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Optimization design for vibration environmental adaptability
of coaxial pulse forming line

Fan Hongyan',  Pan Yafeng', Wang Junjie', Hou Zhenyuan’,  SunXu', Fan Xuliang',  Guo xu'
(1. Key Laboratory of Advanced Science and Technology on High Power Microwave, Northwest Institute of Nuclear Technology, Xi’an 710024, China,
2. Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Taking the coaxial pulse forming line (PFL) with cantilever structure as the research object, we
carried out an optimization design for improving the vibration environmental adaptability. Firstly, through the analysis
of the actual working condition and simulation calculation, the available anti-loosening measures for the blind hole
screw in the inner conductor were determined as follows: using spiralock thread, applying anti-loosening glue and
optimizing the number of the screws. Secondly, the insulator material was preferred to improve the connection
stiffness of the inner conductor and the middle conductor according to the simulation analysis and the insulation test
results. Finally, the vibration test was carried out to verify the effectiveness of the optimization design. The result show
that the optimized equivalent parts of PFL could pass the long-term assessment, indicating that the vibration
environment adaptability was greatly improved. The research results have reference significance for the vibration
environment adaptability design of the same type of pulse power source.

Key words: coaxial PFL, the vibration environment adaptability, screw anti-loosening, insulation test,
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Fig. 1 Structure diagram of the duple-width coaxial PFL
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Fig.2 Connection structure of middle conductor

and inner conductor
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Fig. 3 Construct between common thread and spiralock thread
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Table 1 Harmonic response calculation results of screws for connecting middle conductor

with inner conductor (vertical vibration)

condition maximum axial force/kN maximum shear force/kN
6 screws 21.54 3.96
8 screws 14.18 2.96

2 UL EERE

DRETAN Bl 2 Bl ) sC AR A 5 R, PR RSl A A Ak R i 46 % T A kL, SR Ty 2 M RE S R, DA R el LR
SO e N 1T 2, i/ PR BT FE IR ) 0T AR R ) 5 8% R 1) 2 far, AT R IR MR T A S T 4 Ay JL 36

8 i 246 5 - D FH A R Ay SR Tk Tk I ( PEEKO) , JH: SLPEASE 58y 3.6 GPa. A UK 0.4 R AR B2 85 MPa, %4 KL
Ja T e A 5 R ) T AR ) L DL RSP A R B T e 1) 48 bR O R A G T A A R . 4R e
BAE, [ AR T AR 2 TN $2 M A RHIU RO B, T AR & MR T 52 B AL, 42 s & 2 R . Je Tk 66 hifhsi
70~ 80 MPa, 2tV 5 i MRS f AT by o BE S MR EE R . PRt R o 4 % 1Y 5 1B MR 3 2F 3 5 PEEK., J¢@
e 66, BELF 1G5 JE T 66,

2 i 445 5 - T B S PR B Y RIS, W AT R A T . L, TR A AR R AT 4 2k P R U
o 73 %I3E ] PEEK. 3% 41 1958 PEEK., JE JE 66, 3273 58 JE Je 66 A1BL Gl A 12 i #4704 o 2 1250 0 70 T IR 2% i
MR A GV RE . MR o 26 B MR 4 1 - BE AL B4R 25 mm, JEFE 1 mm, TFEHE 2 kV/s; T 10 DN 283 56 4 )3t
ARy BESD ELAR 1S mm, JRBE 3.5 mm, b 2 kV/s DRSS BIC BB LK 2. A AR g R, nI A
FH L 2l PEEK, 3% £F 3 3% PEEK (45 2 PERERS A T B, JE T 66 14 28 i FIVE R 5 H 3 P IR AL 2, B 4F 1y om Je e
66 4 MERETE 22 . [MUth, PR UE R I 4 % 1 I a2k e 1, £ MOREE 5 i PEEK PE B e 422 3 19 3% 21 4 3 PEEK.,

