®
SR A, KA AR, FTESMR PEEK AORMERESE 2 PR R ML FEm, 4210 2% 58 2 Fi A
FARFI T B R A I R A AR R o BRI, ASHIE U 5 BEAE — 52 KB At b a7 fa (A7, Bt 1 9]«

(1) £ FDM AL FEF, PEEK MRMEST N R EOBERIR L, BPFUONZREEUN, 2SI [R5
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ONEL S

Wal, AR TR AR b R R S Sk IR R — B

(2) FTELE AR, SR ER o 5 2 A 8] R AR AL 3 77 SO PO S R, AR PR T h /R 2
R IR

(3) Zm& PEEK FHRLAS [F) 45 & 30 % FE ARG, R FH RORY I FE IX [B] FR) -~ Ja) 2 BE AL UE B

(4) KH ANSYS 3t 7 ik AR SRR T, A B TOHS IR B AR 73 S SR B, AN SR A% 1R
% SF 1) 5 52 R L 0 B A 5K

TEFTENZ G, 5 BEXTHT B AT 05 ] 8] ) Tk DLUIA B Pl S 1 e IR B, (R &8 i T 9T B
WESRIREE — 2 MR AT

T(x Y.z, =T, (4)

FDM TEIEFEH, PEEK MELZEHERR, B 5 EZ MfF R fEE, HEER LR L. [F,
O S SR 2 MR ZE, ARAELHIMG . [EAR R, PEEK MBS SN 334°C, TFT BRI
HIMLEE N 80°C, HEAFTEIE FEFE Ml A e i AT o MR R E, MvE L 1) B A NGRS,
I, FEARRIE I EEOT R EE RN HSTR MRS MR GEH, Wi TR, HIrH R 5 h N[10]:

h=os(T2 +T7)(T,+T,)+h, (5)

c

X, h AEBRGBEARB(WIM?C), o AHTHESF - WIRE S HH o =5.67x10°Wim?k*, & NFEMFH
BUBARIREE, T, WFEHREE, T MR

FESERRAT BRI FR o, FEARAESEARC T T L sy, FEMRCT THI AR 2 AR R il B, FEFT B 45 TR PR
PENFERCP T ERIE TR, SRETER SR, TR AR, R BT T 2 ) A 1y 03 22
NBAL T, FTENES R G E AR AR S . D7 BT, SR o Ao A 2 T 10 5 A R BOR AR AL B
AT 5 B i ) AR A 3

34. BT

FEA PR T R R, B B e T AR SR A R S 3, R M R A AN QS T S P e
AR SE R TTIE AT OB “EKILL” fy 85 25— R ZIAEE R e/ G, (EEAZ SR, R EIZ R
JTIFMAEFT “EALIVE” #r&- R H0E . ARGEH T ) 202 Il e SN R R b 3fe UL — MR /N 2 3L
5 BT 1) 5 A ) BRI AE A5 EC T O AR R 2055 T2, P BN THBEAE RA AR, AR AE ANSYS £
PR EIERIMEN 1.0 x 1078, AT AR AR SEPr 5 2B E OV HAR AR FAE, TG 40 R/ 2R S oo K@ Pk B
PR BN 2 AR BEEE 1]

PiEITUaZ AT, £ ANSYS i ot JEdilorson, A Hra SonaiiRnit, eI
PSR BGEH T, SRR RN AT, MR R R R, R 3 .

EMILT

»

HiEET

BT Bhigk2 Bhiz3 ik

Figure 3. Schematic diagram of the life and death unit method
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35. iEREREK

APDL (ANSYS Parametric Design Language) Z 8t 2w 2 15 5 /& ANSY'S Hidid iy & 1) 7 L AR &
S I BRI W AR AR IS 5 . s APDL 75730, mTCASEILE R A BR G/, ST HREZ
WEE T AR, af RS & B M ISR &, ST FEEL 1 74T

K3Gw'E T —% APDL 18, KAARIGH M b A SRR 0y, A AT D 2k R R AR
FEHRNARRL IR A Y, ST B AR Ao R BRI (A R B HERR B R, A [R] B Z80 A S 1 B
PSR FESERRTEI AR, WiSkELZn T — 280, AL, £4 R o0 g,
AW TR BN R, R R IRFT BRI o DU RN &, fEGRZE VPSS LA, AR OKH IR D 1A
&2, KRS TERE . AR B ERARwmE 4 s,

| mExazxn |
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Figure 4. Calculation flow of temperature field simulation
E 4. BRESHEHERE

4. REFITALGR

£ FDM J 2, BRI 2 320 20 A 1 00 5 WS IR BE « T BV B2 RN T B2 SR A5 4T BN 6 AF A — 2 iR
R o AL FEVTIRWULIR AR R AT AN RISk IR SRR AHIR 3 0 A s DL R A, 79
IR EE R 2R, b I CIR B IR, AR SO WEGIR AT TS, ik 2 B
s AR HM S APDL dr i, BEATIREE A IR IT T, @I ANSYS B BT 5
KRB, 15 BRI 70 AR RAIR AR, I X SR AT A

Table 2. Process parameters of FDM molding at different nozzle temperatures
2. FEIBELEET FOM B TZ8H

WESLIEE T (C)
340 350 360 370
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e, £

4.1. BRESANH

(1) FT Bk FE AR AS [R] B %0306 35 9 AR

I ANSYS B e A FEThEE, T LA AN R ZUBERL 1R E S oR A 45 R . 3 FDM 2 o 11
FTERZ&AF: Wik 350°C, FTEDIHE 30 mm/s, FTEIZJE 0.2mm. FTENIFE] N 112.75's, A1} [E Ay 200
So 4 5 M BYLEFT B Ik T o AN B [R) Bl B2 3 (1 23 A A 0L«

