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Abstract: Selective laser sintering (SLS) technology is developing rapidly and has been highly technology
maturation, which can build complex insulation structures. However, it is difficult for traditional injection
molding process to make some insulating parts with complex structures. Therefore, SLS technology has
significant advantages in the production of complex insulating structures. However, different process parameters
have great influence on the properties of samples. The density and insulation properties of nylon 12 samples under
different laser powers were studied. Different laser powers were selected and the density, breakdown strength,
conductivity and permittivity were taken as experimental indexes to select the optimal laser power. The
mechanism of thermal oxidation degradation of nylon 12 was analyzed which resulted in the properties
deterioration of samples. The results show that the density and insulation properties of samples are improved, then
stabilized and degraded in the range of laser power. The optimal laser power is 9 W, the scanning speed is
3000 mm/s and the scanning spacing is 0.1 mm. The density of samples is 1.0106 g/cm’, the DC breakdown
strength is 81.57 kV/mm and the conductivity is 4x10™" S/cm.
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Tab.1 Theoretical value of physical and electrical

properties of nylon 12 powder

Performance Value
Melting temperature/°C 176
Density (23 °C)/g-cm™ 1.016
Relative permittivity (23 °C/1 MHz) 2.5
Breakdown strength/kV-mm™ 92
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Tab.2 Technological parameters of SLS

Parameter Value

Laser power/W 3-42
Layer thickness/mm 0.1

Scanning speed/mm-s™' 3000
Scanning distance/mm 0.1
Spot radius/mm 0.25
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Fig.4 Nylon 12 samples
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Fig.5 Infrared spectra of samples with different laser powers
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Fig.6 Thermal oxidation decomposition of nylon 12
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Fig.7 Variation of methylene with laser power
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Fig.8 Relationship between laser power and density

PELh PR 5 e e 12 B AR R Y g A K
9 A A BOG T R B 45 PF Y 10 SEML Y0
Dy RAREE, W AR 32 O RE 3D, R4S UK
2%, FEARE A TEAR 22, A7 7E Km0 FLBR (1% 9(a))s Bl
WO RE I R3S N, ORLZ 8] TR T TR B
WERAL, TE UG SE B, 5 B R MR B 5 TF, T e 25 3
T — B E M 1Y 25%~75%(FE] 9(b). (c)); 1HLbt % 3
eI — AR, Je T 12 8y oK K A A S
FERR B, AR ORI 2 RO, R
PAZ R R 0.980 g/em?, PRI 2 5 B 4f 1 5
FETEMS S T 1% (B 9(d)). i1l 8 mlJ, # Ak fi
IR RN A T O R ORI

[ 9 AFBOLTZBEE R SEM
Fig.9 Surface SEM of different laser power samples

¥ LS A
P=p—(Pu—po)e
W EE LG, 15 2545 1% 5 O LT R I
B (B 8 harsk), #ikh:
p=1.02-0.57¢ 032"
HT LB 45 R AT, S s S G i 2 B A )
B BB R R R ME B A 22 5, B TGS th 4
R TSR B AL A3f, PRLG, S0E T 3R i Kt
Pi N T EE N
23 HEREFHE
10 g AN [R] ¥ Dy 2 be 25 1 1Y) B U o 28 1 5

Epco

-KP

90

T
_é 80 | § ¢ E| »
Z 70t ’ ¢ : ¢
ED 60 F .t -
g 50 s LW
£ 40 °5W
3; 30 | S5W
£ 5w
8 10 ; . . . . > 18.W
3 6 9 12 15 18
Laser power/W

F 10 BOLIIR S Hih R L &

Fig.10 Relationship between laser power and DC breakdown strength

H Il 10 T, BOGDIHRAE 3~9 W BRI, bedb
) Epc B DS B3 Imisg hn, 3O %0 9 Wi,
SRR Epe ek, N 81.57 kV, NERIS(EAY 88.67%;
WOLTIZRAE 24~42 W B N, BRE51E Epe BEE BOL
TR I3 s T B

Je e 12 401 5k A A B SR A, Y
Tt 00 B A o T S, R A A AN A B, 7 A

20200474-5



ISk A2

% S2 4

www.irla.cn

o

# 50 %

T BmEYEMEBXA EEHE T35 R5ET
U YO RBARES, BE S RILBR R 2, BT
RARTER R, H A BRI, IRE S KA,
TR L o 2 R A s B SO D A RS,
Kt Je e 12 ¥ AR PURLIE L, o3 AW B HES I, FLBR
RIGWEAL, RBCEF A mATRRA R, iR 2
0 0 A R S, DR LI o o 3 e R
Tt R HOCIFaE— D4R, e e 12 ByoR &R
Ak, 2R KR R AR, B T A (R
Sy ROSTARE | B E — P DA R H B R 2 4 55
it L 735 [ P AT AR R P S R 5 L e 48
SESE TR [FR, BOGDRAIE N S8 Z fhE R
R BREE TR EE XS N, B2 B Be 45 )R B K T ik e JZ2
JE, A it DL B A 0 — T T 2 S BORE o P S S i AR
PEm, 75— 7 1T B TOTE SIS, AR G 2R,
B B S T N R rl 27K 2 A
24 HEXNTEEEH