PEEK 1) 3 M 45 1l 3.6 GPa, 3¢ £F 145 PEEK 19 3L M A5 1t Ol 8 GPa, 43 ] 1 32 19 A4 ek 1) 3 1 A6 it Al A {5 LA
RU JEATREAS TG, AR A [R5l ok b I B %) 117 403, LA G F X 32 12 I BE A R il o T3 4 SR DL 3% 3, i i ST 3

F2 MEMRERTE

Table 2 Summary of insulation test

material electric field value of bulk breakdown/(kV-mm™) electric field value of surface flashover/(kV-mm™)
PEEK 41.4 13.9
glass fiber reinforced PEEK 38.9 12.1
nylon 66 33.8 11.1
glass fiber reinforced nylon 66 19.3 7.1
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Table 3 Modal calculation results with different elastic modulus

inherent frequency/Hz

number modal shape

elastic modulus of 3.6 GPa elastic modulus of 8 GPa
1 lateral bending of inner conductor 32.86 45.78
2 vertical bending of inner conductor 32.63 42.9
3 twisting of inner conductor 42.88 46.03
4 bending of inner conductor along the axial direction 55.89 65.73
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Fig. 5 Excitation spectrum of typical working conditions
Pl s T SR g 1
AYGARE O 125 10 B4R 375 A% E] D 2 h, T
DU 2 A7 1) A IR 3 5 R I 18] D 40 mine £55 AiTSC, DL
Jit £ 45 WA D7 T — S B X IR AT 1 B AN BT, R AL R v
Y2 T RRL . XU B TR b K b 2kt AT 4R 3 2R B
S I, 7R BRET B AN Y S A L, 56 % % I PEEK 8 i
%2 AT IR
TPRE I Y T 1, TO0 2, vhifiilse, S5 TR 1] /Y ] , ‘
T 1, T 2, b il a . 2 im) AN m) BGGR 46 52 S, IR T Fig. 6 Vibration test of PFL equivalent parts

Fe st 2% 7K A, P N FRTIE RESE 4, IRET ARG, TEWr R, Ul Be6 BRASHIRALBES

W LA T IR ET B A T Al 1S RS AL AP e 2 o) AR 1] 9 4 P ] 4R 3 X046 2% 4%

TETT e 3 1] B 36 5 A, T80 1RSI AF T, i e B 2 e AR 5 o T 2 RS 4640 T, il 5 /Y
FAU0 ) 2 3L PR A AR LU U8 A T RS, U 0T R i 200 % 1 A6 A, R B b DN T E A Ay — UIRATIRT ¢ . — Bk 8l . Bt
W L BEA T IR T B A AN BE 5 4 18 i 3 1] F) N 1] 9 3l 106 5 4%

L P LT G5 PEEK R dm s 4 1, #E4T T00 2 4k 8l 26 5 T 00 2 i e, o v i, SRS IR 0T B om 46 4 T K A,
o R A S AT, SRET O BE, TCWT R, I S AT, T 2 M HR B SRR AL 1 M, H A 2 A ) BE N 1n)
AR ] B AT, B0, DA N BERET B A B 5 B T 3% 3% PEEK R 46 %% 1 R L4 T LAY s 2k 40 (R d T4 1 AT
Ol 2 W R A PR 2 2% 4%, RV A B B 5 B TE 2k 440 AT LA 3 P 5 2R 19 iin s T oL 4R ik e % 4%

B AL 5 AOTE R S5 28 IR Sl 30 45 2R 5 AR A LT AT A 285 SR BEAT X L, R B B UL 3% 4.

013012-4



VUL, S5 [EAR KR TR R LR 4R 3 B S A AL B

R4 RURTAERIREZZERITLL

Table 4 Comparison of vibration test results before and after optimization design

test condition direction before optimizing after optimizing
longitudinal 40 min with full order of magnitude 2 h with full order of magnitude
condition 1 lateral 30 min with full order of magnitude 2 h with full order of magnitude
vertical 30 min with full order of magnitude 2 h with full order of magnitude
longitudinal 10 min with full order of magnitude 40 min with full order of magnitude
condition 2 lateral 10 min with full order of magnitude 40 min with full order of magnitude
vertical 10 min with full order of magnitude 40 min with full order of magnitude