TIME=46.89
TEMP (AVG) TEMP (BVG)
RSYS=0 RSYS=0
SMN =255.598 SMN =208.021
SMX =350 SMX =350
[ EERRREE e—]
255.598 276.576 297.554 318.533 339.511 208.021 239.572 271.123 302.674 334.225
266.087 287.065 308.043 329.022 350 223.796 255.347 286.898 318.449 350
— e — T
(@) t=14.1s I IR (b) t = 46.89 s I (il &£ 37
TIME=75.26 TIME=94.71
TEMP (AVG) TEMP (AVG)
RSYS=0 RSYS=0
SMN =176.875 SMN =159.094
SMX =350 SMX =350
| BRSNS | [ EESSREEE  EES— |
176.875 215.347 253.819 292.292 330.764 159.094 201.517 243.941 286.365 328.788
196.111 234.583 273.056 311.528 350 180.305 222.729 265.153 307.576 350
_ »‘EI}ZEF — NE]
(€) t=75.26 s I IR 1 (d) t=94.71 s I IEE %
TIME=112.75 TIME=162.75
TEMP (ave) TEMP (BVG)
RSYS=0 RSYS=0
SMN =145.194 SMN =101.924
SMX =350 SMX =114.735
| R I | | R I — |
145.194 190.707 236.219 281.731 327.244 101.924 104.771 107.618 110.465 113.311
167.95 213.463 258.975 304.488 350 103.348 106.194 109.041 111.888 114.735

(e) t=112.75 s ¥T EI 58 A A O3 B2 1) (f) t=162.75 s ¥4 50 s B (F1IELE
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BRI, ERE

TIME=212.75
TEMP (ave)
RSYS=0

SMN =73.9288

SMX =82.9939

73.9288
74.936

75.9432 77.9577
76.9505 7

79.9722 81.9867
80.9794

82.9939

(9) t=212.75 s ¥A %) 100 s B fI R E 3

Figure 5. Temperature field distribution at different printing
5. TEFTENRZIRE 573 1E R

P

TIME=312.75
TEMP (BVG)
RSYS=0

SMN =58.7215
SMX =66.5234

58.7215 60.4553 2.189 63.9228 65.6566

times

TIME=312.75
(RVG)
RSYS=0

SMN =58.8018
SMX =66.612

P

58.8018 60.5374 62.273 64.0086 65.7442
59.6696 61.4052 63.1408 64.8764 66.612

(h) t=312.75 s #1200 s I (X135 5 7

é

| EEERS ——— |

TIME=312.75
TEMP (RVG)
RSYS=0

SMN =58.8018
SMX =66.612

62. 58.8018 60.5374 62.273 64.0086 ©65.7442
59.5884 61.3222 63.0559 ©64.7897 66.5234 59.6696 61.4052 63.1408 64.8764 66.612
. ]
(a) T =340C (b) T = 350°C
TIME=312.75 TIME=312.75
TEMP (AVG) TEMP (AVG)
RSYS=0 RSYS=0
SMN =58.882 SMN =58.9622
SMX =66.7005 SMX =66.789
7
] EEEESEEEEET T e | | EEEEREEEEE ]
58.882 60.6194 62.3569 64.0943 65.8318 58.9622 94
59.7507 61.4881 63.2256 64.9631 66.7005 5 66.789

(€) T=360C

(d) T=370C

Figure 6. Temperature field distribution during model cooling for 200 s at different nozzle temperatures
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(2) WSk T B 6 UL P 3 A P 5 )

PEEK MBHIINE 5549 334°C, Rl IX IR (135 FE Y BB R, 2 PEEK Sy Rl B 7T DU IS Sk IR 455 H
] 6 v 340°C~370°C AR [F %141 200 s (B A AT TSIl FTENSE R, AN FEWESL IR AL
BES A AREAMR, #2 DERES, A NRESE, KZEERK. EAREEIR R, 5
WO R R, VYRR, AR B A6 A I TR % . BB W SKIRE TR, T ERAS RIS 20 1) de v
TS, @R EY K, SRR A i, (B AR . WSkl B AR A T BN S8 1k
S A F) B A UL R 3% 0 A B IR /N o

4.2. BTRImETWSIHT

I BT AN [ S 22 S 7R e i P B I () AR AR DL, %k 0 it P 3 R AR A R A o B B A A T o 0 P T
FTEDSATAE 1Y RO BE AR A /AT, WK% T = 350°C, TEIIESE V = 30 mm/s, fTEIZE/E H =0.2
mm. FrHCE AL E A 7 FrR, B 8 MR R - (AR AL 2

Figure 7. Schematic representation of the model sampling nodes
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Figure 8. Model the temperature-time change curves of different nodes
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4.3. mEBE ST

I FEAR LR A PRTCIR B 0 A p AR B R, RARAENRFE XY, i I 2 AR A Bl 14
7 160 KR P AT A R AR I ) B . 3 Al BE PE X F TERE A AR T B AT B S I AN [T
EPSEAE T, BT A 4 O EEREEEREAT 70T, P 9 N R RIMES IR R 5 5 4 IR IS AR 22 . 45 2R
R W Kl B8 PR AR PGS 1T i BB R /D B 8 Sk TR L PO B, BB ARG AR 07 L
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Figure 9. Temperature gradient change curve of the characteristic point at different nozzle temperatures
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Uit JEE B N () BRI AR B v 28, A5 T BUR 458
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