B 11 AN FEREOE DI 2R A A 0.1 Hz T By AR

I HL A €0.1Hzo

E 15 I

>

E 12+ ; Thermal oxidative

g N 9 \ degradw
2= 6 o n\"?/u

o = Sintering zone

z o 31

- Lowldensity zone l

o~ 0 L L L

0 6 12 18 24 30 36 42
Laser power/W

11 BOESIE AN R R R

Fig.11 Relationship between laser power and relative permittivity

HI L 11 AT SYEOCTIE 3 W, BEZs F R
XA HLHBORAG, R 2.8; MIO6 T FRAE 5~24 WL
B, R X A R B8R 2 OG5 8 HE N I 800N S
JETIFRAE 24~42 W B P, AHX A L BB 5 06T
SR T 5

7 0.1 Hz SRR, JR fe 12 s BUAE i F8 kA 7
AL . BOETIE N 3 W I, KRB R WUk R 5
L HSF 045 ) ARG FL R B0 - T8 e 12 MR AR AE
AT A LB B O DIR EGE S W R, B ek K
TFUR A REE 4, SRR S 1 S A Ak o5 3 S oy, B
WO BB, B S LBz >, B Ak
F14) B R 120 347 R ARG, R 5 P AR A R B0 T R Bt

FHWOCYIRIKE] 24 W IR, FE 5 & A 7 5 AR
fitt, BRI TR AR B 22, B2 SR A Bk T3 R,
AHXS i H AR K
25 BHEX

K12 AN RO T 3RS 1 A AR AR L 3 32

o |
L8t |
=) . S
5 7| Sintering zone } Thermal 9x1dc1t1vc
«x | degradation zone
Lo |
= 5|
E o |
N ,/A:r//ﬁ///§
Q -
_:gs 3
r |
52 |
[ \
|
0 .

6 12 18 24 30 36 42
Laser power/W
K12 BB SR SRR ER

Fig.12 Relationship between laser power and conductivity

o 12 ATAL FEARE X (3~5 W), B4 (R i
- B O T SRR 1 Tmg BN R BE s X (6~24 W),
BRI Y F T R B O T R 3 e AR R FE A
AL I A 1X, e 45 1 Y R 5 S5 B O ) 238 A 3 i
K.

LA T 5 L R 1 3R A =R

o= Z niqid;

oA A R RO g, T g L

YHOCTRAREET, JE T 12 BERRRES AN 58 42, 17
FER LB, BT R IR FALBR T AEE M IE . fE T
e IE R T maE %, BLFLBR b B 7 e 5 A X A
K, B SR, SR, ALK 3 W)
B, B i A LS 3R RO R, 3K AT AR 5 R L OIS 4
ARBE) A KPS A S R R B T S B2
B RE  BR, BEE OGS A3 I, LR K
W /D, B R T S A T A P Y OE f
THAC NS Je 128K B B 03 TS, JETE 12 MR}
A AT e 5L 1) 1 B B At R AN 5T 13 BTR

W % O T F 0 HE— A B, RE SR AR RSy
fiff, A RS T, BN T R R, R,

20200474-6



s Gk A2

% S2 A www.irla.cn % 50 A&
> . BE A
\N-H . . . 0O=C \ [1] Fei L, Xing N, Sun J. Research on the SLS fast forming
0=C -~ technology of automobile parts [J]. Techniques of Automation
< > & Applications, 2018, 37(6): 130-133. (in Chinese)
\ s @N-H [2] XiaJ Q, Wang M J. Study on selective laser sintering molding
N
0=C - H-0-C / process parameters [J]. Foundry Technology, 2017, 38(7):
\ 1678-1680. (in Chinese)
[3] Shi Y S, Huang S H, Pan C Y. A kind of artificial intelligent
AN PN
o / N 9 NH, method and system for automatic optimization of selective laser
0-C \ * O:C\ sintering process [J]. Mechanical Science and Technology,
2003(2): 259-264. (in Chinese)
13 JBJe 12 40 TRy Bt
7 [4] Kong S X, Xu G S, Ju K L, et al. Optimization of process
Fig.13 Dissociation of nylon 12 .. . . .
parameters by multi-index orthogonal experiment in selective
3 zjn: 'L/l’_\. laser sintering system [J]. Light Industry Machinery, 2017,

SCr L SLS AR FTER SRS (14 2 Je 12 B 5 R A5
X, BFSE T AR RIEOC TSRS . Bt 5
S8R AFDGF A R E A SRR R L A s A . BT
T HOCTh R = e 12 B P L R A LB
ERLEISMT:

(1) MO6Th FRikF) 24 W, JB e 12 i i |
LR A A AU, RV R AR AL A3 A, e 4 B T IR
AR

(2) BB BWOCI R, Je e 12 Be45FE i i L
B2 T, % R BTG O O TR 9 W, B
A RO JE 1.011 glem?®, 9 BB (EY 99.50%; Fifi &
WOCT R — B WK, MR R A R A, 5 3L
T i 85 B BT REAR

(3) WOCTRAE 3~9 W LBl N, 5 1 B3 7 28
it BE O T 25 00 1 I R W RE R, SO
9 W I, B i i % %9 A i R AE, 4 81.57 kV/mm, 35
FHISAH 1Y 88.67%; Rl WO F ik — L HE K, e
(4 LU o 2 S R BT

(4) FF i 1 AR R S 3 N A B R B 2 O T
R N SN S 1S K, 30 R R O TR B
B, B ALK, YOG Rl R, HEfh 2k
A R AL R, T 2 SRR AR i I L 2R P

(5) VAR il 1) 400 BHL R 260 2% 1 BB R 48 A, e 444 5]
PR N 3000 mm/s, FHGEIEE R 0.1 mm A, £
BN HR 9 W,

35(1): 30-35. (in Chinese)

[5] Zhou W M. Study on parameters optimization of multi index
molding process for PS/ABS composite powders based on
selective laser sintering [D]. Xi'an: Xi'an University of Science
and Technology, 2018. (in Chinese)

[6] Xu C. Research on SLS rapid prototyping technology of nylon
material [D]. Beijing: China Academy of Engineering Physics,
2005. (in Chinese)

[71 Kundera C, Kozior T. Influence of printing parameters on the
mechanical properties of polyamide in SLS technology [J]. Tech
Trans Mech, 2016(3): 3-7.

[8]  Yan C Z. Preparation of polymer and its composite powders and
their selective laser sintering [D]. Wuhan: Huazhong University
of Science and Technology, 2009. (in Chinese)

[91 LiRF, Hu X Z. Mechanism of thermo-oxidative degradation of
polyamide [J]. Acta Polymerica Sinica, 2000(2): 136-141. (in
Chinese)

[10] Marco L, Augusto M D. Study of the influence of 3D printing
parameters on the mechanical properties of PLA [C]/3rd
International ~ Conference on  Progress in  Additive
Manufacturing, 2018.

[11] Li Z J. Anisotropy on electrical insulation performance of 3D
printed nylon 12 [C]//2017 IEEE Conference on Electrical
Insulation and Dielectric Phenomenon, 2017: 42-45.

[12] Liu Z, Li W, Zhang L, et al. Simulation design and 3D-printing
fabrication of conductivity graded insulator [C]/2017 Ist
International Conference on Electrical Materials and Power
Equipment, IEEE, 2017: 171-174.

[13] Liu Z. Topology optimization and 3D-printing fabrication
feasibility of high voltage FGM insulator [C]/2016 IEEE

202004747



% S2 #

ISk A2

www.irla.cn

% 50 A

[14]

[15]

[16]

[17]

International Conference on High Voltage Engineering and
Application, 2016: 1-4.

Zhu W L. Discrimination of different polyamides by IR [J].
Plastic, 2009, 38(3): 114-117. (in Chinese)

Fu Y F, Chen J Q, Zhao H, et al. DC dielectric properties of
crosslinking polyethylene grafted chloroacetic acid allyl ester
[J]. Transactions of China Electrotechnical Society, 2018,
33(18): 4372-4381. (in Chinese)

Wu Z J, Wang C, Zhang M Y. Interface of epoxy resin
composites, and its influence on electrical performance [J].
Transactions of China Electrotechnical Society, 2018, 33(16):
3897-3905. (in Chinese)

Olakanmi E O, Cochrane R F, Dalgarno K W. A review on

(18]

[19]

[20]

20200474-8

selective laser sintering/melting (SLS/SLM) of aluminum alloy
powders: processing, microstructure and properties [J]. Progress
in Materials Science, 2015, 74: 401-477.

Lei Q Q. Structure and Electrical Properties of Polymers [M].
Wuhan: Huazhong University of Science and Technology Press,
1990: 246-269. (in Chinese)

Chen Y F, Guo H Y, Chu H Y, et al. Dielectric properties of
OMMT/PES/BMI composites [J]. Transactions of China
Electrotechnical Society, 2018, 33(11): 2620-2625. (in Chinese)
Lei C H, Huang W L, Li S L. Study on relationship between
porosity and room temperature conductivity of polypropylene
microporous membrane [J]. Plastic Technology, 2010, 38(2):
45-47. (in Chinese)



	0 引　言
	1 实验材料和方法
	1.1 实验样品
	1.2 实验方案

	2 实验结果及分析
	2.1 傅里叶红外光谱分析
	2.2 密　度
	2.3 直流击穿场强
	2.4 相对介电常数
	2.5 电导率

	3 结　论