condition 3 three direction 5¢g 20g
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Table 5 Response results of middle conductor with different insulator materials

test condition response with PEEK

0.59¢@38.1 Hz

response with glass fiber reinforced PEEK
1.38g@39.4 Hz
1.90g, RMS
1.31g@32.1 Hz
0.52¢g@37.9 Hz
2.60g, RMS

longitudinal frequency sweep
1.10g, RMS

1.87g@?24.6 Hz

1.23g@?23.6 Hz
2.73g, RMS

longitudinal wheel vehicle transportation (condition 2)
lateral frequency sweep
vertical frequency sweep

vertical wheel vehicle transportation (condition 2)

4 & &

AR SC LS A L SR 01 ) VT B 5 X 5, AR 5 4 30 PR O M 0 P AL R, 4598 5 S b
T4 B LT 0 T R P B 0 FL BT T SR I I AR B Mo M 6 S MR, VA PR B R A, 1T
ot A A O BRI 46 B0k 0, BT 0 5 PEEK M I3 7T 1 S R 40 4% T (9 e b 5, D3 1o 9% 3 1000 36, Bk 27
150 PEEK T 41 125 80 B 243 A0y vl R 603 S WO 38, AR G vl 60 40 0 2, A T U o A0 2 2 2 MR T 2% A 3 M 2
(19 JL %6 5 308 5k 0 Bk e % 0, PR AL 15 ) I J 2 T L oK F 0 £ 0% 30 2 %, A A9 1 90 3 B 355
T A AR KBRS , B T AL BT A R

S E k-

(1] B, Wezs, 2200, 45 Ak IE R 1.0 MV 100 Hz 5% Tesla 28 RS pOWFE] (1], SREOG SR T, 2006, 18(3): 451-454. (Kang Qiang, Chang
Anbi, Li Mingjia, et al. Development of a 1.0 MV 100 Hz compact Tesla transformer with PFL[J]. High Power Laser and Particle Beams, 2006, 18(3): 451-
454)

[2] A, KERE, SEE, % B Tesla 28R BIGRM K op iR (7], 383506 50075, 2014, 26: 125001. (Shi Lei, Zhu Yufeng, Lu Yanlei, et al. Compact GW
nanosecond pulse generator based on Tesla transformer[J]. High Power Laser and Particle Beams, 2014, 26: 125001)

(3] ERI, skE¥, EEA, 55 5T Tesla 28 EAF A Blumlein A IE S F AT K & A= 45 (1], 5RO S5 RT3, 2016, 28: 045005. (Wang Gang, Zhang Xibo,

Wang Junjie, et al. Low-jitter repetitive pulsed generator based on Tesla transformer and Blumlein pulse forming line[J]. High Power Laser and Particle Beams,

013012-5


https://doi.org/10.11884/HPLPB201426.125001
https://doi.org/10.11884/HPLPB201426.125001
https://doi.org/10.11884/HPLPB201628.125005
https://doi.org/10.11884/HPLPB201628.125005

weOoW s 5 Ol TR

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2016, 28: 045005)

SREN, HEG, W, . A58k AR [C /25 DU s 4 ik ah D #2518 2015: A38. (Zhang Xibo, Su Jiancang, Pan Yafeng, et al. Multiple-width pulse
forming lines[C]//4th Chinese Pulse Power Conference. 2015: A38)

WLLH, SREE, Xk, 5. Tesla ZURKp TSI REHLIRZ N 4347 (1], BN HIY3E, 2018, 9:031003. (Fan Hongyan, Zhang Xibo, Liu Sheng, et al.
Random vibration analysis of Tesla-type pulse generator[J]. Modern Applied Physics, 2018, 9: 031003 )

JLLHE, TR, XIME, 5. [RIU Kb sk 112 iR sh B 5 AT 22 (3], SR 0E 58075, 2021, 33: 055004. (Fan Hongyan, Wang Junjie, Liu Sheng, et
al. Research on transportation vibration environmental adaptability of coaxial pulse forming line[J]. High Power Laser and Particle Beams, 2021, 33: 055004 )
Junker G H. New criteria for self-loosening of fasteners under vibration[J]. SAE Transaction, 1969, 78: 314-335.

