(2958124 - 00

INFRARED AND LASER ENGINEERING

XS R ST BN A B HIBARBT ST
BAY B EFE WERX KmH ZFETE
Research on ultra-precision turning technology of NiP-coated mandrel for X-ray mirrors

Li Yueming, Yang Jian, Zuo Fuchang, Mei Zhiwu, Zhang Xiangyang, Li Liansheng, Shen Kun

TELR BRI View online: https://doi.org/10.3788/IRLA2021G005

BT BRI H A S T

Articles you may be interested in

52 5 3T AW ol ter—1 4 X S5y 24 BRC B HH A T S A 5 TR 1R 2 A6 5 vk
Figure error measurement method of cylindrical reflection mirror for conic approximate Wolter—I X—ray type telescope

LIANSGIOE T RE. 2018, 47(4): 417001 hitps://doi.org/10.3788/TRLA201847.0417001
B4k ] 1 Fresne il B2 BB I 1T 1%

Numerical design method for conic curved Fresnel lens

LIANS O TRE. 2018, 47(7): 718005  https://doi.org/10.3788/IRL.A201847.0718005
X5 2k B e 5 v 8 B T 2 R TR 2 0 AR 5

Research on bonding strength of ultra—thin glass in assembly of X-ray telescope

LTINS TRE. 2019, 48(2): 218001  hitps://doi.org/10.3788/IRLA201948.0218001
TP it AR 25 DT BB BRI 5

Study on the material removal mechanism of ZnSe crystal via ultra—precision diamond turning
LIANSGIOE TR 2021, 50(6): 20200403 hitps://doi.org/10.3788/IRLA20200403

GHT385 & OB S il 55T

Experimental study on laser deposition repair GH738 alloy

LIHNSEOE TR 2018, 47(7): 706002 hitps://doi.org/10.3788/IRLA201847.0706002

23 [A] X2 15 R GT RIS
Bit error rate analysis of the spatial X—ray communication system

LIANSGIOE TR 2018, 47(6): 622001  hitps://doi.org/10.3788/IRLA201847.0622001



%51 5% 70 NGt TR 2022 % 7 A
Vol.51 No.7 Infrared and Laser Engineering Jul. 2022

X 5t 4 [ 51 3% NiP B iR BE H FHI R AR R
RARL B 4, A% 8 AKX, kM, FEA, ¢ )

(1. =6 AP, L% 1001905
2. A6 A LAY B ARA FRAE], ALK 100096)

B E: DRER X FERSENOERAESEAF AR, AR T 540 5 2455 £ 5 9 b i)
RE . Z4hiti A THF I LA AT EN Y mE R, SREN, HL T m TR @B
ARSI K, EAhAER AR BN ZBMAR KR, TRET NP &28H % EH T LK%, 133
HURE  E4hédk A SHRNIELRN, AT ELT RA@EE RN AR Aia b st
@110 mmx140 mm 45 X H & R S48 w6 2 S 7w T4, K3 T PV61.37~83.47 nm,
RMS7.952~10.326 nm,Ra6.379~8.332 nm #49 & @Ak B, B % £ 0.39 um . 4+ 542 £ 3 5 AR44 0.42 um,
iR X SR B IB A S RAT E N E K, AJE LRI X RIS E R L E T AL,
KEIR: X XS S, BEEEE; AESE; TEAHK

FESES: THI61 ] MHKFRERS: A DOI: 10.3788/IRLA2021G005

Research on ultra-precision turning technology of

NiP-coated mandrel for X-ray mirrors

Li Yueming', Yang Jian', Zuo Fuchang', Mei Zhiwu', Zhang Xiangyang?, Li Liansheng', Shen Kun'

(1. Beijing Institute of Control Engineering, Beijing 100190, China;
2. Beijing Shuanggong Precision Technology Co Ltd, Beijing 100096, China)

Abstract: The ultra-precision turning performance of electroless nickel-coated mandrels which are used for the
replication of X-ray mirrors. Effects of single-point diamond turning parameters such as depth of cut, spindle
speed, and feed rate on the surface roughness are studied. The experimental results show that the feed rate has a
significant influence on the surface roughness, while the spindle speed and depth of cut have no obvious influence
on it. The process experiment of NiP alloy ultra-precision turning was carried out, the optimized process
parameters of cutting depth, spindle speed and feed rate were obtained, and the surface roughness prediction
model was established. The optimized process parameters were applied on manufacturing of electroless nickel-
coated mandrels with diameter of 110 mm and length of 140 mm. The mandrel has been successfully machined to
about PV61.37-83.47 nm, RMS7.952-10.326 nm, Ra6.379-8.332 nm, roundness 0.39 pum, slope error of the
profile 0.42 pm. The above results meet the manufacturing requirements of the X-ray mirrors, which prepares the
technical storage for manufacturing of larger X-ray mirrors.
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Fig.l Surface roughness profile of ideal turning
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Fig.2 NiP coating on mandrel
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Tab.1 Test parameters
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Fig.3 Effect of cutting depth on surface roughness
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Fig.4 Effect of spindle speed on surface roughness
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Fig.5 Effect of feed rate on surface roughness
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Tab.2 Results of surface roughness multiple linear regression analysis

Regression statistics Variance analys

Multiple R 0.923 013 64 df SS MS F Significance F'
R square 0.851 954179 Regression analysis 3 728.45342 242817807 36.446215 4.419 83E-08
Adjusted R square 0.828 578 523 Qesidual error 19 126.584 841 6.662 360 05
Standard error ~ 2.581 154 791 Total 22 855.038 261
Observed value 23
Coefficients  Standard error t stat P-value Lower 95% Upper 95%
Intercept —0.648 82923 1.950 856 634  —0.332586 831  0.743 087 66 —4.732 019 087 3.434 360 637
Cutting depth (@,) 2.135166 929 0.416 310 566 5.128 783 901 5.967 7TE-05 1.263 818 9 3.006 514 958
Spindle speed (n) —0.001 687 18 0.002 560 118  —0.659 023 033  0.517 789 03 —0.007 045 564 0.003 671 211
Feed rate (f) 0.476 492 549  0.051 468 081 9.258 020 58 1.795 1E-08 0.368 768 618 0.584 216 479
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Fig.6 Ultra-precision turning photos of mandrel
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