Sakai T. Investigations of bolt loosening mechanisms: st report, on the bolts of transversely loaded joints[J]. Bulletin of JISME, 1978, 21(159): 1385-1390.

Pai N G, Hess D P. Three-dimensional finite element analysis of threaded fastener loosening due to dynamic shear load [J]. Engineering Failure Analysis, 2002,
9(4): 383-402.

Pai N G, Hess D P. Experimental study of loosening of threaded fasteners due to dynamic shear loads[J]. Journal of Sound and Vibration, 2002, 253(3): 585-
602.

JrFI, RAT, W, 5. S A AR T ISR G A A A S LR E (0], DURERJE, 2017, 39(2): 386-391. (Fang Zifan, Wu Hang, Cao Gang, et al.
Research on bolt connection loose mechanism under dynamic tension compression and shear load[J]. Journal of Mechanical Strength, 2017, 39(2): 386-391)
TALAE, TICH], MUEIE, 5. TR AR IR sh T00 N2 shpLBEFSE (1], FHUEARR R, 2018, 2(4): 43-51,64. (Wang Chuanhua, Wang Wenli,
Lin Qingyuan, et al. Study on bolt loosening mechanism in vibration condition based on precise model[J]. Astronautical Systems Engineering Technology,
2018,2(4): 43-51,64)

FFFI, RAD, Rip, 5. s SRR & S P R R BT A TERETF S S GBI (1], SR (A SRR, 2022, 44(3): 74-78. (Fang
Zifan, Wu Zushuang, Zhu Chang, et al. Design and research on aluminum alloy anti-loosening washer for cross arm bolt of transmission tower[J]. Journal of
China Three Gorges University (Natural Sciences), 2022, 44(3): 74-78)

FERL. SRR A Z B A i (7). MULMCT A2 S A 3hik, 2017(2):200-201. (Tang Yu. Multiple locking design of inner-hexagon bolt[J].
Mechanical Engineering & Automation, 2017(2): 200-201)

HA X, 250k, WA, 45, B HIREGE BT SR i ot (1], IR whili, 2015, 34(22): 121-124,137. (Dong Deyi, Li Zhilai, Yang Liwei, et
al. Experiment study on the influence of locking adhesive on the preload of screw thread connection[J]. Journal of Vibration and Shock, 2015, 34(22): 121-
124,137)

K, BRI, 2. BL B E R A BASSERART D], HUMATSE 5, 2013, 26(2): 170-172. (Guan Yang, Xu Wubin, Wang Guo’an. Anti-loosening
effect discussion of thread locking glue[J]. Mechanical Research Application, 2013, 26(2): 170-172)

013012-6


https://doi.org/10.11884/HPLPB202133.210067
https://doi.org/10.11884/HPLPB202133.210067
https://doi.org/10.1299/jsme1958.21.1385
https://doi.org/10.1016/S1350-6307(01)00024-3
https://doi.org/10.1006/jsvi.2001.4006
https://doi.org/10.16579/j.issn.1001.9669.2017.02.024
https://doi.org/10.16579/j.issn.1001.9669.2017.02.024
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.13393/j.cnki.issn.1672-948X.2022.03.012
https://doi.org/10.3969/j.issn.1672-6413.2017.02.084
https://doi.org/10.3969/j.issn.1672-6413.2017.02.084
https://doi.org/10.13465/j.cnki.jvs.2015.22.021
https://doi.org/10.13465/j.cnki.jvs.2015.22.021
https://doi.org/10.3969/j.issn.1007-4414.2013.02.062
https://doi.org/10.3969/j.issn.1007-4414.2013.02.062

	1 针对螺钉的防松设计
	1.1 施必劳螺纹+防松胶
	1.2 优化螺钉数量

	2 优化连接刚度
	3 振动环境力学试验考核
	4 结　论
	参考文献

